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PREFACE TO THE THIRD EDITION

Continued reader intercst has justified a third edition. While there
have been no changes in our purpose the text*has been rearranged to sharpen
the separation between the defici diseases and the chemical nature and
functions of the vitamins. We have thus been able to eliminate some of
the repetition present in the previous editions.

We hope very much that the discussion of the signifieance of vitaming as
discase provokers (Chapter XV) does not convey an impression of omnis-
cience. We subseribe to the sound point of view of the technical committees
of the Ameriean Medical Association which we believe reflects the judgment
of many clinicians, Inevitably their opinions do not attract the attention
that more enthusiastic views do. One might say that as yet there is no
reason to assign the many known physical, chemical and living causes of
discase to a sccondary role. We would not be surprised if that did happen
for we know the limitations of our own judgment. Many more facts and
much less opinion should help.

The chapters on the chemical nature of the vitamins and cellular oxida-
tion have been rewritten and much new material has been added including
many new illustrations.

We acknowledge with thanks the assistance of Professor W. C. Mac-
Taviso.

G.D.
W.H.E.






PREFACE TO FIRST EDITION

This boek is divectly derived from “The Vitamine Manual” which the
senior author wrote fifteen years ago. But the scope of the book has been
enlarged by the addition of both pathdlogical and clinical discussions of
the vitamin deficiency diseases, How this came about may be of interest,
for it mirrors the transitional development of the subject. Eight years
ago the senior author brought to the pathological laboratory of the old
New York Hospital some guinea pigs he suspected of being scorbutic
although there was nothing in their gross appearance to support such a
diagnosis. In this way did the advantages of joint pathological and
biochemical studies become apparent to us and the association begin which
has led us to write this book.

The problems in which we have since collaborated have dealt particularly
with the development of anatomical criteria by which to evaluate the
results of dietary experiments and, more recently, the application of this
knowledge to the practice of medicine including the search for anatomical
evidence of deficiency disease in human tissues at autopsy and in the wards
and clinics.

The book has been planned to be & helpful manual rather than a complete
treatise. In addition to the current views concerning the nature and
functions of the vitamins we have tried to assemble in one volume what is
known of the pathological anatomy and clinical aspects of the diseases due
to their insufficiency, to deseribe clinical methods we have found useful in
studying human cases and to present tables of vitamin values of all those
foods which have been assayed expressed not in plus signs but in units per
ounce so that dicts can be more precisely measured for their vitamin value.

TWhile we have not hesitated to interject our own views of controversial
subjects we believe we have identified them as being our own clearly enough
that the reader may subtract them from the rest of the book and still retain
a resume of current opinion of other workers,

Our hope is that the book may be as useful to others as the many workers
in this field have been to us in helpful advice and other generous services.
The most pleasurable experience which has come to us in the writing of the
following pages has been due to the universal friendliness and helpful

- interest of our colleagues. It isa rich and undeserved reward. We thank
them all at this time.
‘Warter H. Epby, Pr.D.
GiLseRT DavLuporr, M.D.
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FOREWORD

The preparation of the first comprehensive treatise in English on the
pathological responecs to vitamin deficiencies emphasizes the importance
of the application of morphologieal control in the study of vitamins, It

phasizes the co ding position of morphology in the interpretation
of discase processes. The occurrence of a great variety of degencrative
diseases of organs and mucous membranes, of peculiar character and obscure
etiology, was long recognized as one of the mysteries of pathology. Rickets,
seurvy, beriberi and pellagra were but the more prominent of these diseases.
Their general features were fully recognized but their causation remained
undetermined until the introduction of the doctrine of vitamins. Then
began, on a vast scale, the experimental study of vitamins, yielding s
volume of new facts of great scope, but lacking coordination and uniformity.
This situation was meinly due to the lack of any delicate and reliable
indicator for vitamin deficiency.

Commencing with the work of Wolbach and Howe in 1925-1928,
d trating the specific ¢h in the morphology of various epithelial
tissues due to vitamin A deficiency, the value of pathological examination
25 o delicate indicator of the presence or absence of adequate vitaming
was demonstrated and extensive studies were stimulated. It is in this
field that the authors of the present treatise have made important con-
tributions and the present volume demonstrates how these methods have
served to bring order out of chaos.

The enormous literature on vitamins has been collated and digested and
reliable conclusions presented in condensed and accessible form for the
general physician and pathologist. It will now be possible to determine
more accurately how frequently deficiency diseases occur among the sick
in general and hospital practice. A reliable clue is also available to the
general pathologist in the interpretation of various morbid conditions,
metaplnsm dlsorders of collngen formation, proliferative changes of non-

il tory type, ative ch in the nervous system, etc.

The book is comprehensive in its inclusion of & d ion of the nature
of the various vitamins and their functions as well as other information of
8 very practical nature. The appearance of such a work, therefore, is to
be cordially welcomed, and the authors congratulated on its preparation.

James Ewmve,
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[§ co THE AVITAMINOSES . ‘
identified only by animal behavior and'still await isolation and confirmat
of claims. Probably others exist that are not yet even postulated.

On page 4, Table I, is a list of vitamins known today to actually ex
and also others simply postulated and awaiting proof of existence, |
page 5 (see Table IT) is also a tabulation of the unifs of measurem
that have been used to express vitamin potency and quantity.

TABLE II1 -
Terms Used to Express Vilamin Polency and Theiy Equivalence

Weight of vitamins is today generally given in milligrams or micrograms (1/100(
of a milligram). To understand these values note:
One ounce Avoirdupois = 28 grams, 28,000 milligrams or 28,000,000 micrograms
One microgram = 1 gamma.”
ViTaran A
1 Int. or U.S.P. Unit = 0.0006 mgm. beta-carotene
1 Int. or U.S.P, Unit = 0.7 Sherman-Munsell unit

Virayn By
1 Int. or U.S.P. Unit = 0.003 mgm. thiamine
1 Int. or U.S.P. Unit = 2 Sherman Chase units
1 Int. or U,8.P. Unit = 0.5 Smith Curative units
1 Int. or U.S.P. Unit = 1.0 Chick-Roscoe units
1 Int, or U.8.P. Unit = 20 Cowgill mgm.-equivalents

Virasay ©
1 Int. or 1.8 P. Unit = 0.05 mgm. l-ascorbic acid
1 Int. or U.8.P. Unit = 0.1 Sherman-LaMer unit

Viramin D .
1 Int. or U.S.P. Unit = 0.000025 mgm. calciferol
1 Int. or U B.P. Unit = 1.37 Steenbock units
1 Int. or U.S.P. Unit = 1 A D M.A. unit
1 Int. or U S.P. Unit = 1 Oslo or Poulsson unijt

ORIGIN QF VITAMINS

Funk compounded the word “vitamine” of the prefix “vita” and tb
suffix “amine” because his original crystals contained basic or amin
nitrogen and were essential to Jife. Morcover, “it'was necessary for me t
choose 2 name that would sound well and serve as a catchword.” Th
term was modified by dropping the final “e” at the suggestion of Drummon
when it was learned that an amine group was not & characteristic of a
svitamines.” The common practice of designating the various vitamin
by letters is 2 sequel of the pioneer nutritional studies which started at th
University of Wisconsin in 1907 as an investigation of the value of ccreai
in animal nutrition and which were Jater transferred to Johns Hopkir
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University. There, in 1913, McCollum and Davis demonstrated a growth
factor in the nonsaponifiable fraction of the fat from butter and egg yolk
which they called “unidentified dietary factor, fat-soluble A.”

At present three methods are used in designating the vitamins. Thus
the substance which Funk originally called *vitamine’ is known as water
soluble vitamin B, the antiberiberi or anti-neuritic vitamin or as thiamine
in this country and ancurin on the continent. The latter terms are the
chemieal names for the substance and it is probable that as the various
vitamins are identified chemically their chemical names will replace the
terms by which we first knew them.

As shown in the following chapter, there is little structural resemblance
between the individual vitamins, vitamin A having quite o different
chemical configuration than that of vitamin B, or vitamin D, Vitaminisa
functional designation not a chemically descriptive term.

Schopfer defines o vitamin as follows:  “An organic substance, the need
for which results from the loss of capacity for synthesis, whose zetion is
catalytic (active in emall amounts), quantitative, and markedly specific.”

It is convenient to consider them s a functional group for they share
certain features. Thus they are present, and active, in minute amounts,
in contrast to the considerable quantitics of the ordinary nutrients. They
also differ from the latter in that some may be inactivated by heat or
oxidation. They have been discovered and studied by a common tech-
nique, that of devising basal diets of purified constituents deficient only in
the factors under investigation and so measurimg the effects of deprivation
and of supplements. Because they resemble in their behavior the products
of the glands of internal secretion, such as thyroxin and insulin, and are
present in foods they are sometimes called food hormones. Of recent
years the importance of certain vitamins to plant growth and development
has suggested that they may represent the equivalent, in the vegetable
kingdom, of the hormones of the animal kingdom and thus be both plant
hormones as well as food hormones.

A further characteristic of certain vitamins is that they may oceur in
natural sources in a physiologically inactive form (provitamins) which
become active only after conversion within the animal or by other means,
Thus vitamin A exists in plants as a yellow pigment, carotene, which is
activated in the hiver. The D vitarnins are the result of ultra violet light
activation of parent substances; calciferol, for example, by ultra violet
irradiation of ergosterol.

‘The avitaminoses are as ill assorted a group of diseases as the vitamins
are ill assorted chemically. But they, too, share enough common charae-
teristics to justify theirnclusion in & single group of diseases. They are
due to the absence of minute amounts of biologically important materials
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rathcfr than to the presence of minute amounts of infectious agents. Vitamin
deficiency does not cause disease in a ‘positive but in a negative sense.
Pathogenic organisms produce chemical and morphological damage; vita-
min deficiency removes an essential ingredient from the physiological
equation. The deficiency #s the disease. It is true that many deficiency
diseases are recognized by the compensatory mechanisms of the body.
Thus in riboflavin deficiency the cornea becomes vascularized because, it is
thought, the natural method of oxygen exchange in that part is suppressed.
But these are secondary manifestations of the disease. X

A third characteristic of the deficiency diseases is that they may be
present in any degree. One may suffer a latent infection but not be
partially infected. A malignant growth is present or not. But the defi-’
ciency diseases may occur in such partial forms as to raise a question as to
whether disease is actually present. This is, indeed, the most pressing
problem in the field, for all evaluation of what constitutes a proper diet
rests upon it. The avitaminoses are also commonly present in mild degree;
a feature which more than any other delayed recognition of their jmpor-,
tance. In these incipient forms the lesions and symptoms are difficult
to recognize; the effects of treatment less obvious and uncertainties bound
to remain, They exist as a disturbance of the substrate, as a coloration
of the physiological and structural constitution which, while of great im- '
portance in balancing the scales of health and in modifying the responses
to noxious agents, remains hidden from view.

A further characteristic is that they are seldom the immediate cause of
death. One searches the mortality records in vain for clues to their
importance and in the dissecting room they receive scant attention. They |

- are contributory causes of death but seldom the immediate cause. Despite
the little attention they receive in necropsy protocols those deficiency
diseases which are well understood from a morphological point of view
have characteristics as unique and specific as the structure of the vitamins
themselves. '

It has become obvious that the deficiency diseases are 2 much more
complex problem for the physician than for the biochemist since the mani-
festations of deficiency may be infi d by other di just as other
diseases modify vitamin requirements, by altering the efficiency of assimila-
tion and suppressing or emphasizing the importance of dietary df:ﬁciencies.
There is, indeed, 2 special field of nutrition which is strictly limited to the
practice of medicine.
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CHEMICAL NATURE OF THE VITAMINS

The chemical nature of the vitamins that have been identified to date is
described in the following pages. In general, it is of intercst to note that
they arc quite unrclated chemically; that the term “vitamin” indicates
performance rather than similarity of chemical structure,

THE CHEMICAL NATURE OF VITAMIN A

Clue to the nature of this vitamin came with the demonstration that it
occurs in plant sources as a yellow pigment; first identified by Wachenroder
in 1826 and called by him, “carotene,” because he obtained the pigment
from carrots. Steenbock in this country was the first to suggest that there
might be a relation between carotene and vitamin A, But proof that
carotene is provitamin A is due primarily to the work of Moore and of
Karrer and associates,

There arc a number of these carotenoid pigments present in plants,
Some of them are not convertible into vitamin A but at least four can be
50 changed in the amimal body. These four are alpha, beta and gamma-
carotene and eryptoxanthin and of these four, the beta-carotene is most
potent, originally believed to yield on conversion, 2 molecules of vitamin A
while the other three were said to produce only 1 molecule each. That
view has changed, as explained in the following pages. The active vitamin
A exists in two forms which are today designated as A; and A,. A, is the
form found in the liver oils of salt water fish; A, in the liver cils of fresh
water fish.

The term “vitamer” was first suggested to designate vitamins with
similar function. R. J. Williams has contended that a better word is
“isotel” A, and A, then are vitamers or isotels, whichever designation
is adopted.

To Karrer and his associates we owe the determination’of the chemical
constitution of plant beta-carotene and fish oil A;.  Figure 1 shows these
structures and what happens when beta-carotene is converted into A,, In
Figure 2 are shown the chemical formulae of alpha and gamma carotene
and cryptoxanthin.

Compare the formulae of the carotenes of Figure 2 and Figure 1 and it
becomes evident that the ring compounds at the right and left of point (A)
are alike in beta-carotene and different in alpha and gamma-carotene,

Theleft hand ring in all three is known as “optically inactive beta-ionone”

9
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CHEMICAL NATURE OF THE VITAMINS
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(se.:e Fig. 2) and it must be present to produce active vitamin A, It was
this fact allld also the fact that beta-carotene contains two such rings while
alpha and’ gamma caroterie contain only one that led to the theory that
b?tz-carotene’ﬂ superior “A” activity was due to splitting into two molecules .
of A,

‘H'\ /CE ’ CH_ ¢l
A N/

c CH, CH, I CH, c
SN HE |EEH|HEBHEBE|HEE | BH /\
€ C~C=C—C~C—C=C—C=C~C=C~—CC~C~C—C=C—C~C=C (I

|
1C C—CH, CH—C" |
N/ ) Hy CI
]
H, H

(a) Bets-Carotene formula:

Note that this formula, if broken in two at point A, would give two dentically construete
olecul.e?. In the liver this is accomplished by hydrolytic cleavage at point A, i.e., breakin
7 addition of water. The result, 2 molecules of vitamin A from one molecule of bets-caroter
wing the following formula are possible (see text). !

CH; CH,
N/
c 'H, CH;
/NN EEXE { BEHEH | K -
H:C C—~C=C~C=C—Ce=C~—~C==C~CH0H

H,C C~CH,

H,
(b} Vitamin A formula;

Fia. 1. Waar Harrens WaeN Brra-CARoTENE BECOMES ViTAraN A

But as Clausen puts jt: A glance at the formulas of beta-carotene and of vitamin
A shows that the trausformation might oceur (1) by hydration and splitting of one
molecule of beta-carotene, to form two of vitamin A; or (2) by oxidation, to form one
molecule of vitamin A. It was formerly believed that the first reaction occurred;
because alpha and gamma esrotene which contain but one bets-ionone ring appeared
10 be only half ns active as beta-carotene in vitamin A activity. In repeating these
expeniments, Hickman and his colleagues have found no difference in the vitamin A >
antivity of the three carotenoids. M , by sdmiristering large doses of toc~

clinjcal support in the observation that persons Witk t1abELIL KELUSIR vivu suvb svn
concentratjons of vitamin A in their blood, and high concentration of carotenoids.”
M (S. W. Clausen, Harvey Lectures. 1942-43).
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CH, CH, CH,
N/ A N/
c cH, CH, 1 CH, CH, [o)
/N HY | R ¥ | HHEE | BEHH |HHE /\
C—CmxC—Cr=C— Cm C—C=C~C= C—Corm— CexC-Com C—C=C—CH  CH,

C—CH, CH-—C\ /CH:
N
C
H, H
Alpha Carotene

CH, H,

o, C©
N/
cH, CH, c

c 1 CH: CH,
N\ U1 |nEH |HHHEE | HHE | HH N
c_c..c._c_c_c_c_c_c_c.ac_c_c_cgc_c-.c—c_c-—(”m CH;

C—CH, CH,—C CH,
N/
C
H Hy
Gamma Carotens
| €l : CH CH,
N/ A N/

C cH, CH, 1 CHy ! C
/N IH |JHEXN | RHAR |- / \\
] C—Co=Cum Co C—Cot C—C 22 C—Co=C~Co=C—C=C—C—=C—C=C—C CH,
' C—CH, CH,—C CHOH
N/

C

H Ha

Cryptoxanthin
CH, CHy
N/
(o] CH,
VRN
H,C C—CH=aCH—C=0
H\C C—CH,
N/
Hs

Optically inactive Beta-Ionone
Fi6. 2. OTHER PROVITAMING A
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themselves or show their tiality becau & the organism under test way

actually synthesizing its requirement and until some means was found fo

cancel this synthetic operation, elimination of the factor from the diet"
failed to produce symptoms of deficicney. More of this phase of vitamin

study later.

. CHEMICAL NATURE OF VITAMIN By (THIAMINE)

" This vitamin has been described as the anti-beriberi vitamin, the anti-
neuritic vitamin, aneurin in Europe and as B, or thiamine in America.
It wag first isolated in free form by Jansen'and Donath in 1926. Funk’s
1911 crystals which cured beriberi undoubtedly contained thiamine but
were not pure. ' ,

By a modification of Jansen and Donath’s procedure, R. R. Williams
and associates increased Jansen and Donath’s yields from rice polishings
and ultimately established the structural chemistry, Williams and Cline -
succeeded in synthesizing the vitamin, Synthesis was accomplished almost
simult ly and independently in three other laboratories inm 1837
(Andersag and Westphal at Elberfeld, Germany; Todd and Bergel at
Edinburgh; Hoshimo and Obta in Japan). Jansen called his product
“Aneurin.” The American Medical Association Council of Pharmacy
adopted Williams’ chemically descriptive name of thiamin or thiamine.

Figure 3 shows the structural formula deduced by R. R. Williams for the
pure base and also its relation to co-carboxylase and the fluorescent product,
thiochrome, which latter is produced and utilizéd in thiamine assay
Qeterminations. -

Examination of Figure 3 shows justification of Funk in assigning the
suffix “amine” to the anti-peuritic vitamin since thiamine containg the
NH, group. Basically it is a union of two compounds, & pyrimidine base*
attached to a nitrogen-carbon-sulfur ring containing pentavalent nitrogen.
This ring was tentatively identified by H. T, Clarke as a thizzole. Hence
Williams’ name of Thiamine or Sulfur Amine Compound. On treatment
with sulfite, thizmine separates into two nuclei and this separation made
its chemical identification possible. The reaction can also be accomplished

with nitrite as follows:

I I I
CuHuNSOCls + NasS0s — CeHiNiSOs + CHNSO + 2 NaCl

Fraction I was proven to contain the pyrimidine nucleus. K .
Fraction II was shown by the collaboration of Clarke and Gurin to contain the

thinzole nucleus.
Some years ago Morgan showed that sulfuring of x’rui.ts feducef! .their'Bx
content. The explanation is now clear. The sulfur dioxide uniting with
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water formed sulfurous neid which actually destroyed tho vitamin by
cleavage as shown above.
In 1937 Lohman and Schuster isolated from yeast a crystalline substance
which, in combination with an enzyme system containing the protcm of
washed yeast eells, de-carboxylated pyruvic acid, thus:

CH,—~CO—~COOH — CI,—CHO + CO,

Timy called this compound “co-carboxylase.” It proved to be thiamine
pyrophosphate.  Thiamine is merchandized today as thiamine chloride. It

CH,
I{—C-—NII; C==C—CH—CH,0H
ClIL—C ¢ CHy—N
| 1 1N
N-—CIHl Cl cH—s
(a) Thiamine chloride
Cil,
i
l'—C—NH. C=e=C—CHy—-CHy—0~P—0—P—0H
+
CH—C C CHy—N OH OH
1N
N—CH Cl CH~8

(b) Co-carboxylase (thiamine pyrophosphate)

7N\
Ne=G—N. ¢  C—CH—CH,0H

CH;—C C——CH—N—-C—CH,

N-~CH
{¢) Thiochrome
Fia. 3. TmamiNe Anp Retatep Propucrs

is destroyed by heat in neutral or alkaline solutions but pure thiamine in
acid solution can be sterilized without loss of poteney on heating 30 minutes
at120°C. It is comparatively stable to dry heat but it is common practice
to include acids such as citric and tartatic in tablets and capsules as sta-
bilizers of thiamine.

Vitamin B, erystals melt at 241°C. and leave no ash onignition.  They are
hygroseopic and colorless with a slightly saline taste. An aqueous solution
(1:20) of thinmine has a pH of about 3.5 and is optically inactive. In
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aqueous solutions ranging from pH 3.5-5.0, it is quite stable. The iso-
electric point of thiamine is between pH 9 and pH 10, nearer pH 8.

Kinnersley, O’Brién and Peters (1935) showed that biue-fuorescent

oxidation products of pure B, are very slowly producible at room temper-
ature by action of permanganate and manganese oxides at pH values more
acid than pH 6, more rapidly at about pH 7. Kuhn, Wagner-Jauregg,
Van Xlaveren and Vetter (1935) isolated from yeast a yellow basic sub-
stance, CioHyN,0S, whose neutral or alkaline solutions were characterized
by intense blue fluorescence. They called this *thiochrome.” (Bee
Figure 3.) We know today that thiochrome can be formed from thizmine
by a number of oxidizing agents and this reaction is the basis of one method
of assay for thiamine potency. ’

" The structure of thiamine pyrophosphate or cocarboxylase shown in
Figure 3 was confirmed by Stern and Hofer (1938) who synthesized the
compound by the action of phosphorus oxychloride on thiamine in the cold.
Tauber (1938) phosphorylated synthetic thiamine to cocarboxylase by
Jheating it with a mixture of sodium pyrophosphate and orthophosphoric
acid at 155°C. for 15 minutes, Cocarboxylase is the active form of
thiamine when it acts on pyruvstes; phosphorylation apparently takes
place in the tissues, . T

THE CHEMICAL NATURE OF VITAMIN B; (RIBOFLAVIN) ' '

Vitamin By, or Vitamin G as it was first called, was originally believed
to be the anti-pellagric vitamin. That view was definitely contradicted by
Elvehjem and associstes with proof that the pellagra preventive factor is
nicotinic acid or niacin,

It was Kuhn and co-workers who first showed that vitamin B, belonged
to a group of pigments called flavins and that these flavins were charac-
terized by the presence of a pentose sugar known as d-ribose, Also that «
phosphorylated ribose-flavin was the prosthetic group of the respiratory
enzyme described by Warburg and Christian as the “yellow ferment.”

In 1933 Booher obtained from whey powder a pigmented substance
which, when added to & basal diet devised by Bourquin and Sherman for
use in demonstrating by rat growth vitamin G deficiency, proved growth
gtimulating,

It was in the same year that Kuhn and co-workers isolated from egg
albumen & water-soluble green fluorescent pigment which, like Boohe‘r’s
pigment, stimulated the growth of rats on & Bourquin-Sherman basa} diet
in amounts as low as 0.1 milligrams per rat per day. .

Kuhn's substance was not new to chemists. It had been iso)a.ted and
partially described by Blyth in 1879 and by Bleyer and Kallxx'xan in 19‘25.;
It was Kuhn and co-workers, however, who demonstrated its “favin
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structure, showed that it was an isoalloxazine derivative and obtained
similar pigments or flavins from eggs, liver and milk to which were given
at the time, the names ovo-flavin, hepato-flavin, and lacto-flavin. Later,
however, these flaving were shown identieal in structure. All contained
d-ribose and go the source names lacte-, ovo-, and hepato-flavin were
dropped and the substance ealled ribose-flavin or for cuphony “ribo-
flavin”; the present aceepted name for vitamin B; or vitamin G.

CH,—CHOI—CHOH—CHOH~—CH,0H

[+] N N
7N/ N7\
CH,—C o] (l} co
CH,—C C C NH ;
TN\ NS
(o] N o]
H o
. TnE STRUCTURE OF VITAMIN By 0B G (RiBOFLAVIN)
({)H
CHy—0—P
| A
CHOH o @
CHOH
Protein
CHOH
CH:
H |
C N N
/7 N\ 7\ :
f [} [+ Cco
| H | !
cH,—C C C NH,,
NN NS
cH N co

Fi1o. 4. Trroreil’s CONFIGURATION oF WARBURG's YELLOW FERMENT

The chemieal structure of riboflavin is shown in Figure 4. In Figure 4
i3 also shown Theorell’s structure for Warburg and Christian’s “yellow
ferment.”

Comparison of the two structures explains the discovery that phos-
phorylated riboflavin or Cytoflav was the prosthetic group in the yellow
ferment, the specificity of the ferment being determined by the character
of the protein to which the prosthetic group is attached.
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This discovery was to have tremendous significance in blazing the trail
to a new understanding of vitamin hehavior, the role of some as prosthetic
groups in respiratory enzyme systems.

In natural sources, riboflavin is found in both the free dialyzable state
and in combination with various proteins.

Pure riboflavin erystals separate out from absolute alcohol solutions 23
yellow-orange colored needles. They have no sharp melting point hut
begin to darken at 240°C. and decompose at 274 to 282°C. They have a
bitter taste. Molecular weight is about 876, They are soluble in water
but insoluble in fat solvents. . . :

Riboflavin develops & yellow-green fluoreseence in neufral solutions;
maximum fluorescence at pH 6 to 7, diminishing as the pH shifts to cither
the acid or alkaline side. This would indicate it to have an amphoteric
character and that the electrically neutral molecule is responsible for the
fluorescence.

In water solution and in acid solutions it is stable to heat but in alkaline
solution it loses potency. It is also sensitive to both ordinary and ultra.
violet Light. It is not destroyed by oxidstion or by ordinary osxidizing
agents, Irradiation of alkaline solutions decomposes it and brings about
the formation of a compound called lumiflavin (CsHNiO:). Irradiation
of acid solutions produces some lumiflavins and also 2n intensely blue
fluorescent substance called lumichrome. N

Steers fed a ration composed of corn, alfalfa, and a protein supplement
have been shown able to synthesize riboflavin in the rumen but not if corn
is omitted from the diet. Riboflavin is now prepared in the laboratory by
synthesis but we have no evidence that man can synthesize it in his body.

THE CHEMICAL NATURE OF NIACIN

“The first steps in the resolution of the vitamin B Complex showed that

. pellagea was nejther prevented or cared by the vitamin that cured beri-
beri; was not thiamine deficiency. In 1937 Elvehjem and ca-t.vorkers
demonstrated that the characteristic lesions of both blacktongue in dogs
and probably human pellagra were preventable and.cur.ed' by a substance
known to chemists since 1867 (Huber) and called nicatinic _aczd. In the
same year, (1937), Fouts, Harris, France, Spies, and Sebrell independently
shawed its specificity for human pellagra. . . o
In the years 1911-12, Funk in reporting the isolation of an 'antx-benben
factor from rice polishings reported the recovery of two erystalline products:

CuoHioN,O4; BLP. 232°C.
CH;0:N (Wicotinic acid)
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and extraction of 4 crystalline products from yeast deseribed as follows
(1913):

() Crude crystalline product .
{b) CyKy, M.P. 220°C.. improved beriberi easeg
(¢} CJLO,N (nicotinir acid); no activity
(d) CypollO4Ns; MLP, 222°C....... +ever .. Mo activity

cura, of beriberi

But that better results were obtained by combination of fractions (b), (¢),
and (d) than with (a) alone.

These findings of Funk in 1913 are particularly interesting today with
our better knowledge of the pellagra syndrome. While niacin is now recog-
nized and proven specific against the most characteristic lesions of pellagra,
it is alco true that the discase as it occurs in man is usually o multiple
vitamin deficieney and involves secondary deficiencies benefitted by thia-
mine and riboflavin and other members of the B Complex. Also, that
while thiamine is the specific for beriberi its action in the respiratory
enzyme system aleo involves the presence of other coepzyme materials in-
which niacin forms n significant group (sce Fig. 5).

The data given by Funk in 1913 are also of special interest in that it has
sometimes been stated that Funk’s anti-beriberi crystals were contaminated
by nicotinic acid. Funk at the time definitely recognized nicotinic acid
as a separate constituent of rice polish and yeast and that it augmented
what we now call thiamine reaction. He did not pursue its action farther
at the time as he was then primarily concerned with a specific for beriberi.

Beeause the public confused nicotinie acid with nicotine, it seemed
desirable to coin a new name for the product and nuacen was selected and
approved by the American Modical Association’s Council of Pharmacy.
Nicotime acid ean be produced from nicotine m the laboratory by oxida-
tion but the human system can not accomplish this oxidation. Nieotine
is not, anti-pellagric.

Niacin or nicotinic acid is a derivative of pyridine. The structure of
niacin, niacinamide and coramine, the three forms sufficiently potent to
use on pellagra patients, and their relation to pyndine and other pyridine
derivatives is shown in Figure 5.

Niacin in the pure state consists of white, odorless needles or powder
yn'th a slightly bitter taste. It is sparingly soluble in water (about 1 part

10100 parts of water); readily soluble in aleohol and 1n solutions of alkali
carbonates; soluble in glycerol but msotuble in ether. Its crystals melt
at ?34° to 236°C. Tt acts, chemically, as o weak acid and readily forms
§°d1Um and potassium salts which have a mild alkaline reaction. Accord-
Ing to Perlzweig, nicotinic acid is metabolized and excreted mainly as
trigonelline (sce Fig. 5) and nicotinurie acid.
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This discovery was to have tremendous siguificance in blazing the trail
to a new understanding of vitamin behavior, the role of some as prosthetic
groups in respiratory enzyme systems,

In natural sources, riboflavin is found in both the free dialyzable state
and in combination with various proteins.

Pure riboflavin crystals separate out from absolute aleohol solutions as
yellow-orange colored needles. They have no sharp melting point but
begin to darken at 240°C. and decompose at 274 to 282°C. They haves
bitter taste. Molecular weight is about 376. They are soluble in water
but insoluble in fat solvents. .

Riboflavin develops a yellow-green fluorescence in neutral solutions;
maximum fiuorescence at pH 6 to 7, diminishing as the pH shifts to either
the acid or alkaline side. This would indicate it to have an amphoterie
character and that the electrically neutral molecule is responsible for the
fluorescence,

In water solution and in acid solutions it is stable to heat but in alkaline
solution it loses potency. It is also sensitive to both ordinary and ultra-
violet light. It is not destroyed by oxidation or by ordinary oxidizing
agents. Irradiation of nlkaline solutions decomposes it and brings about
the formation of a compound called lumiflavin (CyHieN(02). Irradiation
of acid solutions produces some lumiflavins and also an intensely blue
fluorescent substance called lumichrome.

Steers fed o ration composed of corn, al{alfa, and & protein supplement
have been shown able to synthesize riboflavin in the rumen but not if comn
is omitted from the diet. Riboflavin is now prepared in the laboratory by
synthesis but we have no evidence that man ean synthesize it in his body.

THE CHEMICAL NATURE OF NIACIN

" The first steps in the resolution of the vitamin B Complex showed thzft
pellagra was neither prevented or cured by the vitamin that cured beri-
beri; was not thiamine deficiency. In 1937 Elvehjem and co-w}'orkcrs
demonstrated that the characteristic lesions of both blacktongue in dogs
and probably human pellagra were preventable and cured by & substance
known to chemists since 1867 (Huber) and called nicotinic acid. In the
same year, (1937), Fouts, Harris, France, Spies, and Sebrell independently
showed its specificity for human pellagra, .

In the years 1911-12, Funk in reporting the isolation of an ‘antx-benben
factor from rice polishings reported the recovery of two crystalline products:

CyoH1aN(O4; M P, 233°C.
CH,0:N (Nicotinic seid)
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Singal and Sydenstricker have reported that pyridoxine, like niacin,
appears to influence the concentration of Najjar's Iy fluorescent substance
in the urine,

THE CHEMICAL NATURE OF TANTOTHENIC ACID OR FANTOTHEN

The discovery and isolation of this vitamin (sometimes called the anti-
gray hair factor) was a result of the study of factors (R. J. Williams’
“nutrilites”) required for the growth of yeast. Its rclation to animal
nutrition was established when Lepkovsky and Jukes showed it curative of
a type of chick dermatitis that responded to treatment with what was first
called Filtrate Factor II.  In 1936, Lepkovsky, Jukes and Krause estab-
lished that if from an extract of liver one removed By and By, the resulting
filtrate contained factors curative of certain dermatoses in rats, dogs and

e Oon
AN
C—C—C==0 4 CH:-NH,—CH,—CQOHI —>
/ l H
e
pitle O
Lactone Beta-alanine

CH, OH

HOH;C—C——C—C=0
H H
HN.CH;—CHy—COOHR
Pantothenic Acid

Fra. 7. PantoTaeNic Acip (PANTOTHEN)

chicks. The isolation of niacin identified one of these filtrate factors. The
isolation of Bs from Filtrate Factor I removed another. Pantothenie acid
proved to be in Filtrate Factor II.  The original Filtrate Factor 11, then,
contains pantothenic acid but it may contain other nutrilites. The term
“Filtrate Factor 11" is, therefore, not fdentical with pantothenic acid. Its
achromatrichial activity was first shown by Morgan who proved that
deficiency of Filtrate Factor IT i rat diets produced greying of hair and
that under certain conditions this could be prevented and cured by pan-
tothenic acid or its stable salt, caleium pantothenate,

The structural formula of pantothenic acid and its relation to beta-
alanine is shown in Figure 7. The empirical formula for the calcium salt is
Ca(CoH,0,N);. One of the cleavage products was proven to be beta-
alanine. Pantothenic acid was proven to be stimulatory to yeast in con-
centrations as low as 0.0000008 milligrams per ml. of culture medmum,
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,
THE CHEMICAL NATURE OF VITAMIN Bs (PYRIDOXINE)

A speeific type of rat skin lesion attended by a pink or florid dermatitis
(acrodynia) permitted the differentiation of another vitamin of the vitamin
B Complex. This was first described as Filtrate Factor I (Lepkovsky,
Jukes and Krause) and is spparently identical with Booher’s and Hogan and
Richardson’s “H" factor but not .the vitamin H of Gyargy and Parsons.
It is the “Y” factor of Chick and Copping.

The vitnmin was isolated and ehemically identified in si< laboratories in
the same year (by Lepkovsky, Gyérgy, Iuhn, Ichiba, Emerson, Keresatesy)
Keresztesy and Stevens in the Merck Laboratory reported its empirical
formula to be CsHyNO, and Harris and Folkers in the same laboratory,
confirmed this by synthesizing the compound.

Kubn and Wendt suggested the name Adermin but later, Gyorgy and
Eckhardt suggested the present accepted name of Pyridoxine. Like niacin,
pyridoxine is a pyridine derivative. For structure see Figure 6.

. . (lm.oir

7\
no-—? C—CH,0H
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Pure pyridoxine consists of white platelets which melt with decomposi-
tion at 206-208°C. One gram of the hydrochloride is solukle in 4.5 ml. of
water and in 90 ml. of aleohol. Aqueous solutions have a pH of 3.2.

Pyridoxine is stable to concentrated HC! at high temperatures, and is
not affected by heating with alkalies, ethyl nitrate, nitrous acid or Fehling
solution. It is destroyed by light and by ultraviolet irradiation. R

It gives an orange-yellow color with ferric chloride and with diazotized
sulfanilic acid. X

Kuhn found it impossible to dialize it from yeast indicating th?t it may
be present in combination with protein and perhaps, like thiamine, x:xbo-
flavin, and niacin, form part of a respiratory enzyme syst?m. s

Birch, Gyorgy, and Harris first related rat acrodyr}m '.m pyxxdoxxfxe
deficiency and at first By potency of foods was expressed in bmlog:;xcal)umts
(Gyorgy; Wilson and Roy; Schneider, et al; Quackenbush). Gydrgy s‘mzd
Wilson and Roy’s unit was the amount necessary to cure rat acrodynia in
2 weeks or 0.1 milligrams of pure pyridoxine.
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A deep yellow color results on addition of p-methyl amino benzaldchyde
in glacial acetic acid to para-amino-benzoic in glacial acetic which can be
neasured rolorimetrically and used in assay procedures.

It is elaimed that Paba modifies the type of melanin produced from the
oxidation of dopa by dopa oxidase. Tt also retards the acrobic ovidation of
tyrosine and accelerates the ovidation of para-eresol.  Qualitively in these
respeets it has the same influence as aniline but quantitively the cffect is
greater than that of anilme.  ~

THE CHEMICAL NATURLD OF INOSITOL

In 1928 Easteott obtained from tea a substance which stimulated yeast
growth and which proved to be a phytin derivative known as “inositol.”
This put inositel in the group of “bioses” or yeast nutrilites,

In 1940 Woolcy reported that the mouse requires a vitamin for normal
growth and maintenance of hair. This anti-alopecia factor was proven to

CoOoH !
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be inositol.  Phytin, the Ca-Mg salt of inositol phosphoric acid was effec-
tive but phosphorylation was not essential as wmositol itself allowed this
anti-alopecia activity and weight increase effect.

The chemical structure of inositol and phytin are shown in Figure 9.

Inositol or Inosite is not o sugar though 1t has the same empirical formula
a3 glucose (Cel1;20¢). It is an alcohol, not an aldehyde. It crystallizes in
large, thombie erystals having a melting point of 225°C. Tt is soluble in
water, 1 part in 7.5 parts of water, insoluble in strong 2leohol and in ether.

THE CHEMICAL NATURE OF BIOTIN (VITAMIN H; COENZYME R)

In 1922 Fulmer and Nelson postulated that the “bios” of Wildier was
not a single substance. Lucas (1924) suggested the terms Bios I and Bios 1I
for the fractions. Later Bios IT was further subdivided into Bios IT A and
Bios II B.  (Miller and Eastcott et al 1932 and 1933.) We have already
noted that Williams and Truesdail demonstrated that pantothenic acid
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Potency is greatest in presence of asparagine or aspartic acid in the culture
medium. R :

Pantothenic acid itself is quite unstable. Its synthesis was announced by
Wiltiams and Major in 1940 as the result of isolation and iatcr, the syn-
thesis of the previously unknown cleavage product as a pure crystalline
material, 1-l-hydroxy-g8,8,-dimethyl-y-butyrolactone by Stiller, Ieresz
tesy and Finkelstein (1940). It was subscquently synthesized by Stiller,
Harris, Finkelstein, Keresztesy and Folkers in the same year by con.
densation of the synthetic cleavage product with Beta-alanine.

The salt of pantothenic acid, ealcium pantothenate, is the form found
in eapsales and tablets today. It is o white, odorless, crystalline powder
with a slightly bitter taste. One gram dissolves in about 7 ml. of water,
It is iusoluble in alcobol. The pI value of a solution protected against
CO, is 8.72. Molecular weight is 476 54, Ca-pantothenate loses activity
on autoclaving and sterilization must be accomplished by Berkefeld or
Seitz filtration. It is stable to light and air; not bygroscopic except under
conditions of excessive humidity. '

R. J. Willisms has suggested the shorter name of “Pantothen” be used
to designate this vitamin,

THE CHEMICAL NATURE OF PARA-AMINO BENZOIC ACID (P.A.B.) (PABA)

Parg-amino benzoic acid was isolated and symthesized b} Ansbacher
and reported in February 1941 (Science 93: 164, 1941). In this report,
Ansbacher stated:

“ About a year ago Woods and Fildes (1940) reported the anti-sulfanilimide ac-
tivity in vitro of p-amino benzore acid In April (1940}, Woods found that yeast
extracts contain a substance which nullifies the inhibitory action of sulfanilamide
on the growth of hemolytic streptococei, and presented citcumstantial evidence that
the yeast factor may be p-amino benzoic acid. In December, Rubbo and Gillespie
recovered p-amino benzore acid ag the benzoyl derivative from yeast and concluded
it to be 8 bacterial growth factor  Experiments conducted in this institute indicate
that para-amino benzoic acid, considered to be sn essential metabolite by Fildes
(1940) 15 @ vitamtn, namely a chromolrichia factor for the rat and a growth promoting
Jactor for the chick,

It is now proven that para-amino benzoic acid is a B Complex vitami‘n,
a natural constituent of yeast, a growth factor for chicks, an essential
nutrilite for bacteria, and has anti-gray hair activity in the putritional xm.d
hydroquinone achrotmotrichia of the rat. Ansbacher has suggested for it
the shorter term “PABAM .

The structure of para-amino benzoic acid is shown in Figure 8.

Paba occurs as a colotless amorphous powder or in needle-shaped
crystals, has a molecular weight of 137 and a melting point of 186-187°C.
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A deep yellow color results on addition of p-methyl amino henzaldehyde
in glacial acetic acid to para-amino-benzoic in glacial acetic which can be
measured colorimetrically and used in aseay procedures.

1t is claimed that Paba modifies the type of melanin produced from the
oxidation of dopa by dopa oxidase. It al<o retards the aerobic oxidation of
tyrosine and accelerates the oxidation of para-cresol.  Qualitively in these
respeets it has the same influcnce as aniline but quantitively the effect is
greater than that of anilne,  ~

TIHE CHEMICAL NATURL OF INOSITOL

In 1928 Eastcott obtained from tea a substance which stimulated yeast
growth and which proved to be a phytin derivative known as “inositol.”
This put inositol in the group of “bioscs” or yeast nutrilites,

In 1940 Wooley reported that the mouse requires a vitamin for normal
growth and maintenance of hair. This anti-alopecia factor was proven to
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be inositol. Phytin, the Ca-Mg salt of mositol phosphoric acid was effec-
tive but phosphorylation was not essential as inositol itself allowed this
anti-alopecia activity and weight inerease effect.

The chemieal structure of inositol and phytin are shown in Figure 9.

Inositol or Inosite is not a sugar though 1t has the same empirieal formula
as glucose (Cell;;0¢). It is an alcohol, not an aldehyde. It erystallizes in
large, rhombic crystals having a melting point of 225°C. 1t is soluble in
water, 1 part in 7.5 parts of water; insoluble in strong alcohol and in ether.

THE CHEMICAL NATURE OF BIOTIN (VITAMIN H; COENZYME R)

In 1922 Fulmer and Nelson postulated that the “bios” of Wildier was
not a single substance. Lucas (1924) suggested the terms Bios I and Bios 11
for the fractions. Later Bios IT was further subdivided into Bios II A and
Bios II B. (Miller and Eastcott et al 1032 and 1933.) We have already
noted that Williams and Truesdail demonstrated that pantothenic acid
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was one of these “bios” fractions. In 1936 Kogl and Tonnis isolated biotin

from fraction Bios II B, obtaining it from crystalline egg yolk. Their

;solutinn of biotin, therefore, was a direct consequence of search for a “bios”
actar.

Meanwhile, Allison, Hoover and Burk (1933) concentrated a nutrilite
for the root nodule bacterium Rhizobium from hydrolyzed yeast, com-
mercial mofasses and suerose. ¥t-had 2 marked effect on Rhizobium res-
piration and they called it Coenzyme R. It was later shown by West and
Wilson' (1939, 1940) to be identical with Kagl and Tonnis’ biotin.

In 1927 Boas described an injury fnduced in rats by feeding dessicated
egg white as a protein source. She also showed that egg white cooked
before drying did not have this effect; that certain foods possessed a factor
which counteracted this toxic effect and postulated in them s protective
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Tactor “X.” This egg white injury was further studied between 1931
and 1940 by Parsons and Kelly (1933) and by P. Gyorgy (1931 and 1940).
Gydrgy concentrated the factor that corrected this egg white injury .afzd
suggested for it (1931) the name vitamin H; H being selected as the initial
of the German word “Haut’ or skin, and because the substance cured the
egg white dermatitis. The identity of vitamin H and biotin was estab-
lished by Gyorgy, Rose, Hoffman, Melville, and duVigneaud in 1940.

The substance in dessicated raw cgg white that neutralized its biotin
content and created 2 biotin deficieacy was proven to be s protein-ike
substance for which the name avidin has been selected. Cooking destroys
this avidin or, at least, renders it incapable of inactivating biotin. Egg
white injury has been produced in man and cured by biotin aceording to
Sydenstricker et al (1942). .

Crystalline biotin was first isolated from duck egg yolk in the form of its
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methyl ester by Kogl and Tonnis (1936). Conversion of the methyl ester
to free biotin was cffected by hydrolysis with HCl or NaOH (1941). The
struetural formula assigned to biotin obtained by total laboratory syn-
thesi< as reported by Harris, Wolf, Mozingo and Folkers confirmed the con-
clusions drawn by duVigneaud and co-workers and is shown in Figure 10,
It is the second vitamin shown to contain the element sulfur (thiamine
was the first),

Pure biotin and biotin methyl ester occur as colorless, erystalline solids.
Biotin crystallizes from water in long thin needies; biotin methyl ester
from a methanol-cther solution in long, thin, platelike needles. Melting
points for biotin erystals have been reported at 216° and 230-232° varying
with the source. Similar discrepancy appears in reports of the methyl
ester crystals at 161°C. and 166-167°C.

o
f
c

ON  Nn
| |
HC——CII
HC_ Cil-Clly CHy-CH;-CHy-COOH
N7

F1q. 10. BroTiy

Biotin is optically active; speaific rotation ()% = +-92° for 2 0.3 per
cent solution in 0.1 N NaOH. The methyl ester has a specific rotation of
(@)% = 457°for a 1 per cent solution in chloroform and (a)¥ = +82°
for & 0 59 per cent solution in methyl aleohol.

Biotin is relatively insoluble in water, crystallizing readily from it. In
basie solutions it is readily soluble; only slightly soluble in weak acids. It
is insoluble in ordinary orgame solvents but the methyl ester is appreciably
soluble in chloroform, alcohols, ketones, and halogenated hydrocarbons,

Prolonged acration of biotin in acid or alkaline solution with air or
oxygen docs not destroy its activity but stronger oxidizing agents (e.g.
1,0} quickly destroy activity. Nitrous acid destroys nctivity but nin-
hydrin does not, demonstrating that it is not an alpha-amino acid. Ae-
tivity is not destroyed by acetylation, alkylation or earbonyl reagents.

Resynthesis of biotin from its degradation product (diamincearboxylic
acid) by treatment with phosgene supported the idea that it contains
eyclic urea ring (1941).
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. THE CHCMICAL NATURE OF CHOLINE

Choline as a group in the phospholipid lecithin has been known for many
years. In the combination known as acetylcholine it was known to func-
tion in the transmission of nerve impulses across peripheral synapses and
motor nerve endings.

Its inclusion in the vitamin B Complex came with the diseovery of its
* lipotropic action. Rats on a low choline diet develop fatty livers. ~They
also develop a hemorrhagic degeneration of the Lidneys. Diets low in
choline, therefore, like diets low in vitamins such as thiamine, vitamin D,

H:C CH,-CH,0H H,C_ CH;-CH,-OCOCH,
I C—N—OH H,0—N—0H
/ /

H:C H;C
Choline Acetylcholine

CpH»CO0~—CH,
CuHsCOO0—CH
CH,

Dioleyllecithin
Fig, 11. CuouNE axp CoouNe CoxPoUND

and vitamin C induce pathologic conditions which appears to justify con-
. sideration of choline as a vitamin. .

The structure of choline and its form in lecithin and acetylicholine are

own in Figure 11, .
ShIt is a cgl‘:)rless, viscid, strongly basic liquid, very sol'uble in Water/
and insoluble in ether. It readily absorbs CO; from the air. For therz'z-
peutic use the chloride is used. The cbloride is in the form of colorless, deli-
quescent crystals, very soluble in water or alcohol. .

Acetylcholine chloride is a white, odorless, hygroscopie pawder, very
soluble in water or alcohol; insoluble in ether. . .

Tecithin is a brownish-yellow, waxy, hygroscopic product which swteHs
in water and in NaCl, forming a colloidal solution. The transformatjon
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of fatty acids to lecithin by combination with phosphoric acid and choline
permits their passage from the liver into the blood. As Bloor puts it:
“In view of the fact that choline is an important constituent of lecithin,
and sinee lecithin appears to be o primary step in fat metabolism, the con-
ception arices that fatty livers are the result of inability to form lecithin
fast cnough to take care of a Inrge amount of fat, which in turn is caused
by a deficiency of choline.” . .. “Choline may be cither a catalyst or a
material essential to phospholipid formation.”” .

THE CHEMICAL NATURE OF FOLIC ACID

In 1841 Mitchell, Snell and Williams reported that using streptococcus
lactis R os n test organism they obtained in nearly pure form from spinach

UN—C==0 HN—C=0
H
HN=C C=N II HN=C C—N |
C-CHOH + 0 —— ’ Cc—CooH
NIN—C=N HN—C-—N
"H
Xanthopterin Leucopterin

F1a. 12. XANTHOPTERIN

an acid nutrilite. The concentrate contained no nitrogen, sulfur or phos-
phorus and had a molecular weight of about 500. They stated:

** This acid, or one with similar chemieal and physiological properties, occursin a
number of animal tissues of which liver and kidney are best sources 1t is widespread
in the biological & d Must and yeast are good sources. It is especially
sbundant in green Jeaves of many kinds, including grass. Because of this fact, and
ance we have obtained what appears to be a nearly pure chermcal entity, we suggest
the name “folic aesd (Latin, fohum-deaf)” . . “Fohe acid stimulates the growth
of L. casei under the same conditions as the factor reported by Snell and Peterson
(1940) and recently reported to be isolated by Stokstad (1941).”

The product was adsorbable on charcoal.

In 1940 Snell and Peterson reported what they called an eluate factor
necessary for the growth of L. casef. At first it appeared that folic acid
and Snell and Peterson’s L. casei eluate factor might be identical but sub-
sequent studies have raised doubts as to whether Mitchell, Snell, and Wil-
liams’ folic acid concentrato is o singlo nutrilite or a combination of several
different, nutrilites.

Thers is evidence that Factor U, Hogan and Parrott’s B., Day's Vitamin
M may be identical with the L. casei cluate factor and that Elvehjem’s
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0 and By, and a factor described by Keresztesy et al. are members of the
lic acid complex. ,
For discussion of the present status of folic acid seo Chapter X.

THE CHEMICAL NATURE OF VITAMIN C

The discovery that lemon juice contains a substance corrective of seurvy
o5 back to the 1700’. The elucidation of the chemical nature of the
Ltl-SCOl‘l?uth substance, vitamin C, is the product of studies in many
boratories. In 1932, King and Waugh obtained from lemon juice an
tively anti-scorbutic substance, apparently identical chemically with the
fexuronic acid” recovered from adrenal cortex and from cabbage and
anges by Szent-Gyorgyi. The chemical structure of this substance was
tablished in 1933 by Haworth, Hirst and collaborators and-this structure
s confirmed by synthesis of the product by Reichstein, Grussner, and
openhauer in the same year (1933-34). ' )
The outstanding characteristic of vitamin C or ascorbic acid, as it is now
lled, is that it is reversibly oxidizable.  For structure of the commonly
curring l-ascorbic acid form and its oxidation products, see Figure 13.
There are other forms of ascorbic acid which have some potency—for
ample, I-rhamno-ascorbic acid and l-araboascorbic acid but these are
uch less potent than the “1” form. It would appear from & study of
ese modifications of the ascorbic acid structure that one essential to anti-
orbutic activity is associated with the position of the oxygen ring; the
”” forms being inactive, the “1”” forms active. However, the ring position
n not be the only factor concerncd with physiological activity because
e two “I” forms, named above, have the ring in the proper position but
hibit only ith to +%th the potency of the l-ascorbic acid form.
Its chemical formula shows it to be a sugar acid which indicates a rela-
nship to carbobydrates from which the vitamin is probably derived in
logic systems.
Ascorbic acid oceurs as an odorless, white or slightly yellow, erystalline
oduct which slowly darkens on exposure to light. The melting point
the product is 189°-192°C.  One gram dissolves in about 8 ml. of water,
ml. of aleohol, 100 ml. of glycerol. It is insoluble in benzeue, chloro-
m, ether, petroleum ether, and fats. X
In the dry form ascorbic acid is quite stable and it is more stable in
d solutions than in the presence of alkali. It is optically active and
ly the levorotary forms have vitamin activity. Protection against
struction requires prevention of oxidation. It is not destroyed by heat
ne but in the presence of oxygen or oxidizing factors, the rate of destrfzc—
n proceeds faster with rise in temperature. From a practical viewpou.lt
s means that products containing ascorbic acid and exposed to air will
ain their anti-scorbutic activity better if kept cold. -
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As shown in Frgure 14, oxidation proceeds in two steps. ‘The first step,
namely conversion to dehydroascorbie acid, is reversible, which means
that in assaying for ascorbic acid content the test must measure content of
both forms as the body can utilize cither. If oxidation is prolonged the
dehydro form breaks down farther as shown and this step is not reversible.

o
V4 cl n
c 1 I
[ C C
con 7/ N\ 7\
i (4] no—c¢ CH NC C=0
coH + 1 | | | —_—
( Cl--C C—N=C C
cH \ 7 N Z
C [+]
nocu 14 H
CH, 01
1-Ascorbic 2,6-Dichlorophenolindophenol
acid (blue in atkali, red in acid)
o]
> Va a H

/N VAR
o HO—-C CH HC COH
Cc= + I | 1 i
| C1—C C—N—C, CH
HC \c/ H \c/

HOCH H H
CH:OH
Dehyd bic Leuco-dichlorophenol indi
acid {colorless)

Fia. 13 Reaction or Ascorsic Actb witn INDICATOR DYE
{(After Bessey, J. A. M. A, 111. 1290, 1938)

THE CHEMICAL NATURE OF VITAMIN D

Vitamin D, like vitamin A, belongs to the so-called fat soluble vitamins.
The search for a substance corrective of rickets has led to date to the
Ppostulation (Bills) of at least 10 compounds of a sterol type having rickets-
healing potency. With one exception, all of these substances require
ultraviolet irradiation to convert them from the physiologically inactive
Provitamin D to the curc-cffecting active vitamin D.
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other fungi and is the form present in the mitk of cows when these cows
?mve been fed irradiated yeast. Activated ergosterol or calicferol dissolved
in an‘inert oil is called *“viosterol.” Ll

CH.
. / .
CHy—-CH—CHy—CHs—CHy—CH

CH, N
CH:
CH,
HO—C,\" )

Ordinary cholestero!.
Not antirachitic -

CH,
CH,—CH—CH,~—CH,~—CH,~—CH

CH, AN
CH,
Inactive 7-dehydrocholeaterol
Provitamin D, Y
HO @
\ -

CH,
CH,—CH—CH,~CH,—CH\—CH

CH,,
[82:1

7 cHY
Of Active Vitamin D,
Activated 7-debydrocholesterol
[$4]
HO \)

F1a. 17. RELATION OF CHOLESTEROL T0 VITAMIN D, (7-DEXYDROCHOLESTEROL)

Calciferol is also called “vitamin D;,” and activated 7-dehydrocholesterol
is called “Dy.” There is no vitamin D; in the literature‘today, the com- ,
pound first called by that name by German workers having prt_uved to be
a mixture of calciferol and an jrradiation product }mown as Iulmster.ol. .

When pure ergosterol is irradiated to convert it into calc}ferol, Ol"dl}‘l‘:!,nly
not more than 50 per cent is changed to calciferol under ideal conditions.
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During the processes of oxidation a series of compounds are formed which,
in the order of their appearance, are listed by Bills as follows:

{1) Lrgosterol

(2) Lumisterol

(3) Tachystero)

(1) Caleiferol

{5) Toxisterol (Substance 218)
(8) Suprasterols I and 11

From such ovidation mixtures, lumisterol, the two suprasterols and
calciferol have been icolated in erystalline state. Tachysterol has been
separated as a henzoate, Tonisterol has not been isolated in pure state.
It gets the name “Substance 248" because it has an absorption band at
248 pu. Of all of these compounds only caleiferol has antirachitic action.
Lumistero! can be converted to ealeiferol and may form with it an additional
compound consisting of 1 part lumisterol to 1 part of calciferol. It was
this addition product that German workers originally classed as vitamin D,.

Toxisterol, as the name suggests, may produce a toxic effect. Toxisterol,
tachysterol, and the suprasterols are non-antirachitic but the latter two are
less tovie than toxisterol. The toxic effect sometimes obtained in the past
with irradiated ergosterol preparations is now believed to be due to failure
to ehiminate the toxisterols and tachysterols.

Both vitamin D, and D are insoluble in water,but soluble in oil, fats,
and fat solvents

A product known as 7-dehydrocampesterol, with a potency of 4,000,000
units per gram has been recently reported and some interest attaches to a
product called AT-10 which Shohl and Farber state to have 1/400th the
poteney of D, It is believed that the principal component is di-hydro-
tachysterol.

THE CHEMICAL NATURE OF VITAMIN E

Vitamin E was first called “X” by its discoverers, Evans and Bishop.
When it was proved that the substance was a true vitamin, Sure suggested
that it was entitled to be called vitamm E.

Evans showed that one of the most abundant sources of this anti-sterility
vitamin was wheat germ oil and wheat germ ol has been the base from
which products of vitammn E character have been isolated.

In 1936, Evans ct al, isolated substances with vitamin E properties and
gave them the names of alpha and beta-tocopherol. Ternholz suggested
for alpha-tocopherol the formula shown in Figure 18 and this structure
has been confirmed by synthesis earried by out Karrer and his collaborators.
This is the most potent form obtained to date; beta-tocopherol and gamma-
tocopherol being slightly less active than alpha-tocopherol.
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As shown by the formula, alpha-tocopherol is a chroman derivative (se
Tig. 18). Alpha-tocopherol is a light yellow, odorless, viscons, oily liqui
with an insipid taste and a molecular weight of 430. It decomposes or
boiling at atmospheric pressure. It has a specific gravity of 0.95 al
25°C. It is insoluble in water but soluble in fat and fat solvents.

Alpha-tocopherol is stable to heat, alkalies, and acids. It is readily
destroyed by rancid fats. It is a strong reducing agent and therefore readily
oxidized by oxidizing agents and the salts of heavy metals. Because o

. CH,
| H,
(] C
AV
HO—-('} ("J CH, CH,: CH, CH,
CH—

C Cc C—(CH:}y~CH~—(CH));~CH—{CH,),—CH—CH;
NN\ .
o] [o]
|
CH,
a-Tocopherol ace, to Fernholz {1938); Chromane nucleus

CH;

F1c. 18. Fory or Viramin E

TABLE IV
Dose Equivalents of Alpha-tocopherol

DOSE EQUIVALENT T0
1 MGM, NATURAL ALPHA
TOCOPHEROL

e
1. Natural alpha-tocopherol 1.0
2. Alph herol acid 1 '1,(5)
3. Beta-tocopherol . 2

" 4. Bets herol b 1-carboxylate 8.0
5. Gamma-tocopherol g g
6. Gamma-tocopkerol palmitate 1
7 Synthetic dl-alpha-tocopherol .

this readily oxidizable character, it is extensively used tod.ay in vitamin
mixtures to protect other oxidizable vitamins from-destructxon. In other
words, it is present as an sntioxidant in many mixtures rather than for

its anti-sterility values.
! For relative potencies of the tocopherols see Table IV.

THE CHEMICAL NATURE OF VITAMIN K

i ic diseas”, " - characterized by
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to deficiency of a “Koagulation Vitamin” or Vitamin K, present in leafy
vegetables and in hog liver fat. .

. The elucidation of the chemical stiucture of vitamin X or vitamins X
has been amazingly rapid. The significant nucleus of all these vitamins
is the chemical compound known as naphthogquinone, Two forms of the
natural vitamin K have been obtained, K; from alfalfa and I, from putrid
sardine meal. They were found in the nonsterol fraction of the non-

Flavanol structure
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F16. 20. STRUCTURE oF ERIopICTYOL (VITAMIN P)

saponifiable fraction of the concentrate from these sources. Theé chemical
structures of K, and X are shown in Figure 19.

Further study of compounds with the naphthoquinone nuclens showed
that 2-methyl-1,4-naphthoquinone is actually more potent than the
natural vitamins K. It is this compound that is today known as menadione.
For structure, see Figure 19. Menadione is 2 slightly yellowish crystalline
material rapidly destroyed by alkalies, sunlight, oxidizing sgents, strong
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acids, and aluminum chloride. 1t is stable to heat and reducing agents
and is not, water soluble.  Bile is necessary for its physiological absorption,

Vitamin K is now known cssential to the formation of prothrombin but
isnot a part of the prothrombin molecule.

Anderson and Newman first isolated a substance ealled phthiocol from
the lipids of M. luberenlosis.  This compound has about 1/500th the ae-
tivity of vitamin K. Apparently, the CH, group in position 2 is essential
to activity,

THE CHEMICAL NATURE OF VITAMIN P (PER\(EABILITY VXTAMIN)

One function of ascorbic acid is to prevent capillary fragility. In
treating certain cases with tendency of capillaries to bleed (hemorrhagic
diathesic), it was discovered that while this tendeney could be checked
with l-ascorbic acid, eertain natural vegetable juices, notably paprika
juice, showed superiority over the use of the synthetic vitamin C alone.
The ohservers sought for another hemorrhage controlling factor and
believed they had found it in a flavonol fraction to which they gave the
name “Vitamin P.”  As the diccoverer, Szent-Gyorgyi, states in his record:

“I ealled it Vitamin P in honor of paprika and permeability on which later it was
found to have an influcnce

The active {raction from lemon juice containing this factor has been
called “citrine.” Lorenz and Arnold state that the water extract of a
whole lemon contains 1.7 mgm. of citrine flavonols per gram of lemon but
cmphasize that the citrine {raction is 8 complex containing several com-
pounds, not all of which are active.

The structure shown in Figure 20 has been suggested for the active
vitamin P and for it, the name “criodictin or eriodictyol.”
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saponifiable fraction of the concentrate from these sources. Thé chemical
structures of X; and K, are shown in Figure 19,

Further study of compounds with the naphthoquinone nucleus showed |
that 2-methyl-1,4-naphthoquinone is actually more potent than the
natural vitamins K. Tt is this compound that is today known as menadione-
For structure, see Figure 19. Menadione is a slightly ye-llomsh crystalline
material rapidly destroyed by alkalies, sunlight, oxidizing agents, strong
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acids, and aluminum chloride, Tt is stable to heat and reducing agents
and is nof water =oluble.  Bile is necessary for its physiological absorption.

Vitamin K i< now known cssential to the formation of prothrombin but
isnot a part of the prothrombin molecule.

Ander<on nnd Newman first i=olated a substance ealled phthiocol from
the lipids of M. fubcreulosis. This compound has about 1/500th the ac-
tivity of vitamin K,. Apparently, the CHs group in position 2 is essential
o activity.

THE CHEMICAL NATURE OF VITAMIN P (I'ERMEABILITY V‘TAMIN)

One function of neccorbic acid is to prevent capillary fragility, In
treating certain cases with tendency of capillarics to bleed (hemorthagic
diathesis), it was diccovered that while this tendency could be checked
with l-ascorbic acid, certain natural vegetable juices, notably paprika
juice, showed superiority over the use of the synthetic vitamin C alone.
The observers sought for another hemorrhage controlling factor and
beheved they had found it in a flavonol fraction to which they gave the
name “Vitamin P.”  As the discoverer, Szent-Gyorgyi, states in his record:

“] ealled it Vitamin P in honor of paprika and permeability on which Iater it was
found to have nn influcnce "

The active fraction from lemon juice containing this factor has been
called “citrine.”” Lorenz and Arnold state that the water extract of a
whole lemon contuns 1 7 mgm  of citrine flavonols per gram of lemon but
emphasize that the eitrine fraction is a complex containing several com-

pounds, not all of which are active.
The strueture shown in Figure 20 has been supgested for the active

vitamin P and for it, the name “eriodictin or eriodictyol.”
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VITAMIN BEHAVIOR

In 19.11, v.vhen Casimir Funk first coined the name silamine, intere
was mainly in the prevention of disesse; the particular disease known :
beriberi or polyneuritis. But, by 1913, Funk had reached the conceptic
of a group of substances concerned in prevention of what he then describe
for the first time, as the avifaminoses, and predicted that these wou
include scurvy, rickets, Barlow’s disease, pellagra, and sprue.

As early as 1906 Sir Gowland Hopkins suggested the existence of whe
he called “accessory factors” which might play 2 role in normal nutritio
Oshorne and Mendel’s experiments with protein-free milk and McCollum
recovery of 2 non-amine growth factor from hutter and egg yolk widene
the interest in what we now call vitamins from their relation to specif
diseases to their possible concern in the control of normal behavior. Th
concept brought into the study of vitamins and avitaminoses the bic
chemists and physiologists who were trying to explain physiclogies
behavior; to determine the scientific basis of nutrition. Vitamins were n
longer simply drugs with which to treat disease but, like proteins, fats, an
carbohydrates, were to be considered as nutrients; needed by the sick an
well,

Owing to slow progress in the isolation, chemical identification an
synthesis of vitamins, animal behavior was for some time our sole mean
of proof of vitamin existence. We knew of sourees of vifamins 4, B, and ¢
for years befare any one ever saw the pure substances or knew their chemien
gtructure. We called them by names that described their funetion, sucl
as the anti-scorbutic factor, the anti-beriberi factor, the antineuritic factor
ete., or by letters—vitamins A, B, C, D, etc.

As the study of these substances progressed farther it became eviden
that while vitaming were present in both plant and animal tissues their
primal origin was in plants. But the plant physiologists were, with some
notable exceptions, slow to concern themselves with either how or why the
plants made these products. Cne notable exception was TWildier's postu.
lation of & bios for yeast in 1901. The search for its nature is responsible
for the unravelling of many of the components of the vitamin B complex.
Tn fact, the first comprehensive review of the relation of plants to vitarmin
synthesis and their significance to the plant parent has only just appezmzd
(Schopfer’s “Plants and Vitamins,” 1943). With pure and synthetic
vitamins to use, these studies of vitamins in plants have provided another

40
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significant contribution to our modern concept of the “how” of vitamin
behavior.

PLANT ACTIVATORS (WIRKSTOFFE)

Wildier's 1901 postulate that yeasts require for growth a substanee of
organic nature different from ordinary nutrients known at the time, and
effective in microccopic amounts ean probably claim priority in the study
of plant growth activators,

Between 1914 and 1619 Botfomley and Mockeridge first suggested that
green plants require something similar in action and chemical nature for

TABLE V
Classification of Active Substance
(Wirkstoffe) nce to Schopfer

Group I, Preudo.growth factors of a mineral nature
Includea mineral substances such as Zn, Mn, Mo, Cu with catalytic
and oligodynamic netion  Somre able to function as co-factors of
prow th or act 1n conjunction with co-factors in enzyme syatems
Group 11, Growth factora of a vitamin nature, acting on metabolism or on
the growth of eytoplasm
Includes all the vitamins whose action has been demounstrated in
plants; the “B’ substances of Nielsen, some of the “BF* sub-
stances of Duler, the “Z" fermentation factor; the vitazymes in
coenzymes, the bios substances
Group 111, Tactors of a hormonal nature acting in a specific manner on the
morphology of the orgamsm
Includes mainly the “Auxin’ group; Nielsen’s “A™ substances

N'B Schopfer's definition of a mtamin:
“Vitamin factor is an organic substance, the nced for which results from
the loss of the capacity for synthesis, whose action is catalytic (1.¢., active
in small ) ve, and kedly specific

growth, and suggested for those substanees the name “auximones”; since
shortened to “auxins.”

From these beginnings has grown up a classification of plant growth
activators which Schopfer tabulates as follows (sce Table V).

Niclsen defined his “B” substances as waler-soluble substances acting as
growth factors for microorganisms. He called “A” substances, ether-
gsoluble substances acting as hormones.

von Euler's “BP” syhstances he defined as all watersoluble factors
required by plants. He also coined the term “Ergones” to embrace
vitamins and hormones and Ammon and Dirschel use the term “ergines”
to include ergones and enzymes, ‘This nomenclature of plant activities is
of speeial interest because the terms coined and the groups listed indicate
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the progress that has been made toward understanding of their role in
maintenance of life and growth and the attempt ta expressit in nomenclature,

We shall return later to specific action of vitamins in the behavior of
plants and the reasons for their synthesis by plants and in certain regions
of the plant body, . ,

THE RELATION OF VITAMINS TO ENZYMES AND COENZYMES

In modern nomenclature these terms are used to deseribe the chemical
structure and parts of enzymes.

Enzyme or Holoenzyme = apo-enzyme + coenzyme., By apocnzyme is
meant the colloidal protein “Carrier” (Triiger) part to which the enzyme
owes its specificity; its ability to act on a specifie substrate.

By coenzyme is meant the part which accomplishes the action of the
enzyme on the substrate. It is also called the *'prosthetic” or ““do some-
thing” part of the enzyme.

One of the big steps forward in the understanding of the behavior of
certain vitamins was the discovery that they could and did form a structural,
part of certain coenzymes.

Thismine, for example, as the cocarboxylase of the holoenzyme carboxylase
{see Fig. 3). N

Riboflavin as cytoflav, the coenzyme of Warburg’s “Yellow Ferment.”

Niacin in von Euler’s Coenzymes I and II (Formerly called cozymases).
See Figs. 4 and 5.

The term vitazyme in Schopfer’s classification was coined to designate &
vitamin known to form a part of & coenzyme. The group of enzymes in
which vitamins form parts of the coenzyme fraction which have been most
fully studied for their relation to metabolism are the so-called respiratory
enzymes.  From this and the behavior of these enzymes and coenzymes in
cell oxidations has developed an explanation of the action of some of our
well known vitamins.
CELLULAR OXIDATION

Early in the study of muscle behavior it was proven that the energy of
the muscle was derived from the combustion or exidation of glucose to
carbon dioxide and water; that for each mglecule o N .
08 calories of energy. i i

We sometimes express this fag? * ‘he .

Glucose -+ Osygen — Car’
CHuQs +60;  —6CC

But this simple equation «*
raolecule of glucose are ind
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with 6 atoms of oxygen. The solution of this problem is one of the most
brilliant chapters of chemieal investigation and has revealed the role
played in the process by certain vitamins,

To the chemist the term “oxidation” docs not always mean the union of
a substance with oxygen, Such combinations are one type of oxidation
and oxides such as water, metallic and non-metallic oxides and the forma-
tion of ,organic acids from aldehydes nre examples of this type.

But there arc other ways to accomplish the same effect, e.g.

(a) Ethanol + O — Acetaldehyde 4 Water

C,i,01 4+ 0 - CH,.CHO + H,0
In this operation the cthanol is oxidized to acetaldchyde and water. In
this case the oxygen docs not unite with the ethanol but docs act on it
to pull out two hydrogen atoms. This operation ean be performed by

other chemical compounds than oxygen with the same result; the same
conversion of ethanol to acetaldchyde. For example:

(b)  Etharol + Cystine -—— Acetaldebyde 4 Cysteine
CilLOH + 8 S -—> CH,CHO + 2 BH ’
CH, éﬂ\ CH,
CHNH, CHNIH, CHNH,
CO0OH COOH cooH
[O] 2 Cysteine mols, + O —— Cystine -+ Water
‘ 2 SH + 00— 8 8 + Ha0
CH, CH: CH,
CHNH, CHNH.. CHNH,
CO0H COOH COOH

In this example cystine is just as effective as oxygen in Equation {a) in
converting ethanol to acetaldehyde and so0 long as oxygen is available
cysteine can be converted back to the cystine form and the process con-
tinued indefinitely so long as there is any ethanol to lose hydrogens and
oxygen to convert the cysteine back to cystine. But we now have a two
step oxidation process. ‘The first step is the removal of two hydrogens from
the ethanol by o non-oxygen hydrogen acceptor (Cystine), The second
step is the passing on of the hydrogen by the resultant cysteine to oxygen
iteelf with the ultimate formation of water and release of energy.
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the_ progress that has been made toward understauding of their role in
maintenance of life and growth and the attempt to express it in nomenclature,

We shall return later to specific action of vitamins in the behavior of
- plants and the reasons for their synthesis by plants and in certain regions .
of the plant body. ~

THE RELATION OF VITAMINS TO ENZYMES AND COENZYMES

. In modern nomenclature these terms are used to describe the chemical
structure and parts of enzymes.

Enzyme or Holoenzyme = apo-enzyme -+ coenzyme. By apoenzyme is
meant ' the colloidal protein “Carrier” (Triiger) part to which the enzyme
owes its specificity; its ability to act on a specific substrate.

By coenzyme is meant the part which accomplishes the action of the
enzyme on the substrate. It is also called the “prosthetic” or “do some-
thing’’ part of the enzyme.

One of the big steps forward in the understanding of the behavior of
certain vitaming was the discovery that they could and did form a structural
part of certain coenzymes.

Thiamine, for example, as the cocarboxylase of the holoenzyme earboxylase
(sce Fig. 3). )

Riboflavin as cytofiav, the coenzyme of Warburg’s “Yellow Ferment.”

Niacin in von Euler’s Coenzymes I and II (Formerly cslled cozymases).

See Figs. 4 and 5.

The term vitazyme in Schapfer’s classification was coined to designate o
vitamin known fo form 2 part of a coenzyme. The group of enzymes in
which vitamins form parts of the coenzyme fraction which have been most
fully studied for their relation to metabolism are the so-called respiratory
enzymes. TFrom this and the behavior of these enzymes and coepzymes in
cell oxidations has developed an explanation of the action of some of our
well known vitamins.
CELLULAR OXIDATION
Eatly in the study of muscle behavior it was proven that the energy of
the muscle was derived from the combustion or oxidation of glucose to
carbon dioxide and water; that for each molecule of water formed we get
68 calories of energy. '
We sormetimes express this fact by the following simple equation:
Glucose + Oxygen — Carbon diotide 4 Water + Calories of Energy
CHuO¢ +80, —6CO: + 6 HyO -+ 408 Calories

But this simple equation does not explain how the 12 hydrogeps in ea.c}:
moleeule of glucose are mnduced to leave the glucose molecule and unite



~ VITAMIN BEUAVIOR ]

with 6 atoms of oxygen.  The solution of this problem i= mv of & 2ar
briltiant chapters of chemical investigation and bas roves? de =
played in the process by certain vitamins.

To the chemist the term “oxidation” does not always reas b ovoe =
a substance with oxygen. Such combinations sre onr type o ¢~ anr
and oxides such ns water, metallic and non-mefallic oddse gr2¢hr tem |
tion of organic acids from aldehydes are examples of this iype.

But there are other ways to accomplish the same effect, o2

{a) Lthanol 4 O — Acetaldehyde + Water
G4if,011 4 O - CII,-CIO + 00

In this operation the cthanol is oxidized to ncctaldehyd. P TUR
this case the oxygen does not unite with the ethanel t2y foe r- .,
to pull out two hydrogen atoms. This operation eap b s = _
other chemicnl compounds than oxygen with the same ,.; B
conversion of ethano) to acetaldehyde, For example: )

)  Ethanol + Cyatine —~—~* Acetaldebyds 4 [
CALOH + & s ~  CRGOH0 4y
Cih, CHy .
CHNH, GHNH, \
Cool COOH ' _‘
{c} 2 Cysteine mols. + O - Cystine .,._-‘ :
.- 2 SH +0~—.-‘S'\s.;§,
Cli, CHy, oy,
CHNH: CHNH, gy
COOR cooy Lo

In this cxample eystine is just as effective as oy, .

converting cthanol to acetaldehyde and so long g = <
eysteine can be converted back to t}lc cystine ;01,::\-'
tinued indefinitely so long as there is any ethapy N
oYygen to convert the cysteine back t‘ﬂ cystine, i
step oxidation process. The first step is the Fempry
the ethanol by n non-oxygen hydrogen aceept, Yo
step is the passing on of the h?'drcgcn by the L
iteelf with the ultimate formation of water ang o

acu
s
eve
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We will find that in tissue oxidations this use of non-oxygen hydrogen
aceeptors and a step by step transport of hydrogen from the initial metabo-
¥ite such as sugar to its ultimate union with oxygen by use of such acceptors
is quite the usual process, that hydrogen transport in the body takes
place by steps, using a series of different hydrogen acceptors before ultimate
unjon of the hydrogen with oxygen to form water. With that discovery
we come still closer to'the behavior of certain vitamins as hydrogen ac-
ceptors. .

But there is still another way in which oxidation can take place. Change
in valence is ealled oxidation when the change results in increased valence;
for a metal o.g., the change of ferrous iron to ferric iron. What happens
in this case? We know today that atoms contain a combination of positive
and negative electrical charges; the positive charges called protons and the
negative charges called electrons; that they can gain or lose electrons
and thus become positively or negatively charged ions: e.g. .

Ferrous iron less 1 electron hecomes ferric iron

Fet+ — 1 electron — Fet+ and
Fett+ 4 1 electron ~ Fett

i.e., the change from ferrous to ferri¢ iron (increase in valence or oxida-
tion) means loss of an electron; the change from ferric to ferrous iron
(reduction in valence or reduction) results from gain of an electron. Sim-
ilarly an atom of hydrogen by loss of an electron becomes a positively
charged hydrogen ion (H*) and an atom of oxygen by gain of electrons
becomes a negatively charged oxygen ion (0™ ). ; ’
How could such transfer of electrons bring about the oxidation of a pro-
duct such as ethanol to acetaldehyde with ultimate formation of water?
Assume we have in & system ethanol (substrate); a hydrogen acceptor
(cystine); a ferric iron jon (Fet*+); and oxygen. ’.‘l‘Ilese steps could then
take place: N
@) Ethanol + cystine — acetaldehyde + cysteine as in Eq. (a)

The hydrogen is transferred from the substrate ethanol to the bydrogen
acceptor cystine which is thus converted to cystine and the ethanol is
oxidized to aldehyde. But now assume instead of handing their H atoms
directly to an atom of oxygen these hydrogen atoms passed an electron
to each ion of ferriciron, Let’s assume this took place between 4 atoms of
hydrogen from 2 molecules of cystine and four ferric ions. We would get
this:

(e) 4 Fett+ 4 4 electrons from 4 H atoms — 4 Fe** + 4 H* ions



VITAMIN DEHAVIOR o

nd suppose further that those 4 ferrous ions instead nf Feemm
ectrons, pass them rightontoa molecule of oxygen (0 T -
ot this:

) Oy + 1 electrons from 4 Fett — 4 Tet 42 07 pteems

vow we have our iron back to the ferric state ready to aceept mrw- 21
nd we have in solution 4 positively charged H* ionsand 2demst *x
v charged oxygen atoms. If now these meet, the O— ater
isting as free ions, combine with H+ as they are formed to ey
ules of neutral water. -
(=)

We have exactly the same end result as in equations (b) azd £, +
2dditional step in the oxidation process. T e
In tissue cclls this last operation of clectron transfer frey v
stoms on a hydrogen acceptor to oxygen by way of & meta] gt T~
actually accomplished by compounds called cytochromeg (f,.. Wma
see Fig. 21). So far as is known today, such cytochromp fo-
vitamins in their structure; they owe their part in step DxiA "=
metal in the porphyrin ring
We can then, at this point, formulate these definitions of 5
reduction: 0Lt s
A product §s oxidized when1t umites with oxygen.
A product ia oxidized when 1t loses hydrogen.
A product is ouidized when it loses electrons.
A product 13 reduced when it gains hydrogen.
A product 15 reduced when it gains electrons
An oxidizing agent 18 one that adds oxygen {0 a compoyy,
drogen from a compound, oF Temoves electrons from & compou;;?. Ty oy
Frotmgy

4H* +20° - —>21L0

RESPIRATORY ENZYMES
preceding discussion that to agy,..
oxidation we must have hydrogen aceeptors and donu,;"

aceeptors and donors as well s oxygen itself: Butare th\?y‘g'f:
You can expose glucose to the air and nothing happens, y "
A P L

It is evident from the

- enm annantarg aad

. ' 1]
electrons on to the oxygen and the oxygen Wit bob deeey, *
some additional stimulus. >
It became necessary then to seek

would “activate” the bydrogens i

some catalytic agen
the substrate and mk“?:u BT
$

N 3

o~
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the original habitat, It was also necessary to “activate” the oxygen &
make it receptive of hydrogen atoms or electrons.

Such -compounds were found in what arc today called dehydrogenases
and oxygenases; or collectively, respiratory enzymes,

l—E —PROTEIN— - |

T 1 T T

| | ! { !
NH: COOH NH, COOH

N L A4

it cft
i {
[ Cil0 2 Cx 2H £ O ‘]

] !
8 s -

| |
CR—~CH, -  CH—CH .
28

e e e e o e o]

.
SN N—{
AN~
e S (Fe)-T  cH
N

CH, ?H,
CH, CH;
Coon coon '

Fia. 21, Crrocarons 'C”

Warburg’s and Christian’s “Yellow Enzyme” is such a compound and
Theorell demonstrated it to be composed of a colloidal protein apoenzyme
fraction linked to a phosphorylated vitamin, the vitamin B; or riboflaviz
(see Fig. 4). In this holoenzyme the phosphorylated riboflavin (also called
cytoflay) is the prosthetic group or coenzyme part. .

This particular enzyme is of special interest because it was the first to
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be shown to owe its action in oxidation to

4

the presence of 8 vitamin act-

ing as a “hydrogen aceeptor” and “hydrogen passer.”  The explanation

of its behavior is as follows:

(1) The apoenzyme part, the protein fraction, givesit its specificity; that ja, deter-
mines on what substrate it can act. We don’t know just how this is aceom-
plished, One explanation is that the protein is able to adsoh on its eurface
only particular cubstrates and thus bring them close cnough to the presthetic
group for chemical reaction. Another explanation is that of Michaelis, who be-

lieves there is an intermediate compo’
upon which the veloaity of the action
the profein or apocnzyme fraction is %

und formed betncen enzyme snd subetrate
depends, At any rate, it certain that
hat gives the holoenzyme epearfiaity.

<|:n,—-o—ro,n. CHy—0—POH;
HOCH ’ HOCH
1OCH HOCH
HOCH HOCH
CHy CH -
u H (]
FNANAN AV
4
ong” ¢S =0 OF—¢ N N
| i
CH—C /c /c\ /NH crx.—c\ '/c g \l'u
NN\ 2
[¢] N (ﬁ o] \N/ \ C/
1 H
B o @ 1
Omdized Redueed
cytoflav © eyloflay

Fra. 22. CYTOFLAV A8

(2) The phosphorylnwd riboflavin or prosthetic group acts asa b
U3 % —am waneive from the substrate its hydrogens which th,
. BN S

(a) The glucose gives up & By Ui
(b) The phnsphorylmed oxidized
and is converted inte the reduced form.

boflavin fraction ace

A HypnoGEN Acceeror

ydrogen aeee, s ¢
® 80z

PLe thowy 9 bydrogens
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and noting what rust be added to restore normal growth. Such studies not .
only established the fact that there were substancés, hitherto unknown,
necessary for growth but also that vitamin deficiencies could produce
specific pathological and clinical responses. But to say that a vitamin is
necessary for growth or for prevention of a specific disease such as seurvy,
dckets, or pellagra does not explain kow it acts or the relation of itsactivity
‘0 its chemical structure.

That is why the discovery of the relation of certain vitamins to respira-
sory enzymes and their action in metabolism is of such great significance,
‘tis astep forward toward understanding of not only what vitamins do, but
iow some of them, at least, accomplish their effect.

" R
C Cl ’
7\ |
IiI (lJ—CH,--N C—CH, +2H
JH—C C—NH, HC C—CH,-CH,0H "2
N/
8
Thiamine chloride
H 4
C
SN C—CHy—N. C—CH,
| [ +m-)
CH,~—C C—NH,(HJHC C—CH,-CH,;0H
. N
N 8

Reduced thiamine

Fig. 24. H TRANSPORT BY THIAMINE

The plant physiologists are today contributing fux:ther du?a on vitamin
chavior. There is not space in this text for det'znls of thl.s type of re-
sarch and its results, but it is worth while to illustrate its character.
‘or example, it has been found possible to separate plant embryos from
aeir cotyledons and endosperm materials in seeds' and 1o grow ’fhem on
ymthetic culture media; paralleling the procedure in animal .studlc.s, By
1ch s procedure it has been proved that they must be sup.phed wgth cer-
1in vitamins or growth ceases and to determine what particular vitamins
re required by the embryos used in the test. It has also been found pos-

ble to follow similar procedure with parts of a pI:}nt bgi - :;](3
ccised roots, and differentiate betvz +» requlrem' - u_n‘
ems. Such studies, however, har{ N .aled W3
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lIved in growth stimulation but also the parts of the vitamin structure
Ived in certain instances, .

onner (1940), for example, has reported results which are tabulated in
1e VII. But Bonner also studied the structures in a vitamin compound

TABLE VII
Vitamins Required by Plant Roots
{After Bonner)

FLANT 300TS VITAMINS REQUIRED OR NOT RTQUIRED
Kinds Thismune Nisen Pyridoxine
Yes No No
Yes Yes No
Yes Yes No
Yes Yes No
Yes Yes No
Yes No (es
Yes Yes Yes
H
[} Cl
/(8)\ l
Ny ) C——CHy——N——C~—CH, ) )
| o @ I |
L—C® (WC—NH, uce e Cc—CH,—CH;,—0—P—0—P—0H
Ne/ N/
N 5 OH OH
{a} Cocarboxylase
o
C
/(u)\
Ny (C—CH,NH, N-—C—CH;
| “ @ W ”
CH,—C( ()C—NH, HC® ®C—CH;—CH,0H
Ne/ \Na/
N 8
(b) Pyrimidine part of (c) Thiazole part of
thiamine chloride thiamire

F1a. 25. S1GN1PICANT Groups IN THE CocsarBOXTLASE MoLECTLE

that were essential to its action, For example, in thiamine we have the
thiazole and pyrimidine parts (shown in Fig, 25). Bonner proved that the
“H” of the thiazole part in position 2 is of prime importance; that the CH,
group in position 4 can be substituted without destroying activity; that



TABLE IX
Re ded Dietary All *
Food and Nutrition Board, National Research Council

AL vitas | rana. Pl
cAtoR1es frrozEIy) SR fivon i “('1?,')' ,‘g\m (’{;l\t;% courc iz
gms. | gms. |mem | LU, . »
Man (70 kg.) o oy T
Sedentary... . ... | 2500 L51221( 15
Moderately active..| 3000 | 70 }0.8 {32 | 5000} 1.8} 2.7 1B 78] iH
Very active... ..... 4500 23133128
Woman (56 kg.)
Sedentary .. 2100 | -~ . 1211 23 12
Moderately active. | 2500 { 60 (0.8 |12 {5000 1.5]2.2] 15| 7 tt
Very active,.. . .| 3000 1.8)2.7) 181} .
Pregoancy *
(latter halt) .. ... 2500 ! 85 [1.5|15]6000/1.8]2.5] 18 | 100 400 to
. 800
Lactation ... . . | 5000 {100 [2.0(158000{2.3|3.0{ 23 | 150 } 400 to
200
Chiidren up to 12 yr. '
Under 1 year} ... .[100/kg.f8to4/] 1.0) 61500/ 0.4]0.61 4] 30] 400 to
ke. 800
Ito3yearstt . 1206 { 40 (1.0( 7(2000{0.6]0.9] & ] 35] Hf
4to6years, . .. [ 1600 ) 50 [1.0] 8)2500/0.8}1.2] 8 ) &
7toQyears . . . 2000 | 60 (1.0)10)3500{1.0}1.5] 10] &
10t0 12 years . 2001 70 {L2{12{4500{1.2(1.8{ 12 75
Children over 12 yr. N
Girls,
13 to 15 years 2800 | 80 |1.3]15)5000)1.4)2.0} 14 ] s0} tf
16 to 20 years . 2100 75 )01 15)5000)1.211.8] 12 | &0
Boys,
13 to 15 years, 3200 | 85 |1.4]15)500001.6)24) 16} 9] 1
16 t0 20 years. .. 3800 [ 100 | 1.4 ] 15[ 6000] 2.0 13.0) 20 | 100

* Tentative goal toward which to aim in planning practical dietaries; can be met
by a good dxet of natural focds Such a diet will also provide other minerals and
vit ~nn el Brnnen -

5 ded ehiefly

as the pm:wtamin carotene.
t Needs of infants incresse from month to month, The amousnts given are for
approtimately 6-8 months. The amounts of protein and ealcium needed are less if

derived from human mitk
tt Allowances are based on needs for the middle year in each group (as 2, 5, 8,

etc.) and for moderate activity.
+}# Vitamin D is undoubted] y for older child and adults. When
not ilable from hine, it should be p: ded probably up to the minimum

amounts recommended for nfsnts.

54
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TABLE IX—Continued
Further Recommendations, Adopted 1942

The requircment for fodine is small; probably about 0 002 to 0 004 milligram a
day for each kilogram of body weight. This amounts to about 0 15 to 0 30 milhgram
daily for the adult, This need is easily met by the regular use of iodized salt, its
use is espeeially important in adolescence and pregnancy.

The requirement for copper for adults is in the neighborhood of 10 to 2 0 milli-
grams aday. Infants and children require approximately 0 05 per kilogram of body
weight The requirement for copper is approximately one-tenth of that for iron.

The requirement for vitamin K is usually satisfied by any good dict. Special
consideration needs to be given to newborn infants. Physicians commonly give
vitamin K either to the mather before delivery or to the infant immediately after
birth,

TABLE X
The Basie Seven

Group 1. Green and yellow vegetables. One raw, one cocked, frozen or
canned

Group 1. Oranges, tomatoes, grapefruit, or Taw cabbage or salad greens

Group III. Potatoes and other vegetables and fruits Raw, dried, cooked,
frozen, or canned

Group IV. Milk and milk products. Fluid, evaporated, dried milk, and cheese

Group Y. Meat, poultry, fish or eggs Or dried pess, beans, nuts or peanut
butter

Group VI Bread, flour, and cereals, Natural whole gram, enriched or re-
stored

Group VII. Butter or vitamin A fortified margarine

X.B.: Serve daily one 1tem from each group

CLINICAL DATA

Methods of detcrmining accurately blood, urine and fecal content of
certain vitamins are available today. As they are extended to larger and
larger groups it is hoped that standards will emerge that will make pos-
sible routine climical estimates of adequacy or normaley similar to our
blood and urinary tests for sugar in the diagnosis of diabetes mellitus. It
is already rather widely accepted, for example, that a blood content of
less than 0.5 mgm. per 100 ce. indicates inadequacy of vitamin C intake.

By giving large doses of vitamins and noting excretion in a given period
of time, it is possible to determine whether the storage reservoirs of the
body are saturated or depleted.

Special tests and apparatus are now available for detecting both acute

. and ineipient avitaminosis. The biophotometer or adaptometer tests to
detect incipient or acute vitamin A deficiency; eye examinations to reveal
A and B; deficiency; the use of the x-ray to reveal D and C deficiencies in
bone structures, nre examples of progress in this dircetion. What has
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‘ « TABLE XI.
Special Tests for Vitamin Deficiency

. Biomicroscopy. Spectrometric blood
.+ Plasma content, b]ood pyruvie acid, eleccrocardxogmms

Biomicroscopy

Tongue

Plasma C, capillary x‘m gility, x-ray
Serum Ca; P and phosphatase

. Prothrombin time {Quick) .

DEFICTENCY SYMPTOMS

VITAMINS RELATED T0 TEE CONDITION

c

D

E

e Disesses
Iild photophobia. .

Tyctalopia (Night Blmdness)
fetaplasia cornea and conjune-

tiva.

erosis and Bntot ) Spots, PP
Yecrosis and ulceration corneal,

lacrimal failure .

2upil dilatation (mydrmsxs) and
spot pigment on iris.
Vascularization of margin sc]ero-

corneal junction,

Jorneal inflammation (Lcmtms

rosaces)

Central ophthalmoplegia (parn1y~
sis of eye muscles)..

in Manifestations

Dryness and roughness
[ncrease in pigmentation , ., |
Cendency to shark-like skin.

Aene form Jesions

Papular eruptions, hyperkeratosns

hair follicles

Symmetrical Jlesions resembling

sunburn

Atraphy of skin; scaling, crdckmg,

bleeding

[nflammation lips; fissures at cor-

ners
Hemorrhage arcund

Petechiial hemorrhage spots
Hemorrhagic manifestations

Vaginitis,

suro musctlar Mumfestatmns
Cramps in calf muscle J

A | B[ B |P-P]| By
X X
X pie
.o X
x x
X
X
X
X X
X
X
X
X
X
. X .
hair follicles
b4 X

X

P




TABLE XI—Continued

VITAMING RELATED TO THE CONDITION
DEFICIENCY SYMPTOMS

AlBlmn(rrBiC Dl [K P

Neuro-Muscular Manifestations

—Continved

Penpheral neuropathy? paresthe-
sa or sltered sensation, burn-
ing, tingling . .. . X

Tolyneuritis, accompany mg alco-
holism, pregnaney (nerve in-
flammation) X

Sclerosis, amyotrophic  Interal .
{over-growth of connective tis-
sue in epinal cord) X

Muscular atropby and dystrophy .
{faulty nourishment) X

Cardio-vascular Manifestations
Tendency 1o hemorrhage X
Dyspnea (labored breathing), pal-

pitation, rapid pulse, fatigue
Sudden circulatory collapse
Enlarged heart
Edema, serous effusions (no con- .
gestive heart failure)

mrn

i<

Mucosal Manifestations
Sore tongue, sore gums, sore
mouth X
Glossitis (inflammation of tongue) X
Swelling, sponginess, bleeding of

gums
Cheilosis {cheihtis, perleche) fis-
sures at mouth corners

"
“

Bone Manifestations
Periostitis, pamnful jonts and
bones X
Lnlargements; raclitic  rosary,
Harrisan groove, cramio tabies X
Contractions  extremities, de-
formities spine and pelvis

”

Reproduction Manifestations
Threatened abortion X
Placental tearing

Psychological Manifestations
Irritabilty ... . X
Nervousness . . . X

Az
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only if to the medium, n fragment of liver was added. The conelusion was
that the liver fragment supplied the neeessary carotenase.  The evidence
is obviously not conclusive since the carotenase enzyme has not been actu-
ally isolated from the liver and its action demonstrated in vitro.

FORMS OF VITAMIN A AS RELATED TO FUNCTION

It is now established that not only is vitamin A derivable from carot-
enoids by hydrolysis or oxidation but that the resulting vitamin may exist
as an alcohol or as an cster and that there are differences in the biological
behavior of these forms of A. There is also a differcnce between the ab-
sorption and utilization of carotenoids and that of the aleohol and ester
forms of vitamin A.

TABLE XIIT
Relative Potency of Vitamun A Forms

sorner ot A ren ToTALA reo JTomLA Recoveny
USP. Unsts Per cent
U.S.P. Ref. Cod Liver Oil 273000 152000 55.7
Vitamin A caproate 202000 136000 46.5
Dustilled A ester concentrate 283000 127400 44.2
Vitamin A stearate 300000 132800 4.3
Vitamin A alcohol 300000 118000 39.3
Beta-carotene 287000 27700 9.7

In the fish liver, vitamin A oceurs as the ester and probably in that form
in all fish liver oils. Gray, Hickman and Brown (1940) give the {ollowing
percentage storage of various forms of A based on examination of rat livers
after feeding types of A (see Table XIII).

These figures would indicate that the ester forms of A are better absorbed ,
than the alcohol form and both forms definitely better than carotene.

Booher, Collison and Hewston (1939) using the Hecht and Schlaer
adaptometer to measure physiological minima to prevent hemeralopia,
reported carotene to be only 50 to 60 percent as effective as vitamin A in
oil and Sherman (1941) uses these figures to suggest the human require-
ment of adults as 25-55 units of A or 43-103 units as carotene per kilo of
body weight.

Bessey and Wohibach call attention to the fact that the amounts of vita-
min A or carotene absorbed are affected:

(a) By the quantities administered

(b) Manner of administration

(c) Influence of other substances

{d) Degree of saturation of the body

(e) General physiological condition of the tract
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_an'd l\_’IcCoord et al. (1934) state that amounts stored in liver are a bettler
eriterion of absorption than amounts in the circulating blcod.

The relative solubility of the alcohol, ester and carotene in the intestinal
traet naturally affect the rate of absorption, Carotene, for example, is
more soluble in mineral oil than the two vitamin forms and henee less apt
to be absorbed when taken with mineral oils. The absorption of fats is
improved by bile salts and for that reason the vitamin esters are more readily
absorbed when bile salts are present. Carotenecannot form esters aud hence
its absorption ig less influenced by bile flow. ' .

In dosage, it is probably justifiable to consider the relative values of
these sources as best for those containing A esters; next best for those
containing the free alcohol, and to definitely feed more units if the souree is
carotene.

METAPLASIA AND VISION

The specific effects of vitamin A deficiency will be discussed under “Avita-
minosis A,” (Chapter XVI), There are, however, in addition to the non-
specific effect on growth, evidence that vitamin A supplies a substance
necessary to the epithelial tissues and the formation of cerfain retinal
pigments used in vision. The changes in tissue structure due to A de-
ficiency are spoken of gs metaplasia. The chemical reactions through which
carotene or vitamin A prevents this condition are still unknown. The

hemical binations ry for retinal pigment formation are better
understood and belong properly in this chapter.

Carotenords in Eyes

The first image forming eyes are found in arthropods and molluses. The

squid eye is a large double plano-convex lens with & retina composed of &

. single layer of cells containing a photosensitive pigment turned towsrd the
light. Arthropod eyes are of the compound mosaic type, consisting of a
pumber of units separated by pigments and each unit a complete dioptic
apparatus.

The vertebrate eye is a third type. The retina is multilayered and the
light receptar cells are of two types, rods and cones, which iace away from
the light.

The retinas of invertebrates contain high concentrations of vitamin Aq.
But in them the A appears almost wholly concentrated in the eyes, little
in other tissues, indicating that in these animals its relatian to vision is its
pre-eminent function. The squid retina contains 1-2 micrograms of 'A;
and about three times that quantity of retinene, the active carotenoid.
The quantity of 4, is constant in all states of exposure to light and dark-
pess with no evidence of participation in the visual process. The pigments
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of the arthropods have been less cxtensively studied but it can be stated
that the eyes of all invertebrates so far examined contain Ay, some of them
in the form of retinene. .

From the eyes of vertebrates two carotenoid pigments have been iso-
lated-—rhodopsin and porphyropsin, Rhodopsin is a rose-colored caro-
tenoid protein with a maximal absorption band at 500 pu. In light it
bleaches to orange or yellow products liberating in the process the caro-
tenoid called retinene. The carotenoid in rhodopsin is vitamin Ay,

Porphyropsin is aleo a carotenoid protein but the vitamin combined with
the protein is As, not Ar. It is distinctly purple in color and its maximal
absorption band is at about 522 pp.

The behavior of the rhodopsin and porphyropsin systems are identical;
the kind varies with the species. Their distribution is apparently as fol-
lows:

Marine fishes and land vertebrates—rhodopsin
Amphibia—rhodopsin or porphyropsin

Catadromous fishes—more rhodopsin than porphyropsin
Anadromous fishes—more porphyropsin than rhodopsin
Fresh water vertebrates—porphyropsin

Arthropods and Molluses—rhodopsin and retinene 1.

The rhodopsin and porphyropsm proteins are found in the retinal rods.
The chemical changes that take place when light impinges on the rods are
indicated in Table XIV.

The maximal absorption spectra of these pigments and their relation to
other carotenoids is shown in Table XV.

Put into words, the relation of these rod pigment changes may be stated
as follows: the eye, like the camera, possesses a lens which focuses the
image on the retina. The retina corresponds to the plate or film in the
camera, We know that in the photographic plate or film the image is
made visible because of o chemical change that has taken place in the silver
ermulsion coating when the light strikes it. We may compare the retinal
Pigments to the silver salts on the plate or film. The chemical changes
induced by light on rhodopsin or porphyropsin provide the stimulus to the
optic nerve which flashes the picture to the brain.

But in the camera, unless you remove the plate or move the film, you
get only one picture. In the eye “reloading” is accomplished by regenerat-
ing the bleached rhodopsin or porphyropsin, i e. by regenerating retinene
1 or 2 to the original pigment. This requires a continuous and definite
s.uppl.y of vitamin A, or A, to the retinal layer, otherwise adaptation to dim
light is slow, & condition described as night blindness or hemeralopia.

. Retinenc is o yellow pigment of a carotenoid nature. It is formed when
light strikes the thodopsin or porphyropsin. The action appears to be &
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separat.ion of the retinene and a protein since when vitamin A, retinene and
& protein are combined rhodopsin is regenerated and the eye set to another
picture. *
TABLE XIV ) .
Retinal Pigment Systems !

A. Ehodopsin System:

Rhodopsin
(600 42
\ -
\\Light
- Light\ .
A\

Vitamin A, + protein N Retinene (1) + protein '

(828pp in CHCILY) ————— (387un in CHCIy) .

(615 ~ 620pu in SbCI) (664p in SbCl)

B. Porphyropsin System:
Porphyropsin
(622up)

\
-+ Light
- Light\

N

Retinene (2) + protein
(405up in CHCL)

Vitamin A + protein
(855u in CHCL)

{696u4 in SbCls) (705un in SbCL)
TABLE XV
Absorption Dato
LIGAT WAVE LENCTRS CAROYENOINS r MAX, ARSQRPTION @
s B
Infrared .. . >700 Alpha-carotene 477
Red . 700 Beta-carotene 485
Orange 600 Gamma-carotene 496
Yeltow . 530 Vitamin Ay in CHCly 328
Green 500 Vitamin Az n CHClL 385
Blue 450 Rhodopsin 500
Indigo. 420 Porphyropsin 522
Violet 400 Vitamin A; in 8bCls 615620
Ultra violet. <400 Vitamin Az in SbCls 696
Cone Pigment

Rhuodopsin, or red pigment, is also ealled “visual purple.”  The rods ‘are

concerned primarily with responses to dim light. The retinal cones are , s
N
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concerned with color and bright light vision. According to Hecht (1939)
_they also contain a pigment, visual violet, which also requires vitamin A
for its regencration, The steps involved have not been clarified as in the
rod pigment changes.

llbﬂlODS OF ASSAY FOR VITAMIN A AND CAROTENE

The method of establishing the unit potency of a source prescribed by
the U. 8. Pharmacopeia is a growth test using specially bred and pre-fed
white rats.  The growth effect of the source is matched against an amount
of a reference standard whose potency is known.

Beeause of the fact that vitamin A and carotene produce a characteristic
blue color with antimony chloride (SbCl;) and because the intensity of such
a color ean be used to indicate coneentration of the vitamin, colorimetric
tests using the Lovibond tintometer or an electrophotometer have been
devised suitable for estimating concentration of extracted vitamin A or
carotene.

A third method depends on measurement of the absorption of certain
wave lengths by solutions of vitamin A in suitable solvents and using a
spectrophotometer.

And recently, Popper has been able to demonstrate vitamin A in tissues
because of its ability to fluoresce when acted upon by ultraviolet light.
Sce Plate V, page 164 By use of one or more of these various methods
it has been possible to examine blood, urine, tissues, etc., and quantita
tively determmne their vitamin A or carotene content.

For further details on assay methods, see Part III.

MEASURING HUMAN REQUIREMENTS

Using such assay methods we now have available certain data bearing
on the normal blood content of vitamin A and carotene. RBoth forms are
normally present in circulating blood. Such data contrasted with indi-
vidual blood samples have been used to determine normaley of intake and
to diagnose deficiency.

Another methed of establishing human requirements has been the use of
the dark adaptation measurements and the determination of least amounts
neceseary to restore vision to normal. The value of such tests and their
significance 1n establishing human requirements will be reviewed in the
chapter on Avitaminosis A.



" CHAPTER VI

THE NATURE AND FUNCTION OF THIAMINE
N (VITAMIN B))
", 'In 1914 Funk, by contrasting diets containing a high percentage of
carbohydrate with those high in fat or protein, showed that the onset of
polyneuritic symptoms came much earlier on the high carbohydrate diets.
This was the first suggestion that vitamin By needs were related to fuel
supply and to carbohydrate fuel in particular. .
Later Cowgill confirmed the relation of the By requirement to calorie
intake by a series of studies with different species of animals, He found
that given the weight of the animal and the calone intake one could predict,
by use of & formula, the minimum amount of B; necessary to prevent visible
symptoms of polyneuritis. At the time, Cowgill did not have pure thiamine
to work with but used a concentrate and expressed his vitamin B needs
in milligram equivalents of this concentrate (see Table III). Later it was
shown that Cowgill’s milligram equivalent was equal to_0.00015 milli-
grams of thiamine. Cowgill’s original formula was given as follows:

Vitamin B Needs in Milligram Equivalents

R C .
Calorie Intake Ky X Weight in Grama

In this formula Xs is a constant for a given species. He determined these
Xs values for the rat, the mouse, the pigeon, the dog and for man, The
values determined are given in Table XVI. .
Cowgill’s milligram equivalent was later shown to be equal to 0.05 of an
International unit of B; and since that unit is equal to 0.003 mgm. of thi-
amine, it is possible to rewrite this formula as follows: ’
(a) By need in Int, units = 000142 X Wt. in Kilograms X Calories

(b) By need in Int units = 0.00071 X Wt Pounds X Caleries
{c) B, need in microgm. = 00213 X Wt. in Pounds X Calories

Op the basis of this formula, Jolliffe has worked out o prediction tabula-

tion (Table XVIT). . o .
See also, Figure 27, after Cowgill, & chart from which the vmamm/ca'lone .
ratio Decessary to prevent polyneuritis is given for any giv?n “‘elgl.]t.
(N.B. In Jolliffe’s vitamin/calorie ratio, vitamin is in International units -
of By).
Frlt)Jm these figures and plots of the adequate vitamin/calorie ratio neces-
sary to prevent polyneuritis, it would appenr that the source of the calories
8
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was immaterial.  Williams and Spics have presented considerable data to
support the view that only non-fat calorics should enter into the prediction
B,/calorie ratis.  To cheek this point Jolliffe recaleulated 100 of Cowgill’s
dictaries associated and unassociated with beriberi and determined the
following ratios: thiamine/calorie; thiamine/carbohydrate calories; thi-

TABLE XVI
Conrersion Species Constants

K, for the mouse = 0.15

K, for the rat = 0.0099
K, for the pigeon = 0 0037
K, for the dog = 0.000076
K, for man = 0 0000284

TABLE XVII
(After Jollffe)
Bi/Calorie Ratios for Adequacy

R Bu/eavonrs] T ONITS B\ REQUIRED WHEN DIET SUPPLIZS FOLLOWING CALORIES:

© 1500 2000 | 2500 3000 3300
kgm. By

40 83 120 90 120 150 180 210
45 9 133 100 133 166 200 233
50 110 1.47 110 147 184 220 257
55 121 162 121 162 202 243 283
60 132 .77 134 178 222 266 311
65 143 1901 143 191 239 286 333
k(1) 154 2.0% 15¢ 205 250 307 339
% 165 2.22 166 222 27 333 390
80 176 240 180 240 300 360 420
85 187 253 190 253 316 279 443
20 198 265 200 266 332 398 464
9B 209 2 80 210 250 350 420 490
100 220 295 221 205 369 442 516
106 231 3.10 232 310 387 465 542
110 242 325 244 325 400 487 560

amine/non-fat calories; and the thiamine/calorie ratio of Cowgill. The
results were os shown in Table XVIIL.

Since in this series Cowgill’s straight thiamine units/calorie ratio gave
fhe lawest per cent of error in check against actual results of the diets used
in beriberi, Jolliffe feels that it is not necessary to consider source of calories
in prediction estimates.

There is also some controversy over the significance of weight in the Cow-
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THE NATURE AND FUNCTION OF THIAMINE
R (VITAMIN B) -

+ 'In 1914 Funk, by contrasting diets containing a high percentage of
carbohydrate with those high in fat or protein, showed that the onset of
polyneuritic symptoms came much earlier on the high carbohydrate diets.
This was the first suggestion that vitamin B, needs were related to fuel
supply and to carbohydrate fuel in particular.

Later Cowgill confirmed the relation of the By requirement to calorie
intake by a series of studies with different species of animals. He found
that given the weight of the animal and the calorie intake one could predict,
by use of a formula, the minimum amount of B, necessary to prevent visible
symptoms of polyneuritis. At the time, Cowgill did not have pure thiamine
to work with but used a concentrate and expressed his vitamin B needs
in milligram equivalents of this concentrate (see Table III). Later it was
shown that Cowgill’s milligram equivalent was equal to 000015 milli-
grams of thiamine. Cowgill’s original formula was given as follows:

Vitamin B Needs in Milligram Equivalents

X, ight § m;
Calorie Intake + X Welght in Grams

In this formula Ks is a constant for 2 given specics. He determined these
Xs values for the rat, the mouse, the pigeon, the dog and for man. The
values determined are given in Table XVI.

Cowgill’s milligram equivalent was later shown to be equal fo 0.05 of an
International unit of B, and since that unit fs equal to 0.003 mgm. of thi-
amine, it is possible to rewrite this formula as follows:

() B: need in Int. umts = 000142 X Wt. in Kilograms X Calorjes ,
(b) B:need n Int umts = 000071 X Wt. in Pounds X Calories
(c) Bi need in microgm, = .00213 X Wt, in Pounds X Calories

On the basis of this formula, Jolliffe has worked out a prediction tabula-
tion (Table XVII). . .

See also, Figure 27, after Cowgill, a chart from which the vitamm/ca.lone -
ratio necessary to prevent polyneuritis is given for any given weight,

(N.B. In Jolliffie’s vitamin/ealorie ratio, vitamin is in International units -

of By). . . .
From these figures and plots of the adequate vitamin/calorie ratio neces-

gary to prevent polyneuritis, it would appear that the source of the calories
68
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was immaterial.  Williams and Spies have presented considerable data to
support the view that only non-fat calories should enter into the prediction
By/calorie ratio. To check this point Jolliffe recalenlated 100 of Cowgill’s
dictarics ascociated and unassociated with beriberi and determined the
following ratios: thinmine/calorie; thiamine/carbohydrate calories; thi-

TABLE XVI
Contersion Species Constants

K, for the mouwe = 0,15

K, for the rat =0 0099
X, for the pigeon = 0 0037
K, for the dog = 0 000070
K, for man = 0 0000234

TABLE XVII
(After Jolhffe)
By/Calorie Ratios for Adequacy

IXT UNITS By REQUIRED WHEW DIET SUPPLIES YOLLOWING CALORIES:
BODY WEIGHT Bufeuson:
1500 2000 2500 3000 3500
e, Bs.
L) 88 12 90 120 150 180 210
45 99 133 100 133 166 200 233
50 10 147 10 147 184 220 257
55 121 162 121 162 202 243 283
0 132 177 134 178 222 266 311
65 13 101 143 191 239 256 333
70 154 2.05 154 205 256 307 359
75 165 2.22 166 222 2 333 390
80 176 240 180 210 300 360 420
85 187 28 190 253 316 279 4“3
€0 198 2 65 200 206 332 393 464
95 209 2.80 210 280 350 420 490
100 220 295 221 295 369 442 516
105 231 310 232 310 387 465 542
110 242 32 244 325 400 487 569

amine/nen-fat calories; and the thiamine/calorie ratio of Cowgill. The
results were ns shown in Table XVIII,

Since in this series Cowgill's straight thiamine units/calorie ratio gave
the lowest per cent of error in check against actual results of the diets used
in beriberd, Jolliffe fecls that it is not necessary to consider source of calories
in prediction estimates,

There is also some controversy over the significance of weight in the Cow-
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Fra 27. Cowgill’s prediction chart for estimating the vitamin B adequacy of any
given diet.  “The plot indi i by line OA r ¢ probable minil vita-
min B(B,) requirement referred to body weight The area between the dotted lines
represents a zone of uncertainty. If the Vitamn/Calorie valug of the dret for ngiven
body weight falls definitely above line OA, the ration 13 deemed adequate with re-
spect to vitamin B; if the plot proves to be appreciably below the line, the vitamin
requirement is not satisfied by this diet and beriberi should oecur provided the period
of subsistence on this ration 1s sufficiently extended; if the plot is close to line 04
or between the dotted lines, the diet may be considered 23 ‘borderline’ in character.”

(Reprinted by permission of the author )
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gill formula. Williams and Spics incline to'the view that the thigmine
unit/ealorie ratio is a better index and to a large degree independent of
weight. They suggest the ratios shown in Table XIX as borderline values
regardless of the individual weights. To their thinking, a B, unit/ecalorie
ratio below 1.7 indicates danger of beriberi and above 2.29 safety from
heriberi.

These studies of the dircct relation between calorie intake and thiamine
requirement suggested its action in energy metabolism and in the metabo-
lism of carbohydrates in particular. Progress toward the solution of this
action was greatly advanced by study of the composition of brains of B,
deficient and B, normal pigeons in Peters’ laboratory at Oxford; by Wil-

TABLE XVIII 0
(After Jolliffe)
Comparisons of Bi/Calorie Ratios

TREDICTION T¥DEX fpihdantid ™ ERzOR rrzon
der cent
Thiamine/calorie ratio . 85 4 4.7
Thiamine/carbohydrate calorie ratio - 62 3 4.8
Thiamine/non-fat calorie ratio 83 3 3.6
Bi/calorie ratio (Cowgill) 65 1 1-5
TABLE XIX
Williams’ and Spies’ Ratios

Thiamine/ealorie ratio . . . 0.230-0.279
Thiamine/calorie ratio - B 1.21 -2.51
Thiamine/non-{at calorie ratio . . 0.251-0.300
Vitamin B, Umts/calorie ratio . . ..o L7 2029

liams’ determination of the chemical structure of thiamine, and by the
discovery of eocarboxylase.

COCARBOXYLABE

In 1911 Neuberg and Karezag reported the presence in yeast of carboxy-
lase, an enzyme that catalyzed the decarboxylation of pyruvic acid to
acetaldehyde and carbon dioxide. The crude enzyme also attacked other
alpha-keto acids. Auhagen (1932) showed that for this action, the ear-
boxylase required a thermostable coenzyme which could be removed from
yeast by washing with alkaline phosphate, and in 1937 Lohmann and Schus-
ter isolated this cocarboxylase from yeast as the crystalline hydrochloride
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!itﬂ.e or na synthesis in the absence of oxygen. Jodoacetic acid is strongly
inhibitory. The optimum reaction for synthesis is about pH 8.5,

\ THIAMINE IN PLANTS

Thiamine is found in almost all groups of plants and in higher plants in
all organs: roots, stems, leaves, fruits, flowers. By using the Phycomyces
test, examination of leaves of 134 species of plants showed them to contain
one or more of the following: thismine, its two components, pyrimidine
and thiazole, or a substance closely related to thiamine.

One of the results of this plant stidy has been to show that certain sub-,
stitution products of thiamine exhibit some activity if used in relatively

high dosage. Schultz, for example, using an animal test, has reported that

of 39 homologues of thiamine, 22 were found with definite activity and
there is definite evidence that plants contain substances related to but not
identical with thiamine that have similar activity. A thismine in which
the CHs group in position 2 of the pyrimidine part (see Fig. 25) is replaced
by C:H; had greater activity than thiamine by the Phycomyces test.

Plants, too, are able to synthesize thiamine from its precursors and also to
make thiazole. Bonner and Buchman, for example, by supplying thio-
formamide, chloracetopropyl alcohol, and pyridine to pear roots got as
good growth as with thiamine. The first two products it converts to thi-
azole and then is able to combine the pyrimidine with the thiazole to make
thiamine.

-



CHAPTER VII

THE NATURE,AND FUNCTION OF RIBOFLAVIN
(VITAMIN B; OR G)

As stated in Chapter 11, riboflavin was first believed to be the heat stable
part of what was then called “water soluble B At that time it had been
shown that aqucous extracts of sources of water soluble B contained at least
two vitamins; one curative of beriberi and the other, more heat stable,
necessary for growth and in some way concerned in the prevention of a
dermatitis. ,

This first led to the belief that it was an antipellagric factor and early
studics concentrated on the elucidation of this claim.

In that period the two vitamins received various designations. Gold-
berger called it the pellagra-preventive or P-P vitamin and the heat labile
factor, the antineuritic vitamin. At that time, it was also called vitamin
G and the heat labile factor retained the vitamin B designation. English
investigators suggested B, and By for the two factors and that proved to be
a better choice as it soon developed that water extracts contained more
than fiwo vitamins. With its chemical identification the chemieally signif-
icant name “riboflavin’ became the preferred designation, just as thiamine
is now preferred for the B, or antineuritic factor.

‘The dermatitis resulting from riboflavin deficiency proved, however, to
be quite different from that characteristic of human pellagra or its analogue
in dogs, blacktongue. This fact was brought out in several laboratories
(Gurin and Eddy; Akroyd; Sure, Smith and Kik; Koehn and Elvehjem).
The differentiation between the two types of dermatitis and the character-
isties of the riboflavin deficiency type were elucidated by Hogan and is
discussed in Chapter XVIII.

Sherman and Bourquin developed a rat growth test which not only proved
the importance of riboflavin as a growth factor but, for a time, provided &
method of staternent of source potency (seec Table ITI). Riboflavin con-
tent is still sometimes expressed in Sherman-Bourqguin units but more
generally today 1n actual weight, milligrams or micrograms.

RIBOFLAVIN AS A RESFIRATORY ENZYME COMPONENT

With the discovery (reviewed in Chapter II) that phosphorylated ribo-
flavin was the prosthetic group in Warburg and Christian’s Yellow Ferment,
riboflavin’s function in nutrition assumed special importance and concen- -
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little or no synthesis in the absence of oxygen. Todoacetic acid is strongly
inhibitory. The optimum reaction for synthesis is about pH 8.5.

THIAMINE IN PLANTS

Thiamine is found in almost all groups of plants and in higher plants in
all organs: roots, stems, leaves, fruits, flowers. By using the Phycomyces
test, examination of leaves of 134 species of plants showed them to contain
one or more of the following: thiamine, its two components, pyrimidine
and thiazole, or a substance closely related to thiamine. )

One of the results of this plant stidy has been to show that certain sub-
stitution products of thiamine exhibit some activity if used in relatively
high dosage. Schultz, for example, using an animal test, has reported that
of 39 homologues of thiamine, 22 were found with definite activity and
there is definite evidence that plants contain substances related to but not
identical with thiamine that have similar activity, A thiamine in which
the CH; group in position 2 of the pyrimidine part (see Fig. 25) is replaced
by C:Hjs had greater activity than thiamine by the Phycomyces test.

Plants, too, arc able to synthesize thiamine from its pr and also to
make thiazole. Bonner and Buchman, for example, by supplying thio-
formamide, chloracetopropyl alcohol, and pyridine to pear roots got 2s
good growth as with thiamine. The first two products it converts to thi-
azole and then is able to combine the pyrimidine with the thiazole to make
thiamine.




CHAPTER VII

THE NATURE.AND FUNCTION OF RIBOFLAVIN
(VITAMIN B, OR G)

As stated in Chapter 11, riboflavin was first believed to be the heat stable
part of what was then called “water soluble B.” At that time it had been
shown that aqueous extracts of sources of water soluble B contained at least
two vitamins; one curative of beriberi and the other, more heat stable,
neeessary for growth and in some way concerned in the prevention of a
dermatitis,

This first led to the belief that it was an antipellagric factor and early
studies concentrated on the clucidation of this claim,

In that period the two vitamins received various designations. Gold-
berger called it the pellagra-preventive or P-P vitamin and the heat labile
factor, the antineuritic vitamin. At that time, it was also called vitamin
G and the heat labile factor retained the vitamin B designation, English
investigators suggested B, and B, for the two factors and that proved to be
a better choiee as it soon developed that water extracts contained more
than fiwo vitamins. With its chemical identification the chemically signif-
icant name “nboflavin” became the preferred designation, just as thiamine
is now preferred for the B, or antineuritic factor.

‘The dermatitis resulting from riboflavin deficiency proved, however, to
be quite different from that char: istic of human pell or its analogue
in dogs, blacktongue. This fact was brought out in several lahoratories
(Gurin and Eddy, Akroyd; Sure, Smith and Kik; Koehn and Elvehjem).
‘The differentiation between the two types of dermatitis and the character-
isties of the riboflavin deficiency type were ¢lucidated by Hogan and is
discussed in Chapter XVIII

Sherman and Bourquin developed a rat growth test which not only proved
the importance of riboflavin as a growth factar but, for a time, provided a
method of statement of source potency (see Table I11). Riboflavin con-
tent is still sometimes expressed in Sherman-Bourquin units but more
generally today in actual weight, milligrams or micrograms.

RIBOFLAVIN AS A RESPIRATORY ENZYME COMPONENT

With the discovery (reviewed in Chapter 1) that phosphorylated ribo-
flavin was the prosthetic group in Warburg and Christian’s Yellow Ferment,
riboflavin’s function in nutrition assumed special importance and concen-
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}mted attention to its method of action in the hydrogen transport system
.esscntial to cellular and tissue oxidations, Phosphorylated riboflavin was
1sula}ed by Banga and Szent-Gyorgyi from pig heart in 1932, shown to act
as a coenzyme, and called by them, “cytoflav” (see Fig. 22). It was iso-
lated in its erystalline form by P. Gyorgy in colliboration with Xuhn and
Wagner-Jauregg in 1933. . ’

1n the discussion of Cellular Oxidation in Chapter I, it was explained
that enzymes which bring about the removal of hydrogen from a compound
are called dehydrogenases. Warburg’s yellow enzyme is such a dehydro-
genase. Since the structure of that enzyme was clucidated by Theorelt
(see Fig. 4) scveral other flavoprotein enzymes have been found (sce
Table VI). In all of them cytoflav or phosphorylated riboflavin provides
the hydrogen acceptor. The actual prosthetic groups of these flavoprotein
enzymes are cither alloxazine mononucleotide or alloxazine adenine di-
nucleotide (sce Fig. 28). All are characterized by reaction with oxygen~—

some to a limited extent—when in the reduced form. Inthe oxidized

_state, flavoproteins, as a group, can be reduced by 2 variety of substrates;
e.g. by Coenzymes I and II, by the d-amino acids, by xanthine and other
. purines, and by some of the aldehydes. But each particular flavoprotein
is specific toward one or one class of substrate (see Table VI, Chapter II).
The chain of hydrogen acceptors involved in’the’ transformation -of
carbohydrate to CO; and water has been fairly well worked out. A place
in this series has been found for Coenzymes I and II, for the electron ac-
ceptors and transporters known as cytochromes a, b, and ¢ and for cocar-
boxylase. Somewhere in this series one or more flavoproteins are believed
to function. As we understand the process today actual passing of hydro-
gen or electrons requires at cach step some activator to make the hydrogens
or electrons move to the next acceptor. I, for example, we start with &
substrate like glucose, a dehydrogenase with a coenzyme is necessary to
make the hydrogens leave the glucose and attach themselves to the coen-
zyme. But then it is necessary to have another activator to make them
Jeave the coenzyme and pass to the next hydrogen acceptor, The chemist’s
problem has been to isolate and prove the existence of all the activators
and hydrogen acceptors that arc actually present in a given tissue oxida-
tion systern and the sequence of their action. Starting at the other end
of the system there must also be oxygenases to make oxygen aceept hydro-

gen and electrons.  Ball has stated the following as the probable sequence: -

(a) Aspecificsut under infl of 2 dehydrog: protein passes hydro-
gen and/or electrons to an acceptor srhich is probably one of the pyridine
nucleatides (Coenzyme I or II, see Fig. 5 and 23), As a result the pyridine
acceptor is reduced, now has added hydrogen or electrons or both.
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{b) T’{'SA reduced pyru.lmc now becomes a new substrafe. ¢, in turn, mus
omhzc:d to make it pass on these hydrogens, 'There is evidence that
oxidation is accomplished by flavo-proteins and the hydrogens attach ¢l
selves to the flavin part of the flavo-protein,

(c) The flavo-proteins with the reduced flavin part must now be oxidized tor
them give up theic hydrogen and go back to the oxidized state. B
For gome time this problem remained unsolved. It was believed tha
some way, the reduced flavin product passed its clectrons on to the e
chromes (to cytochrome C) thus reducing the metallic cation in the c
chrome nucleus and putting hydrogen ions into solution. Also that c
chrome must be reduced to permit its acceptance of these clectrons,
discovery of cytochrome reductase by Hogness and Haas, which is o fis
protein, and that it reacts with eytochrome C appears to bridge the
between the pyridine leotides and the cytoch and confirms
view that the flavo-protein is the compound that geis electrons from
pyridine nucleotides to, at least, cytochrome C. -

The whole chain then today appears to be capable of summary as follo

1. Substrate "
2. Pyridine nucleotides

3. Flavoproleins .

4. Cytochromes

5. Oxygen H,0

If the substrate is pyruvic acid, it must be in some way first decarbo.}:
ated to start the steps from 2 to 5 and that, as we have seen, requit
cocatboxylase. This scheme of oxidation then provides a speeific pla
and function for riboflavin. It is an essential component of the flav
proteins and hence essential to cellular respiration and to the comple
metabolism of carbohydrates. Like thiamine, whose fu.nction we h{!‘
already discussed, and niacin, which we wilt consider in the follqwu
chapter, riboflavin becomes important in all diets as part of the machine:
the body uses to get energy out of fuel food such as carbohydrates.

RIBOFLAVIN IN PLANTS

Like the carotenes, the yellow pigments now clﬂssed. 8s I?avins have lon
heen known and their presence in plants as well as in milk, 1.1"er,. ete., note;
The fact that they are also found in bacteria os well as in lugh'er }fl&fh
would suggest that chlorophyll is not necessary for t.helr synthesis }l’x :
plant. In fact little is known of the conditions requx{ed for the synthesi
of rib.uﬂavin, niacin or pyridoxine in plants. A_ccardmg to Lavollay tng;
Labosay, a deficiency of magnesium in the medium favors the t:orma i

iboflavin in Aspergillus niger. . .
Of%?: ﬁz:st proof that riboflavin is required k{y cerstsulll ;;I;‘r;t; t{:; gr:x:‘t}
m the study of lactic acid bacteria. Snell and &t A
;ﬁi::':\e‘iic I:r(x] essential to the growth of eleven species of lactic acid bactena

A
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A fow species have been shown able to synthesize the vitamin, Little is
known of its action in higher plants but its ability to act in hydrogen
transport would suggest its value in any organism when oxidation processes
arenecessary tolife.  There is some cvidence that riboflavin may be present
in soil and that certain roots supply riboflavin by taking it from the soil.

OTHER FUNCTIONS OF RIBOFLAVIN .

Riboflavin is an essential growth factor for animals. According to
Snell (1939), to be fully active on animals the vitamin must have two
methyl groups in the sixth and seventh positions. These may be replaced
by tri and tetra methylene rings without loss of activity (cyclopropane
and cyclobutane respectively).  One of the methyl groups can be replaced
by an cthyl group but substitution of a methyl group in the fifth or eighth
position destroys the vitamin activity. The NH group in the third position
must be free.  The sugar group must have the aleoholie structure.  Other
chemical properties of riboflavin are reviewed in Chapter 11.

‘The relation of riboflavin to prevention of disease is discussed in Chapter
XVIII. The daily adult human requirement is now considered to be
about 2.7 mgm. The therapeutic dose has been estimated at from 5 to
15 mgm. According to Kuhn it is not toxic in amounts as high as 20
grams,

There has been a suggestion that riboflavin may be a part or related to
the extrinsic factor concerned in prevention of pernicious anemia. This
view lacks confirmation to date.
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(b} This reduced pyridine now becomes a new substrate. . It, in turn, must be
ovidized to make it pass on these hydrogens. There is evidence that thi
oxidation is accomplished by flavo-proteins and the hydrogens attach them
sclves to the flavin part of the flavo-protein.

(¢) The favo-proteinswith the reduced flavin part must now be oxidized to mske
them give up their hydrogen and go back to the oxidized state. How
For some time this problem remained unsolved. It was believed that ir
some way, the reduced flavin product passed ita electrons on to the cyte

b (to cytoch C) thus reducing the metallic eation in the cyio
chrome nucleus and putting hydrogen ions into solution, Also that eyto
chrome must be reduced to permit its ncceptance of these clectrons, The
discovery of eytochrome reductase by Hogness and Haas, which is a flavo.
protein, and that it reacts with cytochrome C appears to bridge the gay
between the pyridine nucleotides and the cytochromes and confirms the
view that the flavo-protein is the compound that gets electrons from the
pyridine nucleotides to, at least, cytochrome C. -

The whole chain then today appears to be capable of summary as follows

1. Substrate H
2. Pyridine nucleotides

3. Flayoproteins .

4. Cytochromes

5. Oxygen ' H,0

If the substrate is pyruvic acid, it must be in some way ﬁxstvdecarbufy]-
ated to start the steps from 2 to 5 and that, as we have seen, requires
cocarboxylase. This scheme of oxidation then provides a specific place
and function for riboflavin. It is an essentinl component of the fiave-
proteins and hence essential to cellular respiration and to the complete
metabolism of carbohydrates, Like thiamine, whose function we h!}VB
already discussed, and niacin, which we will consider in the follo.wmg
chapter, riboflavin becomes important in all diets as part of the machinery
the body uses to get energy out of fuel food such as carbohydrates.

RIBOFLAVIN IN PLANTS

Like the carotenes, the yellow pigments now classed as flaving have long
been known and their presence in plants as well as in milk, Hveri ete., noted-
The fact that they are also found in bacteria as well as in lngh?,r plants
would suggest that chlorophyll is not necessary for t'heir synthesis by ﬁfe
plant. In fact little is known of the conditions required for the synthesls
of riboflavin, niacin or pyridoxine in plants. A.ccording to Lavollay and
Labosay, a deficiency of magnesium in the medium favors the i‘nrmahon
of riboflavin in Aspergillus nager.

f;lll)e first proofsfhat riboflavin is required by certain plants for gr;wt:
yesulted from the study of lactic acid bﬂ.cteria.‘ Snell M.ld S.tmng n}a
shown it an essential to the growth of eleven species of lactic acid bactetiz.

A
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A few species have been shown able to synthesize the vitamin. Little is
known of its action in higher plants but its ability to act in hydrogen
transport would suggest its value in any organism when oxidation processes
arenecessary tolife. "There is some evidence that riboflavin may be present
in soil and that certain roots supply riboflavin by taking it from the soil.

OTHER FUNCTIONS OF RIBOFLAVIN .

Riboflavin is an cssential growth factor for animals. According to
Snell (1939), to be fully active on animals the vitamin must have two
methyl groups in the sixth and seventh positions. These may be replaced
by tri and tetra methylene rings without loss of activity {cyclopropane
and cyclobutane respectively).  One of the methyl groups can be replaced
by an ethyl group but substitution of a methyl group in the fifth or eighth
position destroys the vitamin activity. The NH group in the third position
must be free,  The sugar group must have the alecholic structure.  Other
chemical properties of riboflavin are reviewed in Chapter II.

The relation of riboflavin to prevention of disease is discussed in Chapter
XVIII. The daily adult human requirement is now considered to be
about 2.7 mgm. The therapeutic dose has been estimated at from 5 to
15 mgm. According to Kuhn it is not toxic in amounts as high as 20
grams,

There has been a suggestion that riboflavin may be a part or related to
the extrinsic factor concerned in prevention of pernicious anemin, This
view lacks confirmation to date.
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TABLE XX
{After Elvehjem, 1040)
Active and Inactive Derivatives of Niacin

AcTive

* INACTIVE

Nicotinic acid
Nicotinic acid amide.
Ethyl nicotinate
Nicotinic acid N methyl amxde
Nicotinie ncid N diethy) amide).
Beta-picoline. .,
Nicotinuric acid..

.| Pyridine
.| Pacolinic acid

-{ Nipecotic acid .
Trigonelline

chloride
Quinoliziic acid

.{ 6-Methy) nicotinic acxd "

1-Methyl-nicotinic aci

-| Isonicotinic acid

amide hydro~

Beta nmmopyndme

TABLE XXI

Properties of the Coenzymes

Property
Empirieal formula
Molecular weight
Structural unity

Coenzyme I
CuH1O0uNPs
663

Co‘enzyme II
CuHs0u NPy
743

1 mol,

1 mol.
1 mol. adenine

2 mols. pentose

ic acid]

1 mol. adenine”
2 mols. pentose

3 mols. ph ic acid

2 mols. phosph

STABILITY:

Oxidized form
In 0.1 N HCl @ 100° C.

509 destroyed after 8
minutes
509 destroyed after 17

509, destroyed after 73
minutes
50% destroyed after 12

Reduced form
In 0.1 N HCI @ 20°C.

In 0.1 N NaOH @ 100 C.

In 0.1 N NaOH @ 20°C.

Oxidized form
Maximum @ 260 mu mu

Reduced form
Maximum @ 260 mu mu

. @ 310 mu mu

minutes @ 20°C. minutes @ 23°C.

Activity di im-| Activity disapp im-

mediately mediately
Slight decrease in activ-]

ity after 10 min.
Stable Stable_

14

E =38 X 107 ol) E=35X10 mol

" cm.’)
E=33X%107 (7

. em.’)
E-11X10 (mol.

cm
E=31X10'<m

cm.’)
E=10X10'(1—no—|'
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NIACIN IN PLANTS

According to Schopfer, niacin is & true growth factor for certain plants.
It is required by scveral bacteria, It is not known to be required by any
fungus, but it is required by the higher green plants.  According to Landy,
basing his observations on the effect of niacin on staphylococcus aureus,
the niacinamide has ten times the activity of niacin. The N-cthyl amide
and the sodium and ammeonium salts of niaein are 1/5th as active as
niacin. Trigonclline is inactive for staphylococeus.

Karrer and Benz state that all pyridines are able to undergo a reversible
hydrogenation by virtue of their pentavalent atom of nitrogen and, in this
respect, they are similar to the thiazole group of thiamine,



CHAPTER IX

THE NATURE AND FUNCTION OF PYRIDOXINE
(VITAMIN By) :

Pyridoxine, or vitamin B;, was the third vitamin to be identified in
water-soluble B complex. Ifs discovery and chemjcal identification
ceded that of niacin,  Chick and Copping were the first to produce evid
of its existence and at the time designated it as factor “Y.” Tt was r
covered independently by Paul Gyorzy. Gybrgy differentiated the des
titis produced by its deficiency from that due to B; and called the condi
“acrodynia.” The name “adermin” was first suggested but today

TABLE XXII
Relation of Thiamine and Pyridozine to Plont Stimulation

DRY WT OF CRO

Hillsproms
Control , . e e e Ceveene mreas e 0.4
5 gamma thiamine . Ceteise e bk aere el . 3.4
5 gamma thiamine plus 1 gamma pyridoxine... . .. 16.1
1.8

1 gamma pyridoxine

accepted term is pyridozine. Ohdake actually isolated the vitamin
1931 but its identification as a vitamin was at that time not yet clarif
Birch and Gybrgy reported many of the chemical properties of vitamin
and annou t of its crystallization was reported by Lepkovsky
1938. Keresztesy and his associates also announced the orystallizat!
of By and only & little later, Gyorgy reported its isolation; confirmed
Kuhn and coworkers and by Ichiba and Michi.

Tn 1939 Harsis and Folkers of Merck Laboratories and Kuhn and :
sociates showed that vitamin B, was a pyridine derivative (sce Fig. |
A year later synthetic vitamin By became available, .

The presence of the pyridine ring would suggest that it might provic
tike niacin, material for the formation of coenzymes but we have no dirc
evidence of such action.

PYRIDOXINE IN PLANTS

Apparently most microorganisms synthesize pyridgxine and some 1

quire it for growth. Ithasalsobeen shown that the oxcxse_d roots of tomat

at least of some varieties, require pyridoxine. Robbins and Bartle
8
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Schmidt found that when pyridovine was ndded to thiamine or thiazole, it
increased the activity of these substances on tomato roots (see Table
XXII). They state that pyridoxine exhibits little activity when used
alone. It acte in a combination based on thiamine. According to Bonner,
carrot, tomato, datura, and sun flower roots require pyridoxine.
Molierin 1038 identified the thermostable factor necessary for the growth
of a bacterium as pyridoxine. He also reported that certain yeasts require
pyridoxine.  Moller also (1910) has reported the specificity of the action of
pyridoxine on lactic acid bacteria. :

GENERAL FUNCTIONS OF PYRIDOXINE

In the rat it prevents tho specific dermatitis of acrodynia. Its de-
ficiency has been reported to produce a microcytic, hypochromic anemia.
It appears to be cssential for hemoglobin formation but just how is un-
known. .

Birch ct al, were the first to call attention to the fact that acrodynia pro-
duced on low fat diets could be more readily cured with pyrido<ine if fat
was also fed. They termed this phenomenon the sparing action of fat on
pyridoxine. Birch advanced the 1dea that essential fatty acids are neces-
sary for the utilization of pyridoxine and conversely, that pyridoxine was
required for the utilization of the essential fatty acids.



«

CHAPTER X
THE NATURE AND FUNCTION OF THE “BIOS” NUTRILITES

.In 1901 Wildier in Ide’s Isboratory in Louvain, Belgium, postulated the
existence of E substance or substances needed in addition to a sugar-salt
cult}lre mcd}um for the growth of yeast. He called these substances eol-
Jectx:v'ely “l'nos." Pasteur had claimed that yeasts would grow in a syn-
thetic me'(.hu.m containing sugar, ammonium tartrate, and yeast ash min-
erals. Wildier maintained that the wort needed in addition, s minute
amount of the organic matter he called “*bios.” ’ .

In 1919 R. J. Williams working in the F. C. Xoch laboratory in Chicago
advanced the view that bios and water-soluble B were identical. This
contention initiated the study of the nature of bios in this country. In
1.928 Williams suggested the name “nutrilites” for factors with bios ac-
tivity for the following reasons:

“The term vitamin carries unfortunate etymological implications and its use
should not be unduly extended. The term nutr:lite on the other hand, is unobjec-
tionable from this atandpomnt. Since it implies only an importance in nutrition and
nothing as to the chemzcal nature of the rgent.” '

Fulmer, Duecker and Nelson (1923) showed that bios was not a single
fact on but rather a complex of factors differing in their properties. This
ied to the postulation of bios I and bios II of Miller. Eastcott (1928)
isolated bios I from tea leaves and proved if to be inositol. 'The bios IT
was a concentrate, not a single substance, but she got optimum growth by
combining bios I and I1.  Bios IT was then shown to consist of at least two
substances, one nat adsorbed on charcoal and one adsorbed on charcoal,
In Lash Miller's nomenclature these were called bios ITa. and IIb, respec-
tively. ISogl called Miller’s bos IIb., bios 11, and his bios Ila., bies L

Tn 1933 R. J. Williams and associates postulated the existence of. a
nutrilite active on yeast to which was given the name of pantotben'ic acid.
This product is undoubtedly one of the fractions associated with bm; IIa.
However, the position of pantothenic acid in the classifieation of bios I,
I snd IIb is still uncertain, Furthermore, it seems unnecessary to con-
tinue these classifications as bios fractions, since toda_y hiotin, ifxosi}ol,
pantothenic acid and folic acid, in addition to pyridoxine and thiamine,
hove been definitely characterized chemically and all are growth factors
for yeast and for certain other organisms. L

The nature and functions of thiamine, riboflavin, and pyridoxine have

86
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already been outlined. The nature and functions of these other nutrilites
follows,

INOSTTOL

As stated above, inositol was first demonstrated by Eastcott in 1928 in
Lash Miller’s laboratory. She obtained the product from tea. This
product has specific bios activity but becomes a limiting factor only when
other nutrilities are present. Tt occurs free and in the form of phytic acid
(sec Fig. 9).

Tn 1940 Woolley showed that inositol was preventive of alopecia in mice.
One form of denudation in rats was the loss of hair around the eyes and a
swelling. This condition has been deseribed as spectacled eye. Paveck
and Baum report that inositel proved to be o specific cure for this condition.

Little is known as to the human requirement for inositol. Gavin and
McHenry have reported that fatty livers produced by cholestero! feeding
were prevented by inositol.

PANTOTHENIC ACID {(PANTOTHEN)

In 1936 Lepkovsky, Jukes and Krause, after separation of thiamine and
riboflavin from a water extraet of rice polishings, demonstrated in the
residuum two activating fractions which they called Filtrate Factors I and
II. Factor I turned out to be the antiacrodynia factor that is now known
as vitamin By or pyridoxine. The other Filtrate Factor proved corrective
of a dermatitis peculiar to chicks.

R.J. Williams 1n 1939 reported therecovery from c.\tmct,sused to stimu-
late yeast growth of a compound whose caleium salt appeared to have the
formula (CsH,Hy0:),Ca. He found this substance not only stimulative
to the growth of yeast but apparently essential for growth of all living cells.
He also found it universally distributed in plant and animal tissues and
it was for that reason that he gave 1t the name “Pantothenic Acid.”

Williams’ pantothenic acid salt cured chick dermatitis which Lepkovsky
et al, reported to respond to ther filtrate factor, thus indicating that at
least that part of the filtrate factor corrective of the dermatitis was identical
with Williams’ pantothenic acid.  Science Service reported R. J. Williams
as saying:

“Since 1ts discovery pantothenie acid has been found to be rot only present in
widely different tissues and orgamsms but to function as a potent phys:ological sub-

stance gtimulating the gronth yeasts, molds, ie xcxd b:\cmna diphtheria
barilline nratrenn o nnen nlfalfa o

gt el vuu

first one linking n up definitely 83 a gm\\th-pmmotmg subatnnce lor h:gh’r ani-

f
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* chose “H” because it Is the first lekter in the German word for skint
“haut”—and he characterized the skin condition as of the seborrheid
desqunmiztlve typc:. Gyorgy also showed that the H in liver and yeast
must be in a combined form beeause it was released only by hydrolysis of
11}'01‘ and autolysis of yeast; that the product when once freed was readily
dialyzable and hence of small molecular weight; that it was acidie in
character with isoelectric point between 8 and 3.5. ~

In 1928 he combined forces with duVigneaud. It developed that
Qyﬁ_rgjz’s vitamin H was identical with Kogl's biotin and the structure of
bjotin was worked out by Gydrgy and du Vigneaud et al, (sec Fig. 10).

In 1940, Williams and coworkers produced evidence that the substance
that eaused egg white injury was united with biotin in a fairly stable combi-
nation but decomposed by hydrolysis. In 1941, Williams and Gyérgyetal. |
tested the hypothesis that the injury was due to blocking the activity of
biotin by its union with this protein factor in the raw egg white. Williams
named this factor “avidin” beeause of jts avidity for biotin. He obtained
it in crystalline form and proved it to be a protein.

The presence of biotin in intestinal contents indicated that it is syn-
thesized by intestinal bacteria; that when rats are fed raw egg white the
avidin combines with the biotin formed by these bacteria and the result is*
 biotin deficiency which manifests itself in the skin disease described by
Gyérgy. This is further confirmed by the fact that failure to include biotin
in the rat’s diet does not produce the disease lmlless the diet also contains
avidin, In the absence of avidin, the intestinal bacteria can produee the
rat’s biotin.

Biotin is one of the most powerful growth stimulants yet discovered.
Kogl reported that the amount necessary to add to a 2 ml. culture to cause
100 percent increase in growth is only 0.00004 micrograms. Its action is
still evident in a concentration of 1/400,000,000,000.

Although biotin, which is essentjal for yeast and other organisms, has
received considerable attention, it is not yet known just how this facfor
acts in metabolism. It may function as a respiratory enzyme. 1t in-
creases the oxygen copsumption of rhizobium. It increases t}}e f?rmenta-
tion of yeast more markedly than its respiration and its resplrat'mn even
more immediately than its growth, Addition of biotin to yeast increases
both aerobic and anaerobic respiration perceptibly in 2 few !'mnutesf
manifold in a period of hours, For these actions, a\'.',\iln.ble mtr(.)gcx} is
necessary——ammonia is probably the best source. The umvers:nl distribu-
tion of biotin and 1ts presence in quantity in seeds suggests that it may have
very general function.

Recent experiments of du

Vigneaud and coworkers with the Allen strain
of the diphtheria bacillus indicate that pimelic

(see Fig. 29) acid is utilized
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for the synthesis of biotin, but pimelic acid is unable to replace biotin in
its growth stimulating effect on yeast.

R. E. and E, Eakin (1942) have produced further evidence that pimelic
acid promotes the synthesis of biotin but that the lower homologues of
pimelic acid (succinic, glutaric and adipic acids) and an isomer, beta-methyl
adipic acid arc inactive. 'The higher homologues, suberic and azelaic acids,
possessed activity comparable to that of pimelic acid.

As carly as 1929 it was suggested that the biotin deficiency syndrome in
rats was analogous to erythredema (Swift's or Pink Disease) in children and
the low content of biotin in human milk was suggested a5 explanation of
the high incidence of Liner’s disease in breast fed infants.

Special interest in biotin was aroused by finding it to be especially con-
contrate in cancer tissue.  Rats in which liver cancer was produced by the
{eeding of butter yellow were protected against its effects if riboflavin and
casein were added to the ration but unexpectedly, the protective effect of
the diet was destroyed by the addition of biotin  Attempts have heen

CH;—COOH
CH;—CH,—COOH {
CH, -
cn, | .
CH, -
CH,—CHy—COOH
CHy—COOH
Pimelie Acid Adipie Acid

Fi16. 20. Pimeric aNp Apiric Acips

made to delay cancer growth by feeding raw egg white or avidin with tt=
idea that it might combine with the biotin in the cancer tissue and renJr 32
inactive.

PARA-AMINOBENZOIC ACID (P.A.D.) {rapa)

In 1941 Ansbacher reported that para-aminobenzoic acid o
sidered a vitamin and a member of the B-complex group.
showed it corrective of hair greying in rats and in tke &
stated:

“The experiments to date seem to permit the cors!
acid is one of the {actors of the B complex.”

To date, para-amincbenzoic acid (Paba for <2~
following functions: It is a growth factor for
an cssentinl ingredient for bacterial culture mefie.  I522"%es ¥ a haoreriom
static effect of chemotherapeutic agents of t2a oxmida :"m;) and has
antigrey hair activity in the nutritiona) and tedoyrrinong o ;bmmovﬁ\«!&'
of the rat. oo E )

=
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These claims are all supported by, experimental evidence. Sieve has
demonstrated that it has a corrective action against hair greying in ‘man,
Martin (1942) suggested that it cooperates with pantothen in this action
and best results come from a certain relative ratio of these two factors in
the diet. In the same year Martin reported folic acid to also be an achro-
motrichial factor and in the same paper suggested that the effect of Paba
on growth of rats is due to its effect on the growth of vitamin producing
intestinal bacteria; that Paba plays its major rolé in altering the flors of
the intestinal tract. ' o

Martin, Wisansky and Ansbacher (1941) reported that Paba modifics
the formation of melanin.  Bloch (1917) considered melanoblast pigmenta-

_ tion to be due to a specific “dopa” oxidase which caused formation of
melanin by action on dopa (8,4-dihydroxyphenylamine); sulfanilimide has
a similar effect but calcium pantothenate has no such influence.

The action of Paba on melanin formation may be the explanation of its
role in control of bair coloring, an action quite different from that of
Pantothen. According to Sieve, 100 mgm. T.I.D. give the best results
with human subjects in hair color control. It affects both hyper- and hypo-
pigmentation of skin. It is non-toxic, at least in amounts many times
higher than Sieve used it. According to Wiedling it is of significance in
the metabolism of both animals and plants. .

FOLIC ACID

In 1941 Mitckell, Snell and Williams reported the separation of a con-
centrate from spinach to which they gave the name “folic acid.” It was
adsorbable on charcoal and Lloyd’s reagent.

Folic acid was originally defined by its discoverers as the active principle
required for the growth of streptococcus lactis R., under specified conditions.

Mitchell et al. (1944) claim the concentration of folic acid from spinach
to & high degree of potency and have suggested the formula ClstSO;Nr
as the probable composition. It has, however, not yet been isolated n
pure form and there is definite indication today that sources of folic acid
assayed microbiologically by response of . lactis R. may contain more than
one nutrilite; that the factor which stimulates the growth of §. Lactis R.
may be different from that which acts on L. cases.

Mitchell et al, ¢laim for folic acid:

ivity i ion of four strains of yeast.
g; :::;r&ilx:ogg\:&hp:}r?tmu:);f L. debruckii; do);lndium telani and stim-
ulatory to L arabinosis. *
L. Caset Eluate Faclor

In 1940 Snell and Peterson first postulated what has come to be

called
the L. casei eluate factor. It was because the spinach folic acid trab
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also stimulated L. caser growth to the same degree as the growth of S, lactis
R. that casci-cluate factor and folie acid were at first beheved identical.
Further studies using these two different bacterial test organisms and
different, source materiats has changed this viewpoint.

For example, Luckey, Briggs and Elvehjem using solubilized liver prep-
aration as a standard for comparison report these results:

N 9 Achizit; elati
Nutriite source 5. tachstisity on (relasiee)
Solubilized liver 100
Whole liver substance 63
Grass juice powder 68
Dried grass juice powder 29

And Hutchings et al. have reported further evidence to show that the factor
that stimulates S. lactis may be difforent from that acting on L. caser,
Their standard for comparison was a crystallino product scparated from
liver. This crystalline product produced balf maximum growth with
L. casei at a concentration of 0.000055 micrograms per ml. of culture me-
dium and half maximum growth of S. lactzs R. at a concentration of 0.00025
micrograms per ml. of culture medium. Using these two organisms in

microbiological assays, they report these differences in behavior of various
sources:

A. Products with the same relative potency of Liver Standard
Products

v/em.
Soy bean meal . . 3.37
03'-3 . . .. .. 0.45
TFish meal 0.30
B. Products more active for S. lactis than for L. casei
Leai 4" 5 paier,
Products rlem. .
Wheat . N . . 055 1.20
Polighed rice . . e e e . 008 013
Ground yellow corn ., . 0.02 0.20
C. Products more active for L, easei than for S. lactis R.
* L Y 5tz
Products viem- v/em
Alfalfa meal. .. . - e 0 e . 2.61 1.72
Yeast..,.. N 2.20 1.00
Rice bran 1.60 0.85 '
Linseed meal ... 1.30 0.39
Bone marrow. ., .......... 0., 0.325
Meat seraps .. 0.77 0.26
Eggyolk .. . ... ... . X 0425
Whey ... ..., . 0.36 010
Egg white 0.179 0.088
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Keresatesy, Rickes,and Stokes (1943) tested a sample of Mitchell, Snelt
and Williams’ folic acid concentrate comparing its action on S. lactis R,
and L, casel with various types of extracts and liver preparations. They
found-the spinach extract to have the same degree of activity for both
organisms but preparations from other sources more active for 8. lactis R.

than for L. casei. They report the isolation of one factor which they '

believe to be a new nutrilite that was 2500 times as active for S, lactis R.
as for L. casei. .

Further evidence that L, casei eluale factor and folic acid are not identical,
In 1938, Stokstad and Manning presented evidence that chicks required
for growth a factor different from any vitamins then known and $o which
they gave the tentative designation of Factor “U”. In 1939, Hogan and
Parrott also demonstrated a new factor necessary for chick growth and
also preventive of a severe form of anemia.. This product they called
vitamin “B,”. And as early as 1935, Day and associates had postulated
2 vitamin “M’’ present in liver extracts and curative of a nutritional cyto-
penia in monkeys.

Hogan and Parrott’s B, has heen isolated from liver by Pfiffiner and
associates. It has been demonstrated to have the-following properties;
properties identical with those of crystalline products isolated by Stokstad
and by Hutchings et al and shown to be jdentical with the L. casei factor

of liver.

Properties of “B,”.

(1) The crystalline B, isolated by Pfiffner et al. from liver has the following per- i '

centage composition:
C, 50.50, 50.63; H, 4.78, 4.78; N, 19.91
and Stokstad gives the ition of hig methyl ester as:
C, 52.7; H, 4.8; N, 20.1.

'

These data indicate identity of Stokstad’s product and Pfiffner’s .Bg and’
do not indicate identity with folic acid if Mitchell, Snell, z.md Williams
hypothetical CisHisOsN; is the true composition of “folic acid.”

(2) The free acid and its methyl ester crystallize as small needles or threads; the

barium salt in peedles. . R X .
Loses activity rapidly when autoclaved in acid solution; more stable in
alkalme solution. L
Labile to reducing agents but more stable to oxxdxzmg. agents. .
Insoluble in common organic solvents except for glacial acetic acid, phenoly
hot methanol, and formamide. X .
N.B. Mitchell and W’illiams reported their “folic acid” solubility in water to be

limited, 2 mg./ml. @ 30° and 1 mg./ml. 2t 0°%; slightly solu

ble in glacial aceticacidand
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liquid ammonia; cesentially insoluble in dry methanol, ethanol, butanol, ncetone,
cther, dioxane, benzene, petroleum ether, and chloroform.)

Precipitable by heavy metals in varying degree.  Zine hest for selective pre-
cipitation. \oh prcmpm\tcd by rommon basic precipitants such as am.
monium rhod flavianie, picrolonic or picric
acids.

More strongly adsorbed on fullers earth and norite Trom acid than from
neutral or basic solutionj removable by elution.  Also adserbable on alu-
minum ovide and hydroxide and anthranilic acid but difficult of recovery. ~
Adsorbed by various metallie sulfides.

Activity not destroyed by pepsin, trypsin, ficin, yeast peptidase or pbos-
phatase,

At present, as a result of comparisons of erystalline B, with hitherto
postulated factors; factor U, Vitamin M, Vitamin B, and L. casei eluate
factor sppear to be identieal but not identical with “folic acid.”

This viewpoint is based on the following evidence:

(a) All of them stimulate the growth of L. casei.

(b) All of them are growth factors for chicks, .

(¢) All of them are anti-anemia factors for the chick, and

{d) The L. easei factor does correct nutntional cytopenia 1n monkeys.

Possible relation of B., L. casei eluate factor, and fohie acid to zanthopterin. .
Mitchell and Mitchell and Williams (1944) basing the observation on
absorption of ultra violet light by impure solutions of folic acid suggested
the presence in folic acid of a structural unit similar to xanthopterin (see
Fig. 12)

Snell and Peterson (1940) suggested that in certain properties the L. cases
factor resembled & purine.  Stokstad reported guanine and thymine to have
L. casei growth stimulating power and Stokes (1944) reported that thymine
could replace folie acid in stimulation of S. lactis R. but the amount re-
quired was 3000 times that of folic acid; that for maximum growth of S.
lactis R using either thymine or folic acid, adenine must also be present.
That guanine or xanthine were less effective than adenine.

Wright and Welch reported a chemical relationship between L. easei
factor and xanthopterin (see Fig 12). They found that urine, autoclaved
grass, and liver extracts contain a substance which appeared to participate
in the synthesis of L. casei factor by rat livers. Reactions indicated that
this substance might be xanthopterin and when synthetic xanthopterin
was incubated with liver, more L. casei factor was found by microbiological
assay than accountable on basis of the liver’s original activity.

Wright, Skeggs, and Welch (1944) suggest thst xanthopterin takes part
in & metabolite-antimetabolite relationship or mass action inhibition of
enzymie activity, Wright and Skeggs (1941) report that when xanthop-
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terin was added to cultures of A. aerozenes, only small amounts of L. cosei
factor were synthesized by the organism and suggest that xanthopterin
may partislly replace L, case; factor in metabolism or its structural similsr-
ity to an hypothetical intermediate in the microbiological synthesis of the
factor enables it to inhibit the synthesis or utilization of the intermediate.

Totter and Day (1943) reported that xanthopterin was not only partially
effective against monkey cytopenia but also capable of replacing folic acid
in rats fed succinyl sulfathinzole. Wright and Weleh could not confirm
this but suggest that the difference in their results might be due to age of
animals and duration of feeding; that possibly the conversion of xanthop-
terin to L. casei factor or folic acid requires the presence of a second factor
which might be limiting under certain conditions, & relation analogous to
intrinsic and extrinsic factors in the production of antipernicious anemia
factor.

Tschesche and Wolf (1937) claimed xanthopterin effective in cure of rat
anemis produced by feeding goat milk. Norris reported that a 75,000
potency folic acid concentrate was one-fifth of the activity of xanthopterin
in prevention of anemia in trout. '

Other nutrilites possibly members of “folic acid” complez. Recently Briggs
et al, have reported two vitamins designated Bio and By, necessary for the
feathering and growth of chicks and not replaceable by L. caser factm:
though having certain properties in common when measured by L. caser
or 8. lactis R. response. .

Known L. caset eluate faclor requirements -

Bacteria for growth: L. casei, Lactobacillus helviticus, Prof b

pentoseaceum, S. lactis R., Totanus bacillns and Tetanus toxin. .

Chicks: for growth and anemia prevention.

Rats: for growth.

Guinea pigs: for growth. .

Monkeys: for prevention of leukopenia and anemia.

Dogs: for prevention of normocytic anenia.

Relation to human needs not yet satisfactorily evaluated.

2 .
um

CHOLINE

As stated in Chapter II, choline received consideration as 2 pgsﬁ?;c
vitamin with the discovery of its lipotropic action. In 1939 Ej‘St anh R .
out pointed out that the fatty liver could be prevented by.)fe mé; chol m:s
Schaefer et al. reported scvere anorexia and grt{wth im.ure oh pu;l))px s
on 2 Jow choline diet. The following results of choline deficiency have been ™"
reported by various investigators: ,

() Essential to normal nutrition and egg pr?duction of chickens and young
turkeys and preventive of slipped tendon disease
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(b} Preventive of renal hemorrhage.

(c) Preventive of liver necrosis, cirrhosis and eancer resulting from addition
of “butter yeollow” {dimethyl-amino-azo-benzine)

(d) Necessary to normal lactation and nutrition of rats.

(¢) Depresses the polyeythemia induced by cobalt

(f) Essential to formation of acetylcholine, the impulse transmission essential
of nerve endings and synapses. Nachmanson and Muchado have extracted
an enzyme, choline acetylase, neceseary for the formation of acetyleholine
from rat brain, It is suggested that acetylcholine liberation is responsible
for transmission mot only across synapses but slong all nerve pathways.

Best writes of the development of his interest in choline as a factor in
prevention of fatty livers (1841). o states that insulin treated animals
were observed to often show large yellow livers. This condition could be
prevented by inclusion of raw beef pancreas in the dict and also by feeding
lecithin. Later, he and coworkers proved that it was the choline fraction
of the lecithin that accomplished the prevention of the fatty infiltration.
Later still, Ridout and Channon showed that choline accelerated the re-
moval of cholesterol esters as well as neutral fat from the liver. '

Dragstedt has postulated a lipotropic factor in pancreas which he calls
“lipocaic” which he maintains is not choline and is a second internal secre-
tion of the pancreas.

The lipotropic action of choline reported by Best stimulated study of
its mechanism and du Vigneaud and associates have contributed to that
solution by proof that one, at least, of its principal roles is to supply labile
methyl groups. This viewpoint was indicated by proof that accumulation
of excess fat in liver could be prevented either by feeding choline or betaine
or by methionine or a protein containing this sulfur amino acid. When
Griffith observed that choline deficiency could also produce hemorrhagic
degeneration of the kidney, 1t was shown that this condition also could be
prevented by methionine or betaine. Pyridine poisoning of rats can also be
counteracted by mclusion of methionine or choline and homoeystine in the
diets, that pyridine in its detoxication is methylated to form N-methyl
pyridinium hydroxide.

Let us first consider these three effects of choline deficiency:

(a) Growth failure
{(b) Fat accumulation in the hiver
() Kidney hemorrhage

How does choline function to correct each of these conditions?
According to du Vigneaud transmethylation is an important metabolic
function; it is dependent upon a supply of compounds with labile methyl

%m\lm. Choline, methionine and betaine all contain such groups (see
fig. 30).
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It was shown that feeding cystine or decreasing methionine ager
the effects of a choline deficient diet but when choline and cystine wer
bined the combination was protective, as were 2 combination 6f choli
homocystine or methionine alone. du Vigneaud showed that:

(8) Supplements of eholine or betaine to a dief which is devoid of met
and cystine stimulated growth of young rats gwing to the forma
methionine, an essential anune acid, from homacysting and o metky

supplied by the choline or betaine,

CH; CH,~—CH:0H
CH~N—O0H
/ .
CHy .
(8) Choline
[o]
CH; CH—C

N+ N
CH~N o~
/

CH,

(b} Betaine
CH,—S8—CH,
CH;,

CH-NH,

COOH

{c) Methionine
Fio. 30

.

{b) That isotopic hydrogen in the metl}yl group. of methmu:{xeeadmmis
1o rats could be isolated later from tissue cholive and crlcabxln " cene

{¢) That the methyl groups of crestine and sarcosine sve not labu! :,d ileg ene
compound permits growth when added to methyl-daficien

ing homocystine.

Choline then can supply the methyl groups ‘.v:th W_lnch {% fon;xi x;ei
nine and Rose has shown that this ig an essm_lml aming aci ,d Wh ccnne
be supplied or growth fails. According to Gnﬁ'i.th cys‘tiuyta zmt d culatio
not regarded as antagonistic. Inerease of cystine and its stin

growth simply creates a greater need for chofine.
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Tiow does choline, betaine or methionine cause fat to move out of the
liver? .

According to Bloor, fat is mobilized in the liver which is a fat storage
organ. Of this fat, o considerable partion and perhaps all of it is changed
to phospholipid, of which a large part is thus able to be discharged into the |
blood and be distributed to other tissues. For phospholipid formation,
choline is necessary (to form lecithin phospholipid). Choline deficiency
prevents lecithin formation and hence ability of storage fat to pass into
circulation. Methionine supplics labile methyl groups from which to build
choline. Choline may also promote the utilization of the fats in the liver.
The explanation of how choline or methionine prevents renal hemorrhagic
degeneration is not so elear. It may be because methylated compounds or
methyl contributing substances such as phospholipids or other substances
are essentials to kidney cell organization as well as to growth and to lipid
metabolism.

FORMATION OF CHOLINE IN THE BODY

Stetten suggests that ethanolamine is the precursor of choline in the fol-
lowing reaction:

Betaine —> Glyeine ——> Ethanolamine —— Choline

Methyl Methyl



CHAPTER XI
THE NATURE AND FUNCTION OF VITAMIN C

In 1757 James Lind. published his dassic “Treatise on Scurvy,” the first
i Flgar account of the disease and established the efficacy of lime and lemon
juice. :
' }n 1904 Sir .Gilbcrt Blaine secured regulations enforcing supply of Jime
juice to the sailors of the British Navy and in 1865 similar regulations were
adopted for the mercantile marine, ,

Funk, in his first review of possible avitaminoses, suggested that seurvy
might be a vitamin deficiency disease but Holst and Frélich (1912) initiated
modern research for identification of the antiscorbutic factor by producing
it experimentally in guinea pigs. Hdjer’s work greatly extended this earlier
work of Holst and Frohlich and especially the relation of the antiscorbutic
factor to tooth formation. '

The characteristic of the vitamin that proved the best clue to its nature
was its instability. This was shown by the work of Zilva in England who
contributed much to the chemical identification of the vitamin and to
knowledge of its properties. In his studies and in those of Bezssonoff in
France and of Vedder and King in America, it became increasingly evident
that the vitamin was a compound whose activity was rapidly destroyed by
oxidation,

This was further confirmed by studies of the methods of preserving anti-
scorbutic foodstuffs. Commercial canning was shown by Eddy and
Kohman (1924-1925) to owe its protective action against vitamin C de-
struction to control of oxidation.

In 1022 Zilva showed that decitrated lemon juice lost 80 percent of its
antiscorbutic potency in one half hour if made N/20 alkaline and exposed
to air at room temperature. No loss of potency occurred if air was ex-
cluded. This was confirmed by Kenny in Sherman’s laboratory in 1926.
Studies that have followed this early work have further confirmed the fact
that the primary cause of vitamin C destruction is oxidation; that heat
aceelerates the oxidative destruction and cold retards it, that destruction
is more rapid in products with alkaline reaction and less rapid in those

with acid reaction.

Progress toward the isolation of the vitamin was retarded from 191.6 to
1920 by the infection theory, Jackson and Moore fecovered fmu.l guinea
pigs made scorbutic an a diet of oats and milk, & del(_Jcoccus which ﬂ:'ey
suggested might be the etiological factor. At that time oats n'nd mxlk
were supposed to supply all the nutrient factors needed by the guines pig.

100
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Tlc following year, McCollum and Pitz reported studics that appeared
to confirm the infection theory. They produced scurvy in guinea pigs on
an oats and milk diet as Jackson had done and McCollum described their
attitude at the time in these words: “They found it difficult to believe that
the disease could be due to the lack of a specific substance, for milk alone
suffices as the sole food for all young mammals during a critical period of
their lives.” Also examination of their oats and milk fed guinea pigs
showed the cccum distended with impacted feces which condition appeared”
to support the infection theory. .

Shortly after the publication of McCollum and Pitz’ findings, Chick and
Hume in London and Mendel and Cohen in Ameriea again produced evi-
denee supporting the view that scurvy is of dictary deficiency origin and
not an infection. Chick and Hume showed milk to be far less protective
against scurvy than had been assumed and Mendel and Cohen that by
feeding a superior diet, they could still get scurvy but without any sign of
impacted feces.

A few years later Parsons furnished the final explanation of MeCollum’s
inconsistent results, Parsons found that while oats and milk constituted
a nonscurvy diet for rats, the reason was due to the fact that unlike the
guinea pig and the human species rats are able to synthesize this factor.
This was ane of the first studies to reveal that certain animals synthesize
enough of a vitamin to make supply from food unnecessary; the first study
to suggest that in determining vitamin requirement we must alwaystake
into account amounts and kinds produced by the test animal. It changed
our definition of a vitamin as something that must always be supplied
exogenously

Parsons proved her point by showing that the livers of rats reared on a
diet that produced seurvy in guinea pigs contained enough of the anti-
scorbutic factor to make those livers protective when fed to guinea pigs on
the oat-milk diet. These findings were confirmed by Lepkovsky and
Nelson.

The attempts to isolate the antiscorbutic factor were then resumed. In
1930-32 two chemists at Frankfurt, Germany, made a contribution that
materially speeded up progress to final identification of the antiscorbutic
factor. They had occasion to distinguish between fresh and stale and true
and artificial fruit juices. They found a distinction could be made by using
an oxidation-reduction indicator known as 2.6-dichloro phenol-indophencl.
Fresh and true fruit juices gave a strong reaction with the indicator,
stale and artificial juices less or no reaction.

Zilva for a time misinterpreted these findings. e found, in agreement
with Tillmans and Hirsh, that antiscorbutic juices do bleach the reagent
but did not always parallel the estimation of C by animal tests, From
such comparisons Zilva drew the conclusion that vitamin C itself does not
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reduce the indicator, but that decolorization of it is due to a reducing ;aub-
stance closely associated with the active principle, which tends to protect
it against oxidation.

Pure ascorbic acid had not yet been isolated, Tillmans maintained that
Zilva was wrong, that it was the vitamin itself that bleached the indicator,
that the indicator could be used to measure the concentration of the
vitamin and that the vitamin might be hexuronic acid. He also first sug-
gested that partially oxidized the vitamin was more prone to destruction
by further oxidation than in its orginal reduced form. '

Though Tillmans did not know it at the time, Szent-Gydrgyi had already
demonstrated the reversible oxidation of hexuronic acid but his proof of its
identity with ascorbic acid developed Iater.

What we know of the chemical nature of vitamin C today is reviewed in
Chapter I1, also the part played in its elucidation by Waugh and King in
America and Szent-Gysrgyi in Europe. Also the proof by synthesis
furnished by Reichstein et al. (1933) and by Haworth et al, (1934). The
great value of the phenol-indophenol reagent was that it eliminated time
consuming animal tests in detecting and measuring vitamin C content.

" The behavior of ascorbic acid toward the indicator and the successive
products of its oxidation arc shown in Figs, 13 and 14.

The term hexuronic acid was abandoned in favor of ascorbic acid which is
now the generally accepted name for vitamin C both in’ America and
Earope. For a time the Council of Pharmacy objected to the functional
designation and the term “cevitamic acid” was in use in the United States.

TITRATION BEHAVIOR OF ASCORBIC ACID

Fram the reaction shown in Fig. 13, it is evident that titration with
phenolindophenol gives us only the amount of l-ascorbic acid in the solu-
tion. The amount of the “dehydro” form which can bereversibly changed
to l-ascorbic in the animal and human body and thus used to prevent scurvy
is not revealed by such titration, However, it is possible, in vitro, to con-
vert the dehydro form to the l-ascorbic form by use of reagents such as HfS
in acid solution or by cysteine and glutathione and the fixed SH groups in
these amino acids and in proteins containing them.

Henee it is now common practice in assaying foods for vitamin C coutez}t
to first titrate the extracts with the indieator and record ﬂ.lc ]-ascorl?xc
acid found. Then to treat with H,S in acid solution and titrate again.
The difference gives the dehydro ascorbic content and the sum of Phe two
values the combined l-ascorbic and dehydroascorbic acid content, ie., the

1 antiscorbutic potency. L
tOtIi body fluids such as blood, urine, cerebrospinal ﬂu}d the asc?rl?xc n.cld
present is apparently almost completely in the l-ascorbic form, eliminating
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the need for the procedure for dehydroascorbic acid content. (Borsook;
Farmer and Abt, 1936 and 1937).

In urine titrations, however, according to Evelyn there may be present
substances other than ascorbic acid which will react with the indieator.
pH control climinates some of these factors and there is a differential in
speed of action between the indicator and ascorbic acid and the other re-
ducing substances, ascorbic acting faster.

PTROTECTING ASCORBIC ACID STADILITY *

It is obvious from the preceding that loss of ascorbie acid can be prevented
by preventing oxidation and accclerated by any factor or conditions
favorable to oxidation. It is further realized that with access to oxygen or
oxidizing reagents, raising temperature will accelerate ascorbic acid inac-
tivation and lowering temperatures will tend to retard it. It is also obvious
that since ascorbic acid is readily soluble in water it can be more or less
readily leached out of a source material and prolonged soaking will increase
such losses. B

All of these findings have had definite effect on the handling of foods
containing vitamin C and the preservation of their antiscorbutic potency.

Table XXIII illustrates some of the findings related to houschold practice
and markeling and storage of antiscorbutic foodstufis.

The pure vitamin in solid form is quite resistant to oxidation compared
to its behavior 1n solution and for that reason vitamin tablets containing
the solid ascorbic acid remain stable for long periods of time.

OTHELR COMPQUNDS WITH ANTISCORBUTIC POTENCY

1-Ascorbic and dehydroascorbic acid are not the only compounds with
antiscorbutic potency but they appear to be the principal forms in food
and biclogical materials. The following have been synthesized and tested
for antiscorbutic value with the results noted:

1-thamnoascorbic acid { patency of l-ascorbic acid
l-araboascorbic acid ¥y potency of I-ascorbic acid
1-glucoascorbic acid &5 potency of l-ascorbic acid
1-galactoascorbic acad ths poteney of l-ascorbie atid
d-nscorbie acid . ho potency

d-glucoascorbic actd no potency

d-galactoascorbie acad no potency

1t would appear that one essential to antiscorbutic activity is associated
with the position of the lactone bridge; the d-forms inactive, the 1-forms
active. That the ring position is not the only factor involved in antiscor-
butic action is evidenced by the fact that the two I forms listed above do
not have the potency of l-ascorbic acid itself.
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TABLE XXIIT
Effect of Foad Handling on C Content

A. Storage Losses

Variety of Tt i i

Spnath: ST sy bl por g ate
Hollandia. ... .. 34-38 0.78 0.7 0.72 0
Hollandis.... .... 74-83 078 T 044 0.05 g

B. Cooking Losses

Per cent of original ascarbic #cid
in drained in eooking

. Cabbage cabibage water destroye
Bofk:d finely shredded. ............0.. 2206 6605 12:£0.
Boiled finely strips...... 32£1.3 B3x£1l1 I15£l

. 3811 B6x15 %2
Steamed finely shredded .. .. 24+1.1 0L0.4 2620
Steamed quarters . ve e esee. B841.1 0 22408 104 1
Panned finely shredded ...... ... e 86213 None 31 £0.

Boiled finely quarters . . ...

C. Losses on Holding

(1) Potatoes in Fall (Netted Gem Var.}. ... ... ... ....
After 6 mos. storage in cool dry storage. ..
After 6 mos. storage in warm dry storage. .. .
Potataes in Fall (Bliss Triumph Var.}.

. After 6 mos. in cool dry storage. ... ...
After 6 mos. in warm dry storage.... . .

(2) Apple Pie

After baking.. . . ....... . . 0.022 mgm. per gm. of C = 80% loss
48 hrs. after baking ..... . . 0.013 mgm. per gm. of C = 88% loss
Loss an standing on steats
table 3 hours
(3) Steam Table Losseg

Strtngbeans . . . .. oo L. 61.4% on dry basis
Broceoli . ce e ... 4 63.5% on dry basis
Cabbage. R s .... . D10% ondrybssis
Carrots . . ... .. e . . $1.4% on dry basis
Cauliflower . .. . .. . soe 64.0% on dry basis
Spinach . . e e e . . 96.0% on dry basis
Potatoes .. B . . 26.5% on dry basis

D. Losses Due to Metallic Catalysis
Plant ascorbic acid oxidase claimed by King to produce action because o
. DR

It is evident from the reaction of ascorbic acid shown in Figs. 13 and

that it is capable of acting as & hydragen acceptor and that t‘he action
reversible (see also Chapter 1II). But, as previously stated, it has ey
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been shown to act as the prosthetic group of a respiratory enzyme, Tts
—C—0H

reducing action is due to theendiol group || .
—C—0H

IOW 1§ ASCORBIC ACID PRODUCED?

Vitamin C is l-xyloascorbic acid and in the laboratory it is synthesized by
starting with xylose or sorbitose as a base. Extensive studies have been
conducted with plants to cxplain its biosynthesis which we may review
briefly.

Vitamin C in plants is found mainly in the green tissucs and especially in
the leaves of plants which syggests a relation to photosynthesis. However,
while sceds as a rule contain no vitamin C they are able to produce it by
germination before photosynthetic organs are developed. The findings
of Harris and Ray, for example, arc shown in Table XXIV.

TABLE XXIV
Effect of Germination on C Production
{Ace. to Harns and Ray, 1931)

CORTATN
mgm Clem
Pisum seeds before germination 0
After soaking 24 hours, no germination 0.08
Germinated 21 hours 069
Germinated 72 hours - 0.82
Germinated 96 hours 0.86

‘What is the precursor in this process?

Von Hausen showed that it must be & carbon source in the mineral
medium since excised embryos after removal of the cotyledons require
ascorbic acid in the culture medium in early stages of growth but later are
able to synthesize the vitamin. This earbon source is probably sugar be-
cause Ray showed that mannose in the culture medium permitted abundant
formation of ascorbic acid by excised embryos. This view is further sup-
ported by the fact that animal organs such as spleen, liver, and cardiac
muscle are able to synthesize ascorbic acid from mannose in vitro, Ap-~
parently the mechanism is enzymatic and the enzyme a dehydrogenase.
The mannose is probably first changed to xylose.

But what of the relation to photosynthesis? Why abundance in green
parts of plants?

Reid (1937) claims its formation is quite independent of chlorophyll
and that its greatest accumulation is in actively growing organs, particus
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larly in the regions of elongation, in leaf buds and floral buds. Y
reason for nssociation with chlorophyll might be because it requires sy,
that is formed by photosynthesis and hence its formation and accumulat:
naturally occurs in the same place pg the site of sugar formation,
that is the case it is important to find just when after photosynthesis
sugars, ascorbic acid formation begins and how. That question has 1
yet been answered.

There are other factors influcncing ascorbic acid beside the supply
sugar. Red light favors the action. Manganese appears to also fay
ascorbic acid formation. And certain mineral salts, notably, Ki
Cas(PO,); and Ca(NOs), help, perhaps by influence on carbon and nitrog
metabolism. Al these poirt to an enzyme system but its components ¢
still unexplained.

HOW DOES ASCORBIC ACID FUNCTION?

There is definite evidence that it is a growth factor for certain mier
organisms but it is not certain that growth stimulation and antiscorbu
action are due to the same structural elements. For example, d-gluc
ascorbic acid has no antiscorbutic effect on animals but has a defini
growth stimulating effect on certain flagellates. It isalso uncertain wheth
the growth effect is catalytic in nature or due to its use, like sugar, as
nutrient,

The fact that it can undergo reversible oxidation, act as hydrogen a
ceptor and donor; that its oxidized form can be reduced by SH compoun:
such as glutathione and proteins containing the SH groups uatumll{ f'ui

prosthetic group in such an erzyme system.

Szent-Gyorgyi first isolated the vitamin from adrenal cortex and wi
interested in it as a factor in oxidation; in vegetable respiration. It w:
only later that he realized that he had the antiscorbutic vitamin. Szeni
Gybrgyi knew that persons suffering from a deficiency of adrenal corte
factor (Addison’s disease) developed a brown pigmentation. Also the
“dying” bananas, apples, and potatoes also show a brown discoloratior
He Frst studied the vegetable browning process. In that study he foun
the brown discoloration to be due first to formation of ql{inuncs.fron
catechol by removal of 2 hydrogens and that these yellow quinones if no
at once reduced combined with proteins and amino acids in the tissue b
form the so-called melanoid pigments. Associated with catechol in plan
tissuc be found an enzyme. When the plant was damaged this enzym
caused n rapid oxidation of catechol to quinones and ﬁ_xe plant. Yost, it
ability to reduce these quinoues, resulting in the formation of pigments
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This cnzyme system is known as the polyphenoloxidase system and
Kubowitz and Keilin have shown that eatechol oxidase is n copper-protein
complex. There is also always present with catechol oxidase another
enzyme, o peroxidase containing iron. This peroxidase reacts with the
H:0: formed by the eatechol oxidase and with peroxide oxidizes another
moleeule of catechol. In this way thehydrogens of the catechol are con-
verted to water. As Szent-Gyorgyi says: ’

“The catechol oxidase system was thus cleared up but it gave no clue to the fune-
tion of the adrenal cortex. It 18 true that the eatechol derivative of the polyphenol-
oxidase of plants is closely related to adrenalin, but it was the cortical part of the
adrenal pland that primanly interested me. So, obtaining no answer to my ques-
tion from the polyphenoloxidase system and the plants that discolored on dying,
1 turned to the plants that did not turn brown. I ewitched the question around
and asked no more why patients with defective adrenals turned brown, but why
it was that we, who had good adrenals, remained colorless. . . . Very soon I found
that many plants that belonged to thiz group not only failed to turn brown them-
selves, but their juice, if added to the juice of polyphenolotidase plants, prevented
these from coloring for some time . 1 found that the reason lay in the presence
of s most fascinating substance which ean reduce all quinones to phenol and in this
way prevent pigment formation, 1 other words, the substance had two labile hydro-
gea atoms which 1t very readily gave up to quinone. . Eventually, I crystallized
it, that is to say, peeled it out in a pure condition "’

This quotation explains Szent-Gyérgyi’s approach to what was then
called hexuronic acid, and its presence in adrenal cortex. Starting with
this product Szent-Gyorgyi's two labile hydrogens are now known to be

-—C—0H

the endiol group || . His interest was further stimulated by the
—~C—OH

{act that ascorbic acid dosage bleached out pati with Addison’s disense.

He did not find in ascorbic acid the solution he sought of the function of
the adrenal cortex but he discovered some data bearing on the possible
operation of ascorbic acid. He found 1n cabbage an enzyme, ascorbic acid
oxidase, which, like polyphenoloxidase, had a copper-protein strueture with
copper the prosthetic group and also an associated peroxidase. This sys-
tem’s action on ascorbic acid differs from that of the polyphenoloxidase
system in the followng way, according to Szent-Gydrgyi. In the poly-
phenoloxidase-peroxidase system the peroxidase is not able alone to effect
an ovidation of ascorbic acid but requires an intermediary phenolic sub-
stance. The peroxidase oxidizes the phenol which then, in turn, oxidizes
the ascorbie acid. The specific phenol in this case appears to be benzo-
pyrane, a flavone.

It is obvious from the above discussion that the ascorbic acid oxidase-
peroxide-phenol flavin system could be the culmination of & metabolic
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ascorbic acid in prevention of capillary bleeding. Of this discovery and
choice of name, Szent-Gydrgyi writes as follows (1939):

“In citrus fruits we found n specially active member of this group (Bavanols)
present as a glucoside which up to that time had been unknown in this form. We
called it with V. Bruckner ‘eriodictin.’ . . . In the unripe plant we find this sub-
stance in a methylated, inactive, stable form which has been known for a Tong time
as hesperidin.® -

and again: '

““I had a letter from an Austrian colleague who was suffering from n severe hemor-
rhagic diathesis (vascular type). He wanted to try ascorbic acid 1n his condition,
Possessing at that time no sufficient quantities of erystalline ascorbic acid, I sent
him a preparation of paprika that contained much ascorbic acid and the man was
cured by it. Later with my friend, St. Rusznyak, we tried to produce the same
therapeutic effect in similar conditions with pure ascorbic acid but we obtained no
response. It was evident that the action of paprika was due to some other sub-
stance present in this plant, It would have becn a hopeless job to try and find
and isolate this substance had we not had our experience with flavons, So we set
qut to prepare flavons, in the first place eriodictin, that can easily be injected and
we found that gimilar pathological conditions, not previously amenable to therapy,
could be cured by it with regularity The eflect had several eharacteristics of
vitamin action, so, tentatively, I called it “Vitamin P’ in honor of Paprika and
Permeability, on which later it was found to have an influence. As yet, I have
failed to demonstrate its vitamin nature by animal experiments and until such
proof is given, the vitamin nature of this substance is not beyond doubt.”

The sective fraction of Szent-Gyérgyi’s Vitamin P as extracted from
lemons has been called “citrin.” This citrin is a mixture of two glucosides;
an jnactive glucoside (hesperidin) and an active glucoside {eriodictin or
criodicytol). For chemical structure and properties see Chapter II,
Fig. 20.

Lorenz and Arnold (1939) prepared a solution of citrin suitable for thera-
peutic use and Kugelmass (1940) has reported the value of citrin in'the
treatment of vascular purpuras. Kuglemass suggested that as gluco‘su.ies
are recognized as capable of immobilizing substances with potential o._ctmty
until needed in metabolism or detoxication that perhaps its value in pro-
tecting capillary resistance resides in its detoxifying power.

Scarborough (1939) who has supplied evidence of its value.to }mman
subjects claims that it protects against capillary fragility and is dx.fferent
from ascorbic acid, its activity apparently dirccted more to peripheral
capillaries. . . . g

T4 is more abundant in the albedo of the lemon rind than in the juice an
to date, the lemon rind has proved richer in this factor than oth(fr citrus
fruits. [Its vitamin character and its behavior are still to be established.



CHAPTER XII
THE NATURE AND FUNCTION OF VITAMIN D

The modern investigation of the antirachitic vitamin commenced during
the war years (1914-18) and was given great impetus by Mellanby in
England wha studied the cffect of various diets on puppics. He showed
that he could produce rickets in these animals by feeding them milk and
bread or oatmeal porridge. At that time an emulsion of linseed oil was
widely =old in England as a cure for rickets and the casual listing of this
product, which was worthless, led to the dietary study of other fats. Cod
liver oil was found to be the best antirachitic of the fats tested. Since the
mineral values of this stock diet were the same in all these tests, Mellanby
was led to the belief that the curative factor was not the mineral elemert of
the dict, a favorite theory at the time, but some peculiar virtue richly
present in cod liver oils. It was known that such oils were rich in vitamin A
and it scemed logical to assume that this vitamin was the rickets preventive
factor (Mellanby, 1921)

The study initiated by Mellanby was followed by five discoveries in
particular which, according to Bills, were crucial in leading to our present
understanding of the nature of vitamin D.

The first of these discoveries was made by McCollum and associates
(1922). They proved that the antirachitic vitamin in cod liver ol was,
like vitamin A, present in the nonsaponifiable fraction of the oil but that
it was not destroyed by bubbling air through the heated fraction while the
vitamin A value was destroyed.

The second of these discoveries was that exposure of certain foodstuffs
to ultraviolet irradiation endowed them with the antirachitic effect possessed
by fish liver oils. Hess and Steenbock share the credit for this discovery.

The third discovery was that the substance accepting ultraviolet irradia-
tion to become antirachitic was the sterol fraction in the o1ls and food-
stuffs. Hess, Steenbock, and Rosenheim and Webster in England were the
diseoverers of this fact

The fourth discovery was the identification of the ergostero! of Tanret -

(1879) as the parent substance of vitamin D. Windaus and Hess and
Rosenhiem and Webster are generally credited with demonstration of this
substance as provitamin D, though many others participated in compiling
the body of proof.

The fifth discovery was the isolation of caleiferol, the active component of
irradinted ergosterol in 1931 (Askew et al,, Windaus ct al.).

m
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A summary of the studies leading up to the demonstration of ergosterol
provitamin D has been made by Bills and as it is concise and compre-
1sive we may quote it here: -

‘Cholesterol of supposedly good purity was found to be activated by irradiation,
ore irradiation, it exhibited spectral absorption in the ultraviolet Tegion; after
diation, it had little or no absorption, In consideration of Beer's Law, one postu-
d that either the cholesterol had been at least half metamorphosed, or else the
stance in which the absorption spectrum was changed was a small amount of im-
ity which was exceedingly absorptive, It was found that repeated erystalliza-
1 of chol 1 led to the Intion of the absorbing fraction in the least
ble fraction. Furthermore, the use of very drastic means of purification, such
yromination followed by debromination, fed to the production of a cholesterof
ch apparently had no absorption and no absorbability. The drastic means
uded in addition to bromine, such oxidizing agents as per and de-
rizing charcoals, and so it appeared that the unknown provitamin might be a
1ly unsaturated sterol, such as ergosterol. .
‘Ergosterol was found to be destroyed by the same reagents which destroyed the
ubstance in cholesterol, In one instance, namely in the treatment with perman-
ate, even the rates of destruction of the provitamin and of ergosterol were found
e the same. Furthermore, the absorption spectrum of ergosterol was found to
vist of four bands with maxima at 293.4, 282, 270 and 260 u u, which are slso
maxima of ordinary cholesterol. In ergosterol, the absorption was enormously
e intense than in cholesterol, and the vitamin D potency after irradiation was
-mously greater. Upon irradistion, the absorption bands of ergosterol under:
t changcs,' and finally faded s did those of the impunty in cholesterol.”

or some time after these observations it was believed that ergostero
 the sole provitamin D; that activation of foodstuffs to antirachitic
ency by irradiation would be successful only if ergosterol were present;
 fish liver oils owed their activity to the activated ergosterol dissolved
hem, -
n 1934, Waddell challenged this viewpoint and today we know thzjt the
cipal provitamin D in fish liver oils, associated with choleste_:ro], is l_lot
ssterol ‘out another erol Whewse capable of activation by irvedistion
occurring in fish oils in the activated state. We aro also sure today
b this sterol (7-dehydrocholesterol) and ergostercl are not the only
stances capable of acquiring antirachitic potency by irradiation. .ln
, Bills (1938) claims that there are at least ten provitamins D occurring
1atural sources. e
rgosterol and 7-dehydrocholesterol are, however, the zfu?st widely
ributed forms of vitamin D and when activated to antirachitic potency
vitamins so produced are todsy designated as vitafn‘ms Pz an Ds
ectively; i.c., vitamin Dy is activated ergosterol, vitamin D, is activated
shydrocholesterol. There is no Dy in the literature today. What was
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first ealled vitamin D; proved to be a mixture of two sterols and the term
was disearded when this was discovered. Vitamin D, is‘also known as
caleiferol. It is generally believed today that the provitamin D present
in the human skin and which is activated by exposure to the ultraviolet

light from sun or lamp is not ergosterol but mainly 7-dehydrocholesterol.

CHARACTERISTICS OF VITAMIN D

As previously stated, of ten potential vitamins D, two—activated
ergosterol (ealciferol or Dy) and 7-dehydrocholesterol (Ds) are of importance
in medicine today.

ERGOSTEROL

This susbstance is a characteristic sterol ‘getting its name from Tanret’s
discovery of the substance in ergot in 1879. The commercially available
form is today prepared from yeasts and molds in which it occurs to an
amount equal to 2 per cent of the dry weight of these fungi.

It forms colorless crystals, small in size, whose melting point varies with
the water content. The melting pomnt for the nearly anhydrous form is
160°C. Commercial ergosterol usually contains about & per cent of an
inert sterol which is not activated by ultraviolet irradiation (alpha-dihydra-
crgosterol).  Ergosterol is insoluble in water, sparingly soluble in oils,
frecly soluble in most of the organic solvents. On irradiation only a part
of the ergosterol is transformed to caleiferol (Dy); ordinarily not more than
50 per cent under the best conditions

During irradiation a series of products are formed which, in order of
appearance, are listed by Bills as follows:

Ergosteral

Lumsterol

Tachysterol

Caleiferol

Toxisterol (Substance 248)
Buprasterols I and IT

Lumisterol, the two supra-sterols and calciferol have been isolated in
erystalline state. Tachysterol has been separated as crystalline 3,5-di-
nitro-4 methylbenzoate. Toxisterol has not been obtained in pure form,
Early preparations of irradiated ergosterol which were irradiated too long
are believed to have owed their toxic effect to production of this sterol.
It is sometimes called substance 248 since it hias a single absorption band
at 248 p g,

Lumisterol, according to Bulls, is probably not antirachitie but is con-
verted into calciferol and it also forms with calciferol a definite addition
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product in the ratio of one part lumisterol to one part of calciferol, This
combination was the original I, of the German investigators.
‘ﬁTchhysterol is also probably not antirachitic and may have a slight toxie
effect. .
Toxisterol has not been isolated. Therc is evidence that it is formed
more readily when alcohol is the solvent for the solution of ergosterol to be
irradiated.

The suprasterols are not antirachitic and are only slightly toxie.

As stated above, it is now possible by control of solvent and irradiation
time to convert about 50 per cent of ergosterol into ealciferol or active vita-
min D; without toxic praducts heing formed. When such irradiated ergo-
sterol is dissolved in an inert oil such as peanut or com oil, the product is
known as Vioslerol. 'This name was coined by the Council of Pharmacy
of the American Medical Association to avoid a multiplicity of trade names
by individual drug houses for the same product. When this product was
first marketed it was customary to express its vitamin D potency as 250 D
or 100 D, etc., by which was meant that it contained 250 or 100 times the
amount of D in a certain reference cod liver oil. Today vitamin D potency
must be stated on labels in International or US.P. units. Viosterol solu-
tions must, however, contain at least 10,000 International units of vitamin
D per gram, An Interational unit is the vitamin D potency of 0.000025
miligrams of caleiferol. -

The principal commercially available forms of activated ergosterol are
irradiated yeast, viosterol, and metabolized milk (milk made vitamin D
potent by feeding yeast to cattle). *

7-DEHYDROCHOLESTEROL (Ds)

For correction of rat or human rickets, calciferol appears practieally
equivalent to the vitamin D in cod liver oil. For curing chick rickets cod
Jiver ol has, according to Massengale (1930), something like 100 times the
potency of caleiferol.

Provitamin Ds, nonirradiated 7-debydrocholesterol, appears to be the
principal form of provitamin D in human skin and in the active form con-
stitutes the major vitamin in fish liver ofls such as cod and halibut. Itis
also the principal form present in vitamin D milks produced by i.rrad\ahou
of the milks and in the vitamin D milks fortified by the addition of 'cod
liver oil concentrates. It is sometimes called the normal cholesterol vita-
min D since it is the form found in greatest abundance in crude cholesterol.

7-Dehydrocholesterol was obtained in crystalling furz'n by Schencllf.
Crystalline esters have also been obtained from tuna liver oil am? from ha :i
but liver oils. (Brockman, Haslewood and Drummond_, Simons an
Zucker). Its absorption spectrum is similar to that of calciferol.
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OTHER ANTIRACHITIC STEROLS

While D; and D; are the principal forms of antirachitic sterols in vitamin
D containing foods and medicinals there is evidence that others may be
present.  22-Dihydrocrgosterol is found in vegetable products and may be
u significant factor in irradiated cereals. It has not yet been isolated from
natural products. It appears to be slightly less active for rats, weight for
weight, than the other two vitamins and less active for chicks than vitamin
D: (MacDonald). It was produced in erystalline form by Windaus and
Trautmann and has the same absorption speetrum as caleiferol.

Activated T-dchydmﬁitostcrol has been studied by Wunderlich and has
antirachitic potency. It is present in some vcgctablcs Its antirachitic
potency for rats is less than that of either Dz or Ds.

Cholesterilene itsclf cannot be activated to vitamin D potency by 1rradm,-
tion but cholesterilencsulfonic acid and its salts are definitely antirachitic
to rats and are more potent for chicks, rat unit for rat unit than cod liver
oil. The formula given is that of Stavely and Bergmann. Yoder has
described the manner in which it was discovered by treating cholesterol
with fuller’s earth.

Of the other forms listed, little is known at present and the reader is
referred to Bill's reviews (1935-1938).

We have no explanation of how irradiation produces physiological ac-
tivity. As noted in all the activated forms, the phenanthrene ring appears
to be broken at the position 10 and there are double bonds at this point in
thering, There is also, as we have previously aited (Milas and Anderson),
evidence that the structure of the side chain enters in some way into deter-
mination of activity.

Milas and Anderson have reported success in the synthesis of a compound
called triene wiich has the configuration of the active part of the vitamin D
ring and study of such compounds may bring light on this problem,

FUNCTIONS OF VITAMIN D

The function of the vitamin to which we owe its discovery and early study
.is its ability to prevent and cure rickets. For this study it was necessary
to produce expernimental rickets in animals and the present U.S.P. test for
vitamin D potency depends on this ability and the curative effect on such
induced rickets by o mven source of D, (For details sec Chapter XXVIL)
Sherman and Pappenheimer and MeCollum were first to devise rickets
producing diets and Steenbock and Black also produced another. Al of
these produce rickets by a faulty Ca/P ratio in the diet {sce Table XXV,
It will be noted that in all of these diets the Ca/P ratio is high. It is
therefore evident, that rickets can be produced by a faulty Ca/P ratio and,

Since addition of vitamjn D to such a diet cures the rachitic condition, the
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lation of phosphatase in the blood. Tts presence in the blood is not as.
goeiated with any function it performs in that fluid and Kay eonsiders it
is there because of “leaknge” from tissues. On this theory during normal
t’)one formation it operates at the site to increase concentration of PO,
ions necesary to precipitation, In rickets it escapes from the bones and

»

. TABLE XXVI
Blood Phosphalase in Bone Diseases

N

(After Kny 1932)
CONDITION NQ, CASES ¥ AC?};‘T’E‘:?ZK:;;?
PLASHA
LT
Normals .. . ....... PP 33 0.14
Infantile rickets . 13 1.08
Adolescent rickets 1 2.4 or more
Reual rickets. . . 2 1.2
Fragilitas ossium (infants & children) [ 0.41
Osteitis fibrosa generalized. N 3 18
Osteitis fibrosa local . 7 0.21
Qateitiz deformans. .. 23 17
Osteomyelitis | e 8 0.2
Arthritis with bony changes 7 0.17

TABLE XXVII .
Influence of Vitamin D from Severnl Sources on the Serum Phosphatase of Chicks
(After Correll end Wise, 1038)

vITAVIN D FER 100 6MS, OF BIET
Phosphatase per 100 ce. of serum vaing
7 Ty
i R R R 8
] e
On firat day .. 3 G ) 73 1.3
In 2 weeks., . . 138.7 56 4 9.6 - 81.3
In 4 weeks 267.7 41.1 41.4 85.0
In 6 weeks . . 238 0 5.8 48.2 15.2
In 8 weeks 2400 440 38.6 76.8

“Jenks” into the blood or at any rate, increases in concentration in the blood
instead of staying where it is needed. .

Kay further supports this theory by suggesting that one methed of D
vitamin functioning is to control the distribution of phosphatase and Cor-
rell and Wise® data from chick experiments given in Table XX VI tend to

support this view, o
The data in Toble XXVIT certainly show that vitamin D does reduce
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_blood phosphatase and also that the form in cod liver oil is more effective
than that in tuna liver oil though both are equally effective by rat test
{i e., showed same U.S.P. potency).

‘We have no evidence of vitamin D forming a part of the prosthetic group
in phosphatase analagous to the role pf riboflavin in a dehydrogenase but
these data do show that it ean influence the blood content of phosphatase.

OTHER FUNCTIONS OF VITAMIN D,

Phosphatases are concerned in combination with redox enzymes in the
cellular metabolism of carbohydrates.  We have just seen that vitamin D
influences in some way their distribution. Is there any evidence that it
plays a role in cell respiration?

Presnall has shown that topically appued vitamin D has the power to
increase the oxygen uptake of the skin and his findings have been eonfirmed
by Gothlin, Certain skin diseases and lesions have been shown to benefit
by use of vitamin D; Dotorsky and Platt in cases of acne; Ceder and Zon
incasesof psoriasis. Dalldorf was able toshow that thegrowth of epithelial
cells in vitro was stimulated by addition of vitamin D to the culture medium.
These effects are cited to suggest that vitamin' D may play a role, as yet
unexplained, in cell metabolism other than that concerned with bone
formation.

If Vitamin D controls all Ca and P metabolism it will obviously play a
part in prevention of abnormalities due to faulty utilization of these min-
erals for other than bone formation 1n the body. MacBeath has presented
evidence to show that 1t 1s at least one factor in the prevention of dental
caries. Itisgenerally agreed that pregnant women need additional vitamin
D to prevent loss of caleium from their bones and teeth.

In coliac disease much undigested fat (steatorrhea) and calcium salts
are lost in the feces.  Vitamin D by mouth or by ultraviolet irradiation has
been reported beneficial in such cases.

Knapp has produced keratoconus in dogs by feeding a diet deficient in
both D and ealeinm.

HOW MUCH VITAMIN D?

The dosage necessary to protect infants from rickets is fairly well estab-
lished (Table IX). For adults the amount required is still undetermined
but it is generally agreed that 400 units per day is adequate.

In ordinary doses it is not toxic. Natural foods contain little or none
of this vitamin.

According to Park:

*The rule holds that the dose of vitamin D will not become toxic eo long a3 the
ealeium and 1norganic phosphorus levels in the blood are not affected Apparently
the toxic action dovs not depend upen the lexel of vitamin D in the blood but rather
onts effect on the calcium and phosphorus metabolism **



Crarrer XIII
NATURE AND FUNCTION OF VITAMIN E.

Evans and his coworkers in 1921-1922 first produced satisfactory evi-
dence that reproduction is affected by a fat-soluble factor different from
vitamins A and D,  Using Osborne and Mendels basal diet for rats (casein
18; cornstarch 54; lard 15; butter fat 9; salt mixture 4; plus 0.4-0.5 grams
of dried yenst daily), they found that female rats put on this diet appeared
in every way normal, had normal estrus, normal ovulation, normal implan-
tation of eggs after fertilization but failed to produce normal litters. The.
expected young were resorbed instead of being born.

Supplementing with vitamins A, B, and D did not prevent fetal death
but certain foods proved protective, viz., lettuce, whole wheat, wheat
germ, and dry cereals, Consequently in 1922, Evans and Bishop postu-
Izted the existence of a new vitamin, calling it for the time being, substance *
“X”. In 1923, they reported that its lack not only produced fetal death
in female rats but complete sterility in males.

The existence of this vitamin was further confirmed by Sure who sug-
gested that it be designated Vitamin E.

The early history of the vitamin has been reviewed by Evans and more
recently summarized by Mattill who, with his collaborators, was a major
investigator in developing the properties of this vitamin,

ANTIOXIDANT PROPERTIES

The chemical nature and properties of the tocopherols, the name now
given to forms of this vitamin, are given in Chapter II, Figure 18.,

The American Medical Association’s Council on Foods in 1936 allowed
no claims of value of vitamin E in human nutrition, holding that:

blishing the role of vitamia

“There are at present no adequate scientific data
E in human dietetics

I£ is included in vitamin tablets and capsules mainly for its ability to
protect other vitamins from oxidative destruction; for its antioxidant .value.
In 1931 Oleott and Mattill first showed that the antioxidant action of
. lettuce oil was related to its vitamin E content, later that this was nls?
true of wheat germ oil. They also showed that the E content of experi-
mental rations could be destroyed by rancid fat, Ferric chioride has alse

been used for this purpose. .
In 1934 Olcott and Mattill prepared a concentrate of vitamin E from

120
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wheat germ oil which proved to have hoth the biclogic activity of vitamin
¥ and antioxygenie potency. Acetylation did not destroy the biologic
activity but did destroy the antioxidant action. From this fact and from
collateral experiments they drew the conelusion that the antioxidant action
of vitamin E depends upon the presence in the compound of hydroxyl
groups. Later they demonstrated that the vitamin contains such a hy-
droxyl group or groups.

This evidence of antioxidant action and association with hydroxyl groups
was produced before the vitamin was actually isolated and chemieally
identified. Hickman has suggested that perhaps by its antioxidant action,
vitamin E has a place in the system asa control over the positive oxidation
operations of vitamins such as those of the B complex.

TABLE XXVIII
Distribution of Tocopherol in Oils
(After Karrer)

. oms NON-SAP FRACTION AcETYL wvMEER
per cent

Wheat germ ... . 13.4 14.4

Maize germ . 102 11.0-11.5

Lettuce . . 4.3

Linseed ... . 2.34 4.0

Olive. 0 935 10.6

Sesame 063

Palm 0355 1.9-84

RELATION TO MUSCULAR DYSTROPHY
In Mattill's review of the properties of vitamin E in 1938, he wrote:

“Equally mystenous 1s the paralysis in suckling rats from vitamin E deficient
mothers. First observed and studied by Evans, its incurable nature and its preven-
tion by wheat germ o1l and vitamin E has been i dly.
This condition was onginally thought to Le of nervous origin but it has now been
definitely associated with sheletal muscles. The museles exhibit extensive degenera-

tion and their microscopic changes are not to be distinguished from those of museular
dystrophy in herbavora.”

This is the muscular dystrophy previously observed and described by
Goetsch and Pappenheimer.

The discussion of the relation of vitamin E to muscular dystrophy is
detailed in Chapter XXIII. Correction or prevention of this condition is
another possible function of vitamin E and may give it more importance
in hu'mun dietetics than its biologieal activity on the reproductive system.
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Its relation to preventxon of habitual abortion is also reviewed in Chap-
ter XXIII.

RELATION OF CHEMICAL PROPERTIES TO ASSAY METHODS

A colorimetric method was devised by Emmerie and Engel based on
destruction of vitamin E by ferric chloride with reduction of the iron; the
extent of whose reduction can be measured by the alpha-di-pyridil reagent.

Furter and Meyer claim that when alpha-tocopherol is treated with
concentrated HNO; in absolute aleohol with short heating, an intensely
red colored substance (probably an oxonium salt by addition of the HNO;
to the tocopherolquinone formed by oxidative cleavage) develops and
makes possible the estimation of tocopherol content by photometer. They
claim this color is specific for tocopherol and has a maximum absorption
band at 467 p p.

Karrer et al. report that it is possible to estimate tocopherol potency
by potentiometric titration with gold chloride—2 mols. AuCls equivalent
to 3 mols. of beta-tocopherol. Using this method they report the values
for oils given in Table XXVIII. In Table XXVIII are also given the
acetyl numbers of certain of the oils. Mattill claimed that since the acetyl
number indicates the measure of the hydroxyl groups it might serve as an
approximate estimation of relative vitamin E strength.



Cuarrer XIV )
NATURE AND FUNCTION OF VITAMIN K (MENADIONE)

In 1931, McFarlane and ascociates in Canada noted that chicks fed on
ether extracted fish meal suffered o high mortality and extensive bleeding
from small wounds. . They also noted that the blood of these chicks failed
to clot, even after hours of standing.

In the years just preceding Dam (1920-30) while studying fat metab-
olism in Copenhagen, noted marked hemorrhages and stomach lesions in
chicks on & special diet. In 1935 Dam characterized this condition as due _
to deficiency of & “koagulation vitamin” or vitamin I; present in leafy
vegetables such as alfalfa and in hog liver fat.

The pure vitamin was first isolated from alfalfa by McKee, Binkley,
MacCorquodale, Thayer, and Doisy in 1939; and by Dam and Karrer in
the same year.

The formation or synthesis of vitamin X by bacteria was demonstrated
by Almquist and Stokstad in 1935. In 1939 McKee et al. isolated the X
formed by bacteria in putrefied fish meal.

The chemical structure of these natural products and of other products
having similar activity is given in Fig. 19.

Animals with K deficiency show a remarkable tendency to bleed pro-
fusely as the result of minor injuries and blood drawn from such animals
does not clot, but remains fluid for hours. There are various theories of
blood clotting but general agreement that the process involves these two
steps:

Step 1 Prothrombin plus thromboplastin plus jonized calcium unite to form the
enzyme thrombin
Step 2. Fibrinogen plus thrombin forma the clotted fibrin,

In brief, the conversion of serum-soluble fibrinogen into the solid fibrin
requires the action of the enzyme thrombin, This enzyme does not exist
in circulating blood but 15 formed from a precursor (prothrombin) by com-
bination with a phospholipid of the blood platelets (thromboplastin or
cephalin) and ionized calelum.

According to this theory it is evident that failure of blood to clot can
result from insufficiency of one or more of the factors listed in Step 1.
But there is definite evidence that in the phenomens observed by Dam and
McFarlane the factor deficient in the clotting system is prothrombin and
that for the manufacture of prothrombin, vitamin K is essential.
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In 1938 Quick devised a method of mensuring the prothrombin concen-
tration of the blood which is today widely used to diagnose the existence
of vitamin K dcficiency. The cssential feature of the Quick test is that it
climinates two factors of Step 1 by adding thromboplastin and calcium in
excess. The clotting time becomes a dircet measure of prothrombin
deficiency.

VITAMIN K NOT A SINGLE SUBSTANCE

As shown in Chapter I, the forms of vitamin K (sce Fig. 19) isolated
from alfalfa (I) and from fish meal () are different in composition;
I, having & smaller molccular weight than K; and both X; and K; have
& larger molecule than the naphthoquinone pm(/luct now produced in the
laboratory and called “Afenadione.”

The term Vitamin K thercfore is inclusive of a group of products, all
derivatives of the naphthoquinone nucleus.

The League of Nations Commission has suggested that the unit of K
be taken as the effect of one microgram of pure Menadione (2-methyl-1,4-
naphthoquinone).

FUNCTIONS OF VITAMIN K

It is recognized today that human beings have two possible sources of
vitamin X, K supplied by the diet and that synthesized by intestinal bac-
teria. Rats, dogs and man readily absorb the bacteria formed product and
are less apt to show K deficiency on that account. Fowl appear unable to
synthesize their needs and hence readily develop K deficiency when the
diet lacks this factor.

As stated above, the principal function of the vitamins X appears to
be the control of prothrombin formation. The site of this formation seems
tobetheliver. This s evidenced by the fact that liver disease is invariably
accompanied by drop in prothrombin concentration and the fact that in
animals with excised livers, the feeding of vitamin K fails to restore the
prothrombin to the blood.

We still lack an explanation of how the vitamin forms prothrombin.
A methyl group in position 2 of the naphthoquinone nucleus appears essen-
tial to its action. For other changes in structure affecting activity, sce
Figure 31.  Vitamin K is not a part of the prothrombin molecule,

To be effective the vitamin must reach the liver, The compounds that
occur in nature all are insoluble in water. They are soluble in fats.
There are now a few synthetic K analogues that are water-soluble and
these are of value for intravenous injection. The failure of ingested vita-
min may be due to absence of bile salts which aid its absorption and
utilization. 1t may be due to damage to the mucosa of the intestinal tract
preventing passage into the blood. And, finally, damage to the liver can
prevent prothrombin formation.
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CrarTER XV
VITAMINS AND DISEASE

There is nothing new in the conception that inadequate dicts cause
disease. ITiven primitive peoples recognize this relationship and provide
special foods to prevent and cure certain diseases.  Price’s experience would
indeed suggest that in some respeets the lore of primitive man is superior
to our knowledge for it insures better dental development and physique
and provides more cffectively for the nutritional requirements of pregnancy
and puberty. But the dictary prescriptions of natives are strictly em-
pirical, rich in both fallacy and truth.

In our carly history are many illuminating comments on deficiency dis-
eases. In calling our dogs Toby we keep alive the story of that blind
Tobiak who was guided by his dog until an Archangel preseribed fish liver
for his xeropthalmia whercupon the skin fell from his eyes. Early physi-
cians knew something of these diseases Benberi was described in the
7th century, scurvy in the 13th and pellagra in the 18th. The curative
powers of certain foods became evident many years ago. Lind’s successes
in treating seurvy are two hundred years old and the beneficial effect of
cod liver o1l in rickets was generally recognized twenty years before vita-
min D was discovered. Perhaps the most prophetic observation of all is
that of Budd, who more than a hundred years ago wrote that scurvy was
due to the “lack of an essential element which it is hardly too sanguine to
state will be discovered by organic chemistry or the experiments of physi-
ologists in a not too distant future.”

Many clues to the entire field of the avitaminoses may be found in the
literature of the years that followed. These were translated into facts as
a direct result of the studies of Liebig and Lavoisier which made inevitable
an mvestigation of the qualitative aspects of nutrition. A clear conception
of the subject and its importance and the groundwork for its methods of
study were laid by two outstanding chemists, Funk and Hopkins. Funk,
in 1911, extracted from rice polishings a few milligrams of a crystalline
substance which cured experimental beriberi and coined the name “vita-
mine.” e also predicted with remarkable accuracy which diseases would
prove to be due to “vitamine” deficiency. Hopkins, in the years from

1906 to 1912 established the groundwork of our technique and foresaw the
importance of the aecessory food substances and the future course of
developments.

Thus the idea that diets deficient in certain clements may result in
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- disease is hardly new. But two conceptions have grown out of the work
of the past twenty years which are either new or are given new significance
by recent developments. They are the conception of the sub-inical defi-
ciency and the public health implications of nutrition.

The conception of sub-clinical deficiency was an inevitable result of the
basic vitamin technique, the foeding of & dict graded in its deficiency.
For in any experiment of this kind one is béund to reach levels of intake
where the question arises, “Ts that all that this particular anima) requires?”
Some years ago in measuring the rate of grawth of the incisor teeth of
guinea pigs vitamin C was supplied as orange juice. The end point be-
came g problem in judgment for as the ascorbic acid was increased addi-
tional vitamin A was also supplied. And the question arose whether
maximum growth is physiologically desirable.

Fiom interest in marginal deficiencies in experimental animals attention
naturally turned to man and slowly means were developed to measure and
identify human malnutrition of sub-clinical degree. Unfortunately none
of these criterin is satisfactory in the sense that the demonstration of
Myeobacterium tubereulosis in the sputum is diagnostic of tuberculosis.
One of the few which are widely accepted at present is the blood plasma
concentration of ascorbic acid. Yet we have no proof that values less
than 0.6 mgm. per 100 ml. signify disease. Indeed there is much evidence
that such values are frequently associated with excellent health, It is
indeed rather characteristic for a person with a low blood ascorbic acid
level to revert to the same value once intensive therapy ceases. The

* concentration appears to be & relatively fixed value for the individual. .

Radiographs of the wrist bones are our best criterion of rickets but t!lelr
interpretation is influenced by the standards of the examiner, The diag-
nosis in marginal cases is subjective, Fifteen years ago, when every ortho-
pedic clinic in New York City was treating gross rachitic deformities, Hess
estimated the incidence of rickets at 75 per cent. Higher estimates are
frequently made today yet clinical rickets of the kind formerly seen has
become rare, .

Each new proposed test has progressed through stages of ent.husmsm
quickly followed by doubts of its specificity and finally realization tha:
interpretation is difficult, subject to many errors and the rc.sult:cg of -doub(f\’l
significance. It is uncertain that a single test of this kind is diagnostit
unless evidence is present showing response to specific therapy- Yet
nutritionists bave lately discovered that few if any of these lesions resgoslfi
promptly to treatment. Like the blood ascorbic acid they become indl

i aracteristics.
w%?’zl lfl.}::k satisfactory eriteria of sub-clinical deficiencies. What dO OU;'

marhidity and mortality records tell of the prevalence of nutritions
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failures? They show that clinical deficiency diseases are uncommon,
Clendenning polled six excellent hospitals in widely separated parts of the
United States and found the incidence to vary between 0,13 and 0.4 per
hundred admissions.  Jolliffe, McLester and Sherman report that of 35,813
Bellevue Hospital patients 197 or 0.55 per hundred were recognized as
having a dictary deficiency. By including cases of hypochromic anemis
and of “malnutrition’” they raised the estimated incidence to 1.75 per
hundred. Even this rate, which includes a third suspected of deficiency
(the “malnutrition” cases) and a third due to anemia in which dietary
deficiency is one of the least common causes, is but a fraction of the esti-
mated incidence among the population at large.

Actually the discrepancy is much greater than the figures suggest for
Jew hosputal cases are primarily due to inadequate dicts.  Jolliffe emphasizes
this in a discussion of “conditioned malnutrition” by which is meant defi-
ciency secondary to other diseases. The choice of the term “conditioned”
indicates that such deficiencies are refractory to treatment by dietary
means unless the predisposing cause is corrected. For the present dis-
cussion, concerned with causation, it is better to refer to such cases ag
secondary deficiency disease. Their importance is emphasized throughout
the following chapters. There appears to be no disagreement that they
represent the bulk of the avitaminoses seen in hospitals, Thus in a recent
report by Spies covering 278 cases of multiple deficiencies it is said that
148 followed orgamec disease, 115 were secondary to alcoholism and 6 per
cent were presumably due to diet alone.

Nutritionists criticize the validity of hospital records on the ground that
many cases are not recogmzed and because of “mislabelling in the tradi-
tional ‘precedence’ given to certamn diseases over others.” Doubtless both
are true charges. Physicians probably often do not recognize nutritional
stigmata or record them 1n summarizing their cases because their attention
is directed to mare urgent, panful or threatening diseases than those due
to sub-clinical deficiencies. The physician confronted by the diagnostic
problems of carly cancer of the lung, the handling of rheumatic fever,
training a diabetic to control his diet and insulin or oceupied by the care
of lobar pneumoma will naturally be less attentive to flecks in the con.
junetiva or vasculanization of the margin of the cornea. Other diseases
which have considerable public health importance, for example trichinosis,
are known to cscape detection for similar reasons, precise and reliable tests *
are lacking and most illnesses caused by Trickinella spiralis are minor.

The same is doubtless true of mortality records.  Yet the question posed
by an official committee, “How much malnutrition is coneealed in the
370,000 deaths recorded in 1938 under the heading of the diseases of the
circulatory system” seems to be misleading. Adequate samplings of such
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deaths are annually studied post mortem and the causes of heart disease
are \ve‘H knO\‘vn. Unless arteriosclerosis, rheumatic fever, syphilis and
congenital lesions are to be ascribed to sub-clinical_deficiency we know
thnt. very Jew cardiovascular deaths in the United States are due to mal-
nutrition. In mare t'hzm 5000 necropsies at Grasslands Hospital during a
period when a lively interest in deficiency lesions has been present but five
fra-nk cases of death due to an avitaminosis have been recognized. Isolated
lesions have been much more frequent, It would scem that in the matter
of emaphasis physicians have taken the only justified course. .

Physicians doubtless hold more reservations regarding the significance
of vitamins than do nutritionists. Medicine is old and nutrition is rela-
tively new. Medicine teaches that comparable developments usually be-
come more complex than is at first suspected. The growing realization
that most cases of vitamin deficiency are secondary to other diseases rein-
forces this opinion, and there are doubtless other qualifying factors. We
may well consider the possibility of edaptation to poor diets, the obverse
of the abrormal susceptibility of sick people to vitamin deficiency. Adap-
tation was first suggested to us by Aschoff who had noted that troops home
on furlough were more susceptible to scurvy than civilians. Aschoff inves-
tigated the phenomenon and concluded that the civilians were able to adapt
to the deficiency because their diets had heen slowly restricted over a long
period of time, IKellogg has recently written: “Over a long evolutionary
period, both people and animals bave some ability to adjust themselves to

. deficiencies in the diet. Groups of people that have lived for many gen- .
erations on caleium-and-phosphorous-deficient soils seem to be more effi-
cient in the use of these elements than others. The teeth of Europeans
will become diseased, for example, in tropical areas where the natives have
good teeth.”

A recent report by Spicknall, Fishburn and Baum of the Unifed States
Public Health Service on the diets in German internment caraps includes
the following statement. “It was observed . . . that the Americans tDIe{-
ated the diet less well than the Germans did, probably beeause the Amen-
cans had been placed abruptly on a reduced ration, while that of the
Ctermans had been scaled down gradually,” And van Veen, a skilled and
experienced nutritionist, has found it necessary to call attention to the
same possibility. “Yet numerous investigations intv the diets of many
regions of the tropies and the Far East have proved that these diets do not
always induce & state of malnutrition and il-health. This. Jeads us to
wonder whether the customary (Western) standards and requirements aré
not sometimes too high, or whether they are applicable o ali aces aad
climates. 'This query applies to the so-called ‘optimal’ as well ag to the
‘minimum adequate’ requirements which, no matter how difficult to define
and to determine, are easily understood.”
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A further example of the type of evidence which tempers the enthusiasm
. of physicians is implicit in the eurrent studies of heightened resistance to
poliomyelitis of thiamine deficient mice. The suggestion was made by
Foster that the virus of poliomyeclitis may be more exacling in its nutri-
tional requirements than its host. The implications are obvious and
important from & medical point of view and can be correlated with much
other experience including the para-aminobenzoie acid requirements of
organisms referred to in Chapter XX and the mutually exclusive nature of
certain infectious diseases commonly spoken of as inferfercnces which we
(GD) have suggested may be due to competition for specific nutrients.
The term interference has also been used to designate those instances in
which a vitamin deficiency is precipitated by a destructive agent in the
food (see Chastek paralysis) or related means; biotin deficiency by avidin,
rickets in chickens by sulphur (Holmes, Deobold and Herrick).

It seems odd that deficiency di have i d over recent years
when people had more of what seemed to be the right kind of food.
Phipard writes: “Such shifts in food consumption as have taken place
between 1936 and early 1942 are in the direction of improving the Nation’s
diets.” Wells has compared the estimated average per capita consump-
tion of various foods in the United States in the period 1909-1941. During
that period the average consumption of certain protective foods has in-
creased greatly.

Citrus fruits . . C e ... 200
Lvaporated milk, cheese, 1ce cream O £ 1]
Canned fruits and vegetables 135
Fresh vegetables 35
Fluid milk 10

There have been other reforms which must have had considerable beneficial
effect: canning methods improved to preserve the vitamins; the populari-
zation of milk as a beverage; and the cnrichment of white flour to name
the more important.

1f despite these improvements our diets are still grossly inadequate one
might well ask with Carlson, “How do you suppose our ancestors carried
on, in the total absence of modern knowledge of food chemistry, vitamin
requirements and the alleged necessity of ‘a pint of milk a day’? I do not
think the Sioux Indians got much milk from the wild buffalo.” Other
investigators have been troubled by this inconsistency and by the physicat
stature and prowess of people who subsisted on diets that the modern
Ameriean would regard as a short cut to the grave,

These remarks would be misleading if the reader assumed from them
that the authors subseribe to the view that the diagnosis and treatment of
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all manifestations of vitamin deficiency arc either fruitless or that mal
nuttition is not an extremely important public health problem.

The recognition, study and treatment of the manifestations of vitamir
deficiency have already led to clear-cut and practical results in the treat-
ment of pellagra, certain forms of neuritis, the control of hemorrhage during
icterus, improved methods of rickets prevention and the suceessful treat-
ment of certain infrequent but formerly obscure nervous disorders. The
promise in the future is bright especially in’ the field of hepatic cirrhosis.
The discovery of a preventive for cirrhosis would rank second only to the
demonstration that nicotinic acid is eurative and preventive of pellagra,

Great advances have been made toward a better understanding of
physiology and pathology. Moreover they promise to facilitate the inves-
tigation and control of many unrelated diseases. Reference to examples
of this kind will be found in«the succeeding chapters.

And finally there is sound evidence that the accomplishments of nutri-
tion are very significant. Though we cannot measure these conditions
sufficiently well in adults to determine what changes in diet will accomplish,
the growth records and physical improvement of our children show grest
benefits to the young. It is reasonable to assume that equally valuable
benefits can be secured for their parents even if they cannot yet be meas-
ured. The known facts of animal nutrition suggest that this is true.
Perhaps measurcments of physical endurance or work output will afford
us g yardstick. Barborka, Foltz and Ivy have collected evidence of the
physical inefficiency of volunteers on thiamine low diets .nnd.unpubhshed
experiments from certain war factories support these conclusions.

The problem is doubtless much more complex than was formerly‘s.us-
pected but hardly less important. We agree with Sebrell thfzt nutrftzon
is “perhaps the greatest and most complex problem in preventive medicine
that this country has ever had.” Not only is it complex because human

* putrition is complex but alse because crop production, soil fznrichmen:t,
distribution, food processing, preparation, education and basic econf)mjc
improvements are all essential to a satisfactory solution. ;

If animal experiments are a guide, and there is no reason to doub.b thzlf
they are, nutrition will bring a measurable lengthening in the penc,d ¢
“full adult capacity” as well as the increased stature, rate and sturdiness

wth which we have noted in the young.

- Of%}l;(;re is apparently good reason to believe that the _diﬁerences b(ff-we;ﬂ
average and optimal diets may be indirectly measured in pregnant “o.m 3
1t is of course reasonable to assume that the demands of pregnancy aﬂ
the sensitivity of the fetus to maternal deficiencies make pregnancy ﬂd‘:{)’o
acute criterion of dietary defects. Ebbs, Tisdall and S.cott observe "
women throughout pregnancy. One group had & poor diet, a second group
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had a poor diet plus supplements and the third group had a “fair” diet
and had been instructed in the selection and preparation of their food.
The last two groups excelled the first in freedom from complications, num-
ber of miscarriages, still births and premature infants. Furthermore the
infants had less sickness and fewer died.

These observations are confirmed by Burke, Beal, Kirkwood and Stuart.
In the cases they observed mothers whose diets were grossly inadequate
gave birth to every still-born infant, every infant but one who died shortly
after birth, the majority of infants with congenital defects and all prema-
ture and functionally immature infants. The association between the
health of the infant and the mothers dict is shown in figure 32. It seems
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Fia. 32. The relationship between maternal nutntion and the physical condition
of the infant Based on the studies of Burke, Beal, Kirkwood and Stuart. The
percentage of “superior” and ‘‘poorest’ infants having mothers whose diets were
rated “good,’” “fmar” or ‘‘poor

reasonable to assume that if such differences ean be demonstrated by the
provocative test of pregnancy similar if less marked effects occur at other
times,

1t may be noteworthy that as a general rule the clearest demonstrations
of improved physique have followed improvements in the regular diel rather
than the administration of purified supplements. This may be due to the
advantages of nutritional congeries or to x factors yet undiscovered. Or
perhaps we have overemphasized the vitamins, as Hoelzel suggests. That
z factors must still be accounted for is evident from recent studies by
Elvehjem in small animals, the work of Smith, Curry and Hawfield and
Lambooy and Nassct with dogs, the studies of Waisman et al. with mon-
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keys, and many others. Foster, Jones, Herle and Dorfman demonstrated
that synthetic diets containing all known vitamins are inadequate by
showing a higher mortality and stunted growth in the yourg, a study
comparable to the human experiments just deseribed,

Whatever the ultimate solution of these problems and the means devised
for estimating the adequacy of a diet a review of the evidence encourages
the belief that man ‘has acquired a new tool of great effectiveness for the
improvement of his physical structure. The newer nutrition has indeed
challenged certain opinions regarding the fixity of the human inheritance,
the expectancy of life and the estimates of normal energy and vitality.
These hopes for the future are well deseribed by Sherman to whose “The
Science of Nutrition” the reader is respectfully referred.



CrarTER XVI
VITAMIN A DEFICIENCY

Only in the Far East is vitamin A deficiency an important primary cause
of discase.  Elsewhere deficiency is usually sccondary and of minor medical
significance.

Vitamin A is of great nufritional importance as a growth faclor, the,
characteristic which led to its recognition, and because intakes considerably
greater than maintenance doses confer benefits in health and longevity.

VITAMIN A REQUIREMENTB

Although vitamin A has been studied for thirty ycars the postulated
human requirement is still largely empirical. This s true because deple-
tion develops irregularly and slowly (probably because of liver stores),
beeause of lack of agreement on the significance of the eriteria of early
deficiency and finally because, various widely distributed carotenoid pig-
ments serve as vitamers. Variations in the structure of these provitamins
and the efficiency of their conversion makes human vitamin A nutrition
a very complex affair.

The Committee on Food and Nutrition of the National Research Council
has recommended the following vitamin A intakes:

Infants up to one year of age 1500 Int. Units
To age seven 2000 Int. Units
To age ten 3500 Int, Units
To age thirteen 4500 Int, Units
Adults 5000-6000 Int. Units
During lactation . 8000 Int. Unita

These values are probably about three times as much as is needed to
maintain normal dark adaptation (Wagner, Guilbert, Howard and Hart).
There secms to be excellent justification for that multiplier in Batchelder’s
experiments m which rats fed throughout their lifetimes on diets containing
the minimal adequate amounts of vitamin A and two, four and ecight times
as much showed increased benefits from the two and fourfold increments.

The additional allowance for lactation is calculated to replace vitamin
lost in mammary secretion.

Yltamin A requirements are easily and cheaply met if vegetable and
d‘mry products are abundant. In infaney the practice of giving cod liver
oil as a rickets preventive automatically supplies large amounts of vitamin
A (the exact amount varies with the preparation and source of the oil)
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and 2 quart of milk provides all the vitamin A peeded by children twelve
months old. R '

It is encouraging to note in a recent analysis by Stiebeling that these
levels seem to have been met in the United States during the period 1936~
1940 and were nearly met in the period 1920~1924 although the records
referred to apply to our gross food supply and do not allow for uneven
distribution. von Drigalski estimated the German consumption to be 3 to
5 mgm. carotene for rural groups and 2 to 8 mgm. for city dwellers; The
lattel is the equivalent of approximately hali the average American
consumption. -

PACTORS INFLUENCING VITAMIN A REQUIREMENTS

Bio-assays of a given preparation of Vitamin A yield different resulis
in different laboratories and at different times, The effort to standardize
vitamin A unitage by spectroscopic tests has failed. The results of bio-
assay are not reproducible but they do estimate the characteristic biologists
are primarily interested in,

The discovery that vitamin E, a natural constituent of fish liver oils,
modifies the absorption and vitamin A effect of -natural vitamin A prepa-
rations appears to be an important element in the problem. Originally
demonstrated by Moore it has now been confirmed in various ways; by
demonstrating greater liver storage of vitamin A if vitamin E is included
in the diet and by using the standard growth curve in experiments in which
the vitamin A intake is fixed but the E supplements are varied {(Hickman,
Horris and Woodside), The role of vitamin E has not been clearly defined
at this time. Moore’s original explanation was that it might stabilize
vitamin A solutions as other hydroxy aromatic substances are known to do.

Conversely several substances have been shown to adversely affect vits-
min A in the gastro-intestinal tract. Sherman showed that linolates and
linolenates did so and palm oil and rancid and stale diets have been found
even more destructive.

The condition of the food modifies the intestinal absorption of vitaminAA.
Mention has been made of the adverse effect of pancrestic dysfunction
which impedes the hydrolysis of the vitamin esters and absorpt‘fon. Caro- |

alain

of its carotene as liver vitamin A, while cooked carrots yreiueu o pus vows
The difference was less in the case of spinach.

The liver plays a dominant role in vitamin A metabolism. Moore found
the liver to contain 100,000 times as much vitamin as all other fat depots.

The vitamin is present in both the parenchymal and Kupfler cells which
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re the last to surrender and the first to store vitamin A.  There is indireet
vidence that the Kupfler cells play a part in the conversion of carotene
o vitamin A, This is based on RE blockade cxperiments. There is
ittle or no vitamin in organs other than the liver, kidneys, adrenals and
onads. It appears at the site of formation of the sterone hormones; the
drenal cortex, the interstitial cclis of the testis and the ovary (Ragins
nd Popper). No functional relationship was claimed, Vitamin A dis-
ppears from the ovary during pregnaney. The conversion and storage
f vitamin A are subject to forces which are still unrecognised. Thus
\Ioore found that the cfficicney of carotene conversion varies greatly with
he level of vitamin A storage. Deficient animals converted most carotene
o vitamin A whereas saturated animals converted little. The exeess caro-
cne was excreted in the feces.

The relationship between maternal and foctal vitamin A has been recently
tudied by Lund and Kimble who {found plasma vitamin A to vary as the
lictary intake, but to be apparently unrclated to the plasma carotene
oneentration. The slowly falling levels of plasma vitamin A dring the
nd and 3d trimesters of pregnancy suggested to them that an additional
3000 Int. Units. should be provided during the 2nd trimester and 10,000
luring the third. Lund and Kimble also demonstrated sn abrupt and
yronounced rise in plasma vitamin A durng the first 21 hours postpartum.
:n some women the rise occurred within a few hours following emptying of
‘he uterus (see Fig. 33).

These workers confirmed the opimon that the infant is relatively poor
n vitamin A (plasma values average half that of the normal mother).
During maternal depletion both mother and infant exhibit a strong tend-
ney to husband vitamin A.  An extremely interesting observation made
luring the course of these studies is the constitutional difference between
ndividuals. Thus Lund and Kimble found wide variations in the plasma
values in newborn twins.

Human milk contains from 5 to 10 times as much vitamin A as does
sow’s milk, and colostrum is twice as rich as milk. These facts imply
that the infant’s requirements are large during the first months of life and
should gwide physicians in presenbing for infants when mother’s milk is
unavailable.

The various earotencs yield quite different amounts of vitamin A, Beta-
carotene, the most active, was long thought to supply two molecules of
vitumin A becauce of 1ts formula. It is now known that this is not true
and if all other factors were disregarded its vitamin A value would still
be but 50 per cent on & weight basis.  Yet it yields twice the vitamin A
that alpha-carotene docs.  Of other dictary factors which alter the absorp-
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iins, we find that it has been oftenest observed as an acute epidemic
fection attacking large numbers of people living under nearly identical
bnormal conditions.”  “Older writers havesaid it espeeially affects persons
ith pigmented eyes.”  (We now know that pigmentation of the eyes is
nother expression of A deficieney.) “Impaired nutrition and strong sun-
ght have almost always been associated with its occurrence.”  (The effect
f light on visual purple has been cxplained.) “Dryness of the scleral
onjunctiva with formation of scaly patches—conjunctival hyperemia with
whrymation and photophobia—are frequently ossociated.”

In Hippocrates’ time, too, they had discovered o treatment whose basis
; understandable only sinee the discovery of vitamin A.  To them it was
urely empirical. An ointment was made from the juices exuding from
sasting liver and applied to the eyes, or they were steamed with vapor
rom the water in which liver was cooked; to which was added the recom-
1endation to eat the liver. Cod liver oil was also highly commended.

It may be seen from the foregoing that long before the discovery of
itamin A physicians were familiar with the major features of its deficiency
ficet and had empirically developed some sound measures of treatment.

The earliest lesion attributed to vitamin A deficiency was xerophthalmia
hich occurs in rats as well as man. This discovery explained the early
mpiric treatment of cases of xerophthalmia and the clinical observations
f associated night blindness were promptly ascribed to the action of the
jtamin as well. The identification of characteristic skin lesions came
elatively Iate and was only established by the studies of Frazier and Hu.
“his no doubt was due to the irregularity with which skin lesions occur in
uman cases and their absence in the usual experimental animal, the rat.

Less interest in prevention seems to gave existed in more modern times
nd the disease has persisted in many places, and has often occurred in
aajor epidemics. Russia, Brazil, Denmark, and the Mediterranean lands,
ave all had epidemics of hemeralopia and xerophthalmis, and cases are
till common in China and India,

In Tientsin six per cent of the patients attending an eye clinic in 1929- ~
930 had conjunctival xerosis. Nicholls gives the incidence of the disease
n Indian institutions he had inspected as follows:

per cent
Charity boarding schools . 83
Toor vernacular schools .29
Upper class schools .3
Mental asylums PN 44
Mental asylums (on European diet). . N 2

The disease is also common in Yueatan and in Labrador, Pillat says
hat t_he poorer Chinese are almost permanently on the border line of
itamin A deficiency.
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studied the vitamin A absorption in cases of celiac disease. A large test
dose of vitamin A was given by mouth and the blood vitamin A deter-
mined at 2, 4, 6, 9, 12 and 24 hours. Normal absorption is sufficiently
rapid to produce a peak concentration within 4 hours. In 10 tested cases
of celiac diseasc absorption was much reduced and delayed. ;

Diabetes mellitus is often associated with hypercarotenemia which is
thought to be due to an inability of the liver to convert carotene to vita-
min A. Thus Ralli and her associates have demonstrated that diabetics
not only have higher blood concentrations of this pigment but that they
cannot handle excessive amounts as effectively as non-diabetics do. Brazer
and Curtis examined juvenile diabetics by means of the Biophotometer, '
testing the influence of both earotene and vitamin A on their adaptation. |
They found evidence of poor adeptation to be very common and several of
their patients gave histories of night blindness as well. Carotene did not
correct, this defect but vitamin A did indicating that conversion was ab-
normal. Thus the diabetic may become deficient in vitamin A because
he is unable to convert provitamin A into the active form.

‘THE PATHOLOGIC ANATOMY OF VITAMIN A DEFICIENCY

The pathologic anatomy of vitamin A deficiency is essentially the same
in experimental animals and in man. However, the experimental evidence
is more complete and orderly, and will be considered first.

Epithelial Metaplasia

The specific anatomic effect in'the at, guinea pig, monkey, chicken and
other animals, is the loss of ability to maintain various specialized epithf:lial
surfaces. The result is the replacement of such surfaces by less specialized
cells, a change which has been consistently found since Mori first observc:d
the lesions in the eye. They may be regarded ns specific lesions of this
particular deficiency, and may be prevented or reversed in the rat by
amouats of the vitamin estimated to represent but r555ys of the body
weight. Furthermore, the lesions may be prodlllccd by degr.ecs n{ deﬁ;
ciency which do not limit growth, formerly considered & cardinal sign o

itamin A deficiency.

Wt;hme Jesions comxbrrxence simultaneously in various foci. In the rat, a%
general order of development was pointed out by \Yolbach and Howe:
first the respiratory mucosa, then, in order, the salivary glands, eyes,
- glands of the gastro-intestinal tract, parocular glands, and pancreas.
" However, exceptions to this rule occur in t'he mat and_ umo;g';ldvanou;
species. Lesions of the eyes were 30;{ found in the monkey—-Tilden an

i inea pig-——Wolbach and Howe. ) X
M:}‘l}(i;:;]gnﬁzte pigt%ne of vitamin A deficiency in the rat and guinea pig



Prate 1 Espermentul vitanin A deficiency
endometrium of u rut

The effect of deticiency on the
Figure 1 shows the endometrial gland in the center of the
photograph to have undergone metaplastic volution  The gland 1s klled with
keratimized epithehum  Notice that the lesion s purely focal  igure 2 shows
the same gland more lughly magnified



Prate II Experimental vitamin A deficieny. Endometrial lesions in the rat.
In both figures the deeper ce]ls may be seen to have been very active  Mitotre figures
are numerous  The excess cells have piled up within the glands  In figure 1 the
epithelium is stratified.



VITAMIN A DEFICIENCY 145

has been drawn by Wolbach and Howe. By the time the rat is retarded
in growth, assumes a hunched position, and shows encrusted eyelids, and
n rough coat, keratinized epithelium may be found in the nares, laryny,
trachen, broneh, in the submaxillary, parotid and aceessory selivary glands,
in the urinary bladder, urcters and kidney pelves, the uterus, oviduets,
prostate, epididimis and seminal vesicles, the conjunctiva, cornea, lacrimal
glands and the duets of the Mcibomian glands, and in the thymus, where
the Hassall corpuscles are magnified and often transformed into cystic
spaces filled with keratinized ecpithelium. Similar changes occur simul-
tancously in the enamel organ leading to extensive changes in the teeth,

In all of these sites but the enamel organ, the process is identical; and
in that organ substantially so.

In the carly stages of the deficiency, nests of darkly stained germinal
epithelium may be seen to undergo rapid growth,  As it grows, the scere-
tory or duct cpithelium overlying degenerates and sloughs off, and the foci
grow to form islands of stratified squamous epithelium. ‘These first extend
laterally to undermine the adjacent surfaces and eventually, if the dietary
defect is sufficiently prolonged and severe, extend to replace the entire
surface of the affected organ. With lesser deficiency, alternating areas of
normal and replacement epithelum oceur side by side, and the former
remains normal in appearance.

The process begins distant from other stratified epithelium and quite
independent of it. According to Seifried the most important vitamin A
deficiency in domestic animals oceurs in chickens where it causes serious
economic losses and is usually confused with common infectious diseases,
chicken pox, coryza contagiosa and infectious bronchitis. Symptoms ap-
pear 40 to GO days after inauguration of deficient dict and death cceurs a
month later. The nasal passages and sinuses are filled with masses of
clear mucoid material which later becomes opaque and caseous. If it is
removed the membranes beneath are found to be dry and opaque. In the
larynx and trachea thick patches of caseous material collect in the mucous
glands and crypts and the mucosa is likewise metaplastic and dry. Seifried
closely followed the histological sequences. These start with atrophy, loss
of cilia, shrunken nuclei and loosening of masses of epithelium. New cells
form beneath, often in syncytial masses and grow to form areas of flattened
squamous epithelium. Keratohyalin granules may be found in the cells.
Balloon giant cells occur and mucous secretion, of course, ceases, Par-
ticular attention was paid to phenomena which oceur in the nueclei of
degenerating cells and which often end in the extrusion of nucleoli which
then resemble Guarnieri bodies. ‘The lesions in the mouth resemble those
of fowl pox. The submaxillary glands are affected early in the disease and,
with occlusion of the duets, often become distended and cystic.
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Some disagreement exists as to whether the metaplasis should be re-
garded as a true or replacement metaplasia. Our opinion is that, the latter
is the more probable explanation because of the evidence which shows
epithelial deterioration preceding metaplasia. This consists of the opinion
that in the trachea the ciliated cpithelium shows loss of function before
structural changes occur; the evidence of Pillat that in the corneal epi-
thelium serious damage occurs in the mitochondrial apparatus—which
contains much lipoid—and in the Golgi structures before frank lesions
appear; and the discovery that the purine content of tissues are reduced
during deficiency. The purines are required in the formation of cell nuclei.
To these reasons might be added the general observation that it is more
harmonious with what is known of other vitamin deficiencies, to eon-
sider that a material essential to specialized cells is lacking in vitamin A
starvation,

The primary consequence is the loss of function of the affected surface,
In the case of the trachea, the loss of cilia precludes proper cleansing of
that part, and in the conjunctiva the loss of mucous secreting cells has a
similar adverse influence. Similar effects must occur elsewhere aithough
they are less obvious. Two other major sequelac have been repeatedly
emphasized.

The most striking is the blockage of gland ducts leading to stasis of.
secretions and, with the interruption in the intact surfaces, to infection.
The frequency of infection in organs diseased as a result of vitamin A
deficiency seems to have varied in different experiments, probably in part
due to the degree of cleanliness of the cages and animals, and led earlier
experimenters to consider that infection invariably occurred and predis-
posed to the metaplasia. )

This is not the case, as Wolbach and Howe and others have shown,
Proof is also afforded by the study of the lesions of the enamel organ, the
uterus and oviducts where infection rarely oceurs.

The associated abscesses and metaplastic changes have alway§ bcer{ mos_t
common about the mouth and its glands where exposure tq mJ'.ectmn. is
obviously easy and, indeed, the rule. Nevertheless, complicating infection
is very common. Indeed infectious lesions account f.or the death of n‘;any
experimental animals if the closest attention is not given tO. P"‘;:’e_“t t em. .
Orten, Burn and Smith report a mortality of 54 per c.cnt.m ; fell‘ BXPe!;‘
ment, described elsewhere, in which deficiency was majntsined or(excc:“;
ingly long periods. The caus_es,of death were trachenl obstruction {(mue
plug) otitis media and sinusitis. .

Mellanby veported that examina; 1
showed that 44 per cent had infection of the genito

prelonephritis, cystitis, renal and bladder caleuli,

tion of 92 rats on an A deficient d.iet
-urinary tract including
hydronephrosis, dilated
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Pt I Fig. 1. The costo-chondral junction of o rat fed a det deheient I
vitamun A The photograph shoss consation of cartlage grow th as well a3 atrophy
of osteoblasts  These changes result in fmlure to grov What bone 13 present 13
dense and substantinl  Tig 2 A lower sneisor from the same ammal  The photo
sraph ghows the buccal surface of tho pulp  Atrophy of thie odontoblasts ¥as even
more pronounced on the Lingual surface The denticle formation {eentc? of photo-
graph) is regularly scen 1n protracted cases of vatamun A defierency Notice that
the dentin is dense although irregular.
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eters, and distended bladders; 20 per cent had otitis media; 20 per cent
d acute inflammation of small or large intestine—acute enteritis involv-
g duodenum and jejunum and hemorrhage nt the pyloric end of the
omach; @ per cent had lung infections; 38 per cent had xerophthalmia;
2 per eent had abscesses in the floor of the mouth.

The other significant consequence of the epithelial changes lics in the
terference with the functions of the glands and organs involved. Wol-
wch considers these effects as sufficient to explain the anemia and cessation
growth  The lesions in the uterus and germinal cells produce sterility.
_completely obstructed kidney is oceasionally seen. Urinary calculi are
mmon. '

Wolbach and Bessey emphasize o characteristic of the metaplasia of
tamin A deficiency which may be unique. The cells of the stratum
erminativum pre<crve the identity of the original cpithelium. They can
ssume the original morphology and function without undergoing division
vitamin A issupplied. From this observation they infer that the nuclear
hiromatin is not affected by the deficiency.

Tooth Changes

The tooth lesions were recognized later than the epithelial changes.
hey are equally striking and characteristic.  Wolbach and Howe consider
hey are the most important dental effect of any of the deficiencies.

The deficiency expresses itself in atrophy and metaplasia of the enamel
rgan.  Enameloblasts become replaced by stratified squamous epithelium.
s a result, there is loss of enamel and exposure of dentin which gives the
ceth a chalky appearance. Simuitaneously, the odontoblasts within the
ooth atrophy and an irregular line of thin odontoblasts with irregular
lands of denticles form. This occurs last in the labial surfaces so that
he tooth has a thicker labial than lingual wall. Schour, Smith and Hofi-
nan measured these differences by injecting a dye (alizarine Red S) which
tained the proximal margin of the dentin. At various intervals thereafter
ccth were examined and the accretions of dentin could e readfily measured.
Vhereas 16 u formed normally teeth of deficient animals showed as much
15 19 # on the labial surfaces and as little as 6 x on the lingual surfaces of
he incisors.

Additiona] information has also been contributed by Orten, Burn and
Smith who managed to prolong deficiency by feeding small vitamin A
upplements adjusted to each particular animal. Thus an incipient vita-
nin A deficiency was maintained for periods up to 1 year. Growth was
ctarded but the growth curve had a normal configuration. The most
striking and consistent finding was in the incisors which became opaque,
Iistorted and twisted. Ridges appeared on the surfaces and in some cases
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Urinary System

Higgins, McCarrison, Van Leersum and Steiner, Zuger and Kramer, to
mention but some, have all found renal caleuli common in deficient animals,
T.he caleuli aré usually composed of caleium and tend to disappear if the
diet is corrected. - The opinion held by most investigators is that thése are
simply concretions formed about desquamated epithelium, a consequence
of metaplasia of the kidney pelvis, ureters and bladders Most of the
studies have been made in rats which are prone to spontancous caleuli but
Steiner, Zuger and Kramer were also able to produce caleuli in 9 of 35
guinea pigs fed a vitamin A deficient diet. Mineral intake and pH of the
urine were controlled in these experiments. Wolbach, however, believes
other factors than the vitamin are involved since caleuli did not oceur in
his animals. Erspamer searched for gall stones in deficient guinea pigs.
Amorphous masses were found but nothing resembling ealeuli such as oceur
in man. (Many of the renal calculi which have been deseribed scem to
have been but inferior jmitations of those which occur in man.) No
success has followed attempts to treat renal caleuli in humans with vita-
min A. However cases may well occur, but rarely, in which deficicncy
and kidney pelvis metaplasia may incite the deposition of a urinary stone.
Metaplastic lesions are not rare in humian material and if the character of
the urine is suitable should predispose to stone formation. That this

, mechanjsm is responsible for other than exceptional cases seems unlikely,

Lesions of the Skin

Most observers have failed to find skin lesions in the rat comparable to
those seen in man, Wolbach and Howe noted atrophic hair follicles and
sebaceous glands but not keratinization of the follicular epithelium. Older
rats (more than four months old) quite regularly develop scnbby.ears and
tails, sores of the snout and feet and ragged fur. Recently Sullivan and
Evans and Molt have reported hyperkeratotic lesions similar to th‘e human
ones. These were believed due to improvements in the basal diets used
in their experiments.

Organs of Reproduction '
Vaginal lesions lead to abnormal numbers of comified epithelial eells in
vaginal smears.

Evans and Bishop recommen
pendable and early criterion of vitamin
with this method have been reported
Mason seem to explain the failures and to estal
ground. Mason observed that the first cffect ol

d examinations of vaginal smears as a dg-,
A deficiency. Success and failure
by others. The recent studics‘ai
blish the test on substantial
f the deficient diet was to
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weererate 6nd pro‘eng the appearance of comified cells during estrous.
Later the corpified estra) phaze hreomes more and more prolonged until
he entire eycle i< chare e rired by comified vaginal cells.  In other words,
he estred excle tnust be followed in the early stages of defieiency to reveal
he first prthelngienl changes,

Pregnzaey exageerates the inherent weakness of the genital organs when
vitamin A iz deficirnt.  Intranterine death and resorption occur when the
deficieney i= exaggernted,

The #ite of the Iminne jo unpredictable with here and there along the
horns of the uterie o dicenee] implantation site.  The histologieal changes
are, however, very constant

The matermnal deeidur becomes nectotic and infeeted, and the consequent
interference with foetal sutrition Jeads to death The damage is primarily
to maternal e)ls in distinetion to deficiency of vitamin E in which the first
eficet is on the for tad tiesigen,  Vaginal hemorrhages with neerotic cellular
debric, often with foul odor, announces the occurrence of fetal resorption.

By inereasmg the vitamin A intal.e somewhat, just sufficiently to keep
anmals on the bonder line of the eathest leqione of vitamin A deficieney,
2 variety of other abnormnalitios may be produced including prolonged
pestation, diffieult Inbor, rometimes with death of foctus or mother, retained
and disensed placentae with arens of hemorrhage and leucoeytic infiltration
ad & high mortality smang the new bom dunng the fist five days of life.
Difficult 1shor keems in part 1o be due to the cormified vagina which makes
the expubion of the foettus difhiendt, and to lows of tone of the abdominal
museles, Whether the batter s due to degeneration of skeletal muscle as
deseribed by Wolliaeh, with loss of stnation, swelling and degeneration of
fibers, is not determined,

T eannot Lo considered e~tablishied that the effect of the deficiency oper-
gtes dircetly on {he decidual eells sinee degenceration of them has so far

‘nscen only in nssociation with infection.  The degencration may, there-
fore, b'e the result of infeetion.

P_Emstcncc of the epithelial cells often occurs between trophoblast and
decidun and associated with necrosis and inflammation  Mason, to whom
%€ we thse studies and de-crption, considers that the deficiency has
¢atised these epithelial eclls to undergo degenerative changes which have
Dre\'cntc:d their digestion by the trophoblast.
mT}f“ hlghvmmrtauty rate among the new-bomn may be due to poor mam-
2ary funetion as well as weakness of the young, Mammary function 15
;izz::‘“,”"y present and may be due to morphological Chﬂ}ngl‘s in t}]‘:
fal ddilr:ce these are characteristically inconstn{n. Pre?umft, )Iylggltg;as
emn&ivils’ as \\Oll as weakness, may appear in the young ihatmia

“Wely studied this phenomenon in swine and found microphthalmis,
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with the associated glands may well produce disturbed function. Richards
believed it was primarily affected and found pits and erosions to becommon
throughout the bowel as well as hemorrhages and duodenitis and colitis.
This has not been the experience of others.  Hyperkeratosis and ulceration
of the forestomach of rats has been observed by various writers since first
deseribed by Pappenheimer and Larimore.  They believed that ingested
hair had much to do with the development of the lesion. More recently
Andervont has shown that strain differences are important in the ctiology
of this lesion. The reports of Howes and Vivier and of Sharpless indicate
that the lesion is due primarily to a deficiency other than vitamin A.  Thus
Howes and Vivier demonstrated that yeast supplements were preventive
and Sharpless that a supplement of flavine, nicotinic acid, cystine and rice
polishing concentrate was likewise preventive,

One consequence of the study of gastric hyperkeratosis has been a num-
ber of experiments designed to determine whether this lesion plays a part
in the causation of gastric carcinoma. Positive results were claimed by
Fujimaki but others have failed to duplicate his results. A comprchensive
investigation has recently been described by Fridericia and associates from
Fibiger’s laboratory.  Fridericia and his colleagues found papillomata more
common in deficient rats but were unable to produce carcinoma. Even
the papillomata appeared not whelly or directly due to vitamin A deficiency
since they occurred in some of the control animals. It may be that the
immediate mechanism in keratosis of the stomach is vitamin A deficiency,
that other factors induce a local deficiency effect such as we have discussed
elsewhere  The character of the lesions suggests this,

Pituitary lesions, including an increased number of Alpha cells of the
anterior lobe, have frequently been noted in cattle. Madsen describes
these lesions in some detail and illustrates the serous cysts which form
between the antenor and posterior lobes in young animals depleted of
vitamin A, Many became blind and papilledema was sometimes observed.
Madsen considers the lesions irreversible.  Creech and Seibold reported
on rpontancous vitamin A defieieney in eattle and described serofibrinous
infiltrations of the subcutaneous tissue and muscles and intimal thickening
of the peripheral bleod vessels.

Visualization of Vitamin A wn Tissues

An extremely promising technique in studying the lesions caused by
deficiency is afforded by fluorescent microscopy. Several articles by
Popper will be found valuable. Popper demonstrated that the fluorescing
droplets contain vitamin A and studied their distribution among eells and
organs. The Kupffer cells of the liver contain vitamin A and the amount
is increased during febrile disease. Inflammatory lesions altered the dis-
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throughout the bowel as well as hemorrhages and duodenitis and colitis,
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of the forestomach of rats has been ebserved by various writers since first
described by Pappenheimer and Larimore.  They believed that ingested
hair had much to do with the development of the lesion.  More recently
Andervont has shown that strain dificrences arc important in the ctiology
of this lesion. The reports of Howes and Vivier and of Sharpless indicate
that the lesion is due primarily to a deficieney other than vitamin A.  Thus
Howes and Vivier demonstrated that yeast supplements were preventive
and Sharpless that a supplement of flavine, nicotinic acid, cystine and rice
polishing concentrate was likewise preventive.

One consequence of the study of gastric hyperkeratosis has been & num-
ber of experiments designed to determine whether this lesion plays a part
in the causation of gastric carcinoma. Positive results were claimed by
Tujimaki but others have failed to duplicate his results. A comprehensive
investigation has recently been described by Fridericia and associates from
Fibiger’s laboratory. Fridericia and his colleagues found papillomata more
common in deficient rats but were unable to produce carcinoma. Even
the papillomata appeared not wholly or directly due to vitamin A deficiency
sinee they occurred in some of the control animals. It may be that the
immediate mechanism in keratosis of the stomach is vitamin A deficiency,
that other factors induce a local deficiency effect such as we have discussed
elsewhere. The character of the lesions suggests this.

Pituitary lesions, mncluding an ncreased number of Alpha cells of the
anterior lobe, have frequently been noted in cattle. DMadsen describes
these lesions in some detail and illustrates the serous cysts which form
between the anterior and posterior lobes m young animals depleted of
vitamin A. Many became blind and papilledema was sometimes observed.
Madsen considers the lesions irreversible. Creech and Seibold reported
on spontaneous vitamin A deficiency n cattle and described serofibrinous
infiltrations of the subcutaneous tissue and muscles and mtimal thickening
of the peripheral blood vessels,

Vasualization of Vitaman A in Tassues

An extremely promising technique in studying the lesions eaused by
deficiency is afforded by fluorescent microscopy. Several articles by
Popper will be found valuable. Popper d rated that the fl ing
droplets contain vitamin A and studied therr distribution among cells and
organs. The Kupfler cells of the liver contain vitamin A and the amount
is increased during febrile disease. Inflammatory lesions altered the dis-
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tribution of the vitamin. In‘the hepatic epithelium the amount varied
but was reduced by exhausting disease, aciite hepatitis and cirrhosis,
Droplets are commen in the adrenal cortex, in the corpus luteum and the
Leydig cells of the testis. They appear in the kidney epithelium only in
association with nephritis (Plate V), ,

Goerner and Goerner have described instructive studies which also pene-
trate the cell in exploring the réle of vitamin A. They were able to show
that dibenzanthracene, a carcinogenic compound, caused decrease in the
amount of hepatic vitamin A. The vitamin A of the mitochondria of the
liver cells disappeared and Jarge amounts of vitamin A administered paren-
terally failed to replace this supply. Tumor cells likewise lack mitochon-
drial vitamin A. These studies have the further significsnce of exposing
a disturbance of vitamin A metabolism in individual cells rather than in
organs or the animal as a whole. It should be pointed out however that
the liver store of vitamin A is relatively independent of hepatic functi
‘Thus while many functions of the liver are affected by butter yelldw rats
receiving toxic amounts show no decrease in hepatic vitamin A (Clayton
and Baumann). -The same is true of individuals who have gastro-intestinal
cancers and whose liver function and plasma vitamin A concentration are

both sbnormal. In such individuals the lver storage of vitamin A is nat .

affected (see Vitamins and Neoplasia),
YHYPERVITAMINGSIS &

A variety of lesions have been produced in young rats by feedix}g very
large amounts of certain vitamin A concentrates. These are described as
constituting “hypervitaminosis A.” Among the lesions which have been
most frequently described are trophic changes in the skin, bones and bone
marrow. The skin lesions appear first, ‘The hair becomes coarse and dull
snd later, commencing at the nose and ear margins, falls out. Ring f:rusts
form on the tail. Thick secretion and inflammatory changes appear it t(};e
conjunctiva and rhinitis is often associated, The §keletal le§mns ug:lu e
atrophy of the Jong bones which become very thin and bnme.c 1;lmn-
taneous fractures are common. These lesions were first reported by Col ‘aéo
and his associates and have since been found by s number of other ml\;m i-
gators. Rather different lesions were described by Dr?galskx; nep }“:51‘5;
(which was the usual cause of déath) and toxic degeneration of the st:'im 2
muscles and of the testis. Drigalski also observed the nasal ‘gnh eye
lesions. General agreement exists of the effect on the blood._ typz:
chromic anemia occurs with signs suggesting retarded cx}{ihmcytxc ga u; -
tion and a granulocytopenia. In most of these cxpfznment's] a 3:2“3
preparation (“Vogan”) was used. The report of Chalier am:‘l “eu:x}:e s
that the French concentrate “Amunine” is capable of essentially the sal
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lets ont the edge of the Iver cells 1) Adrenal of normalrat - Vitanun A flyosescence
1samparted by fat droplets s the eprthelial cells of the fusacalar layer of the adrenal
cortex L Ovary of normal rat - The mtesstitial cell cords are nich 1 vitamm A
The corpora lutea show slight amounts 1 Intestine of rat after feeding of Irge
doses of vitannn A Vrtamau A fluorescence 1s imparted by the eprthehial cells and
the lamina propria of the Vbl and by the lymphatics (Courtess of Dr I Popper )
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{ficets and Vedder and Rosenberg verified Collazo’s observations by using
ewfich oil, 2 rich natural source of vitamin A,

These obeervations are important in showing that the toxic agent which
nost investigators have felt to boe something other than vitamin A, is a
ather common property of fish oil coneentrates.  The opinion that vitamin
A jteelf is responsible is based on two observations; the tovieity parallels
the vitamin A potency and the destruction of vitamin A by irradiation
Weo destroye the tosicity.  Vedder and Roscoherg, refute the fist claim.
by showing that different jewfish ofl preparations vary widely in toxie
offcet and that this is not related to the vitamin A potency.  They believed
to have demonstrated that motecular distillation eliminated the tonic sub-
stance or rubstances. Vitamin D and more strikingly 5 mgs. ascorbic
acid effectively counterncted the harmful effects of jewfish oil.

Collazo’s results are confirmed by Wolbach and Bessey who describe
the skin lesions s similar to those seen in pyridoxine deficiency. The
changes in the skeleton include drastic decalcifieation of the long bones and
vertebral column, and increased numbers of ostdoclasts. In the carly
stages osteoblastic and fusiform cells in the periosteum were found in
increased numbers as well as small subperiosteal hemorrhages and accel-
erated cartilage growth at sites of endochondral bone formation. While
the osteoblasts were numecrous, osteoid tissue was deficient. No lesions
were found in the teeth or internal organs but only a preliminary announce-
ment has been made of the results of the investigation.

Cornil, Chevallier and Paillas found focal liver néerosis, enlargement of
the islands of Langerhans, congestion and pigmentation of the spleen,
desquamating keratosis of the skin and hyperactive spermatogenesis in
guinea pigs given excessive amounts of vitamin A, Light, Ascher and Frey
find hypoprothrombinemia, controllable by vitamin I, an effect of vitamin
A overdosage (Science, 100: 225, 1944).

Thyroid Gland and Vitamin A

An association between the thyroid gland and vitamin A was suggested
by early experimenters. Rabinowitch reported that the action of iodine
in hyperthyroidism could be increased by adding a small amount of vita-
min A. Fraser and Cameron confirmed this the same year, Extensive
studies were reported the following year by Abelin who supplied various
confirmatory evidence such as the increased vitamin requirement in animals
given thyrovin. Later Wendt declared these two agents are antagonistic
and reported that hyperthyroidism could be suecessfully treated by cod
liver oil alone. Cases of exophthalmic goitre were shown to have abnor-
mally small amounts of vitamin in their blood plasma and these returned
to normal after thyroidectomy. Wendt’s handling of these cases included
the use of 50,000 to §0,000 units of vitamin A t.i.d. and blood determina-
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tions to insure a high level (5 to 10 Lovibond blue units per 10 ml‘.‘blood).
Schulze and Hundhausen added experimental studies which confirmed the
general belief that thyroxin increased the vitamin A requirements,
There are some reasons to believe that the formation of vitamin A is
dependent on thyroid function. Thus removal of the thyroid gland of
goats causes the milk to become pigmented (carotene),
We have noted metaplastic changes in the thyroid glands of deficient
rats.

MORBID EFFECTS IN MAN ¢ .

" The histological changes which follow deprivation of vitamin A in

humans are indistinguishable from those experimentally produced in other

« mammals, However, species differences modify the Iocation of the lesions,

and the precise sequence in which they appear in man has not been estab-

Jlished because the descriptions have so far been altogsther too sketchy and
*“few in mumber. Possibly differences exist in this fespect.

Including the ease reported by Leber in 1883, thirty post mortem exami-”
nations have been recorded as well a3 various isolated lesions. In all but
four of the autopsied cases, the subjects were infants, Following Leber's
report came that of Wilson and Dubois in which & well advanced stage of
deficiency must have existed sinee widespread lesions were found. In
addition to the keratomalacia, which had been repeatedly described, typical
epithelial lesions were found in the bronchi, panereatic ducts, uterus,
trachen, and submaxillary glands. The bronehial lesions had tesulted in
numerous bronchiectatic cavities and the pancreatic lesions in retention
cysts.

yThe third recorded case was similar, and was reported by Thatcher and
Sure. The patient was a breast fed infant {also true of one ease studied
by Sweet and K’ang). : N
Subsequently, two series of cases have been published. Blackfan and
Wolbach described the results of eleven post mortem examinations, includ-
ing seven cases in which the diagnosis had not been made before death,
but was established only when epithelial metaplasin was dem'onsﬁmted
histologically. Particular significance should be attached to this feature
of their experience since it seems to promise that the{ dmgnosxs has f{e-
quently been overlooked, and that morbid effects of vitamin A poor diet
are not uncommon in this country. The second series of cases bas !{cen
described by Sweet and X’ang from Chinese subjeets. In these the diag-
nosis had regularly been made before death from the presence of ocular
Josions. One case had recovered from the effects of the deficiency before

death from other canse, and another case was questionably one of deﬁcienc'y
since diphtheritic conjunctivitis was also present and masked the eye s

changes and no epithelial lesions were found at the autopsy. In six of
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—including the treated one—no metaplastic changes were found
scarch scems to have been thorough,
o5 of victims of vitamin A deficieney are usually wasted. Abun-
‘ores are rarcly ascocinted with the disorder (Blackfan and
Retarded growth is very common, and atrophy of the lym-
te and degenerative lesions of the skeletal muscles are found.
ronsist of swelling, loss of striation, and complete degeneration,
salcifieation.
o effect of lack of this particular food factor probably expresses
lespread changes in the body, the specific lesions are found in
njunctival membranes, the epithelium lining various organs and
he skin and its appendages.,

Ocular Lesions in Man

ar lesions commence as small, dry, round or triangular patches
thi—Bitdt’s spots. They are formed of cornified epithelium
. bacteria, very commonly ¢. zerosis. Cornification of the
romptly followed by changes in the middle layers in” which the
e swollen and poorly stained and later vascularized. Infection,
1 and corneal destruction may then occur, sometimes extremely

hanges oceur in the conjunctival epithelium. The appearance
| cells is probably preceded by the involution of the mucus
cments. The conjunctival lesions are usually associated with
and hyperemia,

and prominent expression of the deficiency in the eyes, at least
:a peculiar pigmentation which Pillat has studied in great detail,
us modern techniques for the d tration of precursors of
The pigment is preponderantly of epithelial origin and probably
m the protoplasm of the corneal epithelium. It is o defensive
the damage done by light to cells damaged by vitamin A defi-
llat has repeatedly emphasized the general pigmentation in his
‘his does not seem to have occurred except in China. He con-
kin pigmentation analogous to the corneal pigmentation though
glands may contribute. In a number of his cases, the patients
zases of Addison’s disease. The pigment is melanin,

Skin Lesions in Man

lesions of animals have already been described,  In man, dry-
ess, furunculosis, scalp abscesses and bleaching or loss of hair,
ssent.  The hair is also very dry. The follicular lesions, which
elpful in establishing a diagnosis, vary in size to a maximum
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diameter of 5 mm. They are hard, deeply pigmented and surrounded by
a zone of pigmentation.

The center of the lesion, the papule,isa scaly, pointed plug of keratinized
epithelium which can be expressed leaving a huge crater. VWhile come-
dones are common on the face and are distributed like those in acene, the'
keratinized lesions do not occur on the face, and the two are never sssoci-
ated, though both respond promptly to trestment with vitamin A. This
suggests a lesser functional disturbance of the sebaceous glands of the face,
and a more advanced otganic lesion in the glands elsewhere.

Histological examination shows hyperplasia and hyperkeratinization of
the related epithelium of the hair follicles with metaplastic changes of the
sweat ducts and degencration of the glands—accounting for the, dryness
of the skin. Oceasionally the base of the hair follicle becomes eystic from
retained epithclium and separates from the remainder of the shaft.

Internal Organs

The most frequently affected internal argans are the trachea and bronchi
and the pelvis of the kidney, Iu 8weet and K’ang’s records, the trachea
was found to have areas of metaplasie in six instances, the bronchi twice,
end the pelvis four times. Other organs occasionally affected were:
esophagus, three times; larynx, twice, and the uterns, tongue, pancreas snd
prostate, once each. Blackfan and Wolbach found metaplastic changes
in alf their cases.

In one child the nsres and accessory sinuses were affected. This was
the only case in which these tissues were examined,

The histological structure of the lesions described by all observers of
the disease in man are identical with those it experimental enimals. There
is na need, therefore, to recapitulate the description.

Hemosiderosis of the liver and spleen are commonly associated with
vitamin A deficiency. Sweet and K’ang found these changes in 50 per cent
of their cases. Blackfan and Wolbach also mention atrophy of the bone
MAITOW.

No satisfactory explanation of the diarrhoes, which commonly occurs
with xerophthalmis, bas been given, Cramer describes profound atr ophy
of intestinal villi in experizental animals, but Sweet and K'ang found no -
analogous lesions in the human gastro-intestinal tract i

Pneumonis has always been a common associate of vitamin A dcﬁcxenffy-
Of the seven cases in which Blackfan and Wolbach were able to recognize
vitamin A deficiency only after autopsy, five had died of broncb?}mex?
monia. Lobular preumonia was present in cight of Sweet and Kang’s

cases, and three more had pulmonary tuberculosis.




Prate VII Vitanun A deficieney 1o man
The tip of the folliele 18 hy perplastic
cystic

A heratotie plug 1in a hair follicle
Frequently the tip of such follicles becomes
Tig 2 A well developed heratosts of the shin in a Clunese subjeet probably
duc to deficieney of vitunun A The photographisof theelbon  (Bath photographs
from the collection of Prof ¢ N Frazier, Peiping Umon Medical College.)
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The relationship between cstrogen and vitamin 4 seems more ¢comp!
, However we have found that if sufficient vitamin A be fed in conjunct
with large doses of estrogen metaplasia does not ocour, that the vitan
appears capable of preventing what is otherwise a very uniform, prom
and extreme lesion. Sherwood, Depp, Birge and Dotson report that la
amounts of carotene and vitamin A prevent the “normal” comification
the uterus during estrus. , They ascribed this to interference with 1
normal estrual cycle, to inhibition of the ovarian changes of estrus. 7
evidence for this intqrprctation is very inconclusive. It therefore sec
that in’the ease of uterine metaplasia, induced by estrogenic hormo:
s in trachea lesions incited by irritation, vitamin A plays the det
mining rile. ) ) .

Is the stage of conifieation in the normal uterus and the metaplasia
estrogen overdosage to be considered a vitamin A deficlency lesion? If
it is purely a local one for the other epithelial surfaces are not affecte
This conception, of a local deficiency, has been independently suggest
by Choun.

Choun reported 5 cases of giant-cell pneumonia in infants, This is
rare disease which occurs in children between the ages of 6 months ax
2years, Clinically it resembles other forms of pneumonia but histological
the lesions are guite peculiar, consisting of giant cells in the alveoli ar
thickened, hyalinized alveolar walls to which the giant cells are connecte
These Choun interpreted as metaplastic alveolar epithelium. Seifried
experience, to which reference has been made affords substantial eviden
that giant cell formation may occur in the respiratory tract in associatio
with vitamin A deficiency. In every case Choun was able to demonstral
metaplastic and hyperplastic changes in the bronchiolar epithelium as wel
Choun suggested that the inflammation might serve to produce “a loct
deficit in the vitamin,” . .

It is true that in Blackfan and Wolbach’s 13 cases of A deficienty ¥
infants 7 were believed to have had an adequate diet and in 5 of tt§w
the suggestion was made that they might be due to a disturbed metabolise
from chronic generalized infecti Such a han cqu}d ope rate
through hepatic damage or other effects, to induce o systemic deﬁcxenc}"‘
But giant cell formation did not occur in any of these 13 eases. C}w!;ﬂt E
suggestion is an interesting one but the facts are still much too incompiets

o justify any conclusions. ) X

’ ;‘ks im?’ as 3e’s;tmgenic hormone is concerned there is other ev,d.cnce tha
it is closely related. Zuckerman and Parkes prm_iuced metaplastic changt;’es
in the prostatic utricle of monkeys by estrogenic substance a"‘id i;e'c;n {
Silberberg and Silberberg report that guinea pigs giver large ‘:1 Y fl’j;
of estrogens develop skeletal lesions. The eartilage changes are desen
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Prate IX Effect of vitamin A on metaplasia induced by theehn  Photograph
of the endometnium of a rat treated with theehn and mamtaned on a vitamun A
deficrent diet  Fourteen davs betore the ammnal was saenficed 1t was given large
doses of cod hiver o The dilated gland has exfoliated heratimzed epithelial cells.
The basa) layer of eprthibium 1s estremely hyperplastie  This 1s the tymeal ap.
pearance of repair an vitumin A deficieney metaplasia and oecurred despite the
continucd adonmstravion of theehn (From MeCullough and Dalidorf, Arch Path,
24 48R0, 1037 )
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as “premature aging,” the prowing end of the bone is replaced by 2 bony
plate.  These changes, as far as can be judged from the illustrations and
drscription, are very much Jike those of vitamin A deficiency.  No mention
was made of the condition of the epithelial tissues or the dict used.

TIIE DIAGNOQSIS AND TRUATMENT OF AVITAMINOSIS A

The large outbreaks of avitaminosis A have been associated with extreme
privation, as among the poor of Ching, with wars and somectimes with
epecial circttmetances such as existed in Denmark during the First World
War when the price of butter and milk roce to such outlandish levels due
to the insistent demand by Germany for butter fats that the Danes stopped
vsing milk produets.

Age Group Reactions

The disease occurs in all age groups and has been seen in the new born
as well as in percons of advanced age. The majority of cases occur in
infants, however,  The procise period of infaney varies with the dietary
habite of the people.  In the Dameh epidemic the infants were bottle fed
on skim milk nnd the average age was loss than in the Japanese cases in
shich the deficient diet was given after weaning. Among the 203 cases
reported By Sweet nnd K'nng a second peak of incidence ocours in early
adult Wfe. This is nseribed to the mmpoverished diet prevalent among
soldiers and apprentices in Chima.  Cases secondary to gastro-intestinal or
biliary Jesions may, of course, occur at any age although the requirements
of infancy are apt to be more imperative and relatively greater.

The epidetnics of vitamin A deficiency in Europe during the World War
oceurred mainly in the winter months, Birch-Hirschfcld’s cases appearing
between November and February The peak incidence in China occurs
during the same season although a smaller rise was found in summer which
was attnbuted to dysentery and consequent depletion, .

Judged by the information we now have the epidemics of vitamin A
deficiency have been predominantly marked by eye or skin lesions In
some instanees the separation has been so sharp that one might doubt
whether the two are related.  Yet m many instances this has been only
& matter of emplasis and in ecrtain cases both manifestations hm'.e been
Pbresent,  Most of Frazier and Hu’s patients who had keratomalacia alse
bad ekin lesions although the reverse was not true. Of Locwenthal’s 81
sass of deficiency 74 had dermatosis, 45 had xcrophthﬂl_miﬂ. nm.l 71
heme““opiﬂ. A review of many reports indicates that there is a consider-
able degree of correlation between age and the predominant lesion. Eye
lesions have been more common in children and severe lesions leading to
orneal ulceration in children under 5 years of age.
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The medical history usually reveals diets which have been extremely
poor, or completely lacking, in animal fats and green vegetables, either of
the patient or, if a breast fed infant, of the mother,

The incubation period is variable, depending 'on the degree of deficiency
and the previous intake of the vitamin, It also vares with the age of the
patient. Forest and Wolff estimated the depletion period in very young
infants as three to four months, while twice as long a period has occurred
in children more than twelve months old, .

Infant cases are usually stunted, with a dry seurfy skin less sensitive
than normal, sometimes with loss of hair and frequently with skin infec-
tions. Diarrhoes is common and many cases have come under observation
because of complications, usually bronchopneumonia. In Ceylon, the
affiliction is called “mandama’ and the four characteristics are said to be
xeropbthalmia, stunted growth, diarrhoea, and a tond-ike skin which
Nicholls calls phrynoderma, .

Bloch said it was rare for a child to appear well and develop xeroph-
thalmia though occasionally an infectious disease seemed to precipitate it.
The children were first indolent and then irritable. Anemia and latent or
manifest edema are common. ’

Night-blindness and Xerophthalmi .

The first definite symptom is night blindness—hemeralopia. This is
seldom recognized in very young children and it sometimes develops so
idiously that it is gnized lnte in aduits, Patients complain that
they are unable to get about in darkened, but familiar surroun.dings. }n.a
recently recorded case, the patient had complained to the civil authorities
that the street lights were defective. Jxposure to strong light aggravates
the defectiveness of vision in poor light, and vision is better in the morning
than in the evening because of exposure to light duting the day. R
An extensive study of mild cases of hemeralopia has recently been made
by Fransden and is of interest because of his annl'ysis of t.he symptoms
present in such eases. Common complaints were dlfficulty in sesving and
reading at night unless the fight was brilliant, dtmcu.lg o{ lett‘ers.on the
page, poor vision exaggerated by weak light, photophobis, glittering images,
and dancing specks—muscae volantes.~ Less frequent symptoms were
altered sensitivity—paraesthesias—, muscular twitchings of ﬁ‘\e Eye'hds and
extremities, nervousness, dryness of skin anq mouth, pelvic 1‘)n1ns,'and
decresed sweating. We may assume from this, that some of his patients
had other symptoms of A deficiency than the h lopia alone. .
The signs of the disense in the eyes are a patchy flryness anq th?t s
spots. These Iatter resemble dried foam, are gray or llght yellow 1;1 f{o (:;,
impervious to tears, and look as though they might easily be brushed off.

i

- f
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Loss of luster and wrinkling of the conjunctiva follow. Conjunctivitis apd
photophobia are often associated with the carly lesions, and in some cases
mask the more important changes. A light brown pigmentation through-
out the conjunctiva is also characteristic as is reduced sensitivity of the
conjunctiva and cornea, which may persist for months after all other signs
have disappeared.  Usually both eyes are involved and at about the same
time. In older children & viscid, stringy conjunctival secretion is present
and the hids are stuck together, When this is cleancd away the comea
may still be clear but photophobia and blepharospasm are complained of.
As the dicease advances the Bit6t’s plaques appear and may cause adhe-
sions between lid and eyeball (Yudkin). One or more small ulcers may
occut on thie cornea and these progress to perforation. However, older
children ususlly have only a xerosis conjunctivac. Hypopyon is charac-
teristic of the discase in infants at which time of life the lesions develop
rapidly.

Thesz manifestations are all dependent on the fundamental alteration
in the surface cells which precedes the macroscopic changes. The Bitét’s
spots are arcas of thickened epithelium; the conjunctivitis is dependent
upon degeneration of the mucus secreting cells, the roughening of its surface
which harbors bacteria, and probably impaired tear glands and ducts which
reduce the cleansing action of tears.

If the condition is allowed to progress the cornea becomes gray and
opaque and softens, These lesions may be solitary, but in other cases
many small foci liquefy sumultaneously. An effusion of pus—hypopyoen,
prolapse of the 1ris, and even general inflammation of the eyeball—panoph-
thalmitis~—are late effects.

The progress of the eye lesions is less rapid in adults in conformity with
the essential differences in other aspects of the disease in the young and
in the full grown. Blindness is a common result of vitamin A deficiency
and, particularly in the young, treatment must be begun early in the dis-
ease before corneal opacity occurs.

Skin Lesions

Current interest in the skin manifestations of vitamin A deficiency may
be credited to the investigations of Nicholls in India, Loewenthal in Africa
and Frazier in China. Nicholls and Frazier both deduced that the derma-
tosis was a very early sign of deficiency, an observation in good accord with
later evidence. Nicholls found advanced cases without evidence of ocular
disease and Frazier and Hu reported cases in which the skin lesion was seen
to precede eye signs by several weeks, The most complete deseription has
been supplied by Frazier and Hu,

The earliest change is an abnormal dryness of the skin due to sup

pression
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of tbevs“’éjat glands.  This is followed by keratosis which is most éxtensive
in the hair foll_icl_es which become filled with dry, hard, pointed papular
masses of keratinized epithelium and may be very imitable. These lesions

- are commonest on the antero-lateral aspects of the thighs, the postero-
lateral aspects of the forearm and gradually extend to the extensor surfaces
of the shouldery, the lower abdomen and sometimes to the chest, back and
buttocks. The papular masses are of a dark, dirty color and are frequently
surrounded by a zone of greyish pigmentation, The skin between js dry
and roughened. Various observers have remarked that the condition can
be mare easily recognized by palpation than by inspection. The scaliness
gives a whitish coloration to the skin of negroes who have said they “ash”
(Lehman and Rapaport),

Frazier and Hu found age to be a determining factor in the appearance
of these skin lesions, Of the cases of vitamin A deficiency observed in the
Peiping Union Medical College only 2 per cent of the cases of keratomalacia
under 15 years of age had dermatosis while 30 per cent of the adult cases
had characteristic lesions. They felt that before puberty vitamin A defi-
ciency results in & condition of simple xerosis, after puberty in xerosis and
spinous follicular lesions. This would explain the absence of similar lesions
in the Danish epidemic which was limited to infants. However Aykroyd
and Rajagopal found 129 typical cases among Indian children of school age
and one fourth of the 4,380-children examined by Nicholls had similar
lesions. Xerosis is more common but follicular lesions also occur in chil-
dren. It seems reasonable, although by no means certain that those
instances of keratomalaeia without follicular lesions represent 2 more severe
and acute deficiency, exaggerated by the more insistent demands of rapidly
growing infants and that the follicular lesions require a considerable time
to evolve just as they are very slow to heal.

In cortain cases lesions have also been geen on the face. These sr:vper-
ficially resemble acne. Youmans and Corlette, in describing 6 patients
they observed in Nashville, remark that in addition the’f found other
patients with lesions having the same distribution and essentially the same
microscopic structure but associated with an inflammatory reaction.
Many of the individual lesions looked pustular or acneivcrm sithough no
frank cxudate could be expressed from them. The lesions were nob as
elevated as the spinous ones described by Frazier and Hu and the skin was
not dry. Nevertheless these atypreal lesions responded to ’treatn?ent x.vxth
vitamin A, ‘The evidence of night blindness and of. xerosis conjunctivae
was indefinite in Youman and Corlette’s cases. This was {nterpre,ted to
snean that the skin lesions preceded the eye signs. The significance of the
acneform lesions is still uncestain. They were not uncommon in _Loewcn-
thal’s cases for he wrote that the skin “presented the clinical picture of
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acne vulgaris combined with & dermatosis which none of the medical officers
present could define.” Loewenthal’s solution of this problem is all the
more ereditable beeause his cases were complieated by other deficiencies.
Neuritis, itchy scrotum, mouth lesions, diarrhea, genceral infections, cuta-
neous sepsis and changes in the hair. These he distinguished from the

. eardinal signs of vitamin A deficiency, xerophthalmia, keratomalaeia and
night blindness, “At subcequent monthly inspections of prisons, all new
eases of this dermatosis were recorded, and it was found that the majority
of these men suffered from night blindness and xerophthalmia, while almost
every sufferer from xerophthalmia and night blindness showed these cuta-
neous changes,”

Thus evidence concerning the striking character of the skin changes
associated or not associnted with xerophthalmia was accumulating and
older reports took on fresh meaning  Nicolaw’s report of keratotic lesions
with associated acneform ones having the distribution and minute structure
of Frazier and Hu's, Loewenthal’s and others cases may now be interpreted
as due to vitamin A deficiency. Nicolau asenibed these eases to scurvy,
they occurred in Roumania during a scurvy epidemic (1918) and were
sometimes associated with petechiae. Aschoff and Koch, in their classic
study of the same epidemic, dismissed the idea that they were scorbutic
lesions. “These clevations have nothing to do with scurvy.” The lesions
were well known, according to Aschoff and Koch, to the Turks who called
them “keratosis pilarns” and who reported that they were very common in
Turkey. Aschoff and Koch designated these lesions as keratosis supra-
follicularis and described them in sufficient detail to establish their identity
with those of Frazier and Hu. They were frequently seen in patients
without a single sign of scurvy. In this regard it is interesting to note,
nevertheless, that accordmng to carlier wrniters quoted by Aschoff and Xoch,
the lesions had long been considered an early manifestation of scurvy,

Keil has recently reported 2 eases of dermatosis associated with scurvy.,
One patient had uleerative colitss, positive capillary fragility test and re-
sponded clinically to vitamin C. Her skin was generally very dry and
hyperkeratotic areas occurred on the arms, thighs and abdomen. The
hairs in the diseased follicles were fine, deformed and curly. Each lesion
was surrounded by an area of hyperemia or of hemorrhage. The second
patient had been on a grossly deficient diet. The lesions were identical,
Keil refers to the older references to “lichen scorbuticus” or “scorbutic
goose-flesh”” and suggests 1t is a genuine manifestation of scurvy, It is
not as marked as the keratotic dermatosis of vitamin A deficiency, Neither
patient gave symptoms of night blindness.

More pertinent are the instances of typical dermatosis reported from our
own country. Jeghers described lesions of the same type although of less
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acne vulgaris combined with a dermatosis which none of the medical officers
present could define.” Loewenthal’s solution of this problem is all the
more creditable because his eases were complicated by other deficienci
Neuritis, itchy serotum, mouth lesions, diarrhea, general infections, cuta~
neous sepsis and changes in the hair, These he distinguished from the

, cardinal signs of vitamin A deficiency, xerophthalmia, keratomalacia and
night blindness.  “At subsequent monthly inspections of prisons, all new
cases of this dermatosis were recorded, and it was found that the majority
of these men suffered from night blindness and xerophthalmia, while almost
every sufferer from xerophthalmia and night blindness showed these cuta-
neous changes.”

Thus evidence concerning the striking character of the skin changes
associated or not associated with xerophthalmia was accumulating and
older reports took on fresh meaning.  Nicolau’s report of keratotic lesions
with associated acncform ones having the distribution and minute structure
of Frazier and Hu’s, Locwenthal’s and others cases may now be interpreted
as due to vitamin A deficiency. Nieolau ascribed these cases to scurvy,
they occurred in Roumania during a scurvy epidemic (1918) and were
sometimes associated with petechise. Aschoff and Koch, in their classic
study of the same epidemic, dismissed the idea that they were scorbutic
lestons. “These elevations have nothing to do with scurvy.” The lesions
were well known, according to Aschoff and Koch, to the Turks who called
them “‘keratosis pilaris” and who reported that they were very common in
Turkey. Aschoff and Koch designated these lesions as keratosis supra-
follicularis and described them in sufficient detail to establish their identity
with those of Frazier and Hu. They were frequently seen in patients
without a single sign of seurvy. In tlus regard 1t is interesting to note,
nevertheless, that according to carlier writers quoted by Aschoff and Koch,
the lesions had long been dered an early ifestation of scurvy.

Keil has recently reported 2 cases of dermatosis associated with scurvy.
One patient had ulcerative colitis, positive capillary fragility test and re-
sponded clinieally to vitamin C  Her skin was generally very dry and
hyperkerntotic areas occurred on the arms, thighs and abdomen. The
hairs in the diseased follicles were fine, deformed and curly. Each lesion
was surrounded by an area of hyperemin or of hemorrhage. The second
patient had been on a grossly deficient diet. The lesions were identical.
Keil refers to the older references to “lichen scorbuticus” or “seorbutic
goose-flesh” and suggests 1t is a genuine manifestation of scurvy, It is
not as marked as the keratotic dermatosis of vitamin A deficiency. Neither
patient gave symptoms of mght blindness,

More pertinent are the instanees of typical dermatosis reported from our
own country. Jeghers described lesions of the same type although of less
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of the sweat glands, This is followed by keratosis which is most éxtensive
in the hair follicles which become filled with dry, hard, pointed papular
masses of keratinized epithelium and may be very irritable. These lesions
* are commonest on the antero-lateral aspects of the thighs, the postero-
lateral aspects of the forearm and gradually extend to the extensor surfaces
of the shoulders, the lower abdomen and sometimes to the chest, back and
buttocks. The papular masses are of \a dark, dirty color and are frequently
surrounded by a zone of greyish pigmentation. The skin between js dry
and roughened. Various observers have remarked that the condition can
- be more easily recognized by palpation than by inspection. The scaliness
gives a whitish coloration to the skin of negroes who have said they “ash”
{Lehman and Rapaport).

Frazier and Hu found age to be a determining factor in the appearance
of these skin lesions. Of the cases of vitamin A deficiency observed in the
Peiping Union Medical College only 2 per cent of the cases of keratomalacia
under 15 years of age had dermatosis while 30 per cent of the adult cases
had characteristic lesions. They felt that before puberty vitamin A defi-
cency results in a condition of simple xerosis, after puberty in xerosis and
spinous follicular lesions. This would explain the absence of similar lesions
in the Danish epidemic which was limited to infants, However Aykroyd
and Rajagopal found 129 typical cases among Indian children of school age
and one fourth of the 4,380-children examined by Nicholls had .simxl.ar
lesions. Xerosis is more common but follicular lesions also oceur in chil-
dren. Tt seems reasonable, although by no means certain that those
instances of keratomalacia without follicular lesions represent 2 more severe
and acute deficiency, exaggerated by the more jnsistent demands of rapidly

. growing infants and that the follicular lesions require a considerable time
to evolve just as they are very slow to heal.

In certain cases lesions have also been seen on the face.' These super-
ficially resemble acne. Youmans and Corlette, in describing G p““’gts
they observed in Nashville, remark that in addition they: founltli ot 9;
patients with lesions having the same distribution and essentially the S;fm
microscopic structure but associated with an inflamatory hreac hw:(:
Many of the individual lesions looked pustular or acnef.orm althoug! .
frank exudate could be expressed from them. The lesions Wcrek{lo as
elevated as the spinous ones described by Frazier and Hu and thes lzn WZE:
not dry. Neverthcless these atypical lesions responded to ?‘e“t“,‘eﬁ t‘i“ o
vitamin A. The evidence of night blindness and oz'. xerosis coujut fdv‘:a
was indefinite in Youman and Corlette’s cases. This was {nterprc efthc
rmean that the skin lesions preceded the eye signs. The S‘gmﬁ"’fmfo:wn_
acneform lesions is still uncertain. They were not ““comfn?nlm' ture of
thal’s cases for he wrote that the skin “presented the clinical pictu
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sponse to large doses of vitamin A (200,000 Int. Units given orally). In
2 5 marked improvement was detected within 2 hours.  The sccond note-
worthy feature of the cases of Lehman and Rapaport is that the distribu-
tion of the cases within the familics suggested a hereditary influence. In
one instance 2 sisters both had dermatosis while the parents and 3 other
siblings were apparently normal although the mother had suggestive evi-
denee of night blindness, In a sccond family the mother and 2 daughters
had had the skin Iesion for many years while the father had a normal skin
(Yig. 34).

Follicular keratotic lesions may be classified histologically in several

varicties. Kyrle, for example, separates ichthyosis follicularis from kera-
“tosis follicularis on the basis of hypertrophy of the stratum granulosum
throughout the follicle wall and the absence of sebaccous glands.  Broken
or lanugo hairs are not present.  Keratosis follicularis on the other hand
involves only the mouth of the follicle and this causes cystic dilatation of
the distal portion of the follicle. Hairs are commonly present. The granu-
Yosa layer is thinned from pressure. It is this lesion which is most elosely
reproduced by vitamin A deficiecney. Ichthyosis follicularis is a congenital
condition.

Darier’s discase, also called keratosis follicularis (or Psorospermosis
“olliculans), represents o more extreme degree of keratosis in which dys-
eratosis as well as hyperkeratosis is seen. The lesions can become very
large and are quite distinet from those of avitaminosis A although some
cases improve under vitamin A treatment. Carleton and Steven report
four cases among two families. One member of each family showed com-
plete resolution following therapy. Ten patients were studied by Peck,
Glick, Sobotka and Chargin. In eight the plasma vitamin A was low and
the five tested for dark adaptation showed abnormally slow regeneration.
Success followed treatment with 200,000 U.8.P.units. Remissions occurred
when treatment ceased.

Skeletal Lesions in Man

1t is surprising that so few applications of the known facts of vitamin A
deficieney have been made in orthopedia conditions. A successful excep-
tion appears to be Scheuermann’s disease or kyphosis dorsalis juvenilis,
Following Schneider’s suggestion that epiphyseal lesions are frequently
related to vitamin A deficiency Simon treated a number of cases of Scheuer-
mann’s disease with plaster-of-Paris corsets and 40,000 Int. Units of vita-
min A daily for three months. This regimen has also been used with
excellent results by Cornell

Scheuermann considered the primary disturbanee to be in the epiphysis
but Schmorl interpreted the lesion as prolapse of the nucleus pulposus into
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1t seems likely that eases may be found in which the conversion of caro-
tene into vitamin A is interfered with by liver discase, but use of carotene .
has been suceessful in most cases.  Such limitations will be few., Taulty
absorption of the vitamin and of its precursor, the factors making for
further inhibition or lack of utilization, need much further study.

Wald, Jeghers and Arminio, measuring the threshold of the completely
dark adapted eye, were able to correlate almost immediate response
(7 minutes) to vitamin A given parenterally.  Fisher reports a severe case
of night-blindness in o boy. A single dose of 36,000 Int, Units of vitamin
was given and the night-blindness responded within onc hour, The con-
junctival sacs became moist and distinetly improved within a week.
Treatment was supplemented with cod liver oil instilled into the conjune-
tivac. Similarly Aykroyd and Wright reported children with keratoma-
lacia showed arrest of the lesion in 1 week and definite improvement within
2 wecks. Vaillant and Gillis reported that a young girl almost completely
blind at night given 10,000 Int. Units daily improved in scveral weeks.

The skin lesions respond more slowly. Youmans and Corlette seldom
saw response within 1 month  Often 3 months was required. However
Frazier and Li, who treated a young male adult with 1 to 2 mgm. of caro-
tene daily {given intramuscularly) observed shrinkage in the papules within
1 week. By the 9th day many plugs were falling out of the gaping follicle
mouths and a corneal uleer began to heal. Three days later it was com-
pletely healed. The man’s skin was much smoother within the month
although a few lesions could still be found on discharge, 51 days after
treatment was commenced. Nicolau’s cases, treated by an adequate diet
alone recovered within 3 months although pigmented arcas remained.
This has been noted by subsequent authors. Lehman and Rapaport’s
patients showed a very prompt response to treatment, as measured by the
photometer test but required 2 months for resolution of the dermatosis.

Kirwan, Sen and Bose urge that vitamin A be given parenterally in
children less than five years old, Their experience in India indicated that
such treatment was justified by the danger of keratomalacia,

Specral Asds in the Dwagnosis of Vitamin A Deficiency

The special tests which have been suggested have been chemienl meas-
urements of the vitamin of the blood, methods of establishing the presence
of metaplasia and means of identifying and measuring night blindness.

Night Llindness can usually be determined from the patient’s history if
well developed. Simple procedures such as the use of a wateh dial with
Ium}nous numerals will frequently confirm the diagnosis. In addition
various special instruments have been designed and used for measuring the
degree of dys-adaptation. Most of these are expensive and their use re-
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the spongiosa. Roentgenographic examination shows ﬁatte;led discs,
wedge-shaped vertebral bodies, destruction of the.epiphyses and cartilagi.
nous nodules. The result is & rounded back, sometimes with mild scoliost
but without fixation. Most children with rounded backs are relieved by’
gymuastics but in Simon’s series 1 per cent became worse under such
handling and were treated by rest and vitamin 4, the rest being provided
by the plaster corset.

Other Sym}:lams

Hoarseness and a dry cough often occur and are probably due to reduc-
tion in the bronchial mucus secretion. Diarrhea is also common, Para-
esthesia and motor disturbances have been reported but are presumably
due to other causes. Of Pillat’s cases 40 per cent had gastric hypoacidity
and Pillat judged this was related to both the severity and the progress of
the deficiency.

The common complications are pneumonia, pyelitis and cystitis. Her-
bert found desquamated epithelial cells, and often pus cells as well, in the
urine of all of his cases. ,

Prognosis

Prognosis naturally varies with the severity and duration of the deﬁ_-
ciency, In infants the mortality rate has always been high during epi-
demics of xerophthalmia. During the Danish epidemic it was 21 per cent.
The incidence of blindness is, of course, much higher and stigmata of the
disease, which affect life expectancy, remain after recovery. In Blac:h's
patients, many of whom were kept in homes and institutions for bh.nd
children where their progress could be observed, it was found that one-third
died before their Sth year. The milder cases.without eye lesions recover
promptly under proper treatment.

TREATMENT

The treatment consists in giving vitamin A in adequate a‘mnun‘ts in tgm
diet and by use of concentrated preparations. Cod and halibut liver oils,
A concentrates and carotene, are all suitable. In cases whe;:e an obfstngt:-
tive jaundice co-exists, bile salts must be given with the vifamin for ita
ahsorption depends upon their presence. i

Singe humnﬁ cases have almost invariably developed after dl.ets e
in several factors, a well planned, complete dietary routine 1s .de§1;n t:
Vitamin A deficiency rarely occurs singly., Of the yecorded cases in bmtxmer:
the most common associated deficiency disense.hns _been nfkets, ue;; "
haps that is only because symptoms of other vitamin deficiency wer

recognized.

+
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more certain if certain special examinations are made.  According to Swect
and K’ang, the best procedure is to retract the eyelids for three to five
minutes, watching all the while for the appearance of dullness or haziness,
and then to wipe a spatula lightly across the conjunctiva and stain the
cclls secured.  Keratinized epithelium and ¢. acrosiz will be found early in
vitamin A deficiency. This method is particularly suitable for infants,
since it requires no cooperation from the patient.
Blackfan and Wolbach recommend the following criteria:

1. Aninquiry into the food habits of the patient, particularly the supply of
vitamin A ¢ ining foods, The tabulation of vitamin A potenrey of common foods
in the Appendix will be found helpful in estimating such dietary adequacy.

2, Examination for morbid processes which might interfere with the use of fats,
such as diseasc of the biliary system and pancreas, vomiting or diarthoea.

3 Lxamination of the eyes for xcrosis or night blindness.

4 Search for ke ized epithelial cellsin ings from cornen, nose and mouth,
the sceretions of the vagina or in the urine  They recommend staining by Gram’s
method with acid aleohol decolorization  Sweet and K'ang felt the distinction be-
tween the buceal epithelium in health and deficiency was difficult to determine in -
scrapings.

Youmans and Corlettc made and examined smears from the bulbar
conjunctiva of normal and poorly fed individuals in an effort to establish
criteria for the diagnosts of mild forms of deficiency. The cells were finally
classified as nucleated or non-nucleated and the results showed no signifi-
cant difference between the proportions of each type and the nutritional
status of the patients. In none of the cases studied were definite signs of
vitamin A deficiency present but several of the cases were helieved to
represent partial deficiencies. It seems apparent, therefore, that this eri-
terion of deficieney is inadequate in partial states of depletion as we have
been recently accustomed to think of them or will require an improved
technique. That it js satisfactory in the disgnosis of cases with signs of
the disease is well attested.

The biomieroscope has been extenswvely used, particularly by Kruse, in
the detection of conjunctival ¢l isable b; tion with
the unaided eye. There is no agreement that changes characteristic of
vitamin A deficiency can be identified in this way, although the skill and
experience of Kruse may explain the more definite results be secured. To
a pathologist it would secm much more reasonable to demonstrate early
thickening and keratinization by cytologic means. Kruse's reports should
be consulted as well as the results of Kodicek and Yudkin,

The determination of vitamin A concentration in the blood and urine
has been used clinically., In these tests the usual procedure has been to
usc the antimony trichloride method deseribed i the Appendix or & modi-
fication of it. The results naturally suffer from the well known weaknesses







Crarter XVII
THIAMINE DEFICIENCY

All of the fractions of the vitamin B complex are heat stabile exeept
niacin, thismine and biotin. Biotin deficiency has not been demonstrated
in man exeepting under highly unnatural conditions but thiamine deficiency
is very common. The most serious form is the highly characteristic and
thoroughly studied disease ealled beriberi which is most prevalent in the Far
East. Our own nutritional habits afford sufficient thinmine to prevent
beriberi but mild, atypical forms are very common and many nutritionists
believe that most of us do not consume sufficient thiamine for optimum
health.

Deficiency of thiamine in many mammals and birds results in disease
having all of the cardinal signs of human beriberi. The lesions are also
similar to those in man consisting of degenerative changes in the nerves
and enlargement of the heart. The pathological physiology of both spon-
taneous and experimental thiamine deficiency is more specific than the
lesions and of recent years more emphasis has been placed on the functional
than the anatomical of tk ine deficiency.

The amounts of thiamine required to prevent beriberi are well known.
They are, as in other vitamin deficiencies, much less than is necessary to
saturate the tissues. The considerable gap between these two values re-
mains an uncertain field of knowledge and the minimal requirement for
‘optimum health is not yet known. Dietary requirements are modified by
the protein and fat value of the diet and presumably by synthesis in the
intestinal tract.

Special chinical interest attaches to forms of thiamine deficiency due to
disease and the relationship between various peripheral neuropathies and
diet. In addition there are on but severe di , in addition to
beriberi, which respond well to thiamine administration.

BERIBERT

(barbiers, hinchazon, maladie des gambes, kakke, suba, loempoe, taou, maladie
des sucreries)

Beriberi is important for the harmful effect it exerts on the health of s
large part of the world. It is of particular historical mtercst bccause it “ns
o

#ha ahollnnmmn e Bial poneedndabn el

in our own country.
1m
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beriberi appeared in 1882 when Bilz and Scheube reported clinical-patho-
logical observations made in Tokyo and Kyoto. It is amusing tonote that
Bilz characterized beriberi ns endemic polyneuritis of the kind seen in
Europe in sporadic cases (Vedder). Since that time many competent
workers have studied all phascs of the disease. North American interest
was aroused when beriberi beeame o problem in the Philippines and R. R.
Williams, whose sustained efforts were eventually rewarded by the synthesis
of thiamine, became interested in the problem there.

1t was natural that the discase was first suspeeted to be an infection.
It appeared frequently in epidemic proportions and the infectious nature
of disease was new and promising  The absence of eases among Russian
soldiers during the Russo-Japancse War, when the Japanese suffered
greatly, and theimmunity of hospital attendants east doubt on an infectious
etiology and attention turned to the explanation that a toxin was respon-
sible. This opnion was shared by Eijkman, who first produced the ex-
perimental discase, and who believed that rice polishing was therapeutically
active because it contained an antidote. :

Rice had been implicated from the beginning and Takaki, faced with the
problem of epidemic beriberi in the Japanesc Navy, ordered the ration
changed replacing much of the rice with other foads. This program re-
duced the incidence of beriber: from more than 23 per cent to less than 0.5
per cent. It is interesting to note that the measures Tokaki took not only
increased the thiamime content of the diet but, by providing more protein
and fat, exerted a sparing effect on the thiamine,

The chain of events which led to the discovery of vitamin B; began when
the Dutch Government sent a commission to the East Indies to investigate
beriberi. The commission was in charge of Professors Pekelharing and
Winkler who were assisted by Chnistaan Eijkman, a young army doctor.
The commission was prepared to find beriberi an infectious disease (Pas-
teur’s great discoveries were uppermost in mind) and did so.  They isolated
a micrococeus which they suspected to be the eause of the disease. When
they returned to Holland Eijkman remained and spent the nest two years
attempting to prove the infectious nature of beriberi and the significance
of the bacteriologic findings. Eijkman was working under stringent
financial restrictions and the hospital where he had established his labora-

tory did not provide funds for the feeding of his animals. They were there-
fore fed on the kitchen seraps and to Eijkman’s surprice many of his chick-
ens developed paralysis and other symptoms suggestive of beriberi, The
suggestion that the birds had been infeeted was dispelled by the observa-
lion_(lmt when their diets were altered they promptly recovered. Eijkman
ascribed the recovery to an antidote in rice polishings, inferring that “poly-
nguritis gallinarum” or avian beriberi was caused by a toin in polisked rice.
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Incidence

The incidence of beriberi is largely o matter of speculation, but is doubt.
lesa very great. Comprehensive heslth records are not available for those
countries in which it is most common, It is endemic in China, India and
Burma. In Hong Kong there formerly were 10,000 cases annually among a
population of 350,000 persens. Fehily gave the ingidence among children
attending a welfare station (I1941) as 18 per cent, and as recently as 1938
1,661 deaths in Hong Kong were ascribed to beriberi. Aykroyd and Krish
man estimated that there were 40,000 cases each year in Madras.

A good deal more is known of the frequency of the disease in the Philip-
pines and Japan.  Ii the former country 18,000 deaths were due to beribert
in 1935. The official Japanese report in 1934 listed 11,841 deaths and
Yanagi found 14.2 per cent of 888 clinic patients afflicted, approximately
the same rate that had existed for ten years. One out of every ten hospital
admissions was a case of beriberi, .

Many of the deaths occur in infants. In the Philippines, where the
infantile form is known as “tacu” or “Subs” disease, it was for long the
third most ecommon cause of death in infancy. In Japan it is the eleventh
commonest cause, These figures reflect both the incidence and malignancy
of beriberi in infancy.

Fewer cases occur in Africa and South and Central America. In mo§t
of these aress it is sporadic, although it is said to be endemic in' Brazil,
Sporadic eases oceur in Burope and isolated eases in the United States w_her.e
49 deaths were reported in 1941,  All of these records tell little of the inci-
dence of less severe thiamine deficlency. .

The war has doubtless intensified the severity and increased the fre-
quency of beriberi for millions of people. Reports are already reachingus of
the prevalence of deficiency disense in roncentration camps fn'xd famine
areas and a concerted effort is under way to control these conditions when..
hostilities cease.

Etiology .

The earliest records of beriberi aceur in Chinese m'-itings which md‘:ie;z
clear description written in the 7th century. The disease ﬁuset;l m:cur;t o
Japan a thousand years later when polished rice was introduc ps ‘l‘:; (chin
among the urban population. The first cases oconrred in 1o Vo et
Yedo) and were “Yedo-Wazurai.” Osaks and Kyoto had c}mhc&:iit t thot
{ater and it i3 said that patients were successfully treated with diet a
mx}l;ontius describied the disease in Batavia in 1627 and ﬁm_“s‘;)d :h‘;tg:;
beriberi, ‘The first deseription in the western hemisphere i thastud e
who observed cases in Brazil (1636-1642). The Brst thoroug] d
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are said to be normal.  There is no tendency to bleed, no skeletal lesions.
The failure of recent human experiments to clicit edema and cardiac dilata-
tion may have been due to the brevity of the experiments.  Exeepting these
a diet complete, by modern standards exeept for thiamine, induces symp-
toms identical with thiose of oriental beriberi as is shown in Table XXIX,
In both thinmine promptly cures. In both the nervous symptoms are
slow to respond to treatment and in both other dictary supplements do but

TADLE XXIX

Occurrence of Cerlain Symptoms in Ezperimental Thiamine Deficiency and in Spon-
taneous Beribery

SYRPTOM EXPERMIENTAL DISEASE BERIBERT (ORIENTAL)

Fatigue ... first symptom present

Anorexia. . early present during prodrome in
50 per cent

Constipation present. present

Blood pressure . ! d it ! 1

Tender calves present present

Bradycardia present characteristic of prison beri-
bery

Weakness of legs present present

Altered reflexes present present

Enlarged heart not present common

Edema not present common

Plasma protein normal normal

Serum ealejum normal normal

Anemia none none

Tongue normal normal

EKG altered similarly altered

Sugar tolerance decreased decreased

Gastric acidity . decreased decreased or increased

Gastro-intestinal motility altered altered

Effect of treatment prompt prompt

Adrenalin test not done positive

Work capacity decreased not tested

Blood lactic acid increased not tested

(Largely based on Williams, Wilder, Mason and Smith and Shimazono.)

little to hasten their resolution. It would seem that the slow response of the
nerves is a characteristic of the lesion and does not have etiologic signifi-
cance.

Vedder, whose cxperience with beriberi is long and intimate, believes
the deficiency to be multiple because the “polished rice diet” is inadequate
in vitamins A, D, E, pyridoxine, riboflavin, pantothenic acid and e¢holine
as well as thinmine.  Yet Shimazono's reports are full of instances in which
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to 1 mgm. of thinmine per day and that intakes of somewhat less than
0.5 mgm. have at times been preventive. These discrepancies are perhaps
explained in part by the several factors known to influence human require-
ments in which case they would serve well to show the practical importance
of such factors. |

Williams and Mason set the critical level for adults at 0.5 mgm./1000
calories. This value was based on the bechavior of humen volunteers.
Symptoms disappeared when the intake was increased to 1 mgm. which is
estimated to be the consumption of individuals on a mived diet of their own
choosing (Elsom and Machella). It corresponds to the estimates of Stiebel-
ing and Phipard, based on dictary surveys, the Committee on Nutrition of
the League of Nations and of Lloyd and Orr whose ealculations were based
on a survey in Great Britain.

More recently there has been & tendency to increase the thiamine allow-
ance and provision has been made to see that this is accomplished by en-
riching flour. Williams estimated in 1942 that the American diet averaged
0.8 mgm. per diem without enriched flour and 1.3 mgm. with it. This
would just satisfy the minimal intake required to prevent “biochemical
injury” as defined by Williams, Mason and Wilder and is somewhat less
than the recommended daily intake of the Committee on Food and Nutri-
tion of the National Research Council (0.6 mgm./1000 calories). |,

The Committee’s “recommended tentative goal toward which to aim in
planning practical dietaries” is as follows: ’

g, Hhiaming
Man Moderately active (3000 ealorie diet), . 1.8
(70 kg.) Very active (4500 calorie diet) 2.3
Sedentary (2500 calorie diet) 1.5

Woman Moderately active (2500 calorie diet). 1.5
(56 kg.) Very active (3000 calone diet) ..... . 1.8
Sedentary (2100 calone diet) .. 1.2
Late pregnancy (2500 calone diet). . . e . 18
Lactation (3000 calone diet) ... .. 2.3

Children Under one year
One to three years
Four to six years
Seven to mine years
Ten to twelve years
Gurls thirteen to fifteen years
Girle gixteen to twenty years
Boys thirteen to fifteen years
DBoys sixteen to twenty years

P EAeoD O
ColED N

The Committce believes that these values can be provided by a diet of
natural foods and the experience of the United States Army provesthistobe
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exerction during pregnancy in 100 women. By the end of the period of
gestation the average excretion was approximately half the initial value.

The influence of the metabolic rate on thinmine requirements is very
definite. The excrcising of dogs hastens the onset of symptoms of de-
ficiency (Cowgill) and feeding thyroid accomplishes the same thing. Wil
liams et al. have recently confirmed this observation in man and report that
spontancous thyrotoxicosis is associated with excessive thiamine loss in
urine, fecesand sweat.  Excretion remains elevated despitelow body stores,

Westenbrink found that pigeons developed symptoms quickly or very
slowly depending on whether the basal diet was largely carbohydrate or fat.
Arnold and Elvehjem confirmed this in rats. The thiamine requirement
was reduced to one-third by adding fat in the amount of 50 per cent of the
basal ration. 'There is n considerable difference depending on the length
of the carbon chain of the fatty acids as was shown by Evans. The sparing
effect of high protein diets is also considerable amounting to a third of the
normal requirement.

If to these influences we add more obvious ones, failure to absorb thiamine
because of many gastro-intestinal disturbances, destruction by alkali, bile
and pancreatic juices (as shown by Melnick, Robinson and Ficld) and die-
tary habits, both good and bad, it scems evident that thiamine require-
ments in terms of the individual become s highly complicated problem.

‘The sparing cfiect of high protein and fat diets has been previously men-
tioned. High carbohydrate diets eraggerate the requirements. Alcohol
is believed to operate in this manner and Jolliffe reported an instance in
which the intravenous admnistration of large amounts of glucose precipi-
tated cardiac symptoms having the characteristics of beriberi.

The influence of infectious diseases may be largely due to the resultant
fever. In the Orient it is a predisposing influence of great importance,
Schretzenmayr’s view, based on a large experience in Canton, is illuminat-
ing. He considers most of the poor people and soldiers of China to be on
the borderline of clinical deficiency. But relatively few develop beriberi
without a precipitating cause which in most instances is an infectious dis-
case, typhoid fever, malaria or pneumonia. Of his typhoid cases 70 per
cent had beriberi and the others were patients who had received dietary
supplements. Nearly two-thirds of the cases of intestinal parasitism de-
veloped symptoms of benberi.

Meyer’s views on this matter are especially interesting.  He believes that
thiamine deficiency appears under two distinet clinical syndromes: as a
simple polyneuritis and as beriberi (polyneuritis, edema and eardiovascular
dysfunction). In most eases of simple polyneuritis complicating factors,
usually infectious, precede the nervous lesions. Polyneuritis, he writes,
isnot early beriberi but a special form of thinmine deficiency, In about half
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In 19206 Fridericia gave the name “refection” to the spontaneous recovery
of certain rats fed n thismine deficient diet. Such animals continued to
gain weight and thrive while their litter mates perished. In some cases
the “j ity” was t itted through several generations. The
feces were distinctive; whitish in color and full of undigested starch. These
observations were confirmed in several laboratories and were generally
believed due to bacterial synthesis, As Koo deseribed it “processes take
place analogous to those normally obtaining in the bovine. These processes
render the rat, like the bovine, ind dant of an exc supply of
vitamin B.” She found that raw potato starch could establish the condi-
tions necessary for refection while cooked potato starch could not do so.

>

400 e ™,

4
n
8

RAINFALL IN ‘MM

NO.OF CASES

JAN JULY
i iberi, rai ved among
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Japancse soldiers, The number of cases is represented by the solid Ime,*tb’e {al?[?
in mm by the broken line. The dot-dash Jine indicates the temperature variation.
{After Shimazono.)

The chief support for the theory that synthesis occhred.Was the demonstra-

tion of thiamine in the feces concurrent with clinical improvement. wly
Requirements are greatly modified by variou§ other factors co:lnrﬂ%te

met in clinical medicine. It is well known that diarrhes prevents aded

i i ses o Joss of half the
absorption. In dogs moderately severe diarrhea ca% o evidente that

ingested supply (Dann and Cowgill). There is const .
pe[f‘sistent ggmiting, as seen in hyperemesis gravidarum, C‘;’g‘iﬂi‘:gg
depletion, Temperature has been known for many years :0 e
occusrence of beriberi (Fig. 35) and Mills has‘sho\m thfld mt remport
vironment of 91°F. require twice as much thiamine as they ;ae“uiremeuté
ture of 65°F. Diuresis increases thiam’mele:\'cretmndﬂn_t hrbq'avariety
(Cowgill et al.). The utilization of thiamine is interfere mPre:;n o in
of hepatic disorders. Other influences are well ~kn0“;‘;h AT
ereases thiamine requirements.  Van Coevorden charted the
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exeretion during pregnancy in 100 women. By the end of the period of
gestation the average excretion was approximately half the initial value.

The influence of the metabolic rate on thiamine requirements is very
definite. The exercising of dogs hastens the onset of symptoms of de-
ficiency (Cowgill) and feeding thyroid accomplishes the same thing. Wil-
liams et al. have recently confirmed this observation in man and report that
spontaneous thyrotoxicosis is associated with excessive thiamine loss in
urine, fecesand sweat.  Excretion remains elevated despite low body stores.

Westenbrink found that pigeons developed symptoms quickly or very
slowly depending on whether the basal diet was largely earbohydrate or fat.
Arnold and Elvehjem confirmed this in rats. The thiamine requirement
was reduced to one-third by adding fat in the amount of 50 per cent of the
basal ration. There is o considerable différence depending on the length
of the carbon chain of the fatty acids as wasshown by Evans. The sparing
effect of high protein diets is also considerable amounting to a third of the
normal requircment.

If to these influences we add more obvious ones, failure to absorb thiamine
because of many gastro-intestinal disturbances, destruction by alkali, bile
and pancreatic juices (as shown by Melnick, Robinson and Field) and die-
tary habits, both good and bad, it seems evident that thiamine require-
ments in terms of the individual become a highly complicated problem.

The sparing effect of high protein and fat diets has been previousty men-
tioned. High carbohydrate diets ezaggerate the requirements. Alcohol
is believed to operate in this manner and Jolliffe reported an instance in
which the intravenous admnistration of large ts of glucose precipi-
tated cardiae symptoms having the characteristies of beriberi.

The influence of infectious diseases may be largely due to the resultant
fever. In the Orient 1t is a predisposing influence of great importance.
Schretzenmayr’s view, based on a large experience in Canton, is illuminat-
ing. He considers most of the poor people and soldiers of China to be on
the borderline of clinical deficiency. But relatively few develop beriberi
without a precipitating cause which in most instances is an infectious dis-
ease, typhoid fever, malaria or pneumonia. Of his typhoid cases 70 per
cent had beriberi and the others were patients who had received dietary
supplements. Nearly two-thirds of the cases of intestinal parasitism de-
veloped symptoms of beriberi.

Meyer’s views on this matter are especially interesting. He believes that
thiamine deficieney appears under two distinet clinical syndromes: as a
simple polyneuritis and as beriben (polyneuritis, edema and cardiovascular
dysfunction). In most cases of simple polyneuritis complicating factors,
usually infectious, precede the nervous lesions. Polyneuritis, he writes,
isnot early beriberi but a special form of thinmine deficieney. In about half
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the cases of polyneuritis without edera, heart function is quite normal. In

the cases with edema 92 per ceht of the cases have heart symptoms. The
:gdr.egml'iu test is negative in polyneuritis but present in typical fashion in
eriberi. i - .

It is more generally held at present that these differences are due to the
degree of deficiency and the rapidity by which deficiency develops, Thus
cardio-vascular maniféstations have been aseribed to severe deficiency de-
veloping acutely or subsequent to prol d, partial deficiency (Goodhart).

THE PATHOLOGIC ANATOMY OF THIAMINE DEFICIENCY

The morbid anatomy of thismine deficiency is limited to degenerative
changes in the nerves which are seldom demaonstrated in acute deficiencies,
certain rather characteristic changes in the heart and in some cases edema
with effusions in the body cavities and signs of eardiac failure.

BERSBERI

The clinical differences between neute and chronie eases of beribert have
their counterpart in the appearance of the subjects on the autopsy table.
The acute cases are often in good fat and show less degeneration of the
nervous tissue than the chronic cases but the appearance of the heart is
more striking since death is ususlly due to a cardinc attack. On the oth.er
hand the chronic eases seldom die unless complications intervene, and in
such cases the appearance of the various organs is more the result of th?
tuberculosis, typhoid fever, or other infectious disease than of the beriberi
itself.

Nervous System )

The anatomic distribution of the nervous system lesions conforms \_vi'th
the elinical manifestations. The nerves supplying the Yower extremities
are most commonly affected but the craninl nerves and the vagus system

are frequently deteriorated too. The peripheral portiops of the ne:vﬁs are
first and most seriously altered. The cranial nerves sbove the Tth are

rarely involved. A Histologleally
The nervous lesions are not recognizable macroseopieally: f e
they consist of &} ritis which with vnct'mln}" 'iig‘mem o
of the cells of Schwann. Later, fragmentation of the axis c')hn ers qcm&
and Wallerian d tion may be d trated. Fat stains are suitable
for studying the fatty degeneration. Collections of vound cells appear in
the nerve bundles. fosted. The membrases

The central nervous system is but slightly u‘
of the brain are sometimes thickened and ’(,h'e gang!
and spinal cord are found degenerated. Since such changes are ext

fon cells in pons, medulla,
remely



Fig. 1

Al

e

e

\"‘:.;'f/} :".,

S
¥Ry AN
AR I 2
LA 2

A é“' .'.?

.'.'7‘
Ay
e

,_

S e T3

A e
S

Prate X Tig 1 Mychin degeneration in a peripheral nerve in a human ease of
polyneuntis  Thg 2 Fatty degeneration of one of tso branches of the vagus nerve
m a woman whose death was nssocrated with great dilatation of the right chamlwys
of the heart  The night nerve 1s affeeted  No other orgame changes found  The
case 18 behieved to have been one of beribern (Stained with Oil Red O)






THIAMINE DELFICIENCY 185

common in adults and may result from a wide varicty of morbid processes
they are of little or no value in arriving at a diagnosis. The ganglion
cells show swelling of the cell bodics, peripheral displacement of the nuclei
and partial or diffuse disappearance of the Nissl substance, Oceasional
fibers in the cord and brain show fatty degeneration. The ecrcbrum is
otherwise unaffected.

Degencrative lesions nre common in the muscles of foot and leg, although
in rome cases similar changes oceur in the upper extremity, thighs, and dia-~
phragm. Thelesions are not characteristic histologically, consisting only of
cloudy swelling, fatty degeneration, loss of striations and hyalin or waxy
degeneration. In “wet” cases edema will be recognized in the muscle
preparations and in the chronie, wasted cases an atrophy of the muscle
fibers.

Heart

The acute cases reveal more illuminating changes in that the heart isin-
volved. The most characteristic effect of the disease on this orfian is its
appearance in situ. Wenckebach fixcd the hearts in his cases with formal-
dehyde solution before removing them, to preserve the shape and relative
sizes of the various chambers.

“Older observers have almost uniformly adcribed the cardiac manifesta-
tions tolesions of the vagus nerves. The only evidence for such an explana-
tion has been the frequently deseribed vagal lesions.  But there is no evi-
dence that vagal lesions ever produce the changes scen in beriberi, and good
cause to doubt that vagal degeneration and cardiac symptoms go hand in
hand. Indeed, the heart symptoms are seen in acute cases when the nerve
lesions are seanty or underdeveloped.

The organ is hypertrophic and dilated. The average weight of the heart
among Japanese patients has been given as 368 grams, while the maximum
of normal hearts among the same population is 300 grams. Cardiac en-
largement has been measured in 200 cases by Kobayashi using x-ray meas-
urements. He found that the lung-heart quotient of Groedel is reduced
from a normal value of 1.71 to between 1.19 to 1.43 in beriberi. The
method was recommended as an aid in diagnosis. The enlargement of the
heart is most pronounced in the right chambers and the left heart may be
very small.  The right auricle is huge, with paper thin wail through which
the dark blood within may be seen. The walls are said to be friable and
easily torn. The conus arteriosis is tr¢ dously dilated, Tally at the
point of origin of the pulmonary artery. Wenckebach considers this to be
pathognomic of this form of right sided dilatation. There may be pe-
techire at the auricular-ventricular juncture. The lungs and the left heart
are not over-filled with blood. The impression is that the right chambers
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are 80 fecble that they steadily calarge s the site of least resistance, Epi-
cnr.dml petechiae and flecks of fibrin on the epicardium have been reported.
Sh.m_x_uzono mentions fatty degeneration in the bundle of His. Weiss and
‘Wilkins found hydropic degeneration of the muscle fibers, swoller collagen
and perivascular edems and separation of the muscle bundles. These
lesions were not constant. . .
Sambuc examined 52 cases of beriberi in Cochin-Ching and considered
the appearance of the heart pathognomonic. The degree of dilatation, the
location of the dilatation in the right side and the pericardial effusion con- .
stituted an unmistakable picture. Sambuc ascribed death in some cases to
pressure from the effusion. Other cases died from rupture of the auricle,
The gross eriteria of beriberi used by McLaughlin and Andrews are: (1)
Dilatation and hypertrophy of the right heart; (2) congestion of the viscers;
(3) anasarca, and (4) absence of other findings to account for death. -
No satisfactory anatomical explanation of the heart lesions in beriberi
exists. Microscopic examination shows nothing of importance, To
circumvent the impossibility of examining heart musele during the acute
phases of the disease Wenckebach took small specimens of the calf muscles
which he felt might be comparably affected. They appear normal in all
respects but size.  In the acute stage the fibers were larger than normal by
actual measurement, but well marked and of usual structure. A second
sample was taken from the same subject after treatment and showed the
muscle fibers to be of normal dimensions. Wenckebach considers that the
striated muscle of the ealf had excessive bound fuid within its fibers and, by
analogy, the heart muscle also. More recently Porto has described inter-,
fibrillar and interfascicular edema and perinuclear vacuclization in the
muscle and conduction system cells of the hearts of dogs suffering from
thiamine deficiency, He also observed some alterations in the appearance
of the muscle striations and gross changes similar to those just mentioned
as characteristic of human beriberi, i ,
Anasarca, hydrothorax, and hydrapericardium are very common in acute
cases of beriberi, being seen also in some chronic cases. "l‘he presence of
transudate in these cavities, as well as the degree of dilatation of the heart
depend in large measure on the condition of the patient before deut%u.' Pel;
sons who have been active are more liable to show such changes, while b‘;
rest permits compensation and é)ermits the :egxt to return to more nearly
rmal dimensions, and for fluid to be reserbed. ..
moﬁ the basis of such observations the fiuid fn “wet” cases of beriberi has

been considered to be purely a transudate. The_ e'dema. of the lungs an()l
fiver (in which cases congestion and central neerosts in the la’tter_xx}l:sqvoc;ul;l
have been interpreted similarly. However most cases of ber{{bent hnz e c:‘ >
judged by rather primitive criteria and it is not surprising to find that re
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studics have denied the transudate theory., Wenckebach’s views imply
another mechanism. Eppinger has commented on Wenckebach’s material
and given his interpretation of the lesions in the liver specimens collected by
Weneckebach, He considers the fiuid to be the produet of a serous in-
flammation and found histological lesions of serous hepatitis in all cases.
These changes included the widening of Disse’s spaces (the controversial
lymphaties said to lie between the capillaries and liver cells), lymphatic
stasis and periportal edema.  Edema was also present in the bed of the gall
Diadder. Toll has found o thickened gall bladder wall constantly present
in beriberi.

It should be apparent that this view, implying the presence of an irritant,
is much more in harmony with the work of Peters than the older conception
and that while it still lncks the support of other investigators offers some
hope that further advances in the clarification of the pathogenesis of beriberi
may be expeeted from anatomic studies. )

Eppinger’s views are not incompatible with the observation previously
noted that active cases present more free fluid in their tissues and serous
cavities. The relationship between vitamin By requirement and metabolic
rate suggests the deficiency may be more aggravated in active patients and
the production of irritants due to faulty metabolism increased.

The pancreas is at times shrunken and even slightly cirrhotic. The
islands of Langerhans are either not affected or are hypertrophic in con-
formity with the altered carbohydrate metabolism seen in beriberi.

The adrenals are sometimes enlarged due to medullary hypertrophy., A
slight lymphocytic infiltration is frequently mentioned., Nagayo and
Katsunuma reported hypertrophy of the hypophysis and thyroild glands
and Katsunuma found lymphocytic and plasma cell infiltration in the pars
intermedia of the hypophysis in all his cases.

The lymphatic apparatus is not reduced in acute cases. Atrophy of
these tissues is generally believed due to inanition and not beriberi. Na-
gayo, indeed, found cases with status thymico-lymphaticus and considered
what part this may have played in their sudden exodus.

The cervical and splanchnic ganglia and plexus of Auerbach have all been
reported as showing degencrative changes. The larger portions of the
vagus have all been found showing changes similar to those in other nerves.
Changes have been reported by many pathologists in the nerve endings,
both motor and sensory but these are difficult tostudy. In infants, Honda
found lesions of the laryngea! nerve but not of those in the cxtremities.
This is probably explninable on the basis of usage.

Vedder has written that “although the symptomsof beriberi have been
attributed in the past chiefly to peripheral neuritis, the condition is not a
simple peripheral neuritis but is a degeneration of the entire nervous sy's-
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tem,’ '. It is true that some eases of peripheral neuropathy extend alongthe |
posterior nerve roots and that demyelinating Jesions in a few instancesare
demonstrable in the posterior columns, chiefly the column of Goll. Fix-
treme inanition sometimes also results in axonal degeneration of the an.
terior hom neurones (Zimmerman). The. changes which have been de-
seribed in the brain are of minor degree and doubtful eticlogy. They areof
no diagnostic value as Broder pointed out. Kibn and Davidson's studies
led to o similar conclusion.

It may be scen from the above that the post mortem studies of beriberi
have contributed little as yet to our understanding of the athogenesis of
the disease. The dingnosis of beriberi post mortem must depend on the
assaciation of & rather characteristic cardiac dilatation and hypertrophy
without evidence of organic eause and degenersation of the peripheral nerves
or, in the chronic cases, s disseminated, irregularly distributed myelin de-
generation with or without wasting or edema. To these rather unsatis-
factory eriteria roay be added other of the lesions described.

It is to be ardently hoped that future studies will sharpen our perception
of the essential changes in this interesting disease to such o degree that we
can identify not only the well developed case but those incomplete forms
which now pass unrecognized.

EXPERIMENTAL BERIBERI

Fijkman's experiments were based on fow] fed only polished rice. I{x the
third week of such a diet the animals become paralyzed and the head s re-
trneted, Within » few days they dic unless thiamine is given in which case
complete recovery occurs within a few hours. Two things stand Qut frox.n
this story. The diet is obviously deficient in many elements besides thi-
mine and the duration is much 100 brief to permit the developme‘nt of or-
ganic changes such as characterize beriberl. MeCarrison recogmzfad this
artificiality of fow! polyneuritis twenty years ago and modified the diets bg
supplying small smounts of vitamin, His animals the{reupon devc!o;;e{
lesions and behavior more ke the natural disease, including enlargerent o

e heart. .
thThe sarme thing occurs in rats. The usual laboratory diet, composed of

i i i lemented
casein, starch, salt mixture, cod liver oil and buttfzr fat ‘gf{dnsﬁ_\:g?"?«;ﬂweeks

with the other . * . * o stiff

and later nerv L ) ! "
and the animals often move in a circle.  When held by the tau wue rats Te

isti N a more
volve in a characteristic “eircus movement.' These ef{t’c'fﬁ are fi‘;e e
inaniti hiamine defici and the ans ehar ar
to Inanition than thiamine Y “hinmine Tow rath

out, True paralysis can only be produced by feeding 8
than completely deficient diet.
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Lesions of the Nerves

A recent study by Prickett, Salmon and Schrader, in which the dis-
crepancies of earlier workers is reviewed, scems to demonstrate that under
comparable conditions lesions in the nervous system may be produced in
rats identical to those which oceur in man, The examinations were made
largely with Nicol prisms. At autopsy the peripheral nerves of a few
animals that had shown severe symptoms were observed to have localized
enlargements along their course.”  The histologic changes included swell-
ing of the sheath and axis cylinder. The nodes of Ranvier were enlarged
and dumb-bell shaped. In the severe cases considerable isotropie material
was present and the axis cylinders roughened and irregular.  Yet the oc-
currence and severity of the lesions was to a considerable degree unpredict-
able as other workers had found. The greatest success in correlating nerv-
ous lesions with clinical behavior appeors in Swank’s study of thiamine
deficiency in pigeons. Swank found opisthotonus an expression’ of acute
deficiency or a terminal manifestation in partially deficient birds. In the
former case it was not associated with nerve lesions. In the partially de-
ficient animals however nerve lesions were quite uniform and were constant
if weakness of thelegs had been noted climeally.  The number of degenerate
fibers in the sciatic nerve corresponded to the degree of paralysis. Re-
generation was {ollowed 1n treated animals,

In conformity with earlier reports Swank found the longest nerves to
degenerate first and degeneration to commence in the distant parts of the
fiber. Degeneration was associated with chromatolysis and eccentrieally
located nuclei in the dorsal ganglia. In the spinal cord degeneration was
observed mainly in the ventral funiculus and spino-cerebellar tracts.
Swank refers to unpublished observations which indicate that starvation
induces only sheath changes (fatty droplets) and that evidence of nerve
fiber deterioration 1s essential to a diagnosis of thiamine deficiency. His
repart 1s also interesting in that many of his pigeons died with evidence of
congestive heart failure (congestion of the lungs and liver) and some of
these showed focal necroses of the myocardium. Hydropic degeneration
Was never seen,

No mention is made in most reports of the condition of the terminal por-
tions of the nerves. Tsunoda and Kura, however, describe changes in the
ends of both sensory and motor nerves which were observed to respond
within 5 hours to specific therapy. Woolard reported similar lesions.

Woolard deseribed the lesions 1n the motor terminae as swelling with bulb-
ous enlargements and loss of detail.  These were the first manifestations of
deficiency and were followed by changes in (a) the sheaths and (b) the axis-
cylinders,

The evidence is therefore very convineing that thiamine depletion is the
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cause of the nervous lesions,  Swank and Prados have furnished histologic
evidence that the signs of severe thiamine deficiency in the pigeon and rat
are associated with nervous lesions. The pigeon characteristically shows
opisthotonus and rotation of the head. The rat (Church) passes through
stages of hypotonia followéd by ataxia, disturbed equilibrium {sometimes
with nystagmus) and finally excitement. These could be explained by the
release of central vestibular structures from labyrinthine control, Swank
and Prados found degeneration of the sensory epithelin of the labyrinth and
the central terminations of the vestibular neurones. From an snatomic
point of view therefore there seems to be only one conclusion compatible

-with the evidence and that conclusion must be that thiamine deficiency

promptly affects the finer structures of nerves, that degeneration extends

. along the neurones, that recovery under thiamine treatment is rapid or slow

TABLE XXX N N
Frequency of Certain Lesions in Rats Fed a Diet Conlaining Slightly Inadequate
: Amounis of Vitamin By throughout their Lives
{Based on the studies of Drummond, Baker, Wright, Marrian snd Singer}

ADEQUATE DIEY DEYICTERT DIET
- per cent per cent
8.5 . . 8.3
6.6 9.0
2.2 1.0
5.3 65
7.4 2.7
2.6 9.5
4.9 5.4

depending on the extent of the nervous degeneration. This is, of course,
true of all degenerative lesions of the nervous system. dati

‘Whether the lesions are simply due to inadequate carbohydrate oxidation
ar to the eccumulations of toxic metabolites is not known, It has been sutg;
gested that methyl glyoxyl is responsible.  Williams h?s c:'\lled nt‘tent\:: o
the evidence that the milk of women suffering from }{enben conéams' Be nmd
substance. Similar toxins have been demonstrated in the bllooot,'g:z : t‘l‘lc

i i 1 the disease. Such an explanalt
tissues of experimentsl cases of the disease. b, Ciough & toxin, wodd
explain many features of the discase.
! Qastro-intestinal System

. There has been a steady growth in our knowled,
mine deficiency on the gastro-intestinal system.

N

ge of the effects of thia-
The functional disturb-



Prare XTI Effect of experimental thianune deficiency on gastrointesta
Roentgenogr ane made three hours after a banum meal Roentgeno
ahett sfter yppronmmatels theee moaths of thamme depletion, roent
after 15 4 vvs on the pne diet but durnme s hreh supplements of thiamin
nde had been given 1Orrgnadiy reproduced jn Areh Int Med | 66 791
produccd by permsston of De Rassel M Wilder )
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Poare XL A diseased gonghon in the pyloric muscle of an clderly subject
1ad pylorie hypertrophy and whose chief plant had been persistent vom
\nd cistension. The nerve cells ar crate and the ganghot 1§ largely rep
by Sear. It is surrounded by hemorrhages- The lesion may be due to thia

deficiency.



THIAMINE DEFICIENCY 191

ances are well recognized.  Loss of appetite was firmly established by the
work of Cowill, Deuel, Plummer and Messer demonstrating gastric atony
by means of a balloon inserted through n gastric fistula.  Cowgill and Gil-
man showed that gastric acid (in dogs) was reduced or absent. Atony of
the intestinal tract as well as the stomach was demonstrated by Rowlands |
many years ago and degencration of Aucrbach’s plexus was reported by
MeCarricon. Sparks and Collins more recently have re-cxamined the
atony effect of thinmine deficiency. Their method was to actually measure
the capacity of the large bowel. The bowel was first cleansed and then
filled with & radiographieally opaque fluid to the ileocaecal valve, In the
normal rat this required from 3 to 4.4 ml, Using rats on a thiamine de-
ficient dict the capacity was greatly increased in 70 per cent of the animals.
In most of these the eapacity was doubled.  The effect was believed due to
thiamine alone.

Gastric erosions and ulcers occur in thiamine deficient rats. McCarrison
first observed this. In the experiments of Dalldorf and Kellogg the irci-
dence was high and the chronicity of the ulcers seemed related to the dura-
tion of the deficiency. Partial deficiency was ¥, the rats being
maintained near the level of symptoms for some months. Recently
Thatcher, Sure and Lee, in a comprehensive study of the histopathology of
the avitaminoses state: “Perhaps the most significant result in the investiga-
tion is the finding of gastric uleers as a result of the specific influence of a
deficiency of vitamin B, Inanition was controlled by holding the
controls to the same intake as the experimental animals. Other B factors
were supplied. Of 8 rats & had uleers.

Simpson failed to find ulcers. Adult animals were used. The experi-
ments extended over 4 months.  Uleers have been found by Schisdt, Drum-
mond et al. and Howes and Vivier. The latter found that young animals
are more likely to develop ulcers than older ones. Evans, Carlson and
Green found ulcers in the stomachs of foxes suffering from thiamine de-
ficiency (Chostek paralysis). The incidence was from 10 to 30 per cent,
much greater than in animals which died from other causes,

Drummond’s experiments are very conclusive. More than 1000 rats
were used, the deficiency was very slight but prolenged throughout the life:
of the animals. Uleers and erosions were common in the deficient animals,
Most of these lesions are simple, punched out erosions. However, erosions
are believed to be the first stage in the formation of chronic peptic ulcer and
in Dalldorf and Kelloge’s rats chronic, indurated lesions were occasionally
found. We have found no record of gastric uleers in human cases of thia-
mine deficiency, The mechanism by which they occur in the rat is obscure.
Mid-brain lesions are often associated with gastric uleeration in man and the
dog and the “chemical Jesion” in experimental beriberi involves this part of
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the brain, The production of ulcer by vagotomy, recently reviewed pnd
studied by Beazell and Ivy, may afford a clue. Considerable evidence also
exists to show that the terminal nerve structures in the gastric wall are
disensed in peptic ulcer. Stohr's studies have eonfirmed this and shown
that these minute lesions are widely distributed in the gastric wall. The
cells of both Auerbach’s and Meissner’s plexi are altered, an observation
made in experimental thiamine deficiency by McCarrison.

A degree of deafness was demonstrated in rats and chicks on a thiamine
deficient diet by Seliridge and Maurer and Tsai, by means of mare tests,
showed that partial depletion stigmatized the learning ability of their ani-
mals. In the latter experiments the deficiency was multiple. It would ap-
pedr thaf the entire nervous system suffers from lack of thismine and that
the occurrence of lesions is determined by secondary and often local factors.
This is in harmony with the lesions in man to which reference bas already
been made. '

Glands of Internal Sccretion

The adrenal glands are hypertrophie in experimental thiamine deficiency
and Ogata found lesions in the associated ganglia as well. Durin.g t}}e
active phase of the deficiency the cortical cells show considerable mitotic
division, The islets of Langerhans are also hypertrophic (Woalbach, ().gat}z,
Ueno). Kihn found this difference small but constant in rats w}u!e in
pigeons and fowl the hypertrophy more than doubled the normal \velgl}t.
The thymus, pituitary, thyroid, spleen and Iiver are reported to be atroph{c.
‘Whether this is due to inanition is unknown. FEarlier reports of at'rophy of
the seminiferous tubules and disappearance of sperm cells are believed by
Fvans and Bishop to be due to other deficiencies. However, los§ of }xbxdo
oceurs in male animals and prompt suppression of follicular function in the
ovaries of females. Evans and Bishop showed this to be an early effect of ‘
the deficiency. The phenomenon was extensively stuc!ied by Ueno n:ho
was able to maintain normal estrus by administering follicular and anterior
pituitary hormones.

Heart

In the early experiments with pigeons and rats cardise hypcrtrophﬁarl;(:
dilatation were never seen, McCarrison first showed t{mt they c;}ld ' oo
produced in pigeons but his diets were “natuml_" ond his s;c;esbs:mil Lo
settle the problem. We now know that MecCarrison succeede g
produced 2 chronic stage of partial deficiency. Under these ‘:Sntrubc o
tested animals eventually do develop cardiac ehanges. Win

1y described typical cardinclesionsin pigs. X
lﬂtz Zomprehensii'e study of the relationship of thiamine deficiency and the
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heart in pigeons was reported by Swank and Bessey.  They succeeded in
producing congestive heart failure, tachycardia, changes in the EXG and
foeal necrosis of the myocardium by slowly inducing deficiency while main-
taining food intake by forced feedings. Both thinmine and cocarboxylase
were shown toafford complete cure.  They suggested that “the tachycardia
is due to vasodilatation, which is eaused by the local accumulation of inter-
mediate products of carbohydrate metabolism. This slso facilitates
transudation of fluid from blood vessels to form hydropericardium and other -
evidences of cardiac failure. In addition thiamine deficiency impairs the
function of the heart, increases the tendeney to extravascular fluid collec-
tions and results in terminal cardiac standstill.”

* Ashburn and Lowry slowly depleted 57 rata of thiamine and then main-
tained them for from 33 to 145 days by giving & dose of thiamine whenever
symptoms of acute deficiency developed. In all but 10 the auricles showed
necrosis of muscle fibers or fibrosis and other signs of repair. Only 7 had
lesions of the ventricles and these were small. The auricles were dilated
at death and a number of animals were found to have increased amounts
of fluid in the body cavities. Inanition was controlled.

Central Nervous System

Small hemorrhagie lesions in the pons, medulla and cerebellum of de-
ficient pigeons and rats have been recognized since 1934 when Prickett
described them. It 1s now believed that they are the experimental counter-
part of Wernicke’s disease as first suggested by Zimmerman and by Alex~
ander. ‘The lesion consists of dilatation (varicosities) of the cerebral ves-
sels near the 4th ventricle, A considerable degree of hyperplasia of the
vaseular endothelium may be seen although Alexander characterizes the
lesion as primarily an angiodegeneration. He believes the subacute
parenchymal necrosis 15 secondary. Swank and Prados consider the
hemorrhages due to degenerative changes in the neurones adjacent to the
vessels. These lesions formed a conspicuous finding in Chastek pavalysis
of foxes and greatly contributed to 1ts recognition as a form of thiamine
deficiency.

Chastek Paralysis

This instructive and spontaneous form of thiamine deficiency oceurs on
foxfarms. The symptoms appear after a period of 7 to 10 days of anorexia
and consist of rapidly nereasing weakness, ataxia and spastic paralysis,
Death follows in 2 to 3 days, at times preceded by convulsions,

Loss of appetite is the first symptom and is followed by slowly developing
spastic paralysis At first the animal runs with short, stiff jumps. It tends
to lic down much of the time. Later stiffness and incoordination are very
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extreme. Vet the animals Temain completély alert. If death does 1
occur quickly the paralysis becomes complete and the animals lie in 2 sti
ened condition with their heads drawn back. Some can be turned o
“like a board. Green called it Chastek paralysis beeause he first saw it
the Chastek farm in Minnesota. Repeated efforts to demonstrate an |
fectious agent yielded negative results and it was noted that all outbrea
were associated with the feeding of large amounts of fish or fish produc
This diet was followed by symptoms after an interval of 3 to 6 week
Dietary experiments confirmed the opinion that the disease was not due
a toxic substance in the fish but to thiamine deficiency. Thus two groﬁ;
of foxes on the same ration (in which carp represented 20 per cent }
weight), one which received 25 mgm. thiamine chloride per diem as & su
plement remained well while the controls developed characteristic sym:
toms after three weeks. Green and Evans, on the basis of dietary ar
anatomical studies, not only identified the disorder as due to thiamine d
ficiency but postulated that the fish induced the deficiency. Since 1l
lesions were vascular in nature, dilatation and varicosities of the cerebr
vessels in the region of the 4th ventricle, they further characterized it as tl
equivalent of Wernicke's disease. They associated the anti-thinmi
action with the viscera, head and skeletal portions of carp. ‘The muscle
harmless, The factor which destroys thiamine is labile to heat and dryin
at room temperature and extractable with 5 per cent alcohol, Deutst
and Hasler found the enzyme in various fresh water fish but not in sa
water ones. Ender and Helgebostad described the disease in mink an
ferrets as well as foxes, They called it beriberi. .
The conditions under which Chastek paralysis ocours are very exacting
The fish must be raw and ground or in other ways intimately mived with th
rest, of the foed. .
The very young die before lesions develop sufficiently to be re.congEd
The heart shows intracellular edema and degeneration. Congestion, hem
orrhages and necrosis are common in the liver. . R
It is interesting to note that Zimmerman has found the Wernicke lesion:
in dogs only after prolonged, chronic deficiency whereas they appearin foxes
after 40 days depletion. He postulated that the explanation may be ¢
species difference.

SYMPTOMS OF BL‘RIEERX.

It is customary to consider the nervous signs of beribe.n the first t? ;Z,ppctz;;
"This is probably not true. Significantly, Shimazz?no, in chf\mc:;n‘z.mgum
disease, lists the three major features in the following 'nrde_iécm' dxio as?mp_
symptors, edema and neuritis. The usual sequence Is mild car tnc sy
toms with slight edema and dyspepsia followed by nervous symptoms.



Prarr XIIT Chastek piralysis or Werniehe's disvase in the fox  The upper figure
shows the hemorrhagie lesions at three levels of the brain stein,  The loner figures
show the nunute structure  Note the vaseular didatation in the lower figure. (Cour-
tesy of Dr Charles Ivans  Ongnally reproduced in the Ameniean Journsl of
Pathology, vol. 18, page 91.)






THIAMING DEFICIENCY 195

Circulatory Manifestations

In the early stages of the disease palpitation is present and dyspnea oc-
curs with great effort. The heart action is increased, the apex extends be-
yond the mid-line and epigastric pulsation is very common. The outline
of the heart is enlarged and rounded. Aiurn states that enlargement is

. first to the right, then to the left and upwards, During recovery the right
margin is the first to return tonormal.  The heart sounds are exaggerated,
especially the sccond pulmonic one and the pulse israpid. In severe cases
the rate exceeds 100p.m.  The rate is very labileand responds to the slight-
est exertion. The pulsewaveis large and full, A rate of 120 to 130 inacute
cascs, or chronic ones which have become ncute, is & warning signal.  The
rate slows rapidly under treatment and may become abnormally slow during
convalescence. Systolic pressure is not affected but the disstolic pressure is
almost constantly low. A murmur may be heard over the veing, par-
ticularly the femoral one. Miura heard this cruraltone when standing at
the bedside of a patient.

Wenckebach described in detail the cardiac symptoms as he saw them in
Java. He felt the following to be particularly helpful in establishing a
diagnosis:

Enlargement of the heart by percussion, auscultation and x-ray examination.
. The prescnce of murmurs, chleﬂy systolic but also presystohc, with a resonant
first sound. The are portionately i d by exercise.
Visible and palpable throbbing pulsut\ons over the heart best felt just to the
left of the sternum,
. Bounding pulse and thrill over the great arteries
Over-distended neck and arm veins and, without exceplion, a painful, swollen
liver. In the most severe cases liver pulsation.
. The electro-cardiogram remains normal throughout, though a slight ehorten-
ing of the auricular interval has been reported.

0

R

12

Nervous Sympioms
The neuropathy of epidemic beriberi is strietly peripheral. The psyche

remains clear.  We have found no record of psychosis of the Korsakoff ~

type in the an'mesc literature. From the beginning of the disease the
patients complain of disturbed sensation in feet and legs, sometimes in
finger tips as well. This disturbed sensation is described as though their
skin was covered with a sheet of paper. Later pain and weakness occur
in the legs, walking is tiring and cmmps may oceur in the thighs or calves
at night.

The sensory disturbances begin in the feet and legs but both the
finger tips and o zone sbout the mouth may be affected.  Miura states
that a fourth area of hyperaesthesia is the skin of the lower abdomen be-
low the umbilicus. The areas of hyperaesthesia do not correspond to the

\
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distribution of particular nerves And their margins are indefinite. The sole
of the foot is much less affected than the dersal surface and the peritieum
is very rarely involved. However in ‘severe, chronic cases the forehead and
skin about the eyes may be affected. In these cases the sensory changes
in the lower extremities show considerable anaesthesia to touch, not to
pain. As the sensory changes develop’epicritic sensation is first affected,
then temperature and pain sense. Vibratory sensation isalso disturbed.
It is said to be the last to return with recovery., Position sense is de-
stroyed to a slight degree.

The motor disturbances also begin in the legs and usually are limited to
the lower extremities. All degrees of change from weakness to paralysis
have been noted. Toe drop is present with motor lesions; the gait becomes
broad based. In such severe cases the bands may be weak and Miurs
described a peculiar position which the hand assumes in which it hangs
limply with but slight flexion in the phal I and metacarpal-phal: 1
joints. In these cases the diaphragm and recurrent nerve and sensory
branch of the 5th cervical nerves are paralyzed. Head and neck move-
nents are not limited. Laryngeal paralysis, edema and congestion quite
frequently occur. Facial weakness is bilateral and consists of poor closure
of the mouth, slight ptosis of eyelids and limited extension of the tongue.
Thisis an uncommon sign. Moore and Shattuck are of the opinion that the
case of paralysis described by Landry and from which the term Landry’s
paralysis has arisen was a case of beriberi, Shattuck feels t.hat ap im-
portant group of ascending paralyses ‘are due to thiamine deficiency.

The motor disturbances, like the sensory ones, are frequently more severe
on one side than the other. If both motor and sensory changgs are un-
equally present they are almost invariably most severe on the same side.
The reflexes in the lower extremity are first over-active and then gradufal)y
become weaker and weaker, The sphincters are not involved. Abdominal
muscle weakness may cause difficulty in urination. X

Little is found in the eyes. Certain writers have reported cases “?th
night blindness and amblyopia due to central scotoms. Taste and hearing
are unaffected.

Pain on pressure is commonly met with in the muscles of the cal
in the disease. 'This is an important diagnostic point. The nerves are not

tender to pressure.

ves early

Edema ~

1t is said that experienced physicians, in countries where benber{'li :’t:im:
mon, often suspect the disease from the pallor of a patient ’m(é.“ fxg - Oen
gree of edema of the legs. The edema is not relat.ed to the car x}izc u_n ton
or to disturbances in the kidneys but probably is related to the vasc
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function, In the mildest cases it is precipitated by exertion, in more ad-
vanced cases it becomes permanent.  If the patient be bed ridden it oceurs
in theback and shoulders. It is often associated with slight pleural effusion
but the latter may oceur without edema. No satisfactory explanation has
been offered for the edema, It is present to some degree in most cases but
in only & few does it become prominent. The suggestion has been made
that it represents » protein defieiency but proof is lacking and clinical facts
do not support this view.

SchretzenmayT has made an interesting observation regarding the edema
of beriberi. It is, he writes, never deforming. If the face is involved the
features are not. distorted as is true of nephritic edema,

Of the various forms of beriberi, the “wet” and “dry,” the acute and
chronic, more will be said later on. It is more important here to note that
in beriberi countries it has been well recognized that o stage of incipient
beriberi may occur, so mild the patient may hardly be called sick at all and
that a latent form of the discase marked by residual signs is common after
recovery. ‘Thus, in examining a group of factory workers, Shimazono ob-
served many with low diastolic blood pressure. More careful examination
revealed mild beriberi in all of these men. The observation is all the more
striking because such individuals, as indeed most patients with uncompli-
cated mild attacks, are in good fat and look to be well nourished. Indeed,
most cases keep their weight during the attack, the exceptions being the
acute cases with vomiting and the edematous cases which become “dry.”

Fever occurs only in the acute form of beriber: and in these cases for but a
few days before death. The fever in other cases is always due to another,
coexsting disease.

The acute cases of beriberi may show a shght hyperglycemia, in other
cases the sugar, calcium, albumin-globulin ratio are normal, The blood
morphology is not affected. The anema seen in some cases is explainable
on other grounds, parasitism, ete. Shimazono believed that eosinophilia
was a rather constant feature of the bload, probably due to nerve damage
and Nakamura reported the platelets increased in number. The urine is
not qualitatively changed but is suppressed in many cases. Sudden diuresis
of large amounts of urine, two to four liters, is sometimes observed during
recovery,

A eense of pressure or pain in the stomach is complained of by many
patients as well as poor appetite and eructations. Scheube found gastric ’
symptoms in 25 per cent of his cases, Most writers consider them com-
moner. They are a feature of the early stages of the disease. The acute
form, Shoshin, is characterized by vomiting, first of food, later of gastric
sceretions.  Vomiting occurs as a result of the slightest movement, or effort.
Constipation is frequent, diarrhea uncommon.
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Kitamura and Shimazono followed the gastric secretion in many eases
and found it reduced from the earliest stages of the disease and developing
into achlorhydria. This process could be reversed by treatment. Good-
hart and Sinclair studied 100 individuals and found o definite association be-
tween the blood coearboxylase and gastric acidity.

The vital capacity is reduced in beriberi. Weakness of the diaphragm
and abdominal muscles is largely responsible. Fukui demonstrated this by
inserting a rubber balloon inte the rectum of patients and measuring the

. changes'in pressure. No respiratory pulsation occurred in the advanced
“cases of beriberi. The severe cases of cardiac failure are complicated by
pulmonary edema.

Beribert in Infancy

Beriberi in infancy is an interesting expression of the deficiency first
recognized elinically by Hirota fifty years ago. It affects breost fed infants
and only those whose mothers have beriberi. Not all beriberi women have
beriberi infants, In some cases the mother is but slightly affected by the

, disease while the infant is severely offlicted. Shimazono states that those
cases which he has investigated, in which the infant was sick and the mother
appeared normal, oll showed some physical signs of beriberi in the woman.

The cases oecur in the summer and early fall, nearly twice as frequently
in male as female babies and the peak incidence is in the second.month of
life. 'The cardiac signs are pronounced but the earliest and most 1mpor1.‘/ant
symptom is loss of appetite and vomiting. Ohta found that these ht'tle
patients had a small gastric capacity, could take but a small amount of milk
at one time. Utine is scanty, face pallid, pulse and respiration lallnle and
rapid. The cranial nerves are much more commonly affected than in adult
cases. L

Loss of voice—aphonia—is \nlso common among infant§ an.d is smd‘ to'lfe
highly characteristic. The child can only moan or whine in a plaintive
fashion and the “beriberi cry” has made so distinct an impression on clini-
cians that the diagnosis is often made on the basis of this one Syml}mm-
Eighty-five per cent of Ohta’s patients were hoarse. Laryngoscodpls f‘;"
amination showed paralysis of a vocal cord in each case, the M'Ei cOrt ci ~L’
more frequently involved than the right. Drooping of an eyelid—p! Oslisas
was also common. Ohta observed that the slightes? mfectlonsh such o
common colds resulted in exacerbations of the beriberi. som;il p ty;w}aht
have attributed the laryngeal paralysis to pressure by the dilated ng
auricle.

Diagnosis is usually
most characteristic being sudden paroxys:
of the body which is held tense and straight.

y toms, the
after the onset of acute symptoms, 116
made only . ms of pain associated with rigidity

No true convulsions occur.
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The face is cyanosed, the neck veins engorged, the pulse small and rapid.
The pulse rate rapidly increases on movement, being very labile, The
infant cries in a low plaintive voice and has repeated attacks of similar
nature until death occurs, often within twelve to twenty-four hours, unless
treatment is effective.

“In forty-cight of Ohta’s cases speeial studies were made of the gastro-
intestinal function (Ohta and Tzumita). The group as a whole showed re-
duced total neidity and free hydrochloric acid although the values in the in-
dividual cases were extremely variable. The daily fluctuation in acidity
was abnormally pronounced and this fluctuation, as well as the amount of
acid, returned to normal under the influence of vitamin therapy. However
the responsc is not always prompt. The authors divided their cases into
four groups, depending on the type of gastric dysfunction present. The
majority of their cases fell into a group characterized by anacidity or hypo-
acidity. In this group the reduced acidity was found to persist for from
two to three months after the beginning of the treatment.

* No delay in the passage of test meals was observed by these authors who
found normal values for the emptying time of stomach, small bowel and
colon. .

Vedder has described an uncommon form of the disease in infants which
runs a protracted course and is marked by obstinate constipation, vomiting,
usually occurring every day at about the same time but unrelated to meals;
restlessness at night, enlarged heart and developing pallor and weakness.
Bray's experience secms to have been somewhat similar. He noted on
Pleasant Island, in the Pacific, that coincidental with a change in the native
diet, the substitution of canned foods for the native “toddy,” the infant’
mortality increased alarmingly. Breast fed infants were most affected.
The symptoms were vomiting, distension, irntability, intense cyanosis and
convulsions. Death occurred suddenly. At necropsy the right heart was
distended. Some of the infants had symptoms of meningitis or pneumonia
but bacteriological examination was negative. The duration of the disease
was very brief, 12 to 24 hours, and vitamin therapy successful. Bray de-
seribed o different clinical syndrome in older children which he also de-
scribed to thiamine deficiency. The symptoms were loss of weight and ap-
petite, subnormal temperatures and susceptibility to infectious diseases
such as bronclutis, otitis media and pharyngitis, The fatal cases also
showed right sided heart failure and degenerative changes in the nerves.

Ship Beribers

Atypical forms of beriberi encountered in our own country are discussed
lat.er on but one type, ship beriberi, is best considered in connection with the
epidemic disease since it is no longer a medical problem. The disease has
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not been well studied because it has oceurred almost entirely on board sail-
ing ships which seldom carried 2 medical officer. The nervous symptoms of
beriberi appear in characteristic manner as well as wesakmess, constipation
and loss of appetite but other symptoms are common which are not the
"result of thiamine deficiency. Thus skin petechiae and hemorrhagic
gingivitis are often reported which are due to scurvy and night blindness
which is due to vitamin A deficiency. Protein deficiency edema has un-
doubtedly been present in some instances as well. !

R Predisposing Factors
Six predisposing factors are listed in the Japanese literature:

1. Temperature. Cases are commonest in the warm months. This seems inde-
dent of ions in the thiamine content of the food.

2 Humidity. Both the military and industrial records show that high humidity
predisposes individuals to beriberi. ' '

3. Age. Itisa disease of young people, the majority of the patients being between
15 and 30 years of age. .

4. Sex. Males are affected 2 or 3 times as often as females. e

5. Robustness. Active individuals seem to be predisposed to beriberi. Scheube
noticed this in 1894, Army records show that forced marches precipitate attacks
Shimazono observed 8 cases among girls working in a spinning plant. They sat at
their machines and worked almost entirely with their left hands. All 8 had hyper-
aesthesia of that part of the body and no other. .

6. Physiological strain. P v, lactation and infectious diseases may pre-
cipitate beriberi  MeKenzie ascribes one case to hookworm infestation and the loss
of blood due to the parasites. . ‘

Complications are frequent, particularly infectious diseases. If this
happens the cardiovascular disturbance is greatly intensified. Cases of
chronic infectious disease are liable to develop beriberi, as has been men-
tioned, and in these circumstances the nervous disturbances are especml}y
severe and very fesistant to treatment. Severe paralyses are common in
the beriberi of pregnancy also. . L

The most sesiof: complication is the development of Shoshin. Young
adults constitute most of the cases. Creat weakness, thirst and dyspnea
occur with loss of appetite and vomiting. The pulse rate mounts to 120,

‘the respiratory rate 30 pm. The urine is steadily re(_iuced in amc;mﬁx
precordial pain may appear, the patient is most anxious and rist ess-.
TUsually these cases show no nervous lesions other than areas of 'ﬂ};pe!;;
aesthesia in the legs. They run a stormy course and many die within
days. Recovery is very rapid under treatment.

Vedder examined patients suspected of latent be

. tenderness and searching for areas of anaesthesia in :
of pin pricks. He then had the suspects squat on their heels;

riberi by testing for calf
the lower legs by means
This position
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is very painful in beriberi and patients frequently are unable to rise without
pulling themselves up with their hands.
1If a dependable dictary history is nvailable presumptive evidence of
* beriberi may besecured by caleulating the adequacy of the diet by Cowgill's
method. The best diagnostic aid at present scems to be the therapeutic
test. In acute cases improvement may oceur suddenly snd dramatically
and even the chronic and atypical cases respond promptly to large doses of
thiamine,
Certain aids in clinical diagnosis are listed by Shimazono. Nerve tender-
ness, generalized annesthesia, severe ataxis, marked difference in involve-
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Fie 36. Berberi mortality in different nge-groups. The solid columns represent
deaths among males, the hollow columns females. (After Shimazono.)

ment in two gides, cranial nerve involvement, disturbed refleves, foot and
patellar clonus and involvement of bladder and rectal sphincters are all
absent in beniberi and serve to distinguish it from other discases.

The prognosis in beniberi is now good. Uncomplicated cases seldom die
unless of Shoshin attacks which are always a serious matter. In Japan the
mortality rateis 2 to 4 per cent. In Malay Castellani and Chalmers report
the mortality to have been 20 per cent,  Early diagnosis and prompt medi-
cal care are capable of controlling beriberi in all but the most unfavorable
cases.

DIAGNOSIS
Benberi is considered relatively easily recognized clinically, The com-

bination of neuritis, eardiac symptoms and edema are unique. When either
of these manifestations occurs separately the problem is very different.
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The characteristic distribution, spread and natural histery of beriberi

neuropathy is fairly characteristic.

Differentiation from other forms of

peripheral 'neuritis may be aided by Table XXXI. The cardiac signs
cannot be identified without a history of conditions predisposing to this.

TABLE XXXI ~
Comparison of Clinical Characleristics of Various Forms of Neuritis
fIAxe? 1EAD ARSEXICAL
NEURITIS NEURITIS
Antecedent| Conditions af-| Acute upper| Diphtheria | Ingestion ofj Colie, lassi-| Ingestion of
hustory fecting _thia.| respiratory 2-3  weeks| triorthoere-| tude,crampe]  arsenic
mine intake] dwsease fre-| before syl  phos| and tremory
oradequacy quenily pre-| phate |
cedes
Onset. Usually More acute Gradual | Abrupt Varuble Blow
insidious
Bensory Prominent, In some cases;| Only if motor{ Not marked { Mimimal or| Prominent
distur- sscending not severe paralysis none
bances severe
Deep Slowly Absentor Disappear | Auklajerks | Lost Slowly
reflexea disappear greatly early Jost,knee | disappear
duminished Jerksre-
main
Distribu- | Starts distantly| Thighand Relatedto | Almost in- | Extersorsof | All four ex-
tion in lower ex- Jower trunk,| location of variably of | handsand | . tremities
N tremities Proximal primary toes and | wmsta.
partsmoat | lesion ankles,
affected Fungers
often woak
Vibratory | Lost Not Not'affected | May be Lost
sensation mpaired dumnished
Spinal fuid| Normal or with| Protein usu. Protein mod-
slightly in- ally more erately
cresaed than 45 me.
protein May show _
Iymphocytes I
Other Prompily Facial nerves | Paralyssof | Paralysis Characteristic mhx:hw "
character-]  sffected by bilaterally pphincters preceded dstribution. c]u“h‘:ir
isties rest, Cranisl involved, isfrequent | by pmn Much slan,
nervesintact | Maybe atrophy an
febrile .

. mine depletion or the demonstration of responst
edema does not occur as an isolated symptom. I
to protein deficiency occurs in the feet and often in the face.

are wasted and asthenic.

A number of special tests have been used as aidsin diagnosis.

e to specific therapy. The
The nutritional edema due

The patients

Aalsmeer’s






PrLareXIV Vitaminsand plant growth. Varous vitamins are quit
to plants as to ammals  This 1s well jllustrated by these photograpl
the effect of thiarmn nnd its intermediates on the growth of excised
cultivated 1n a solutton of mineral salts and brown sngar. The uppe
shows the effeet of thiamun which has caused an erghtyfold increase in.
lower photograph 1s of a similar experiment in which the media was enri
from left to right) with thiazole, thiazole and pyrimidme and with
this case the v d are as satisfactory as thianun itself. Y
differ 1 their requirements and poscers of synthesis and this may be u
fying certain vitamuns and 1n assay (Reproduced by permission of D
bins and The Botanical Gazette.)
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tes!, the precipitation of the eardiac symptoms of acute beriberi by the in-
jection of ndrenalin (or pitressin—Wenckeback's tost) may be dangerous but
is considered very revealing in mild cases, The failure to excrete water
(Volhard’s test) has been used to demonstrate beriberi. A liter of water is
given and the urinary output measured during a period of four hours.
Failure to excrete an equivalent amount is presumptive evidence, Since
water retention in beriberi is rapidly corrected by treatment this as well as
the electrocardiographic changes can be used as criteria of o therapeutic
test.  Of the chemical tests the measurement of blood pyruvic acid is most
readily adapted to clinieal use and abnormal levels cither at rest or after
excrtion imply pathological carbohydrate metabolism. The test cannot be
considered speeific unless other illnesses which also increase the pyruvie acid
value can be excludsd.
Laboratory Atds tn the Diagnosis of Thiamine D

Thiamine has no propertics which lend themselves to delicate testing.
The thioehrome reaction is subject to various errors although Westenbrink
and Goudsmit reported its successful use in testing urine. The method of
Prebluda and McCollum, using as reagent a solution of para-aminoacetani-
lide and nitrous acid, produces a purpie-red compound with thiamine but its
application to biological materialsisimpractical. Theamounts of thismine
are, of course, extremely small, Using these methods Schneider and
Burger estimate the thiamine content of the urine of normal persons to be
between 80 and 100 v daily and of the blood serum 6.4 « per 100 ml.

A simpler procedure is Schopfer’s test, based on the influence of thiamine
on the rate of growth of the mold Phycomyces blakesleeanus. This has been
used rather frequently in studies of biological specimens. Its limitations
are discussed elsewhere in this volume. Rowlands and Wilkinson, using
the Phycomyces test determined the blood level of normal individuals to be
between 6.5 and 16.5 4 per cent. Lower values were found in cases of
neuritis, scurvy and malnutrition (3 to 4 « per 100 ml.). Other studies
of the vitamin excretion have been reported by Harris et al. who used the
rat bradycardia method. Good correlation between estimated intake and
excretion was secured. ,

A test which has been used considerably in studying fowl polyneuritis
and beriberi is the pyruvic acid test. The bisulphite-binding sub s of
the blood are determined by a micromethod. This is not specifically due to
pyruvate but under experimental conditions is quite dependable. Platt
and Lu were able to measure the progress of human cases by means of this
test. The objection to it in clinical work appears principally to be its
limitation to severc grades of deficiency. Wilkins, Taylor and Weiss tested
the blood values of many patients and found it nonspecific for thiamine de-
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ficlency. Nevertheless the test serves as a useful measure of the disease
and with eertain limitations as a diagnostic procedure. The pyruvatelevel

TABLE XXXIf
The Thigmine Content of Human Tissues

’ {micrograms per gram tissue)
nEAR? Rotatid LvER xover | cenemene
Poorly nourished.. . ....... 0.6 0.1 0.5 0.5 0.5
Fairly well nourished. .. 1.5 0.3 0.9 1.0 1.0
Well nourished....... 2.4 0.4 1.3 1.4 11
Thiamine treated. ... 3.1 0.7 1.6 1.6 12
(Based on results of Ferrebee, Weissman, Parker and Owen.)

Thiarmmne deficiency Normal
2mmmx Maximum o~ Maximum
a--=2 Minimum = Minitmum

Fia. 37. The range of values of pyruvic acid, lactie aciz{ and dextrose in thetl;xl;tvg
after the oral administration of 50 gm. dextrose at zero time and again after o
i in thi ficient and normal adults. (Courtesy of Dr, Russell 3

i

Wilder.)

in the blood is normally 0.5 mgm. per 140 ml. In mild {arms _of deﬁci;u:;'
the increase may not be considerable but will be exces'sxvely mcrea.'sf ot
muscular exertion and will require an abnormally long time to return to
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restinglevel,  Heavy work causes an even greater increase and may precipi-
tate symptoms of beriberi.  In sovere, fulminating cases of the disease the
resting level is high and, according to Platt and T, furnishes & measure
of the severity of the illness.  We have used the method of Bueding and
Wortis with success (Chapter XXVIII). ,

The blood coneentration of pyrvic acid following the ingestion of dex-
trose was used by Wilder and associates in following the development of
beriberi in volunteer subjects (sec Fig. 37).

Goodhart and Sinclair found blood cocarboxylase to be a good index of
the degree of saturation of the body with both cocarboxylase and thiamine.
Comparison was made with biological assays. Coearboxylase was de-
termined by the method of Ochon and Peters.  The blood cocarboxylase is
present only in the blood cells. Thus in conditions such as polycythemia
erroneous results will oceur.  In a more recent report Goodhart states that
the blood levels for “normal” boys is 7.0 v % 1.53 s.n.

TREATMENT

The important clement in treatment is, of course, the administration of
thiamine, Doses of 10 to 20 mgm. daily appear reasonable. This iy much
more than the caleulated daily requirement but it is known that in experi-
mental thiamine deficiency, also, 3 to 5 times the maintenance dose is neces-
sary to cure. Many cases, especially forms of neuropathy secondary to
other diseases will only respond favorably if the dose is still greater and since
thiamine is not toxic this is well worth trying.

The response is gratifying and in severe cases dramatic. Hawes states
that terminal eases, with pulse rates above 120 per minute undergo an al-
most immediate response and that changes in blood pressure appear within
an hour or two. In such cases, too, large doses are properly given, espe-~
cially since their effect persists for some days. Cardiac symptoms are said
to )mprove more guickly than the nervous ones,

The other factor in the treatment of severe or moderately severe cases
which is of critical importance in the management of cases with cardiae
signs is complete bed rest sinee activity may precipitate sudden attacks and
death. Rest alone is enough to induce a considerable degree of recovery in
many cases.

And finally diet 1s important. Jolliffe believes that eertain constituents
of the B complex are valuable adjuncts. He also gives very practical ad-
vite regarding the prescription of a diet. The rule is to eliminate all vita-
min-free or vitamin-poor foods. In the severely sick he gives milk, cream,
ground liver, puréed legumes, thin, whale grain cereal gruels and fruit juices.

None of the orthodox eardiac drugs are effective in beriberi and even the



most powerful diuretics are valueless. Bleeding is recommended for eritical
cases with heart failure, T

We have heard of unfavorable effects from the administration of thia-
mine in patients with obscure nervous disorders. In most cases the evi-
dence is indirect. However, Steinberg reports 3 patients in whom herpes
zoster followed medication and: he believed other patients have shown
smooth muscle spasms because of thiamine. His cases received from 1200
to 2000 units, some intravenously, others oriﬂly.‘ In one case treatment
was resumed several months later and herpes reappeared.

The symptoms of overdosage in small animals are tetanic spasms, slow
and irregular breathing followed by respiratory paralysis. No deaths have
been reported from thiamine intoxication, Indeed the human tolerates
500 mgm. daily for many weeks without symptoms and Hecht and Weese
estimate the ratio of therapeutic to toxic dose in the monkey to be from °
1:7,200 to 1:36,000. h

Cases of thiamine sensitivity have been described. Scveral were ap-
parently due to the preservative added. Such reactions can of course be

excluded by intradermal testing. ,

THIAMINE DEFICIENCY IN THE WESTERN WORLD

1t is hoped that the preceding review has left the reader convinced that
Oriental beriberi was, and is, a dreadfully serious diseage for which we have
both cure and preventive although tragically not the cure of the conditions’
which prevent prevention.

It is hoped, too, that there remains little doubt that much the same dis-
ease oceurs in our own country. If all this is admitted, one is faced with an”
obvious discrepancey for we do not have the deaths from beriberi that occur
in the Orient. And if we do not have the deaths, how severe and wide-
spread a deficiency do we have? ‘

" Unfortunately the authors are in no position to say. But a eritical re-
view of the literature and a continuous experience with the sick‘poor and a
large necropsy service all suggest that while deficiency of thismine may be
widespread it is somewhat less severe than one would suspect from many
reports. Our thiamine problem is of s different order than that of the Far
East. ’
Peripheral neuropathy is a relatively unimportant wmedical problem.
Thiamine heart disease seems so unimportant, relatively, tha.t standard
works on heart diseases dismiss it with a few lines or at most a single page.

.

Nutritional Polyneuritis

The two forms of thinmine deficiency common in North_ America are the
neuropathy and the cardiac manifestations. Outspoken instances of both
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occur sporadically and clinicians with particular interest in nutrition con-
sider that mild forms, not frequently recognized, are very common. Jol-
liffe, for example, reports the incidence of polyneuritis among alcoholies as
being in the neighborhood of 20 per cent. Most of these cases are pre-
sumably very mild. Cardiologists disagree concerning the importance of
thismine deficicncy s the cause of heart disease.

At a recent meeting of the Association for Research in Nervous and
Mental Disease these conflicting points of view were clearly expressed fol-
lowing a clinical differentiation of the various forms of neuritis by Strauss.
Strauss' description of nutritional polyneuritis (by which is meant also
aleoholic polyneuritis, polyneuritis of pregnancy and of diabetes) could be
almost wholely transposed to the preceding description of mild beriberi asit
occurs in the Orient excepting for his discussion of etiology :

“In chronic alcoholism appetite and food intake are diminished; gastro-

intestinal disturbances which ipterfere with absorption of food are common;
liver disorders may impede intermediary metabolism; finally aleohol per
se furnishes a large number of non-vitamin containing calories. In severe
vomiting of pregnancy the actual amount of food assimilated is small;
gestation with its increased metabolism inereases the demand for nutri-
tiopal factors. In chronic diarrheas whether due to bacteria, parasites,
sprue, ulcerative or mucous colitis, absorption of vitamin is impaired.
A similar process occurs in gastro-intestinal fistula, pyloric obstruction,
cancer of the stomach or bowel, In liver diseases intermediate pro-
cesses in the handling of food factors may be impeded. Infevers of long
duration, hyperthyroidism, and in prolonged strenuous physieal activity,
demands for accessory food factors are increased. Finally in many of the
above states dictary intake is limited qualitatively or quantitatively because
of anorexia, economic status or the prescription of special diets. Thus
nutritional polyneuritis develops in the Western World.””  (our italics)

Strauss’ description of the clinical features of this form of neuropathy is so
complete and clear it is reprinted in full:

“The onset of nutritional polyneuritis may be sudden, but it is generally
insidious. Heaviness of the legs and tenderness of the calf muscles when
they are squeczed are usually the earliest manifestations. Walking short
distances is unimpaired, but when longer walks are attempted weakness
may become apparent.  Frequently patients will note that they will com-

mence walking with no disability whatever but that after having traversed
a varinble distance their legs will suddenly collapse under them. At first
a distance of a mile or more may be required to bring out this weakness.
Later a hundred feet may be sufficient.  After some minutes of rest, walking
can be resumed. It is improbable that these manifestations are the result
of organic degeneration in the nerves. More likely they represent a meta-
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bolic disturbance in nerve or muscle due to vitamin deficiency. Burning ¢
the soles of the feet and numbness of the dorsum and lower part of the ank!
are next to appear.  Weakness of dorsi-flexion of the toes then becomes o}
Jectively demonstrable. The archilles and patellar reflexes become di
minished, then absent. Weakness gradually spreads upward, involving th
extensors of the foot, then the muscles of the calf, and, finally, the extensors
and flexors of the leg. By the time the thigh muscles become weak, toe
and foot drop is usually manifest. With the motor phenomena there i
pari passu an ascent of sensory signs. Hypesthesia advances up the leg
and thigh in a bandlike wave, with anesthesia following in its wake. Vibra.
tory sense is almost invariably lost and may be the last to reappear when re-
covery occurs. Not infrequently it remains absent or diminished years
after the other manifestations have gone. Atrophy of muscles and skin
sets in shortly, the skin becoming smooth and shiny. Not untjl the disorder
has progressed to a moderate degree in the legs do symptomsreferable to the
upper extremity ordinarily appesr. However, the hands and arms may be
affected first, especially in individuals who use their hands a great deal
more than their legs. As in the feet, the symptoms commence with burn-
ing, numbness and weakness of the hands, followed by wrist drop, hypes-
thesia and anesthesia, together with a loss of tendon reflexes. In an ad-
vanced case the patient becomes bedridden, suffers great pain even from
the pressure of the bedding, and is prone to develop decubitus ulcers.
Sphineter control is ususlly majntained until very late stages.r Cranial
nerves other than the tenth are rarely involved. Memory defects are com-
mon. The patients with mental symptoms (Korsakow psychosis) are
generally cheerful and happy in spite of the extent of their disability and
discomfort, although marked mental depression may occur.

“The rapidity with which the polyneuritis of beriberi advances varies
markedly in individusl cases. There is some evidence that in the total
shsence of antineuritic factors in the diet about twenty days may be re-
quired for the appearance of the first symptoms but this is probably largely
determined by the previous dist. Should no treatment be instituted, the
late stages may be reached within a matter of weeks. However, m?st
patients suffer from s partial and irregular deficiency of the vitamin.
Months may accordingly elapse before marked symptoms appear. With
temporary increases in the amount of the vitamin ingest.ed, remissions oc-
cur; these are followed by exacerbations as the diet again I_Jecames m.ade-
quate. Some individuals may continue for long pe‘n0d5 in a relatively
stationary condition while partaking of diets containipg sn amount of the
. L sh e Tewa s seenangyery but enough to prevent
‘ -robably represent acute ex-
s or excessive physical activity

acerbations precipitated perhaps by mnfection
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in persons who have had unrecognized mild symptoms of the disease for
some time."”

“Spina} fluid evamination is generally normal, although the protein may
be slightly clevated.  Urine and stool specimens are not remarkable.  The
blood frequently shows o moderate anemia mildly macrocytic in character.”?

Strauss agreed with Meiklejohn that thiamine is probably not the only
factor involved in nutritional neuropathy. Indeed both authors imply that
its role ia not even dominant and question whether it should be considered
the “anti-neuritis” vitamin. We have already reviewed this prablem and
believe that the anatomical evidence strongly implies that thiamine is the
active agent. Bessey emphasized this in di ing Strauss’ report.

The problem of poor recovery despite continued and smple thiamine
treatment was discussed by Jolliffe who pointed out that mild cases, pa-
tients having only tenderness of the calf muscles, plantar dysesthesia and
absenee of knee jerks, recover promptly under conditions of complete con-
trol of the intake of other B vitamins when thiamine is given.

Cardiac Disturbances

Cardiac disturbances due to thiamine deficiency have been present in this
country for many years and have, indeed, been recognized for a considerable
period. Weiss and Wilkins, however, should be credited with the most
complete studies and for emphasizing the frequency and distribution of this
disorder. We have already mentioned that Jolliffe estimates the frequency
of cardiac involvement 1n cases with nutritional neuropathy as about 33
per cent.  Among 900 case records of patients with®some evidence of nu-
tritional disturbance Weiss and Wilkins found 85 they believed suffered
from cardiac dysfunction. Within the following two years they observed
35 patients among 5,500 medical admissions. Tt would seem that the con-
dition is not uncommon and the authors emphasize this by pointing out that
in their experience it 15 & commoner cause of heart disease than either con-
genital heart disease or subacute bacterial endocarditis.

‘While the cardiac manifestations donot form a constant syndrome certain
symptoms are very common. These are:

1. Dyspnea on exertion with palpitation, tachycardia and embryocardia.
The tachycardia may change to bradycardia during trentment. {This is
true of oriental beriberi.)

2. Gallop rhythm, prominent eardiac pulsations, pistol shot pulse.

3. Heart of normal size or enlarged. Frequently systolic and diastolic
murmurs,

4. The dyspnea may be very severe and can appear unexpectedly with
great severity,

5. Signs of pulmonary congestion.



210 THE AVITAMINOSES

6. Arterial pressure usually normal with a tendency to increased pulse
. pressure. .

7. Veins in neck may be engorged. .-

8. Skiu‘warm, usually of normal color but may be eyanotic.

9. Eden.un may oeeur, either dependent or diffusc and is at times sevére.

10. Patients with severe failure ore prose to fever which increases the
symptoms. .

. Joltiffe has stated the case somewhat differently. He groups the cases
into one of three categories:

1. Patients with edema and serous effusions in the absence of congestive
heart failure, enlarged heart or recognized factor producing effusions,

2. Edema and serous effusions with signs of heart enlargement and con- -
gestive heart failure, and

3. Sudden circulatory callapse ocourring with or without previous signs of
circulatory failure. :

Both suthors agree that the older observations are correct, namely that
patients with slight nervous involvement are more subject to cardiac failure
because they are more active.

Jolliffe has listed three further characteristics of the cardiac cases:

1. A mild polyneuritis is present.

2. Increased or normal blood veloeity in the presence of congestive heart
failure, .

3. Rapid response to specific therapy with complete and permanent
reversibility of the circulatory manifestations.

It must be evident that in all those aspects which have been studied the
cardiac as well as the nervous manifestations of thismine deficiency in this
country are the same as those occurring in classical beriberi. In other
words the enly difference in clinical practice seems to be the difference in
terminology which hardly seems justified. This, with & history of an un-
balanced diet, the results of the therapeutic test, presence of other signs of
deficiency, absence of heart disease of another kind and the changes in the

EKG and their response to treatment were indeed the Teasons that en-
cournged Weiss and Wilkins to designate their cases as beriberi.

The similarity extends to other features; males are 4 times as commonly
affected as females, the resp tothe adrenalin test and the sppearance of
the heart, post morter.

The BKG observations are not constant or specific.
ported by various authors as follows: N

Anlsmeer nnd Wenckebach: Tachyeardin and shortened conduction time (P-R

interval 0.12 sec, or less). L i
! Scott snd Herrmann. Negative T1and T3, Some with right and some with left

They have been re-
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ventricular preponderance. Low voltages and slight disturbances in ventricular
complexes.

Keefer: Negative T waves, right and left preponderance and low voltages

Weiss and Wilkins: Abnormal T n aves, prolonged clectrical systole (Q-T) and sinus
tachyeardin -

Feil: Inverted T waves, Prolonged systole,

Dustin, Weyler and Roberts, Increased electrical eystole, Rapid rate. Low
voltage and flattening of T wave in first three leads,

This summary is from the report of Dustin, Weyler and Roberts who
point out that these changes oceur in various other conditions. The EKG
records of deficient rats were studied by Zoll and Weiss. The changes
were similar to those in human cases but the rate was slow.

Weiss and Wilkins have made a further useful contribution to the subject
by calling attention to the cffects of inanition on the heart. These are
bradycardia, decreased arterial pressure, lowered metabolic rate and pre-
sumably decreased blood flow. These changes are entirely different from
those due to thiamine deficiency. They must be considered in nutritional
eases with cardiac dysfunection since both conditions may cause fatal cardiac
failure.

Waring described cases of cardiac enlargement with edema which re-
sponded to thiamine therapy.

Encephalopathy of Wernicke

A characteristic cerebral lesion was described by Wernicke in 1881 which
he called acute superior hemorrhagie polioencephalitis. The lesion consists
essentially of symmetric petechiac in the wall of the third ventricle, the grey
matter about the aqueduct and on the floor of the fourth ventricle. Wer-
nicke believed this the expression of an infectious disease, a poli ph
litis, but recent work suggests that it is an uncommon form of thiamine de-
ficiency.

Alexander has duplicated the lesion in pig by thiamine deficiency
and similar changes were earhier observed in rats by Prickett. The lesions
in the pigeons were located about the ventricular system and consisted of
focal degeneration and varicosities of the vessels with associated areas of
parenchymal necrosis and frequently of petechine. They were most com-
mon in the paramedian and paraventricular nuclei of the thalamils and
hypothalamus, the mammillary bodies, the periductal region of the mid-
brain, nuclei triangularis and Bechterew of the vestibular nerve and the
dorsal nucled of the vagus. These are the locations of the lesions in man in
whom the histopathology is likewise indistinguishable. The lesion has an
especial interest in that vascular effeets are predominant. Hemorrhagic
lesions have been frequently although erratically observed in various organs
in thiamine deficiency. Plate XIII.
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normal, fine, silky hair, the skin had a pale pink glistening, new skin ap-
pearance. The backs of the hind paws, when affected, presented at first an
appearance as of matting of thesilky fur of this part, and then looked dull
and thickened. Later this matted layer of fur began to fissure and crack
a&i then gradually desquamate, leaving a denuded pale pink, glistening
skin.

The shortest period for producing this dermatitis was approximately
seven weeks. In addition to the skin lesions they found a stomatitis com-
parable te that found in pellagra. - : .

The paw and ear lesions are now known to have been due to pyridoxin.
deficiency but the generalized, dry, greasy scaliness of the skin with gradual
loss of hair was due to riboflavin, Those specimens which we have ex-
“amined showed little more than atrophy with a few round cells in the super-
ficial corium. Wolbach and Bessey, in a preliminary report, describe the
initial changes in the epidermis and its appendages. A moderate keratosis
appears, atrophy of the sebaceous glands and loss of hair due to separation
of the basal portion of the shaft from its anchoring cells, The outstanding
effect was found to be associated with the hair follicles and the absence of
regeneration of hairs. The{ollicle has an atrophic wall and for a time forms
imperfect hairs. Evidence of recovery was evident 48 hours after feeding
riboflavin.

The most interesting observations of riboflavin deficiency relate to the
. eye. Bessey and Wolbach describe vascularization of the rat cornea. “It

precedes all other demonstrable lesions of the deficiency.” Xeratitis bad
been previously observed but attention at that time was directed to changes
in the lens of the eye rather than the cornea. Bessey and Wolbach fed
their animals a diet composed of 18 per cent casein, 4 per cent Osborn and
Mendel salt mixture, 2 per cent cod liver oil, 20 per cent sugar, 48 per cent
comstarch (twice extracted with sleohol) and 8 per cent pearat vl Thin-
mine chloride and riboflavin free yeast were given as supplements.

After 3 weeks growth ceased and between the 5th’and 7th weeks the
palpebral fissure became narrowed, the eyeballs sunken, the lids swollen,
the tail dry and scabby. The cornea was dull and the skin manifestations
of riboflavin deficiency evident. Preceding these signs of deﬁcleucy'capll-
Jaries commenced to grow into the cornea from the vessels of the limbus
and within 3 months these newly formed vessels extended more thar} one-
third across the cornea and some reached its center.  The vessels were in the
form of an anastomosing plexus which lay immediately beneath the. epithe-
Jium but which later invaded the deeper structures as well. _Tl}e lesion was
rapidly reversed by riboflavin. Turbidity disappeared mthm_ }2 hours,
within 2 weeks the vascular plexus could no Jonger be seen c]l.mcally. :q-
though remnants were detected by histological means for 2 months,  Simi-






Prate XVI Vascularzation of the cornea due to riboflavin defictency. FPhofo.
graph of a rat eye which was injected with india ink to demonstrate the plexus of
newly formed blood vessels. (Reproduccd by permission of Dr. L. V. Johnson and
the Archives of Ophthalmology Sec Eckardt, R. E., and Johnson, L. V., Arch,
Opthal , 21 315, 1939)
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ler ehanzes had boen oberrved in vitamin A deficient rats, The relation.
ship wae not clear,

The sigmificance of camneal vaseularization and its control by riboflavin
vere reported independently s month later by Eckardt and Johnson who
sere studying eataract formation. Only 2 of 12 rats which survived pro-
lnged ribioflavin deficieney developed eataract but more than half showed
corzea] vascularization,

Catarnet, reported by Day and ascociatesin almost all riboflavin deficient,
Rt eas rarely encountered in Bessoy and Wolbach's experiments.  Those
Intssees fn which it did occur were believed dne to litter susceptibility,
Thsin extensive nnd eatefyl studies two completely divergent results were
“tured for Day was able not only to produce cataract by riboflavin de~
Eciency In{ prems 10 have demmstrated almost as complete control of the
precess by adminietoring the pure vitamin (Day, Darby and Cosgrove),

Other reoults w ith similar dietz include those of Bourne and Pike who found
theiacideree of eataraet to be 31 per eent, Gybriry who found nolens lesions
224 Dirkardeon and Hogan who “rarely saw eataract.” The experience of
Echardt gniy Johnman has leen mentioned. It would scem, therefore, that
the egzeenens je againet the sole of siboflavin in the production of cataract.
Galactoe vich fints induce cataracts in rats but this does not explain the

*erepaney.  The galactase eataract is not associated with vascularization
of the porpeq (Lckardt and John=on) and is not preventable by riboflavin
DMitehell gng Cook)f Day suggests that others have not used a completely
(avin) deficion, dict,

The syndrome of sudden collapse (vide infra) which is such 2 striking
anifestation of riboflavin deficiency in dogs occurs but rarely in rats.

ey reports having scen it.

CANINE ARIBOFLAVINOSIS

This dcﬁciency discase was first studied by Schrell and associates, The
ptoms, weakness and ataxia, develop rapidly. The animals soon b?-
“ome unable to wall or stand and lie, mentally alert, with spastic extremi-
ties Bradycardiu and an cxaggerated sinus arrhythmia are notab{a
featureg, Respiration is slow and deep.  Coma then appears and the ani-
Bals die within 12 hours, frequently much sooner. Riboflavin produces a
mpid cure,

This dramatie eqlapse dovel ped as a late manifestation of riboflavin
deficioney {never in less than 102 days)? and was preceded by an inconstant
Bermatitis which commenced as an erythema followed by n dry and sealy

'Wintr in swine on riboflavin defi-
tésf‘:g3:‘;:Mce:r‘z‘zg;?:::ﬁztéﬁf::ﬁig ::: gcoc(uc:m(gs;i Johns Hopkins Hosp., 751

2 1019),
in :i:‘mmd et al. have succeeded in halving this tncubation period by impros ements

¢ basat ratien,
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exfoliation. The dermf;titis was most common over the chest, abdomen
a}nd inner surfaces of thighs and axiflae. * In male dogs it charaeteristically
1{1\'01Ved the scrotum, Anemin was often present but did not respond to
riboflavin feeding.

Anatomic study showed fatty degeneration of the liver and, to a lesser
degree, the kidney (Henle's loop). Small patches of hepatic necrosis have
been found.  The bone marrow was atrophic and fatty. Nodular hemor-
rhagic lesions occurred in the lungs. Iixtensive and moderately severe de-
generation of nerve cells was found in brain and cord as well as myelin de-
generation of fibers in the pyramidal tract, median longitudinal bundles aud
brachium pontis. Myelin degeneration was also seen in the glossopharyn-
geal and accessorius nerves and in parts of the fasciculus cuneatus,

Similar behavior was noted in B, deficiency experiments by Zimmerman,
Cowgill and Fox. The etiologic importance of riboflavin in the production
of this syndrome was reinvestigated hy Street and Cowgill. By using im-
proved diets, deficient only in flavin, they produced the same clinical re-
spouses. After 1 to @ weeks of steady loss of wejght and diminished food
consumption {which differed from that of thiamine deficiency in its erratic,
fluctuating character and the persistence of some eating until the onset of
the collapse phenomenon) their animals became apathetic, reluctant to
walk, saon staggered 4nd then became semicomatose,  Vomiting almost al-
ways occurred, some had convulsions and most diarrhea. The diarrhes,
hawever, was a symptom of the collapse stage and was not present during
the prodromal period. Complete recovery was effected in § of 7 animals
within 2 to 3 days by riboflavin treatments. Street and Cowgill demon-
strated inversion of the T wave (confirming Sebrell and Onstott), found a
fatty liver in one auimal but did nat observe bradycardia. A pronounced
fall in body temperature and respiratory rate occurred during the attacks,
the heart rate remaining normat or H ing .

Presumahbly therefore bradyeardia and anemia are due to other than n‘bo-
flavin deficiency. The syndrome in other respects must have been id(.antlcal
in both laboratories and constitutes a striking clinical manifestation of
vitamin deficiency. Whether the dermatitis reported by Sebrell and On-
stott must also be accounted for by another deficiency is 'unknm:n. 'As'
regards the anemia it should be noted that Gyorey, I.{obschmt-}?obb.ms and
TWhipple found that riboflavin inereases hemaoglobin _pmductxon in dogi
made anemic by repeated bleedings. The response 18 of the order of %
that produced by 300 grams of pig liver.

AVIAN ARIBOFLAVINOSIS
The importance of the growth factor in the B complex for the chick was
deraonstrated many years ago and has become recognized as extremely im-
portant by the poultry industry. In young chicks the most striking mani-

.



 of chronie ribotlavin dehiciency 18 “‘curicd to¢ paralysis,” tro-
partial deficiency is neeessary for its production. Complete
ion induces an acute condition marked by paralysis and dystonia
escmbles the disease in dogs. The “curled toe paralysis” com-
as gradually increasing flexion of the toes continuing to a stage of
s. The disorder is usually bilateral,

csions arc confined to the nervous system (Phillips and Engel).
or cent of their animals the sciatic nerve was degenerate.  Patchy
degeneration were also found in the spinal cord involving all por-
dtracts. Inthelegs the nerve end-plates in the museles are said to
en and an oceasional muscle fiber is also degencrate but the lesion is
¢ purcly nervous.

ggs of hens partially depleted of riboflavin do not hatch (Engel,
and Halpin) slthough the animals may be free of lesions. The de-
v be restored by injecting riboflavin into the egg on the first day of -
ion. The measurements reported by these authors indicate that
1min must contain riboflavin in & concentration of from 2to 3 + per
 insure normal development of the embryo.

oveky and Jukes, in extended studies of riboflavin defi¢iency, lend
‘to the view previously mentioned that dermatitis is a manifestation
lavin deficiency. They failed to produce dermatitis in chicks but
he rat (in which the lesion was distinguished from “rat acrodynia™)
the turkey. In the latter animal the vent becomes encrusted, in-
and excoriated. In other respects the disease is similar to that in

HUMAN ARIBOFLAVINOSIS

35 Landor and Pallister reported a disease common among prisoners
wpore and Johore. The signs were an eczematous serotal dermatitis,
s of the tip and margins of the tongue and stomatitis limited to the
of the mouth. Later on most cases developed paraesthesias, weak-
d stifiness of the legs. The mouth lesions developed at the muco-
us junction where the skin became white, sodden and heaped up.
fissures appeared. The disease was believed due to vitamin By
cy because pellagrs was not present in typieal form and liver,
e and brewer’s yeast were curative.
338 Sebrell and Butler observed a similar lesion in the mouths of
fed a dict of cornmeal, cowpeas, lard, casein, flour, white bread,
1 carbonate, tomato juice and cod liver oil. Ascorbic acid and thi-
supplements were given.  Within 3 to 4 months 10 of 18 women so
cloped pallor of the mucosa in the angle of their mouths. The areas
> macerated and in a few days transverse, superficial fissures ap-
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peared. The lesions remained moist and were covered by & honey-colored
crust which could be removed without causing bleeding. Some of the
fissures were § inch long.” The condition was cbviously identical, clinically,
with perleche, & disease previously noted especially among children,

At the same time these patients developed increased reduess of the Bps
(believed due to denudation of the epithelium) and fine, sealy, slightly
greasy desquamation appeaved in the nasolabial folds, on the nasal ali and
in the vestibule of the nose and on the ears. Thelesions did not respond to
nicotinic acid but responded promptly to riboflayin. '

Subsequently spontaneous cases of the disease were deseribed by Oden,
Oden and Sebrell as being quite common in rural Georgia. Three such
cases were treated with 5 mgm. synthetic riboflavin.  All recovered within
afewdays. Theauthors conclude that ariboflavinosis (the name suggested
by Sebrell and Butler) iz “a common dietary-deficiency disease in the
southern states.” .

Subsequent reports by Spies, Bean and Ashe, Sydenstricker, Geeshin,
Templeton and Weaver and Jolliffe, Fein and Rosenblum have confirmed
these observations, Smith and Martin, however, treated 4 cases \ﬁlth fanl
thetic vitamin By, given intravenously in 50 mgwm. amounts. Their first
patient responded within 5 hours. After 24 hours improvement was
demonstrable photographically. Treatment was withheld and the lesion
recurred after 2 days. Smith and Martin state that experimental By de-
ficiency is more similar to cheilosis than any lesions eeen in experimental
riboflavin deficiency. They also refer to a report by Aykroyd and Krish-
newm in which cheilosis was said to respond to treatment with a yeast prepa-
ration free of flavin, Smith and Martin suggest that both factors may be

y for the maint of the epithelium of the ruco-cutaneous
junction or that the two are dependent. B

The clinical manifestations of riboflavin deficiency also seem to include
other characteristic lesions of the face and tongue. Nasolabial seborrhes,
often involving the eyelids and ears is common. A seborrhoicand follicular
keratosis of the forehead, malar eminences and chin is described by S}'dellx"
stricker, Sebrell, Cleckley and Kruse. Fine filiform comedones over the
cheeks and ehin resemble “urea frost.” ‘These authors conﬁﬂ}! an obsex:v_a-

tion of Joliffe that ribofiavin defieiency produces a characteristic glossitis.
The features are a clean tongue, of a purple red or magente color a’;ﬁ Ire-
quently with fissures. The papillae are large and ﬂatte‘ned or mush ooxix;
shaped. It was formerly thought to be a sign of relapse in ge}lagrfi SI{“‘;'; "
oceurs in pellagrins after treatment, cither because the deficiency o ribo

flavin first becomes evident after the cure of pellagra or because the ‘“2:0“1;:
masked by pellagra glossitis, At times a dry, scaly dermatitis of the han

disappears during treatment with ribofiavin. This is an uncommon sign.







Prate XVIII. Ariboflavinosis  Cheilosis, naso-labial lesion and blepharos
(Reproduced through courtesy of Dr. V. P. Sydenstricher and the J. A M. A
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Recently it has become evident that the corneal lesions deseribed by
Bessey and Wolbach in the rat have their exact counterpart in man.
Ocular symptoms and signs had been encountered in various studies of
pellagra. They were ascribed to other deficieneies than nicotinic acid;
vitamin A and riboflavin.  Pock-Steen found the same manifestations in s
{arge group of eprue cases.  Of 109 such patients 78 responded to riboflavin,
These and other observatione of mixed deficiencies, usually associated with
pllagra, have been made the subject of special study by Sydenstricker,
Sdrell, Cleckley and Kruce,  Among 47 cases of ariboflavinosis thesymp-
tomsshown in table 24 were encountered. It is evident from this table that
emong these particular patients ocular signs and symptoms were more com-
mon than the other manifestations of deficiency.

TABLE XXXIII
Frequeney of Certain Symptoms in Forty-seren Cases of Ariboflavinosis

Number of
patients

Photaphofia, . .
Burming of eyes
Ilzjlmm of virion, , ... .
umng lips and tongue. .....
Se!nrrl-up.q. g
Chedosis, |
Glossitis
Covjunetivitis
Circumeorneal injection
Comesl vascylarization
Comesl opacities .. ....
Pigmentation of the iris
Ints .., , . e e e
Cataraet | A

After Sydenstrieher, Rebrell, Cleckley and Kruse, J. A. M. A, 114: 2437, 1940,

Circumeorneal congestion had, indeed, been noted by meny observe{s in
Aboffavin deficiency. Inspection however fails to reveal the chamcteust}c
feature of the lesion which is only evident, during life, by slit lamp. By this
means the circumeorneal injection may be seen to consist of an extreme con-
Estion of the limbic plexus of vessels with proliferation f’f new vessels,
This stage i followed, if the disease progresses, by radial invasion of the
fomea by nenly formed vessels just ns it occurs in the rat.‘ In many
s superficial nebulae are associated. Interstitial or posterior n.ebulﬂe
e much less commen. In advanced cases the penctrating vessels lf“'ade
the deeper layers of the cornea, but never to the degree that they do in the
Superficia) region.

Tompt response, both of the symptoms and also the signs, followed doses
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of from & to 15 mgm, of riboflavin. The vaseular plexus commenced to
shrink within 48 hours. In 1 case the vesscls emptied mthm 24 hours,
Extensive lesions required 5 to 18 days to regress.

‘The order in which these various lesions appear is evident from cases al-
lowed to relapse. The first sign to reappesr was conjunctival injection,
foltowed by photophobia and impairment of visual acuity. Corneal,
opacities were encountered 7 to 10 days after re-instituting o deficient diet.
Cheilosis and glossitis seldom recurred before the end of the second week.

In another report on the ocular signs of deficiency Kruse, Sydenstricker,
Sebrell and Cleckley state that 2 cases of syphilitic keratitis which were
treated with riboflavin also benefitted greatly and the authors raise the
question whether syphilis directly causes kemtxt;s or whether it disturbs the
riboflavin metabolism.

A form of corneal dystrophy, essential corneal epithelial dystrophy, char-
acterized by dots and small streaks of grey in the corneal epithelium which
tend to extend transversely across the cornea in a double line just below the
pupil and which readily stain with flnorescein is reported to be common in
Trinidad and to respond to riboflavin treatment (Métivier). Photophobia
and lacrimation are associated symptoms. Hou found ocular lesions of
ariboflavinosis relatively common among patients attending an eye clinic
in China. Phlyctenular conJunctxvms was frequently associated.

The suggestion that sudden death in man may be due to the mechanism
associated with collapse in dogs has been discussed elsewhere (page 253).



Cnarrer XIX
NIACIN DEFICIENCY

7 Niacin deficiency has great killing power. It is by far the most destrue-
tive of the avitaminoses in North America and is a more dangerous disease
in many respects than beriberi.  Yet the human requirements of niacin,
or nicotinic acid, are relatively small. The National Research Council
recommends 18 mgm. for adults, 23 mgm. under conditions of great activity.
Howe reports that the consumption in a number of Army camps has been
maintained at approximately 27 mgm. by diet alone. Cheldelin and Wil-
liams calculated that the per eapita consumption in the United States dur-
ing the period 1934-1937 was 11 mgm. and that the enrichment of white
flour has increased the average consumption to 17 mgm.

NIACIN REQUIREMENTS

The estimates of human requirements are based largely on studies of the
dog’s requirements. The nicotinic acid content of the blood and urine in
pellagra is not different from that in health and tolerance curves have failed
to add to our knowledge of human requirements. In experimental animals
the concentration in the liver is a useful guide. As estimated by the Na-
tional Research Council’s Commuttee on Food and Nutrition the require-
ments by age and sex are 10 times the requirements of thiamine.

PELLAGRA

The morbid consequence of prolonged nicotinic acid (now officially named
niaein) deficiency is pellagra, a disease characterized clinically by der-
matitis, stomatitis, gastro-intestinal and nervous symptoms and anatomi-
cally by degenerative lesions of these structures, The disease occurs spon-
taneously in man and the dog and probably in other species as well.

HISTORICAL

Pellagra was first studied by Don Caspar Casal in 1725 in the province
of Asturia, Spain, where an apparently new disease was prevalent among the
peasants. It was then known as mal de larosa.  Casal first thought it was
atypical leprosy, “‘scorbutic leprosy.” His studies were not published until
1762. Nine years later the disease became prevalent in Milan and was in-
vestigated by Frapoli who first called it pellagra, a corruption of the Italian
description pelle agra or rough skin. For a generation pellagra remained
the most serious disease in southern Italy and outstanding elinical and ex-

2 .
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of from 5 to 15 mgm. of riboflavin. The vascular plexus coms
shrink within 48 hours, In 1 case the vessels emptied within
Extensive lesions required 5 to 18 days to regress. :

The arder in which these various lesions appear is evident fron
lowed to relapse. The first sign to reappear was conjunctival
followed by photophobia and impairment of visual acuity.
opacities were encountered 7 to 10 days after re-instituting a defic
Cheilosis and glossitis seldom recurred before the end of the sece

In another report on the ocular signs of deficlency Kruse, Syde
Sebrell and Cleckley state that 2 cases of syphilitic keratitis wl
treated with riboflavin also benefitted greatly and the authors
question whether syphilis direetly causes keratitis or whether it dis
riboflavin roetabolism.

A form of corneal dystrophy, essential corneal epithelial dystroy
acterized by dots and small streaks of grey in the corneal epitheli
tend to extend transversely across the cornea in a double line just |
pupil and which readily stain with fluorescein is reported to be co
Trinidad and to respond to riboflavin trestment (Métivier). Phe
and lacrimation are associated symptoms. Hou found ocular }
ariboflavinosis relatively common among patients attending an ¢
in China. Phlyctenular conjunctivitis was frequently associated.

The suggestion that sudden death in man may be due to the m
associated with collapse in dogs has been discussed elsewhere (p:
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recommends 18 mgm. for adults, 23 mgm. under conditions of great activity.
Howe reports that the consumption in a number of Army camps has been
maintained at approximately 27 mgm. by diet alone. Cheldelin and Wil-
liams calculated that the per capita consumption in the United States dur-
ing the period 19341937 was 11 mgm, and that the enrichment of white
flour has increased the average consumption to 17 mgm.

NIACIN REQUIREMENTS

The estimates of human requirements are based largely on studies of the
dog’s requirements. The nicotinic acid content of the blood and urine in
pellagra is not different from that in health and tolerance curves have failed
to add to our knowledge of human requirements.  In experimental animals
the concentration in the liver is a useful guide. As estimated by the Na-
tional Research Council’s Committee on Food and Nutrition the require-
ments by age and sex are 10 times the requirements of thiamine.

PELLAGRA

The morbid consequence of prolonged nicotinic acid (now officially named
niacin) deficiency is pellagra, a disease characterized clinically by der-
matitis, stomatitis, gastro-intestinal and nervous symptoms and anatomi-
cally by degenerative lesions of these structures., ‘The disease occurs spon-
taneously in man and the dog and probably in other species as well.

HISTORICAL

Pellagra was first studied by Don Caspar Casal in 1725 in the province
of Asturia, Spain, where an apparently new disease was prevalent among the
peasants. It was then known as mal dela rosa.  Casal first thought it was
atypical leprosy, “scorbutic leprosy.” His studies were not published until
1762. Nine years later the disease became prevalent in Milan and was in-
vestigated by Frapoli who first called it pellagra, a corruption of the Italian
description pelle agra or rough skin. For a generation pellagra remained
the most serious disease in southern Italy and outstanding clinical and ex-
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of from 5 to 15 mgm. of nboﬂavm The vascular plexus commenced to
shrink within 48 hours. In 1 case the vessels emptied wzthm 24 hours,
Extensive lesions required 5 to 18 days to regress.

The order in which these various lesions appear is evident from cases al-
lowed to relapse. The first sign to reappear was conjunctival injection,
followed by photophobia and impnirment of visual ‘seuity. Corneal .
opacities werc encountered 7 to 10 days after re-instituting a deficient diet.
Cheilosis and glossitis seldom recurred before the end of the second week.

In another report on the ocular signs of deficiency Kruse, Sydenstricker,
Sebrell and Cleckley state that 2 cases of syphilitic keratitis which were
treated with riboflavin also benefitted greatly and the authors raise the
question whether gyphilis directly causes Lemtms or whether it disturbs the
riboflavin metabolism.

A form of corneal dystrophy, essential corneal epithelinl dystrophy, char-
acterized by dots and small streaks of grey in the corneal epithelium which
tend to extend transversely across the cornea in a double line just below the
pupil and which readily stain with fluorescein is reported to be common in
Trinidad and to respond to riboflavin treatment (Métivier). Photophobia
and lacrimation are associated symptdms. Hou found ocular lesions of
ariboflavinasis relatively common among patients attending an eye clinic
in China. Phlyctenular conjunctivitis was frequently associated.

The suggestion that sudden death in man may be due to the mechanism
associated with collapse in dogs has been discussed elsewhere (page 253).
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ing the period 1934~1937 was 11 mgm. and that the enrichment of white
flour has increased the average consumption to 17 mgm.

NIACIN REQUIREMENTS

The estimates of human requirements are based largely on studies of the
dog's requi . 'The nicotinic acid content of the blood and urine in
pellagra is not different from that in health and tolerance curves have failed
to add to our knowledge of human requirements. In experimental animals
the concentration in the liver is a useful guide. As estimated by the Na-
tional Research Council’s Commttee on Food and Nutrition the require-
ments by age and sex are 10 times the requirements of thiamine.
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The morbid consequence of prolonged nicotinic acid (now officially named
niactn) deficiency is pellagra, a disease characterized clinically by der-
matitis, stomatitis, gastro-intestinal and nervous symptoms and anatomi-
cally by degenerative lesions of these structures. The disease occurs spon-
taneously in man and the dog and probably in other species as well.

HISTORICAL

Pellagra was first studied by Don Caspar Casal in 1725 in the province
of Asturia, Spain, where an apparently new disease was prevalent among the
peasants. It was then known as mal de la rosa.  Casal first thought it was
atypical leprosy, “scorbutic leprosy.” His studies were not published until
1762. Nine years later the disease became prevalent in Milan and was in-
vestigated by Frapoli who first called it pellagra, & corruption of the Italian
description pelle agra or rough skin, For a generation pellagra remained
the most serious disease in southern Italy and cutstanding elinical and ex-
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perimerft:}l studies were made by Italian clinicians, notably Strambio and

. Gheradini. Lombroso, better known for his anthropological work, first
propounded the theory that pellagra was due to spoiled maize. Dietary
instruction largely controlled the disease in Italy in the nineteenth century.
The disease was later seen throughout the Austro-Hungarian Empire and
Neusser published a volume devoted to epidemics he had observed in the
Tyrol and in Rumania. Egypt, Mexico and our southesstern states have
had notable epidemics of pellagra. Northern Europe has noted only
sporadic cases due to alcoholism,

The first case described in American medical literature was observed in
Utica, New York, in 1864 by Gray. The same year a second case was re~
ported by Tyler from S ville, M husetts. Isolated cases by
more nurerous until in 1905 Searcy was confronted by a serious epidemic
among the inmates of a hospital for the insane in Alabama, Soon after-
ward it was discovered that the disease was endemic in Alabama, Missis-
sippi, Louisiana, Texas, Georgia, the Carolinas, Kentucky and Tennessee.
As recently as 1941, 1,868 deaths occurred in the United States due to
pellagra. The actual incidence of pellagra is unknown because of the
difficulty in diagnosing the mildest cases. It is believed to be high, cer-
tainly in the southern states, and considerably higher than is often realized
in the North, The difficulties in measuring the effects of niacin deficiency
on the health of the nation are intrinsic in the nature of the disease.

The pertinent history of pellagra commences in 1914 when Funk postu-
lated, on theoretical grounds, that pellagra was a deficiency disease,
Various facts contributed to his opinion but the conception which seems to
have been most important, was that the réle of maizein the d.ict of pellagring

- was probably similar to that of rice in the etiology of beriberi. Funk recog-
nized that maize was not necessarily responsible because of a hypothetical
toxic substance present in it as had been suggested but because it was t!_le
cardinal element in a one-sided diet. He further demonstrated that in
grinding corn much the same portions of the grain were lost as oceurred
when rice was milled. Funk’s suggestion was seriously tested by G?Id'
berger and other members of the United States Public Heal}h Service.
Their feeding experiments in human volunteers, observations in the feld
and testing of various foodstuils in Southern institutions thu.mughly csta?—
lished Funk’s hypothesis. The story of these experiments is fully told in
the Bulletins of the oid Hygienic Laboratory and need not be repeated he.re.

The effort of Goldberger and his associates as _w_‘eil as many other in-

- T amial anivaal

v

dogs in those localities where pellagra was frequently seed.  uitlaty shu

anatomical tests proved this to be the counterpart of human pellagra and
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black tongue has ever since remained the most satisfactory experimental
pellagra.

Experiments were also eonducted using rats and led to great difficulties
which are reviewed in Chapter XX, It was discovered that the rat disease
was quite different from peliagra and that those symptoms which did de-
velop were due to deficiencies of other vitamin B fractions. The rat iz im-
mune to niacin deficiency because of his synthesis of this vitamin. The
various pieces in the puzzle were falling into their proper places when the
solution to pellagra came in the demonstration that nicotinic acid is the
P-P factor. '

THE ETIOLOGY OF PELLAGRA

Pellagra is the consequence of o dietary deficiency of nicotinic acid or
related substances. However, various other etiologieal factors are in-
volved. One which has attracted continuous attention is the influence of
sunlight. ,

The carly, acute skin lesions of pellagra resemble sunburn and occur on
the exposed portions of the body. This is subject to many exceptions, for
example, the vaginal and scrotal lesions. But experiments with protective
coverings have generally indicated that sunlight plays a part in determining
the location and occurrence of the lesions. Thus Deeks saw an erythema-
tous area on the arm interrupted by the location of an arm band and nu-
merous similar experiences are recorded. Since lesions can develop when
completely protected from light the importance of the sun is distinctly sec-
ondary. Itseems to us that a possible clue to this interesting characteristic
of the pellagra dermatitis lies in the location of the skin lesion, occurring, as
it does, at the site of the chromatophores where the structure suggests that
photodynamie phenomena may oceur.

It has been suggested that the coproporphyrin concentration, which
roughly parallels the evolution of the clinical symptoms, may create photo-
sensitivity but equal concentrations occur in other diseases in which der-
matitis does not appear.  The relationship between exposure to strong sun-
light and pellagra is not limited to the skin lesions. Patients in remission
will suffer exacerbation of mouth and gastro-intestinal symptoms s well as
dermatitis if exposed to intense solar irradiation. In some cases dermatitis
has been observed to appear after exposure to a hot stove (Ruffin and
Smith). *

Solar irradiation may pay a part in the seasonal incidence of pellagra,
JEpring and early summer. However the effects of exaggerated deficiency
of niacin during the winter months may also contribute to this timing.

A etiological factor of uncertain importance at the present time is the
multiple deficiency of the pellagra producing diet. Helmer and Fouts have
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tack tongue has ever since remained the most satisfactory experimental
ellngra.

Experiments were also conducted using rats and led to great difficulties
‘hich are reviewed in Chapter XX, It was discovered that the rat disease
ras quite different from pellagra and that those symptoms which did de-
elop were due to deficiencies of other vitamin B fractions. The rat is im-
qune to niacin deficiecncy because of his synthesis of this vitamin. The
-arious pieces in the puzzle were falling into their proper places when the
olution to pellagra came in the demonstration that nicotinic acid is the
>-P factor. '

THE ETIOLOGY OF PELLAGRA

Pellagra is the consequence of a dietary deficiency of nicotinic acid or
elated substances. However, various other etiological factors are in-
otved, One which has attracted continuous attention is the influence of
unlight. ¢

The early, acute skin lesions of pellagra resemble sunburn and occur on
he exposed portions of the body. This is subject to many exceptions, for
xample, the vaginal and scrotal lesions.  But experiments with protective
:overings have generally indicated that sunlight plays s part in determining
helocation and occurrence of the lesions. Thus Deeks saw an erythema-
ous area on the arm interrupted by the location of an arm band and nu-
nerous similar experiences are recorded. Since lesions can develop when
sompletely protected from light the importance of the sun is distinctly sec-
mdary. Itseems tousthat a possible clue to this interesting characteristic
of the pellagra dermatitis lies in the location of the skin lesion, occurring, as
t does, at the site of the chromatophores where the structure suggests that
photodynamic phenomens may occur.

It has been suggested that the coproporphyrin concentration, which
roughly parallels the evolution of the clinical symptoms, may create photo-
sensitivity but equal concentrations occur in other diseases in which der-
matitis does not appear. The relationship between exposure to strong sun-
light and pellagra is not limited to the skin lesions. Patients in remission
will suffer exacerbation of mouth and gastro-intestinal symptoms as well as
dermatitis if exposed to intense solar irradiation.  In some cases dermatitis
has been observed to appear after exposure to a hot stove (Ruffin and
Smith). ¢

Solar irradiation may pay a part in the seasonal incidence of pellagra,
spring and early summer. However the effects of exaggerated deficiency
of niacin during the winter months may also contribute to this timing.

An etiological factor of uncertain importance at the present time is the
multiple deficiency of the pellagra producing diet, Helmer and Fouts have
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ck tongue has ever since remained the most satisfactory experimental
lagra.

Experiments were also conducted using rats and led to great difficulties
ich are reviewed in Chapter XX. It was discovered that the rat discase
s quite different from pellagra and that those symptoms which did de-
op were due to deficiencies of other vitamin B fractions. The rat is im-
me to niacin deficiency because of his synthesis of this vitamin, The
rious picees in the puzzle were falling into their proper places when the
ution to pellagra came in the demonstration that nicotinic acid is the
P factor. '

THE ETIOLOGY OF PELLAGRA

Pellagra is the consequence of o dietary deficiency of nicotinic acid or
ated substances. However, various other ctiological factors are in-
lved. One which has attracted continuous attention is the influence of
nlight. .

The early, acute skin lesions of pellagra resemble sunburn and oceur on
e exposed portions of the body. This is subject to many exceptions, for
ample, the vaginal and scrotal lesions. But experiments with protective
verings have generally indicated that sunlight plays a part in determining
e location and occurrence of the lesions. Thus Deeks saw an erythema-
us area on the arm interrupted by the location of an arm band and nu-
erous similar experiences are recorded. Since lesions can develop when
mpletely protected from light the importance of the sun is distinetly see-~
dary. Itseems to usthat a possible clue to this interesting characteristic
the pellagra dermatitis lies in the location of the skin lesion, occurring, as
does, at the site of the chromatophores where the structure suggests that
10todynamic phenomena may oceur.

It has been suggested that the coproporphyrin concentration, which
ughly parallels the evolution of the clinical symptoms, may create photo-
nsitivity but equal concentrations occur in other disenses in which der-
atitis does not appear. The relationship between exposure to strong sun-
ght and pellagra is not limited to the skin lesions. Patients in remission
ill suffer exacerbation of mouth and gastro-intestinal symptoms as well as
ermatitis if exposed to intense solar irradiation, In some cases dermatitis
a8 be)en observed to appear after exposure to a hot stove (Ruffin and
mith). )

Solar irradiation may pay a part in the seasonal incidence of pellagra,
oring and early summer. However the effects of exaggerated deficiency
[ niacin during the winter months may also contribute to this timing.

An etiological factor of uncertain importance at the present time is the
witiple deficiency of the pellagra producing diet. Helmer and Fouts have
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perimental studies were made by Ttalian clinicians, notably Strambio and
Gheradini. Lowmbross, better known for his anthropological work, first
propounded the theory that pellagra was due to spoiled maize. Dietary
instruction largely controlled the disesse in Ttaly in the nineteenth century.
The disease was Jater seen throughout the Austro-Hungarian Empire and
Neusser published o volume devoted to epidemics he had observed in the
Tyrol and in Rumania. Egypt, Mexico and our southeastern states have
had notable epidemics of pellagra. Northern Europe has noted only
sporadic cases due to alcoholism. -

The first case described in American medical literature was observed in
Utica, New York, in 1864 by Gray. The same year a second case was re-
ported by Tyler from Sommerville, Massachusetts. Isolated cases became
more numerous until in 1905 Searcy was confronted by a serious epidemic
among the inmates of a hospital for the insane in Alabama. Soon after-
ward it was discovered that the disease was endemic in Alabama, Missis-
gippi, Louisiana, Texas, Georgia, the Carolinas, Kentucky and Tennessee.
As recently as 1941, 1,868 deaths occurred in the United States due to
pellagra, The actual incidence of pellagra is unknown because of the
difficulty in diagnosing the mildest eases. It is believed to be bigh, cer-
tainly in the southern states, and considerahly higher than is often realized
in the North. The difficulties in measuring the effects of niacin deficiency
on the health of the nation are intrinsic in the nature of the disease.

The pertinent history of pellagra commences in 1914 when Funk postu-
lated, on theoreticsl grounds, that pellagra was a deficiency disease.
Various facts contributed to bis opinion but the conception which seems to
have been most important was that the réle of maize in the diet of pellagrins

+ was probably similar to that of rice in the etiology of beriber_i. ‘I\mk recog-
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black tongue has ever since remained the most satisfactory experimental
peliagra.

Experiments were also conducted using rats and led to great difficulties
which are reviewed in Chapter XX, It was discovered that the rat discase
was quite different from pellagra and that those symptoms which did de-
velop were due to deficiencies of other vitamin B fractions, The rat isim-
mune to niacin deficicney beeause of his synthesis of thig vitamin. The
various pieces in the puzzle were falling into their proper places when the
solution to pellagra came in the demonstration that nicotinic acid is the
P-P factor. ‘

THE ETIOLOGY OF PELLAGRA

Pellagra is the consequence of a dictary deficiency of nicotinic acid or
related substances. However, various other etiological factors are in-
volved. One which has attracted continuous attention is the influence of
sunlight.

The early, acute skin lesions of pellagra resemble sunburn and oceur on
the exposed portions of the body. This is subject to many exceptions, for
example, the vaginal and scrotal lesions. But experiments with protective
coverings have generally indicated that sunlight plays a part in determining
the location and occurrence of the lestons. Thus Deeks saw an erythema-
tous area on the arm interrupted by the location of an arm band and nu-
merous similar expericnces are recorded. Since lesions can develop when
completely protected from light the importance of the sun is distinetly sec-~
ondary. Itseems tousthat apossible clue to this interesting characteristic
of the peliagra dermatitis lies in the location of the skin lesion, occurring, as
it does, at the site of the chromatophores where the structure suggests that
photodynamic phenomena may occur.

It has been suggested that the coproporphyrin concentration, which
roughly parallels the evolution of the clinical symptoms, may create photo-
sensitivity but equal concentrations oceur in other diseases in which der-
matitis does not appear. The relationship between exposure to strong sun-
light and pellagra is not limited to the skin lesions. Patients in remission
will suffer exacerbation of mouth and gastro-intestinal symptoms as well as
dermatitis 1f exposed to intense solar irradiation. In some cases dermatitis
has been observed to appear after exposure to a hot stove (Ruffin and
Smith). )

Solar irradiation may pay & part in the seasonal incidence of pellagra,
spring and early summer. However the effects of exaggerated deficiency
of niacin during the winter months may also contribute to this timing.

An etiological factor of uncertain importance at the present time is the
multiple deficiency of the pellagra producing diet. Helmer and Fouts have
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pellagra seems due to economic conditions which are associated with poor

hygiene and which are commonly perpetuated from one generation to an-

other, -

Etiologic factors which now are of only historieal interest are virus infec-
tion (Tucker), intestinal toxins elaborated by certain organisms common in
the stools of pellagrins (Jobling and Amold) and the influcnce of maize.
The close association of corn in the diet and pellagra has never been com-
pletely explaired. Early Italian physicians were greatly impressed by it
and Funk compared pellagra and beriberi on the basis that in the former the
diets were predominantly of corn and in the latter of rice. Handler Teports
that blacktongue develops more rapidly on  corn meal diet than its equiva.
lent in synthetic constituents. Three of 11 dogs remained well on the latter

_ration. This should be understood to be but the most recent reappearance
of the maize theory of pellagra. What the actual effect of corn is remains
unknown but presumably it does exert an influence on the evolution of the
deficiency state. . v

The occasional case of pellagra in which the background does not indicate
a restricted diet has often served to arouse doubts of the dietary nature of
the disease. Orton and Bender’s case in which lesions in the lateral horns
were found is of this kid. Orton and Bender suggested that the lesions
Iwwere the predisposing factor, Goldberger was well aware of these isolated
exceptions. In 1916 he wrote: “We have investigated a number of such
cases and have found that although there may indeed have been o fich,
varied diet on the family table, the patient, by reason of some pemon.a\ idio-
syncrasy, did not actually eat it. In other words, it is assumed in su.ch
snstances that the diet of the family (or the institution) is the diet of the in-
dividual, an error that is responsible for much of the misconecption and con-
fusion in current discussions of the role of diet in the causation of peflagra.”

Smith, Persons and Harvey subseguently reopened the possible effect of
fuso-spirochetal organisms in producing the mouth lesions of pellng.m. The
same flora was found in black tongue disease and dogs on the Ch\ttgndcn.
Underhill and Mendel diet (vide infra). This is o perennial theory in oral
pathology which does not agree with the facts of the case as we u:ust i §
further discussion of the subject will show, The studies of Topping anf
Fraser (page 257) are in agreement, with the almost universally hCld.OP‘“t‘)‘”;
that these organisms are not important in the production of oral lesions bu
simply complications of lesions produced by other means.

3 i issions of
None of these theories explain the sudden_sgoxttaxn’e.o‘\’x's‘ :Sxmnli wTh“S

L 1d then
Under expeiiuchia voeaditions

abruptly recovor without change in diet. s
abruptly recover without change e e maintained.

the signs invariably reappear if the deficient
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TTE WATTID $%W4TOMY OF HUVAN PELLAGRA

Theawpearanse of pr 1o v ho Lave disd of pellasra is characteristic only
tnthedegrro thrt sppearnne e of Jesinne of <kin and mouth are characteristie.
Emematimeeegrs inbnte 02302 11t the bodirs may bein pood fat.  The vis-
cera, othire than the past ro-intestinal tract, give no clue to the nature of the
drerasn present

Thres £y teme zre edirrdnrally altered in pellacea: the integument, the
gastrsnte-tinal 4raet, 1nd the pervenis syetem. Fiseepting for the early
stazes of the dieen o pmed the ¢V in 604 eolen Ie<jon= in this period, the lesions
are waally pomedecerpt and dhrem Iittle Ticht on the pathogenesis. The
early slin ferome erv therefare of partienlar interest and value in the ana-
tomical disgner it of pellagys,

They wete originmdly de eppbied b Denten to wham the following account
is munly due, In nedditiom o Pentem’s ewn report of his observations,
shich were made on engefnlly re)eeted matenal studied in Panama and in
whichthe atog jee e performed ve v Fom after death, we have reviewed
Biskistologie materinl and eamprared it wath tany easesof our own, More-
oier, 3t has been ony practice for some 3 ears to examine biopsy material
from the margine of plaprous ) indeaots and sexeral cases of thissort have
el heen reviewed,

Sk

The first chanpo in the nppeatance of the rhin seems to precede the ery-
thema and, in our experience, hias Iwen found immediately adjoining the
trythematous patch,  The Jesion commences in the corium and consists ‘ff
edema of the papitlac, dilatation of the pamllary Dlood vessels, and deteri-
oation of the superficial -fine callagen—layer of the corium. Slig.ht
edema in ghe deeper portions of the epidermis occurs.  Denton saw in-
treased rate of multipheation of the cells of the basal layer as well, but this
basmot Loen conspicunus in our own cases,

The rarefaction of the carium may be quite pronounced but 1t is probably
“antseent,  The sequenees hiave never been accurately w orked out bc'cause
of the paucity of graded material.  In well developed lesions the cnplllm.'y
edothelium s sy allen and the finer collagen fragmented, often lying in bril-
ham_c"“nnphilic dots, A few cosnophiles hie in the edematous zone,

Ttis Perhaps significant that the lesion is so sharply limited to the narrow
fmction zone between the corium and emdermis since this appears tobea
;‘g{?n of Lighly specinhized tissues, rich in nerve fibrils and cc.lls mlr{t&i
mg(mmmuy to the nervous ('bSuL"“Cllr()In!\tOp.lwrCS. i 1t is 11')[?5511 e
cha damage ocurs during the acute stage of the lesion which qualifies

Tacter of the epidermis thereafter.

R'J‘lﬁentoul has deseribed changes in the nerve fibers of the skin in early
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Rellagpa. The first change was an intense argentophilia and oceasionally

spindle shaped swelling of the fibers. The later changes became more pro-
nounced in older lesions in which fragmentation of the axis cylinder was also
seen.

Following the early stages of the lesions vesicular formations in the epi-
dermis may oceur, and if they do they usually become infected and the epi-
dermis sloughs off, at times in shreds. This in turn is followed by the late
stages in which the superficial corium is either atrophic and inconspicuous or
may have a thickened horny layer with loosely adberent lamellae, The

" rete cones are irregular and often elongated and collections of round cells
are common in the papillae about the vessels, The character of the pig-
mentaticn is disputed. Formerly it was believed that the chromatophores
are increased in numbers and that increased melanin is present in the rete
malpighii and basal layer of the epidermis. Herzenberg states that in her
experience this has not been so but that many granules of an iron pigment
have been present in the epidermis, chiefly in the stratum granulosum,

"The oldest lesions are characterized by atrophy of the rete malpighii, the
cells of which are also reduced in number and limited in size. The epidermis
'is thin. 'The skin appendages are not affected in pellagra, Moore, Spies
and Cooper were unable to distinguish the lesions of pellagra from dermatitis

+ due to various other diseases.

The oral surfaces ‘are affected like the skin in the early stages of pellagra
‘and show the same erythema. The buccal mucosa sometimes shreds off in
‘sheets or patches of white necrotic epithelium. The tongue may become
atrophic and smooth, e

' Gastro-intestinal Troct

A macroscopic lesion of the stomach occurred but once in Denton’s cases.

Tn that instance a large false membrane was present near the cardia. In

+ two cases enteritis was found in the jleum and the small bowel was uniformly
dark red io color. i .

The colon, however, was consistently altered, its walls thx’ckengd, red in
color, covered with patches of pseudo-membrane and stippled with small
gray bodies. Histologic examination showed the latter 1o be eysts formed
of distended crypts of Lieberkuhn, their lining cells ﬂn'ttened and com-
pressed; their contents retained secretions. The intestinal glands were
reduced in number. , .

According to Herzenberg the cystic lésions are characteristic of pellagra
and practically pathognomic. They occur in only ope other dlsfea.SHprue
—and there infrequently. The demonstration of such. chz}nges in the colon
is therefare of considerable significance to the pathologist since they aﬁm:d a
second basis for an anatomic diagnosis of pellagra. In earlier pathologma{



Pratr XX Iig 1 An old, prigmented and atrophie skin lesion in pellagra. Fig.
2 Anacute buceal uleer in pellagra Membrane hies to the night  The epithelium
persistain the left  'rom a epeennen of Dr Jumes Denton
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Prate XXI Two lestons in the colon from human cases of pellagra  Figure 1 is
a photograph of a specimen from the collection of Dr James Denton and itlustrates
the eystic glands which are characteristically found in pellagra, sprue and possibly
other related deficiency discases  The lesion was formerly known as colitis cystica
superfiaialis and was associated with malnutnition  Figure 2 shows the margin of a
chronic uleer of the colon in a case of pellagra of long duration  The ulcers are

superficial and shallow.



NIACTY DFFICIENCY 229

ings the Irsians swrre identified = ealitis exetien superficialis and even
en they swere trenznized ns bring remulardy aesneiated with prolonged die~
v defieieney. . Nt} ing 3= knawn of the mechanism involyed in the pro~
etion of thesr Jesiona. The v have reeratly been oberrved by Luckseh in
sex of pellagra, 294 it §= intere<ting to nate that <imilar changes were de-
ibed in the fundus of the #lomach in Addisonian anemia by Meulen-
acht.

In Denten’s e4.0e the enrfaes of the calom was intact save for patches of
perficial neeroris, bt the mueeea was infiltrated with plasma cells, lym-
ocptes, cosinophile, und endethelial erlls,  Areas of acute inflammation
d hyperemia, and edemn were common. Some deterioration of the in-
tinal ganglia was notesd, “Thie Iate ftages of the lesions of the colon are
aracterized hy atrophy of the murosa and the appearance of superficial,
tmes ejcatrized, uleers,

Nerrour Leetone

Denton minimized the nervous le<ione, eon<idering them a by-product of
disease, This was u natural deduction to draw from his material which
farpely composed of nente caves.
he nervous lesions appear mlative Iy Inte There is adequate evidence
tow that nervons lecons are preeent in pellagra and indeed may indicate
stuthance predominant), y of the nervous tisaues of which skin and intes-
sl lesions are fut o evpressions.  Unfortunately the lesions of the nerv-
fystem qre poy rpecific, consicting of areas of axonal degeneration of the
amidal eclls of (1o cortex and degenerative lesions in the spinal cord.
he only difference hetween the nervous lesions of beribeti and pellagra
editribution.  Central lesions are common in the latter and rare in the
ter, where peripheral lesions are more pronounced.

be cerebral effoets are irregularly distributed, the frontal lobe being §aid
© more constantly involved than other parts. The large pyramidal
»Inseattered foci, show chromatolyss with displacement of the nucleus
fat aceumulations, Hyperplasia of the macrogha may oceur.

e kpinal cord lesions consist of myelin degeneration of both endogenous
eXogenous fibers and are most marked in the posterior columns, espe-
' the ecolumns of Goll.  The peripheral portions of these structures are,
ver, frequently spared.  Orton and Bender emphasized the older char-
“of the lesions of the lateral horns in the case they studied. Loss of
2 cells and extensive fibrous glial replacement were present. Tucker
found these nreas extensively involved and, since they represent the
Leympathetic ganglia, the lesions may be related to some of the symp-

of pellagrn, 5

® tharacteristic of the lesions of the spinal cord is their irregular dis-
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tribution. Various tracts may be affected and, since in late cases consider-
able gliosis may be present, the lesions resemble those of subacute combined

, sclerosis. It is probable that these two conditions, pellagra and subacute
combined sclerosis are related etiologically as well as anatomically. There-
lationship of the latter to pernicious anemia and its occurrence in cases of
pellagra in which achlorhydria oceurs, both suggest such a connection.

Lesions in the roots of the cord are infrequent and then usually confined to
the posterior roots. In a few cases demyelinating lesions of the peripheral

nerves are found. The weight of experimental evide indicales that the nerv-
ous lesions are not due to nicotinic acid defici but to tated dietory de-
Jects or other causes. .

None of the other organs are significantly altered excepting only the liver.
1t is almost regularly affected, usually of a dirty yellow eolor and often mot-
tled. Tt is not enlarged. Microscopic examination reveals a slight inter
lobular fibrosis, accumulations of round cells in the periportal spaces and
fatty degeneration and cloudy swelling of the hepatic cells. The heart is
not enlarged or otherwise diseased. .

EXPERIMENTAL PELLAGRA

Goldberger, Wheeler, Lillie and Rogers commenced to use the dog for the
study of experimental pellagra because a disease of dogs known as bIac_k
tongue occurs spontaneously and is similar to human pellagra. Dermatitis
has been produced in rats and chicks by elimination of certain vitamin B
fractions, but it is improbable that these dermatoses are true analogues of
human pellagra.

Shortly after Denton’s report on the early lesions in human pellagra, he
was intrusted with the examination of the dogs used at the United Sta.tes
Hygienic Laboratories. He examined sixteen animals, at leest half of which
had early, acute “black tongue,” one of which was a normal éontrol and oth-
ers of which had had recurrent attacks of the disease.

Denton found in these dogs the same distinctive lesions that he had ob-
served in Panama in human cases of pellagra. Lillie has since extended
these observations by describing the changes in the visc.em not so character-
istically affected, and Crane-Lillie and Rhoads, and Zufxmenm‘i‘n ﬂnll: Bu-
rack have reported anatomical studies of the nervous _leswnsl of “blac! ftolr:-
gue.” Rhoads and Miller have reported special studies of the effect of the
plack tongue producing diet on the morphology of the blood and bone mar-
row. The following description is drawn chiefly from these sources.

The Lesions of Black Tongue Disease

Denton found that the sequences in the epithel'ium could be mosft ndvax;:
tageously followed in the mouth. There early lesions may occur before ma
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nutrition is evident in the animal’s general condition.  On the floor of the
mouth or checks, or along the inner side of the upper lips, arcas of redness
appear, at times with slight elevation of the surface.  These areas are dark
‘red or greenish gray due to superficial necrosis and membrane formation.,
When the disease is well advanced the entire lining of the mouth and pharynx
becomes deep red, swollen and stippled with patches of falsc membrane,

The early esions in the mouth are flecting; in & few chronic cases they be-
come more persistent, The lesions are commonest first near the canine
teeth, and then may extend as a brilliant red streak completely encircling
the alveolar arches. :

Once necrosis starts, a fetid odor and drooling appear with stringy, egg
white-like secrction hanging from the corners of the mouth,

‘The histologie changes are similor to those seen in human skin lesions,
commencing as a thin zone of rarefaction just beneath the epithelium with
inerease in the thickness of the zone due to the presence of an albumin-poor
transudate. The collagen fibrils which form the matrix of this part of the
skin become slender and fragmented. The vessels are distended, their en-
dothelium thin. Subsequent changes are sccondary to the lesions of the
corium and consist of epithelial and cicatrical changes in the corium associ-
ated with infiltration by small lymphoeytes. Loss of epithelium may result
in infection.

Lillic examined the nerves of the lip and found myelin sheath degenera-
tion in from one-sixth to one-third of the fibers in all but two of twenty-six
animals.

The acute lesions are difficuit to follow on the superior surface of the
tongue and in the pharynx, due to structural differences in these tissues.
Presumably they are analogous. The esophageal lesions were similar to
the buccal ones.

The gastro-intestinal tract shows hittle evidence of disease on inspection
although m some cases it is reddened. More may be learned from histologic
examination. The stroma of the villi becomes rarefied and distended with a
thin poorly stained fluid. In the colon the lesions are more pronounced,
the vill there being greatly distorted and eyst formation in the erypts of
Lieberkuhn commonly found.

Skin lesions in black tongue scem limited to the skin of the serotum.
Clinically these lesions are simifar to the derrnal manifestations of peliagra,
Denton found microscopic evidence of the disease also.

The nervous system was not comprehensively studied in Denton’s work
and no significant lesions were found in any other organs. Lillie found a
slight degree of degeneration in the myoeardium and in one animal iatty
fiegenerulion. The great vessels were normal.  Many of his animals had
inflammatory lesions in the lungs, & change also present in some of Denten’s



232 THE AVITAMINOSES . P

cases. Lymphoid atrophy is often seen in the spleen. Degenerative
changes, of slight degree and extent, may oceur in the kidneys.

Dogs which suffer from a chronic, recurrent form of black tongue, develop
a striking atrophy of their tongues and sometimes a moderately severe mac-
roeytic anemia which, when it does oceur, seems related to the process of
black tongue (Rhoads and Miller). The same authors, with a slightly med-

"ified diet, produced an acute pellagra-like syndrome which at times was as-
sociated with more severely ulcerative mouth lesions and extreme leucopenia
and 2 maturation defect of the bone marrow. T

The nervous lesions in black tongue are degenerative, as is true of all the
lesions due to deficiency of fractions of vitamin B which have been studied.
Myelin degeneration and axonal reaction are both found. Both the ceatral
and peripheral nerves are affected, The fasciculus gracilis is the most com-
monly and extensively affected tract (Zimmerman and Burack), but the
posterior columns are affected in many cases, These authors considered
the lesions to be identical with those in human pellagra. While epithelial *
lesions may develop in one or two months, the nervous deterjoration is rela-
tively late, apparently requiring nearly twice as long.

A frequently recurring observation in the writings of studentsof experi-
mental pellagra is the variability in the response of different animals, This
is much less common n the production of acute black tongue, however, than
of the other resulting manifestations of the diets used. Denton’s material
seems to have run remarkably uniform, especially the group of dogs fed
the basal diet alone.

The Chittenden, Underhill, Mendel, “Black Tongue”

A discussion of the pellagra syndrome in dogs would not be complete wit.h-
out reference to a similar stomatitis produced by these workers. The dis-
ease was characterized by abrupt onset after a feeding period of from one to
eight months. The dogs developed pustules on tl.xe inner surface of the
cheeks, lips, and on the edges of the tongue after initial symptoms of apathy
and refusal to eat. The mouth became so foul and so covered with pustules
it resembled rotten meat, and pustules sometimes appeared over thorax

d upper abdomen as well.
anAnaT;mical studies made by Lambert showed the buceal mucosa to be
red, covered with a fibrino-purulent exudate and the redness to extend over
pharynx and upper esophagus. The intestinal tract was injected, particu-

the large bowel . . .
larllvlllicroscofic study showed the lesions to be very superficial with sl}gl.]t
cellular reaction. The first response of the tissues app_eared to bf: h}b alin
degeneration and swelling of the epithelial connective tissue followed by a

’
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sloughing of the epithelium. Lambert felt the intestinal glands might be
atrophic.

Underhill and Mendel iltustrated their report with pictures of the gross
appearance of the mouth lesions which closely resemble those seen in black
tongue. However, no photomicrographs are available by which theminute
structure of the epithelium may be compared with pellagra and, as Gold-
berger has pointed out, scrotal lesions did not oceur in Underhill and Men-
del's animals as they commonly do in black tongue.  Morcover, the derma-
titis on the chest is forcign to the latter.

Since carotene completely controlled and prevented the Underhill-Mendel
lesions, and sinee proof of the identity of the two conditions is lacking, it
seems probable that the two diseases arc essentially different though grossly
similar. 'The syndrome would seem to be very similar to the combined de-
ficieney of vitamins A and B which has been described in man by Wright
who has designated the syndrome “polyavitaminosis A and B.” The his-
tologic eriteria should be applied to all future forms of experimental pellagra
for much confusion now exists which microscopic study could presumably
clarify,

Pellagra 1n Pigs

The Goldberger-Wheeler diet is capable of producing a pellagralike con-
dition in pigs. Youngammals develop loss of appetite, retarded growth and
slowly developing diarthea. Their skin becomes scurfy, with scabby
patcehes especially common on the backs of the ears.  Death usually occurs
within one month after the appearance of the diarrhea and post-mortem

tion shows a pr d inflaramation of the caccum and other
parts of the colon wmith a plastic exudate. Glossitis and stomatitis do not
occur. The condition has been studied by Birch, Chick and Martin,
These authors report that, while the colitis is intense enough to suggest in-
fectious disease, yeast is curative.

Pig pellagra has been frequently used in the study of the disease. It as-
sumes added mnterest 1 view of the experience of Madison, Miller and Keith
who investigated an unthrifty herd of pigs in Pennsylvania. Of 76 animals
40haddied The survivors were listless, ate poorly, suffered from diarrhea, .
and had a heavy, scurly dermatitis of the body and ears. The similarity of
the condition to the expenimental disease in pigs led to & trial of nicotinie
acid in daily doses of 50 mgm. Prompt recovery occurred. Presumably
pellagra oceurs naturally i the pig as well as the dog,

Harris has fed monkeys a similar diet.  Within a few days to a week the
animals became patently ill, appetite failed and & profuse diarrhea soon fol-
lowed. Some dryness and roughening of the skin was noted. 6 to 25 mgm.
of nicotinic acid daily was curative. Clark has described a small experi-
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gurgitation of whatever food is eaten are later digestive symptoms. Many
.cases (40 per cent) develop achlorhydria. n

In persons with such symptoms the presence of the skin lesions is ample
evidence of the presence of pellagra. The diagnosis can never be made with
certainty in the absence of the dermatitis. The most important features of
the skin manifestations are the sharp margins, the bilateral symmetry, the
manyer of their evolution, and the pigmentations and keratosis.

The lesions commence as dark red areas which become confluent and grad-
ually browner in color. Scaliness develops during the erythematous stage
with thickening of the skin and sometimes bullae and vesicles. Burning and

TABLE XXXIV
Frequency of Certain Cardinal Symptoms of Pellagra

swr}gu FREQUENCY
' ’ por cent
Loss of weight and strength 100
Dermatitis 9%
Glossitis 82
Tachycardia 6
s .. o 66‘
62
. 62
Apemia. B0
Diarrhea. 58
Vomiting . 56
Mental symptoms. 54
Achylia gastrica. . ;(l))

Other digeages, ... .... ..

Based on 50 cases of severe endemic pellsgra. Spies, T. D., Chinn, A. B, and
McLester, J. B., J. A, M. A., 108: 853, 1937. .

itching may be associated with the early lesions. ‘The latter st{xges show a
tendency to atrophy with a senile, parchment texture of the skin. .
The distribution of the lesions is characteristic. The commonest sites
are the dorsal surfaces of the hands and lower forearms, and the m?ck. . ’:‘he
former has 2 gauntlet pattern. On the neck a necklace formation is fre-
quent (Casel’s necklace). The dorsum of the feet and lower legs a;:a soIne-
times affected in persons habitually barefoot. tl‘here may be patches over
the sternum and on the labis or elsewhere in which cases the lesions are us-
ssociated with mechanical irritation. Lo .
uag}e’ds;idden patients may develop hyperkerato‘.f-lc, pl'gmentsdllesxons mlrer
the bony prominences which, in their lack‘ o'f vesmu]atwfl and slower e;(} u;’
tion, differ from the characteristic dermatitis. Such lesions are not subjec
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Prare XXIIL. Pellagra  Dermatitis which developed on the hands
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to exacerbation when the constitutional symptoms are aggravated., Their
relation to niacin defieiency is obscure.

The scrotal lesions of pellagra require special mention because they indi-
eate n current source of uncertainty in our knowledge of the disease and also
because they have historical intercst.  Goldberger and Wheeler’s experi-
mentsl human pellagea, produced at the Rankin Farm of the Mississippt
State Penitentiary, was noteworthy for the frequency of thislesion.  Of the
11 volunteers fed the experimental diet, 6 developed gkin lesions.  Allof
them had lesions of the serotum and Goldberger and Wheeler were led to
believe that scrotal lesions were the earliest dermal manifestations of the
disease. At that time only 2 reports of such lesions existed, one by Stannus,
writing from Nyasaland, Africa. Stannus found, among 100 cases of pellagra
with eruption, 19 with scrotal lesions.  Of these 4 had lesions only of the
scrotum.  Goldberger was sble to find serotal lesions with similar frequency
in South Carolina and a special investigation supported his opinion that the
lesions were frequently the first dermal sign of pellagra. However the great
frequeney of the lesions among the 11 volunteers remained a source of puz-
zlement in view of the general opinion that such lesions were not common
and Goldberger and Wheeler considered that speeinl circumstances in the
diet or environment, of their volunteers may have played a part. The le-
sions themselves suggested their identity with pellagra since they were
sharply delimited, dry, scaly and symmetrical.

Aninvestigation of the frequency of scrotal lesions confirms the view that,
as judged by the clinical reports, frequency is most variable. It is possible
they have frequently been overlooked since they oceur on the posterior por-
tions of thescrotum. But it may be that they represent a special deficiency.
‘This is somewhat substantiated by such reports as those of Fitzgerald and
Landor and Pallister, described in more detail elsewhere, in which similar

scrotal lesions, but which itched severely, were found as the only dermal
manifestation of an obviously deficient dict or associated with signs of ribo-
flavin deficiency and nervous disorders, but without the usual skin Iesions of
pellagra.  Spies, however, believes the scrotal lesions part of pellagra.

‘The mental symptoms of pellagra arc manifold and range from jpsomnia
to psychosis. In the mildest cases and in the prodomal period these symp-
toms are frequently considered to be neurasthenic and McLester, in study-
ing the histories of hospital cases found that a considerable number had been
in the institution the year before they were recognized to be suffering from
pellagrn, and were then diagnosed as neurasthenia. The symptoms com-
p!aincd of are insomnia, ansiety, vertigo, burning sensations, fatigue, pal-
pitation, numbness, backache, distractability and headache. Conduct may
be normal but the patient feels unable to work, More severe cases become
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melancholic and depressed: Lethargy and stupor are common. Oecd-
sionally hallucinations and confusion are seen. The Russian literature
speaks of severe cases with fever, delivium and death as “‘pellagra typhoid.”

In describing the early mental giisturbénces in pellagra Frostig and Spies
emphasized the breakdown in personality, Previously brave and robust
men become weary and apprehensive. They expect accidents and arfe pes-
simistic. Of the other early nervous symptoms of the disease headache re-
sembling migraine is common. - It oceurs suddenly ip the forchead and,
temples accompanied by scintillating scotomata. ! L

Nervous manifestations include paraesthesias, tremors, muscular cramps,
girdle sensations, pain in the neck, burning sensations in the eyes. Pres-
sure pains in pelvis and pain on pressure over the spine oceur. A common
complaint is that the mouth tastes salty, The Italians sometimes speak of
the disease a3 “Salso.” Tremors of the hands and tongue are very common
in severe cases and the gait may be paralytic or spastic. Many of these are®
manifestations of beriberi rather than pellagra but are frequently associated .
with pellagra. .

The frequency and severity of thiamine deficiency in patients with pel-
lagra naturally varies with the prevailing diets. ~ Apparently a great deal of
progress is being made now that both vitamins are available in pure form.
« A frequent observation has been that patients respond strikingly for a time
to nicotinic acid therapy and then manifest other symptoms’apparently due
to an unmasked thiamine deficiency. In many other cases the nervous -
symptoms of thiamine deficiency appear from the start in combination with
the skin lesions of niacin deficiency, A good 1 rule to follow is to use
combined therapy from the start or to add other vitamins if progress seems
slow. .
Circulatory system changes do not seem to be due to pellagra. Weiss
and Wilkins conclude that the changes which are seen are due tothiamine
deficiency. The heart is uncomplicated pellagra is small, the blood pressure
tends to be low, both systolic and diastolic. - Indeed these changes and cer-
tain other similarities to Addison’s disease have led to the sug:gestion that
pellagra was a chronic disease of the chromaffin and vegetative nervous
system. X .

Mild cases of pellagra in children and cases mthout' dermatitis are excep-
tionally difficult to identify. The children are undersized and underweight,
have little ability to concentrate and progress poerly in school.  Sore
tongue, indigestion, vomiting and constipation are common symptoms,

More than half of all severe cases of pellagra are anemic. In most cases
this is macrocytic and hyperchromie in type but freq\.le“ﬂy refr{xctof&' to
Jiver therapy. In a group of pellagrins reported by Spies and Chinn, most
of which gave a history of alcoholism, 63 per cent were anemic. Of these,
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three-fourths had a color index above 1. Spics and Chinn consider that
three factors may opcratc in pellagra to produce anemia, gastric dysfunc-
tion, iron or other deficiencies and hepatic ¢ ing failure to store
the anti-anemin factor. The caperiment of Sydenstricker and associates,
already mentioned, in which extracts of a peilagrin’s liver were found capable
of inducing reticulocytosis in Addisonian anemia indicates the Jatter is not
constantly true cf pcllagm lmt o( course anemia is not constant either, Pre-

- - ' “"~otinic acid deficiency but to a com-

wbnormal in pellagra.

f the Discase

C(/‘ 'IDO[?’U![ 91. rﬂ{ola aracteristic, and important, Most
Medical Propagandist come more and 1more severe for two

B. A. & Bros, ve. Such an attack may never be
BOMBAY, CALCUTTA & PATNA to complete cure or vague nervous
Many more cases recur each Spring

JRV, ck the patient becomes weaker and

more emaciated until death oceurs, in the average case after five years.

In a few cases the original attack becomes rapidly more severe and gastric
and nervous symptoms more prominent. These are the acute cases and
death is not infrequent during the first attack.

Pellagra in Infants

Considerable interest sttaches to the cases of pellagra in infants, That
such occur has been known since the original report by Strambio, in 1704.
Snyder investigated the matter in 1912 and was able to report a case in a 2
months’ old infant. The mother died of pellagra 2 weeks before the infant
developed the rash but the midwife reported that the infant had been emaci-
ated and sickly at birth and had had o profuse, foul-smelling diarrhea since
the age of one week. Voegtlin and Harries, who cite these cases, reporta
remarkable instance in which the infant developed the classical sigus of pel-
lagra although the mother remained free of symptoms. Indeed neither the
mother nor father had ever had the disease. The infant’s earliest symptom
was a sore mouth, first noted at 5 months. The following spring diarrhea
appeared and the following month (June) erythema of the face, hands and
legs. The diagnosis was confirmed by physicians thoroughly familiar
with the disease and the skin and mouth: lesions were considered typical,
Throughout the sllness the infant was breast fed. These reports are much
like those of beriberi in sucklings in which the mother is usually, but not al-
ways, simultancously suffering from the disease. Pregnancy, and lactation
in particular, scem definitely to predispose to pellagra. The incidence of



240 . THE AVITAMINOSES
the disease is very high at such periods. In Voegtlin and Harries’ case the

* mother’s milk was analysed and found to be adequate in fats, protein, car- |
bohydrate and minerals, results similar to analyses of the milk of bex,-iberi
mothers.

No discussion of pellagra in infancy and childhood would be complete
without reference to the view of Goldberger that the disease in our own
country is predominantly one of early life, between the ages of 2 and 15
years.  Goldberger belicved that the hospital records are misleading on this
point because of the relative mildness of the disease duiring childhood.

Atypical Pellagra

Atypical forms of nicotinic acid deficiency mainly fall in one of two
groups, nervous disorders and combined deficiency disease. The former
group islargely a recent development, the cases having been recognized only
through their response to nicotinie acid.

The nervous and mental symptoms of pellagra have already been de-
scribed. In distriets where the discase is common physicians have nat-
urally suspected similar nervous disturbances might be due to latent or
early pellagra since, a9 has been mentioned, nervous symptoms are fre-
quently seen to precede the systemic signs of the disease. Thus Cleckley,
Sydenstricker and Geeslin report 19 patients without dermatitis or stoma-
titis but with nervous symptoms such as are frequently seen in pellagra.
Many had sore tongues. Al but 4 responded dramatically t.o nicotinic acid
therapy. Musser’s experience was quite similar, His patients were ane-
mic, had sore tongues and porphyrinuria as well as nervous: symptors.
Bogart observed a similar case the mental condition simulating catatonic

. schizopfxrenin. Cure was effected within the week,

Jolliffe, Bowman, Rosenblum and Fein announce .thnt an
pathic syndrome’ occasionally seen in the psychifxtnc wards of Bellevue
Hospital and which was heretofore almost invariably fatal r.esponds to
nicotinic acid. The syndrome oceurs alone or in combination with pell_agm
or thiamine deficiency disease. It is characterized by clouding of conscious-
ness, cogwheel rigidities of the extremities and uncontrollable grasping ?nd
sucking reflexes. Twenty-two cases were treated with large doses of nico-
tinic acid (1000 mgm. a day plus 100 mgm. of sodium nicotinate given intra-
venously in dextrose solution and another 100 mgm. sodium nicotinate
injected intramuscularly). Fifteen of the cases recovered. 'If‘iht? authox;
suggested that this psychosis represents a result of a complt'bte deficiency an
develops before the dermal lesions have time to evolve. O

Blankenhorn reports two cases, one Tesembled hemiplegia, the.other
diplegia. Both recovered under dietary treatment and the paralysis was

ascribed to pellagra.

“encephalo-
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Pellagra sine pellagra accounts for many other eases of atypical pellagra,
Aanson-Bahr and Ransford, for example, deseribe & woman suffering from
stomatitis, desquamation of the tongue and chronic diarrhea as such a case,
They believe that the cutaneous lesions are less likely to oceur in temperate
climates. !

Castellani proposes the term “dermoberibert” or pellagroid beriberi to
deseribe patients suffering simultancously with pellagra and beriberi. The
cases he has scen have shown the usual signs of beriberi in the extremities
plus roughening of the skin with pigmentation and stomatitis including
lesions in the angles of the mouth and keratosis of the hair follicles. The
Iatter, sccording to the description, seem definitely to be lesions due to
- vitamin A deficiency and the angular stomatitis isprobably the consequence
of riboflavin deficiency. The rdle of pellagra in these cases is therefore not
prominent.

That beriberi does occur in the presence of outspoken pellagra is evident *
from the report of Lewy, Himwich, Frostig and Spies. Prompt cure of the
nervous symptoms followed treatment with thiamine. These authors be-
lieve that the neuropathy of pellagra is actually beriberi and not due to
cither nicotinic acid or riboflavin deficiency.

The cases described by Wilson as common in Soonchun and Fusan, China,
responded to cod liver oil although they appear to have resembled pellagra
very closely  The symptoms appeared in the Spring, in most cases recur-
ring year after year. Dermatitis on hands and feet with desquamation and
eracking, sore tongue and mouth, difficulty in eating and diarrhea were pres-
ent. The tongue lesions were those of pellagra. It would appear that other
dictary factors than those mn cod liver ol must have accounted for the suc-
cuss of Wilson's treatment.

Moore reports that the natives of Nigena frequently suffer from perleche,
sore tongue and genitalia and retrobulbar neuritis. Yeast products are
curative. There is little in this deserniption to justify the diagnosis of pel-
lagra  The perleche is now recogmzed as o feature of riboflavin deficiency
and the lesions of the scrotum constitute a rather unusual expression of pel-
lagra as has been pointed out elsewhere.

The cases described by Williams had the mouth lesions of pellagra plus
corneal uleeration, nervous irritability and diarrhea. The spleen and Jiver
became enlarged. The place for this syndrome among the deficiency dis-
eases is uncertain.  An enriched diet proved to be curative.

Prognosis

The prognosisin severe cases of pellagra has previously been poor, Smith
afzd Sf,evcns collected the records of 520 patients treated by various physi-
cians in California in the period 1928-1935. The mortality rate was 66 per
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- cent.  Among those patients having dementis, diarrhen and oral lesions the

rate was 92 per cent.  We believe these results to be quite representative,

However, even without nicotinic acid a much better prognosis may be as-
sured by an expert, experienced hospital organization. Thi$ has been
achieved by circumventing the difficulty in feeding these patients and by
giving huge amounts of anti-pellagra foods, yeast and liver extract. Boggs
and Padget reporting the results in 102 cases of various degrees of severity,
reported a mortality rate of 19.5 per cent. Before Goldberger’s work only
26 per cent of o similar group handled in the ssme hospital recovered, In
Voegtlin, Neill and Hunter’s very complete studies along sirmilar lines eff-
cient dietary control of the disease among one hundred subjects wasconelu- 3
sively demonstrated. Shortly before the use of nicotinic acid mortality
rates a3 low as 5 per cent were frequently reported. Spies, for example,
said the mortality rate in the Lakeside Hospital in Cleveland had been re-
duced from 54 to 5 per cent by a regimen combining a high calorie diet with
yeast, cereal embryo, or liver extract administered parenterally.

Nicotinic acid has further improved these results.” Spies, Grant, Stone
and McLester followed 321 clinically active cases. Hospitalization was
necessary in only 30 whereas previous to the new therapy many more would
have required hospital care. Not a single patient died of uncomplicated
pellagra. The three deaths which did oceur were due to other causes and>
occurred when the pellagra was improving or had been cured.

Treatment

Nicotinic acid functions as a specific in pellagra but our knowledge of its
administration is still incomplete. One thing which seems well established
is that the requirement of different patients varies widely. Dosag_e must be .
greater during an attack than as a preventive during a re}l:issif:n ; it must be
greater in severe than mild cases. The requirement varies w:xth th_e season
in persons on a marginal intake and is increased by exercise, infections and
the character of the diet. Size and age are factors in establisJ?u}g the re-
quirernent of individual cases. The prophylactic dose of 'nicotuuc acid in
depleted individuals varies from 50 to 1000 mgm. a day (Spies, Grant, Stone

McLester).

a‘“gcute cases)zmd cases in relapse ate best controlled by repented doses, 50
mgm. ten times in the day (Spies, Grant, Stone and lYIcLES§er). Large
doses should be continued even in the event of toxic manifestations referred
to below. One gram daily has been given without harm although most
cases may be equally well controlled with much l?ss. Fi out§, Helmer,
Lepkovsky and Jukes treated 3 cases with 0.5 gram dailyand 1 mthdl é-rm:xh
They considered these doses to be near the maximun. Ruffin and Smi ;
have used 1.5 mgm. per kilo and found it satisfactory. A large number o
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patients were observed. This would scem to be near the minimal level of
effective medication although the preventive and curative intake in black
tongue disease is said to be slightly less.

Dosage has been determined so far both on therapeutic effectiveness and
unfavorable reactions. The latter were studied by Sebrell and putlcr.
Sensations of heat and tingling in the skin occur with large doses.  These
symptoms occur within 10 minutes of swallowing the dose and persist for
10 to 20 minutes. The peripheral blood vessels are dilated and the blood
prossure falls briefly.  The skin temperature is increased, circumoral pallor
occurs.  Often gastro-intestinal hypermotility and even nausea and vomit-
ing follow. Sebrell and Butler determined the dosage level responsible for
these symptoms by prolonged tests in adult women. The drug was given
orally in 10, 30 and 50 mgm. amounts. Women on the 50 mgm. doses first
showed symptoms on the 12th, 16th and 27th day of administration. The
symptoms regularly recurred with each dose thereafter and divided doses
produced identical although milder reactions. One woman receiving 30
mgm. daily had a reaction on the 32nd day and at times thereafter, None
of the women receiving 10 mgm. daily showed the symptoms referred to
throughout the test, a period of 3 months, However, others have induced
the reaction with 10 and 12 mgm. given intravenously. Evidently the
route of admunistration plays a part. Sebrell and Butler state that re-
actions are to be expected in some patients receiving 30 mgm. by mouth
and in most receiving 50 mgm. Present indications are that these symp-
toms, while disagreeable, are not dangerous. Toxicity studies in mice and
dogs show the fatal doses of nicotinic acid to be very large indeed. Pre-
sumably, pellagrins are less prone to these symptoms than normal indi-
viduals.

In common with all of the other means of treating pellagra, nicotinic acid
is most effective in acute cases. Cleckley, Sydenstricker and Geeslin have
emphasized the remarkable effect of such treatment in stuporous cases.
The glossitis and acute skin changes respond promptly also. Constitutional
and digestive improvement have been frequently noted as extraordinary.
The chronic lesions of pellagra respond slowly and the ultimate effect on
nervous disorders associated with pellagra is presumably not marked.
Whether this represents the usual ineffectivencss of replacement therapy
after organic change is well established is not known, Many cases present
nervous disturbances due to vitamin B, deficiency. This may be treated by
supplements of thiamine, the use of which is discussed in another chapter.
In_the same way the presence of signs of ariboflavinosis, scurvy or other de-
ficiencies may be specifically treated and in any case these vitamins should
be provided by supplying an enriched dict. A formula containing 3000 to
4000 calories of which milk is the chief constituent but which also contains



CHAPTER XX *
THE VITAMIN B COMPLEY

If Goldberg.er’s diet is fed to men pellagra results. If fed to dogs
fonguc, or canine pellagra, develops.' The same diet also causes derm
in rats and for many years this was known as “rat pellagra.” But it
pellagra and many investigators soon became aware of the difference.
significance of this rather strange situation, in which the same defic

- produces different lesions in different kinds of animals, is very great i
the case of vitamin B complex where species differences are common.
many years the problem wis véry confusing. It was not solved
Gyorgy succeeded in separating vitamin By, now known as pyridoxin,
the other B fractions and demonstrating that it was largely responsibl
the symptoms of “rat pellagra.”

Other B factors have since been isolated until we now have, in additic
nicotinic acid, thiamine and riboflavin, a number of lesser B vitan
pyridoxin, pantothenic acid, biotin, choline, inositol and folic acid.
these the latter'two have not been shown to be the cause of human dis
and relatively little is known of their morbid effects in other species.
pyridoxin, pantothenic acid, choline and biotin seem to have consider:
significance for physicians and the effects of deficiency of these four wil
deseribed. ‘

No orderly exposition can hope to be complete for inter-relationships
complicated and pumerous. A simple example of these relationships is
poor absotption of riboflavin during thiamine deficiency. A more comy
example is the problem of imbalance. Morgan reared dogs on synth
diets and observed sudden and unexpected symptoms when large dose:
nicotinic acid were administered. “Fortification of foods with those v3
mins such as thiamine or nicotinic acid which are availsble in large qu
tities may precipitate conditions worse than the subacute deficiency st
produced by the usual diet balanced in its inadequacies”. (our itales),

PYRIDOXIN

Pyridoxin (or vitamin Be) was identified biologically by Gyorgy in 19
and was isolated and synthesized Bve years Ister both here (Harris o
Folkers) and abroad (Kuhn, Westphal, Wendt and “'/estp}ml). . 1t is call
adermin on the continent. Pyridoxin presumably s identical with factor
{Chick and Copping), vitamin H (Booher), factor T (L?pkovsky, Jukes a
Krause) and the antidermatitis factor of Hogan and Rxcbardsoy. .
246 *
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Prate XXIV Vitamin Bg deficiency 1n the rat kffect of the deficteney on the
epithellum  The upper photograph llustrates the acanthosis, parakeratosis and
spongiosis which oceurs carly 1n deficteney  The lower photograph is from a late
Iesion which shoned thin, pinhish epithebum  The pinna 1s shown with encrusted
adherent seale near the ip The remaimng epitheliun 13 thin and atrophie, the
corium congested, the eartilage irregular
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PrLate XXV Vitamin Bsdefielency  An ulcer of the tongue of a rat fed a deficient
diet  This 1s a commeon lesion 1n By defi 'y and one that responds to treatment.
The mflammatory response 1s scanty and there is httle evidence of repmr although
the lesion 1s of several wecks duration
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e Jesions in the mt include a rather characteristic dermatitis of the
emities (acrodynia) and ears.  Lesions rfxccmbling schaceous eysts are
mon ahout the throat and indolent abscesses about the whiskers.
1s occur on the tongue. A ecborrhoic condition is present generally,
aring firet over the head.  There is no pruritus and alopecia is absent
ight. The sigms appear after at least one month on the deficient diet.
he histalogic changes have been studied by Antopol and Unna.  During
early stages the shin of the pawe i denuded, edematous and moist, the
thickened and realy, the srout swollen and uleers common under the
e, The ears are the tissue of choice in following the sequences of
ation and repair.  The lesion commences with swelling of the epithelial
, widening of the stratum granulocum which i< formed of 4 to 5 layers of
instead of the normal 1 or 2, Hyperkeratosis is pronounced, the
tum lucidum thickened, Intercellular edema and acanthosis occur.
the tips of the ears necrosi« i< rometimes geen, edema of the corium and
ervascularization of the pupporting etructures,  The cartilage of the ear
ers, the perichandrium Jonsens and the cartilage becomes disorganized.
> edema dieappenrs 24 1o 48 hours after a single large dose of pyridoxin.
'r 3 1o 7 dayr the hyprrkerntotie plaques toosen and peel off and the
er tissues retum to nomal, Atrophy of the scbaccous glands also
"nds t0 vitamin By therapy.
te curative dowe of pyridonin in rat ncrodynia is said to be 5 p grams
mick and Sehreflier),  Smaller nmounts are not uniformly suceessful,
trodynia oceurs rther erratieally unless egg white (vide infra) be added
he diet when the incidence is greatly increased. It is aggravated by
weather, Pyridoxin is nlso a growth factor and plays a role in the
ation of dictary fat. YFurtlermore a number of fatty neids have
net curative effeets and Schneider, Steenbock and Platz found that
o1 aeid completely cured acrodyma, Other relationships have been
:°“5‘MQM between pyridovin, nicotinic acid, riboflavin, thiamine “f‘d
e If potassium is withheld from pyridoxin deficient diets myocardial
s are added to the usual signs of acrodynia (Thomas, Mylon and
ternitz),
s raised on a pyridoxin deficient diet become anemic. The anemia is
ominantly microcytic, Polychromatophilia, reticulocytosis and the
euce of nucleated red cells arc seen. The marrow is hyperplastic and
spleen, liver and bone marrow are siderotie, The serum iron is ele-
4 These studies, made by Wintrobe, Follis and others, led to the con-
‘on that pyridoain defici 'y arrests | lobin synthesis.
E‘;"(@fi deficiency in the dog results in severe anemia which does '};’5
16 iron (Street, Cowgill and Zimmerman), The incubation peri ”
M4 to 12 months.  After 300 dnys some dogs became dyspneic an
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t}xelr hearts were .fuund to be hypertrophied and dilated, chiefly on the right
side, Degenerative changes were found in peripheral nerves and the spinal
co.rd." ‘Whether these observations are applicable to cardiac dilatation in
thiamine deficiency is not known.

) Epileptifoym uttack:s have been observed in pigs and rats as well as ih
dogs !J,I}d chicks. Chxcl.t and associates state that they appear suddenly,
‘The animals run about in great excitement. They then abruptly fall and
pass through stages of tonic and clonie convulsions followed by coma and
collapse. Recovery is slow, the anjmals remaining confused for some time.
The fits may last o few minutes or a quarter of an hour, These observations
have been confirmed by Wintrobe. Essentially the same behavior was ob-
served in rats,

Asg a résult the vitamin has been used in the treatment of epilepsy as well
as other diseases. Jolliffe has reported dramatic relief of the symptoms of
Parkinson’s disease in particular among cases which had been helpless for
Iess than one year. The rapidity of the response suggested to Spies that
vitamin Bsmay exert a sedative effect although the possibility of vitamin de-
ficiency cannot be excluded at this time. Antopol and Schotland secured
favorable responses in cases of pseudohypertrophic muscular dystrophy.
Kark ct al. used B In cases of anemia without response but Bilter and as-
sociates induced a slight reticulocytosis in cases of macrocytic anemia.

Spies, Bean and Ashe announce that extreme nervousness, irritability,
abdominal pain, weakness and difficulty in walking were observed in several
pellagrins after treatment with synthetic preparations, thiamine, ribofiavin
and nicotinic acid. Very rapid cure of these residual symptoms followed
the administration of 50 mierograms of synthetic vitamin B.

The inter-relationships between B vitamins may be responsible for the
therapeutic effect of pyridoxin in cases of cheilosis. Smith and Martén
treated several cases with 20 to 100 mgm. given intravenously and noted
prompt response. Machella has had similar results and was led to doubt
that riboflavin deficiency is the only nutritional cause of this lesion.

Saturation tests have been described by Spies, Ladisch and Bean who
found 8.7 per cent of a 50 mgm. dose given intravenously appea}"ed in the .
urine within the hour. Three patients fed a pyridoxin deficient diet ceased
to excrete measurable amounts of the vitamin. Certain cases of pellag.m
showed low excrotion rates cven after treatment. Flexner and Chassin
confirm these results in general. They found children between & and 15
years of age excrete 21 per cent of a test dose whereas adults und_qr 50 years
of age excrete only 8 per cent. The output was 2.5 per cent in patients
suffering from post-encephalitic parkinsonism. . .

Pyridoxin has relatively low toxicity. The lethal dose in rats is 3 gm.
per kg body weight. Inprolonged testsata level of 10 mgm. per k. ’body
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weight no effect was noted in rats, monkeys or dogs.  Spies, Hightower and
Hubbard report it is sedative in man.

PANTOTHENIC ACID

When “rat pellagra’ is cured by giving pyridoxin, pantothenic acid de-
ficiency becomes manifest.  Dermatitis commenecs in the groin, axilla and
on the back between the scapulae.  Sores are common about the mouth.
The lesion is more generalized than that of pyridoxin deficiency. Inter-
estingly combined pantothenic acid and pyridovin deficiency in the mouse
results in signs of the former wlule in the rat the latter is dominant.  Inthe
mouse the adrenals are not affected but in the rat they become hemorrhagie.
Adrenal hemorrhage, one of the most striking effects of pantothenic acid
deficiency, was independently discovered by several investigators.  Gydrgy
ot al. noted it in & thard of o series of animals on B deficient diets which had
developed panmyeclophthysis. Daft and Secbrell were able to separate it
from the marrow lesion for under the conditions of their experiments none
of the rats with adrenal hemorrhages had lesions of the bone marrow and
the one which had an atrophic marrow failed to show adrenal hemorrhage.
Daft and Sebrell found hemorrhages in 44 of 72 rats.  They also noted that
spermatogenesis was reduced.

By further improvements in the diets used Daft, Sebrell, Babcock and
Jukes were able to produce adrenal hemorrhages regularly and demonstrate
that pantothenic acid was preventive and curative.

Gybrgy, Goldblatt, Miller and Fulton called attention to the points of
similarity between the disease produced in their rats and the Waterhouse-
Friderichsen syndrome (purpura, suprarenul hemorrhage, prostration and a
rapidly fatal course).

The histologieal changes in therr animals were studied by Ashburn,  One
of the most striking differences between the adrenals of pantothenic acid
deficient and treated animals was their fat content. The depleted animals
showed great loss of fat in the zona faseiculata while the treated animals
were normal or nearly s0, Ashburn pomts out that since fat is an index of
cortical hormone and the animals deficient 1n pantothenic acid have other
signs of cortical adrenal insufficiency, reduced growth, loss of abdominal fat
and retarded testicular function the term “hemorrhagic adrenal necrosis”
is not satisfactory and represents only one of the manifestations of panto-
thenic acid deficiency in the adrenal.  Skeletal growth was judged in these
animals by histologie examination of the epiphyseal cartilage of the tibia.
In depleted animals it becomes extremely thin and epiphyseal bone growth
is greatly retarded. Under the conditions of the experiment testicular.re-
sponse to treatment was compxcuous only in the number of spermatozoa.
Abnormal spermatids were found in both groups., This may have been
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due to the relatively brief period of treatment. Chronic zing chloride
poisoning induces the symptoms of pantothenic acid deficiency in rats and
can be controlled by pantothenic acid (Gross, Harvalik and Runne), The
muzzles of deficient rats are “blood-caked.” This is due to a red, fluo-
rescent porphyrin which resembles blood. Removal of the harderian gland
prevents its appearance (Figge and Soloman).

The relationship between pantothenate and inositol (as well as other B
fractions) has caused many difficulties. Wooley, in studies of B fraction
deficiencies in mice, devised a ration which resulted in alopecia of all the
body but the head and tail. Both pantothenate and inositol were even-
tually shown to be involved. By supplying inositol pantothenate de-
ficiency was produced. The symptoms were irritability followed by awk-
wardness in movement of the hind quarters. Periodic spasms and violent
motions were observed verging on convulsions and terminating in more or
less complete paralysis. A few days later alopecid appeared on the ventral
surfaces, first behind the forelegs on the chest, then over the entire belly

* and up the sides to the back. Some became completely naked except for

the head. .

If pantothenate was supplied and inositol withheld the alopecia com-
menced well up on the thighs. New growth of hair was seen ten days after
supplying the missing factor. . Both observations are confirmed by Martin
and Ansbacher who found that the inositol alopecia did not develop unless
paba was given. It (paba) is a dietary factor r y for the d tran
tion of the anti-alopecia effect of inositol.

\ Pantothenic acid deficieney in the chick is marked by incrustations about
the eyes, at the corners of the mouth and between the toes. The feathers
became inferior and rough, Demyelination is found in the spinal cord and
the liver may be fatty (Phillips and Engel). Wintrobe, Miller and others

" have deseribed the nervous lesions in swine. They consist of degenerati'on
of the peripheral nerves, posterior root ganglia and roots and the posterior
columns of the cord. A subacute form of colitis was also found and a re-
tarded ability to heal wounds of the extremities. L.

Pantothenic acid js also associated with greying of hair. This lesion,

nutritional achromotrichia, was first demonstrated in rats by Morgan and

Simms as the consequence of 8 to 16 weeks of 2 B complex deficient dx'et.
The rats showed subnormal growth and their pelage became strea}\'ed with
grey. The hairs were coarse and lifeless and large, indolent §km ulcers
were common. Atrophy was noted in the adrenals, testes, conum'oi the
skin and hair follicles. Greying has now been produced by a van'ety o}'
diets. Folic acid deficiency-also causes greying. {and a greater var{ety ?d
dietary factors seem capable of correcting the condition. Pantoth(}elmcvqflr
may be the most active of these but it is not the only one. It was howevel

-
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Prate. AXVI Nutnitional achromotrichis and pantothenie arid  The two rats
chown 1n the photograph were fed for 85 days on a diet defierent in B complex but
supplementcd with meotinamuide, thiamn, nboflavin and vitamin Bs  The ammal
on the left recenved a daly dose of 100 micrograms of synthetic dextrorotatory eal-
elum pantuthenate aswell  Both animals were of the same size when the experiment
started  Nutnitional achromotriclua may be due to others factors as well as panto-
theme aad but 1t 13 obvious that pintotheme acid has prevented greying in this
nstanee  Photograph through the courtesy of Dr Klaus Unna



Prate XXVII. Biotin deficiency in the rat The upper photograph shows the
“spectacled eye” lesion formerly considered s sign of “rat pellagra.”” The lower
photograph illustrates the typical position in rat paralysis  (Reproduced by permis-
sion of Dr. J. J Oleson and the Journal of Biological Chemistry. See Oleson, J.J,
Bird, H R., Elvehjem, C. A., and Hart, E. B, J. Brol. Chem., 127: 23, 1939 )
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the first application of pantothenic acid to medicine but few physicians
have had much suecess in treating greyness with vitamins. Brandaleone,
Main and Stecle have recently reported distinet results in 2 of 19 -cldc{ly
patients treated with yeast, pantothenic acid and para-amincbenzoie acid.

1t is claimed that pantothenic acid exerts & stimulating effcct on gastro-
intestinal motility (Russell and Naseet). .

Pantothenic acid appears to be of very low tovicity. Spies has given
100 mgm. intravenously without harmful effects.

TIOTIN

1f rats are fed considerable egg white a characteristic syndrome develops
of cessation of growth followed by a desquamating dermatitis which com-
mences in {he neck and froin and may extend to become o gencralized,
exfolintive dermatitis. This lesion can be prevented by feeding vitnmin I,
or, as it is now ealled, biotin, The harmiul effect of epg white is due to its
avidin content which binds bictin and prevents its ahsorption,  Avidin is
necessary in the production of the “spectacled eye” lesion because the rat
synthesizes biotin. (The same cffect can be sceured by feeding sulfa-
guanidine.) The chicken and turkey on the other hand are dependent on
an evogenous supply,

Sullivan and Nicholls deseribe the skin changes in the rat as consisting of
hyperkeratosis, parakeratosis, ncanthosis and edemn, scrous cysts and
broken hair shafts. The follicles were found to be dilated and filled with
keratotic material. The hyperkeratotic scales were Inden with sudanophilic
fat. A further charncteristic of the deficient rats is an awkward gait and
stiffened extremities. \

These lesions cannot be considered specific and from a histologic point’of
view discouraging progress has been made in classifying the morphological
effects of deficiency of the various members of the B complex in the skin.
This bas been all the more disappointing because the hope of finding sub-
stances useful in dermatology has prompted much of the work with the B
fractions and many investigators have sought a relationship between the
dermatitis in rats and inman.  As long ago as 1929 Findlay and Stern sug-

gested that Pink Disease or acrodynia might be of dietary origin because jt
I‘P:Scmbled the egg white injury lesion. The original name for biotin,
Vitamin ¥, was chosen by Gyérgy from the first letter of Haut, Williams,
1t is true, has described an exfoliative dermatitis in a male patient who
had eaten many raw eggs daily for years and whose blood serum biotin
content was extremely low. Recovery occurred on ward diet. And -
i}}'l?e}rlxsst‘;-ickcr and ussociutcs_hnve fed human voluntee.rs a synthetic diet in
e ibe , x‘r(xlcr cent of the calories were rcpresent.efi by dried egg white. Dur-
and 4th weeks a fine, scaly dermatitis was observed which spon-
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taneously, disappeared. Laterv‘sofne Iingiml atrophy was noted and the '

dermatitis recurred. The skin was abnormally dry by the 10th week,
Oppel found the human excretion of biotin to be variable. In none of his
patients was biotin lacking from the urine. Indeed the total output in
'urine and feces was from 3 to 6 times as great as the dietary intake, indicat-
ing a high level of synthesis.

Caldwell and Gydrgy report that biotin_deficient rats are abnormally
susceptible to infection with Trypanosoma lewisi. Possible relationships
betiween biotin and resistance to bacterial infection are suggested by studies

which link biotin to Iysozyme, an enzyme discovered by Fleming in 1922 -

and which we refer to again in Chapter XXV. In studies by Meyer and by
Laurence it is-shown that avidin and lysozyme are closely related if not
identical and it is proposed that biotin may serve as the prosthetic group in
enzyme systems in which avidin and lysozyme operate. The implications

in these observations, readily linked with a wealth of information concern- )

ing the nutritive requi of path ic mi i which has
been gleaned by microbiologic methods of vitamin assay and the realisation
of the bacteriostatic effectiveness of bacterial products promises an entirely
nevw field of therapeusis.

CHOLINE DEFICIENCY

The centrifugal growth of the B vitamin field has posed questions of defi-
nition. Thus we have been accustomed to think of vitamins as substances
which have high biological activity in minute amounts but choline require-
ments are quite large. Yet choline is generally considered to be & vitamin.
Tt is closely bound to vitamin function; choline deficiency lesions are de-

pendent on an adequate thiamine intake. It has been studied mainly by '

vitamin techniques and the effects of deficiency follow the general pattern
of the avitaminoses. As a vitamin it properly belongs in the B group be-
cause of its solubility and distribution. . .

The initial gbservation (Best, Hershey and Hunstman) that choline is pre-
ventive and curative of one form of fatty liver was an outgrowth of the dis-
covery that de-pancreatized dogs treated with insulin regq]arly de\{elop
fatty livers. It was Jearned that feeding raw pancreas prevented.thls le-
sion. 'The factor in pancreas which is active (choline) was de‘il:grmmed_ b’)z
classical feeding experimentsinrats. Best suggested the term llpotroplc'.
A number of lipotropic substances are now recognized and have been dis-

sed in Section I. . )
cusLow choline diets retard the hepatic fat exchange and result in fatty liv-
ers. If the deficiency is sufficiently prolonged (in the rat and dog) & degreg
of interlobular cirrhosis develops (Chaikoff and Connor, Bloomberg and
MeCollum). If the deficiency is complete and the diet rich in fat the ani-
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mals die and their kidneys show massive tubular degencration and hemor-
rhage. These lesions were first noted by Griflith who observed further that
the thymus was appreciably reduced in size and the spleen slightly enlarged.
In the most severely affected rats hemorrhages were also found in the eye.
The kidney lesions may be prevented by a choline intake too small to pre-
vent fatty liver. Gyorgy and Eckhardt noted hemorrhages in the myocar-
dium, adrenal gland, lymph nodes and lungs a3 well as the kidneys and eye.
The hemorrhages in the kidney arise from the arterioles just beneath the
capsule. ‘

The close relationship between the B vitamins, choline and the liver is
reflected in Rich and Hamilton’s experiments in which interlobular cirrhosis
was produced in rabbits by diets deficient in choline. Yeast, but none of
the pure vitamins, inhibited the development of the cirrhosis. The cir-
rhotie stage is only the Iate result of the primary effect of choline deficiency,
focal degeneration or necrosis of the parenchyma associated with hemor-
rhage.

In chickens and turkeys perosis, abnormally thick, short tibial and tarsal
bones with dislocation of the joint and displ t of the tendo-cal
are the expression of choline deficiency (Jukes). An “x” factor in liver and
biotin are also involved in perosis and species differences are pronounced.

P bly choline deficiency in man, if 1t does occur, would be most
likely to manifest itsclf by a large, fat laden liver. Since biotin may also
cause fatty liver it is worth noting that in experimental circumstanees there
isa difference betweenthe two in that the biotin liver has increased amounts
of both neutral fat and cholesterol while the choline liver is relatively rich
inneutral fat. The fatty liver of biotin is not altered by feeding choline.

‘The absorption of lipotropic substances from the bowel is greatly reduced
if pancreatic enzymes are absent and is best corrected by feeding the en-
Zymes.

Best states that while choline deficiency does not influence the develop-
ment of fatty degeneration due to phosphorous or carbon tetrochloride poi-
soning it hastens repair. This suggests a useful clinical application.

Some years ago Fields and Wise raised the question of whether riboflavin
deficiency collapse, as seen 1n swine and dogs, might not occur in man and
cause death., A feature of riboflavin deficiency is also s fatty iver and the
appearance of the liver would be one of the few clues to such 2 deficiency.
The suggestion is given added emphasis by Graham who found many cases
of sudden death associated with fatty iver. In the majority of cases death
was presumably primarily due to other causes but o residue of cases re-
mained in which no other lesions were found to explain the fatal outcome.

In Elvehjem's review mention is made of the spontaneous occurrence of
fatty liver and kidney hemorrhages in premature infants in India.
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OTHER MORBID STATES RELATED TO THYX
A wide variety of apparently unrelated morbid
| vented or cured by administering vitamin B complex
d- ‘ plex. In most instances the active factors are ric
4

o ¥ R S F T

H . reflected in current therapeutics. The use of liver ¢
5 conditions other than Addisonian anemia snd in m
is clearly beneficial. Not all of these need be review
L erence will be made to a number which seem of parti
1: ise.

VITAMINS AND NEOPLASIA

“ We have repeatedly emphasized that the avitamir
plicated etiology and pathogenesis. The interde
hormones, the functionsl balance of various tissues a
sence of exogenous pathogens is becoming steadily ;
tant. ~ From being exceptional causes of avitaminos
in the Western World they have become the comm
offers great opportunities for the study and better v
esses which at first seern unrelated. A case in point

/It has long been thought by some that » relations
nutrition and cancer. de Raadt suggested this 15 yes
the incidence and apparent relationship between die
patic cancer in the Orfent, e alsa suspected that dic
disposing to cancer in Iialy. For many years exper
scanty returns.  Xuh's report that massive doses of vi
growth of the Twort mouse cancer was not confirmed
Thatcher)., Jorstad’s observation that large amour
peared to assist in the detoxification of certain tar carc
exception to the statement that little progress was mi

For not Yong afterward a very productive series of

- augurated by Kinosita's discovery of butter yellow ea

- the rat Jiver develops following cirrhosis induced by fet
dimethyl-sminc-azobenzene, a dye once used in the
Kinosita found that butter yellow only produced cirrh
diet was restricted.

Subsequent work indicated that the characteristic o
disposed to cancer was deficiency in riboflavin and a
with casein” end that liver extracts and yeast were 0
preventing cancer formation. Rhoads, Dobriner, S
socintes extensively studied the conditions of Kino}aita.’&
bt s 2 ah pelabive Tamiinitv of certaln spe
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» destroy the sgent and they tratrd fhe Fapoibes
dlow. They sueeeeded in shawing thst }“.
vers of normel Tats ond that co-enzEIee 'l 3
iboflavin contribrate: to a eritieal dezrer T
on of the liver and therehy prevents et
eaud and others have shown that bietin, p= K
eneration of the rat’s fiver, can r_*r'iv'va 1o ean e RS
;—i\‘enA Thus very sugeeetive experimental g e iy Pendnee
he view that dict playe a eoméiderable sale, perhame Ix.":*‘TT" ~
fective detovification of carcinogrnic camprrmde. Nnae-s
frawn at this time botween theer eonditirne and ey v froe
u man. o

A further oheervation links canecrand dicd, Thiejetbe ol v Trd Fom?
that, patients suffering from earcinoma are ysnlly frnd fobare £200
vitamin functions. We have repeatedly sirvfed amrvsris pationss whooen
vitamin C requirements werc exceesive.  Insevesa) instam aes sorvef g
of ascorbic acid daily were required {0 maintain o5 e Vit g
plasma values are diminiched in individuale with eas~vs e {45 n 2o el
bowel, Abels and associates found low vnluee in K5 get ettt mie envpa
This was first thought tabe an expreesion of vitarin et nlat anadyae
of the livers of fotal cases showed the vitamin A ermersizatin o be vety
neatly ns great asin the livers of individuste Killedin aevs feara ffomeupee
liver function tests showed that the eancer gntiesfs vy 144 Bepytie
dystunction. 1t was further shown that while vitamin & w5 tements afe
forded little improvement in the plasmn concentratia the feeding of yray,

choline or lipoeaic restored both hepatic function and [Lunma vitazmin X
levels.
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HEPATIC CIRRUIGSIS

. Hepatio eirrhosis, of the Laennee variety, fullows det petion pf thes per-
imeter of theliver Jobule b

! v ¥ rasny intoxieants, s for exxmple the Lutter yel-
low mentioned in the preceding pages.  Considerable protection reems to e
afforded the liv

d et eclls and therefore considerable influence on the cirrhasis
by diet. Von Glahn and Flinn thoroughly demonstrated the .
artion of yeast against cirrhosis induced by lead ursenate.

giura, Young, Halter and Rhoads have described the changes in the fiver

following butter yellow administrati i
0 yellow administration.  Other studies sugge-t that defi
ueney of B vitamins or badly in et ek

protective
Kensler, Sy.

tiney of B vit Canﬁh"'-c} diets result in cierhois withoyt
! . * . Thestudies of Gydrgy and Gold.
b e *# . and Hamilten all Wastrate this

Whether these mechanisms operate in man is not proven but is suppested
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hy two types of evidence;.that patients with cirrhosis commonly manifest
symptogns of dietary deficiency and that dietary treatment during the re-
versible stages of cirrhosis is very effective in rehabilitating human patients,
Patek, for example, reports that 40 per cent of a group of 54 had pélyneuritis.
and macrocytosis and G0 per cent atrophic tongues and “dry skin,” He
treated these patients with o dict containing 3,500 enlories (pratein 139, fat
175 and ecarbohydrate 365) and consisting chiefly of meat, milk, c,ggs
fruit and green vegetables, Milk was given five times per diem, twice witl;
. 25 mgm. dried brower's yeast: Thinmine chioride was given in daily par-
* enteral doses of § mgm. and liver extract twicein the week.  Approximately
60 per cent of the group experienced a spontaneous disappearance of ascites.
Duration of life was significantly increased as well. A similar regimen
yielded equally good resuits for Fleming and Snefl.
1f puppies are fed a high casein diet plus thiamine, nicotinic acid, ribo-
flavin, pantothenic acid and pyridoxin growth is somewhat retarded but no
external signs of disease appear. If the casein is reduced to 15 per cent
anemis, loss of weight and skin uleers develop and such snimals regularly
have fatty, cirrhotic livers and often peptic ulcers as well. The lesions are
favorably influenced by large amounts of choline or liver and completely
cured by choline and liver, Para-sminobenzoic acid and isositol are in-,
effectual. These studies of Fouts considerably reduce the number of un-
knowns involved in the problem of cirrhosis and give promise that the active
. principle will soon be identified.

VITAMIN B COMPLEX AND ESTROGEN

A relotionehip between estrogen and B complex was ingeniously demon-
onstrated by Biskind and Mark who implanted estrone in rat spleen and
poted that it was inactivated during its passage through the portal circula-
tion. If the pellet was moved to a subcutancous location estrone effects
promptly, ocenrred.  Estrone effects likewise occurred if the pellet was
placed in the splecn and the rat was maintained for more than two weeks on
a B complex deficient diet. The ph n was believed to be correla-
five with the butter yellow experiments described earlier in the chapter. If
one ovary was transplanted to the spleen and the other remavec?estrous oc-

. curred or did not occur depending on whether the diet was deficient or not.

Clinical application was made of these discoveries by treating women with
symptoms of estrogen imbalance with B complex. Biskind, stkmd‘ angd
Biskind have described 104 patients. They found most of t{xexr patients
with symptoms of menstrual tension, menorrhagis, metrarrhagia and pain-
ful breasts bad signs of nutritional deficiency and tlmt‘won_xen whose chief
complaints were due to nutritional deficiency gave histories of abnormal
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menstrual functions. Prompt and often dramatic response was secured by
giving B complex although in many parenteral administration was required
and the dosage was rather large (9-24 mgm. of thiamine, 9 mgm. or more of
riboflavin, 60-120 mgm. of niacin amide plus extracts of bran or yeast.)
Liver extract was required in some cases. The evidence of nutritional
deficiency is not fully reported. In 32 patients cheilosis and atrophic glos-
sitis were found.

ORAL ULCERATION NUTRITIONAL CYTOPENIA

Day, Langston and Shukers described a nutritional discase in rhesus
monkeys encountered while studying B complex deficiency. The cardinal
signs were leucopenia, neutropenia, anemia and loss of weight.  Someahi-
mals had thrombocytopenia but this was not marked. Clotting time was
not increased. Dinrrhen was common and severe uleeration of the mouth.
The animals died between the 26th and 100th day of deficiency. Ribo-
flavin, nicotinic acid and thiamine did not prevent the lesions. The bagal
diet was believed to contain adequate amounts of pyridoxin.

A more extensive study of the mouth lesions was made by Topping and
Fraser. The histological examinations were made by Tomlinson. These
workers separately tested vitamins A and D and found them unimportant
to the mouth structures. Deficiency of ascorbic acid resulted in severe
gingivitis which only occasionally progressed to gingival necrosis. But of
16 monkeys deficient in B complex 12 developed gingivitis, 10 with general-
ized necrosis and 3 of the latter progressed to complete, gangrenous necrosis
of the cheek (see Plate XXX). Neither riboflavin nor nicotinic acid con-
trolled these lesions which appear to be identieal with those described by
Langston et al. Thus we have good reason to believe that the B complex
is closely related to the maintenance of the gingival and oral tissues.

Additional, confirmatory evidence comes from the studies of Becks, Wain-
wright and Morgan. Dogs were used in long term experiments primarily
designed to determine the role of nicotinic acid in the production of mouth
lesions. The paradental lesions caused by prolonged nicotinic acid defi-
ciency are deseribed in Chapter XIX. The epithelial erosion of canine black
tongue was not reproduced by either complete or partial nicotinic acid de-
ficiency., Deficiency of filtrate factor on the other hand caused just such
extreme necrotic lesions as noted by Langston. The supporting struc-
tures of the tecth were frequently laid bare and the alveolar bone was some-
times porous and atrophie. These lesions could be largely controlied by
supplements of pantothenie acid but other filtrate factors were not tested,

Yeast filtrate gave complete protection. Presumably more than panto-
thenic acid is required for complete protection.
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CONGENITAL MALFORMATIONS

In discussing the effects of vitamin A deficiency on the organs of repr
duction 2 number of studies were referred to in which congenital malforms
tions followed vitamin deprivation of the mother. Thisis hardly surprisin
in view of the exacting requirements of embryonic tissues. It is, on th
other hand, a very hopeful development'in s field where there appeared {
be little that could be done. v

A series of reports by Warkany and his associates have greatly supple
mented the knowledge already referred to. Using rats fed a diet of con
meal, 76; wheat gluten, 20; chemically pure calcium carbonate, 3, and so
dium chloride, 1; Warkany has produced a great variety of congenita
malformations in 39 per cent of 484 offspring: Malformations were mor
common in the 2nd and later litters than in the first. The lesions foun
consisted of receding mandibles, fusion of certain ribs, shortened forelegs anc
cleft palate. A