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PREFACE

This volume 15 the ontgrowth of a monograph, The Pathology of Nu-
tritional Disease, which was pubhshed early in 1948 The cordial reception
which it recerved has prompted a desire to brng the matenal vp to date,
since that manuscnpt went to the press over ten years agoe But of sven
more consequence was a growmng feelng of dissatisfaction m the way 1
had presented the subject of nutntional disease That vefume nurrored my
own miroduction to the field of nutrition during the exciting days of the
late 1930's and early 1940°s when 1 was privileged to collaborate with Drs
E V McCollum ¥ G Day, E Orent-Ketles, and M. M Wintrobe, Studies
of deficient states produced by a lack of single essential nutrients were then
being emphasized, mvestigations of multiple defiency states were not
popular. Asa result, T restricted the d to physiol 1, brock \
and anatomical changes o the defictent mammatian host which could be
aseribed to a lack of a simgle nutrient  Abnormal states which could be
attributed to lack of multiple essentials were excluded Thus, The Pathology
of Nutntional Disease dealt almost entzrely with experimentally produced
nutritional syndromes, this meant 2 was concerned in large part vath nu-
tntionaf disturbances m laboratory ammals,

In the present volume 1 have attempted to remedy thus situation by
broadening the scope of the materal which 1s to be presented In the fivst
place, disturbances will be looked upon from two standpomnts. {1) those
resulting from deficiencies of single nutrients, usually dietary ongn and
experimentally produced, and (2) those resuling from lack of multiple
nutrients, which is the way most deficsency disenses occur naturally  See-
ondly, we cannot consider only disturbances caused by the reduction in the
dietary ntake of a smgle nutnent or group of essentials. Our approach
must be broadened so as to mncluede disturbances asenbed to all of the con-
ditioning factors which mght produce general or Incal reductions or de-
ficiencies of essential putnients. Hence, T have chosen the utle, Deficiency
Disease, which 1 fecl 1s more apprepriate than Nutritional Disease, sice the
fatter usually has a much wider meaning to include diseases produced by
too much food and by metabolic disorders of varied natures. The scopé
of this monograph 15 therefore hmited to those functional and anatomeal
changes m cells, tissues, or organs which may result from 2 lack of one
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vin DEFICIENCY DISEASE

or more nutrients which such cells need. These alterations may he effected
by impaired ingestion, assi ion, excretion, circulation, or metabolism,
The distinction is not as fine as one might like, yet it allows one to restrict
the matenal and perhaps Jets him not be overly criticized when something
1s oxmtted, T have tried to include all of the recognized naturally occurring
human syndromes. Some are doubtless given more space than others, which
treatment mirrors my own experience,

Most of the functional and anatomical changes which are described
heremn are associated with & lack of exogenous essential nutnients, that is,
those which must be supplied to the organism preformed in varying de-
grees of complexity During recent years we have become more and mote
aware of situations in which certain cells and tissues of the organism may
suffer from a lack of some endogenous nutrient, that f5, one which is ordi-

nardy made from the essentials, A good ple of this situa-
tion 15 the hypoglycemic state, which may arise as a result of hwer dis-
ease, hormonal imbalk et cetera. M , m this general sense any

genetic disease may he viewed as 2 fundamental expression of protein
deficiency. At the present time sufficient data are not avarlable with which
to develop this phase of Deficiency Diseasc as completely as we should

ke H , the pt of “the biochemical lesion” which was de-
veloped by Peters over twenty years ago and his more recent hypothesis
of “lethal synthesis” both pomt to an approach which will doubtless be

svorthy of further exposition at some future date.

The bibliography is a cond ion of the pubhcations which have been
consulted. All conld not be mcluded. My apologies go to thase who feel
thetr matenal should have been cited. It is hoped that the references
which are provided will md i exploning a gven subiject further.

In preparing this monograph I have restudied much of the experimental
matertal which has been reported previously. Many histol 1 prepara-
tons have been rephotographed, Most of the microphatographs have not
been published befare For these I wish to thank Mr. Robert W. Nye of the
Photomicrography Section, Armed Forces Institute of Pathology.

Numeraus tavestigators have allowed me to reproduce illustrations, pub-
lished and unpubkshed from ther work My smcere appreciation goes to
Drs. Maurice Sulhvan, Paul Boyle, D T. Smith, D. W. Woalley, G. Gold-
smith, G. H. Cartwnght, § H Bater, T. D0, Spres, 5. Ansbucher, J. Warkany,
§. R M. Innes, R, W Vilter, W H Horwitt, A, Schaefer, C. Tejada, and
H A.P.C Domen. Drs. E Lowenbaupt, K E. Mason, E H Oppenheimer,
R. J. Lukes, J H. Yardley, J, N P Davies and ‘A R Rich have allowed
me to study and reproduce some of their material

For !heyl D pinn of the ipt I am mdehted to Martha G.
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Edson whose path and dihg have contributed much to this entire
undertaking

My relations with Mr Charles C Thomas and Mr. Payne E 1. Thomas
have been most cordial, 1t 1s a pleasure to express my appreciation for their
help and continning amterest,

My scientefic career has been sired by three, my late father, Richard H
Folbis, Sr, and two who have been more than step-fathers, Amold R. Rich
and Edwards A Park The dedication of this monograph allows me to pay
tribute to each of them My father, a surgeon, early stimulated in me an
mterest in medicme and provided me with an apportunity to follow this
career. First as a student, then as a collaborator with Amold R Rich, I
have gained more than words can ever express. His stimulation, canxtruc'
tive counsel and le have ably inff d my own
dey ek Dr. Park duced me to defi y disease when we began
our smd\es of disturbances m bone in 1837 In my friendship and collabora-
tion with kim 1 have been blessed m a way that only those who truly know
him can appreciate

RHF, Jx
Nutritional and Metabohie Disease Section,

Veterans Admin: Central Lal ¥

for Anat ] Pathology and Research,

Armed Forces Instatute of Pathology
Washington 25, D.C
July 30, 1957
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INTRODUCTION

In order to maintain the structural and functional mntegrity of 1its cells,
the mammalian orgamism needs only a few of the 102 elements which are
found in the periodic table OF these essentials, the three atoms carbon,
hydrogen and oxygen make up water, simple ipids and carbohydrates If
to these are added mitrogen and sulfur, the protems and other mtrogenous
compounds may be formed The atoms of caloum and phosphorus give
stability to the skeleton Potassium, sodrum, and chlorine mamtain, in part,
the electrolyte composition of tissue cells and crrculating fluds  Certain
atoms are concerned with the activity of many enzyme systems or are inte-
gral parts of enzymes themselves Such mclude copper, iron, magnesium,
manganese, zinc and molybdenum Cobalt is a structural part of vitamm
By, or cobalmin, wiile atoms of sodine are incorporated into the active
principle of the thyroid gland.

This monograph 15 concerned with p 1 and morphological
alterations which oceur 1 cells and tissues when they become deficient in
one or more essential nutnents  Deficiency disease syndromes may be pro-
duced at will in the experimental animal by causing a single nutrient to
be lacking 1n the diet  Such conditions are encountered infrequently, how-
ever, in naturally occurring nutntional diseases of animals and man, Here
multiple deficiencies exist, so that the problem becomes much more com-
plex  Unfortunately, save for certam studies carnied out during the early
days of nutntional research, few experimental mvestigations on multiple
deficiency states have been conducted Studies of this group are of great
mmportance to elucidate those multipl disease synd which
occur naturally m ammals and man

Before considering certain broad aspects of deficiency disease, 1t might
be useful to review briefly the chemical composition of the orgamsm, since
wn the pages which follow we shall be dealing with its various constituents,
at least many of which 1t cannot manufacture

As 15 well known, the intact organism consists m large part of water.
Values approximating 70 per cent have been reported 1n the new-born -
fant, * the thirty-five year old “normal” male, who was analyzed by Mitchell
et al ? contamed 67 8 per cent water. The fat content of both the whole
organism and its constituent parts is much more variable. For total imd
content the foll g values are rep ive infant, 16 per cent, adult,

12 5 per cent. Values for various tissues will be found in Deuel’s monograph?
{5)

Lveiol




6 DEFICIENCY DISEASE

The total nutrogen content does not appear to vary much above or below
2 per cent?

Esxcluding carbon, hydrogen, oxygen, nitrogen and sulfur, certain of
the elements are present in appreciable amounts. On a total weight basis
such include potassium (.35 per cent), sodium (.15 per cent), magnesiom
(.05 per cent), chlorine (.15 per cent), ealcium (20 per cent) and phos-
phorus (11 per cent).* Approvimate values for potassium and sodim are
shown in Table 15 Other elements are found in much smaller, or even trace
amounts, among these are iron, copper, cobalt, zinc, manganese, jodine,
finonme, molybdenum, strontium, rubidium, lead, silicon, aluminum, bro-
mune, and others which will be further considered on page 20.

It must be made clear now that there are several classes of materfals
which are found in the body. These may conveniently be grouped as fol-
lows I Those which are indispensable and which the organism cannot

Tamsg 1
POTASSIUM AND SODIUNM CONTENT (mEq) OF TISSUES OF MANS
Weight in Kg. Potassum  Sodium

Skeletal muscle a0 2730 810
Skin 180 350 1600
Red blood cells 24 252 36
Plasma 26 12 363
Bone 120 218 1600
Bram 19 150 133
Laver 18 135 74
Heart 03 pi 13
Kidneys 03 18 22
Whote bady 700 3900 4500

manufacture de novo. Such nclude the essential elements, certain amino
acids, the vitamuns and essential fatty acids IL Those which are indis-
pensable but which the organism can form from those comprising Group
I Examples are the non-essential amino acids, enzymes, hemoglobin, col-
lagen, various carbohydrates, saturated and unsaturated fatty acids, et
cetera, 11l Those which are dispensable and which appear to be advent-
tious as far as the organism is concerned. Such gain entrance via the food,
water, external atmosphere, by contact, and so on They include 2 number
of elements, as well as many more complex compounds

Now that the tesm “indispensable” has been used, upon what do we
base the qualities, dispensable and indisp hle? Since the early studies
of F G. Hopkins, growth has been the criterion which was most commonly
used to determine the indisp bility or dispensability of a given nutrient.
Such would indicate that young, 1., growing, animals have been employed
most often, which is only natural since normal growth imposes the greatest
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possible metabolic drain on the organism, and hence brings out most dra-
matically changes, which might occur slowly, or even not at all in the adult
Reproductive ability is another quality which has been used to define indis-
pensability. Other crteria are maintenance of nitrogen balance, absence
of demonstrable metabolic defects, and failure to exhibit morphologic alter-
ations. When a cell or tissue lacks one or more of the indispensable nu-
trients, any number of alterations, structural or functional, may be found.
As far as the scope of this monograph 1s concerned, such changes comprise
deficiency disease.

THE PATHOGENESIS OF DEFICIENCY DISEASE

In the laboratory, deficiency disease 15 most readily produced by em-
ploying a synthetic diet consisting of a protem such as casein or an amino
acid mixture, fat ncluding essential fatty acids, carbohydrate, salts, and
appropriate amounts of all known vitamins The essential nutrient to be
studied, whether it be an morgame element, ammo acid, vitamin, or fatty
acud, is, of course, left out Such an experimental procedure may also be
applied to man, though one does not always have to feed a lnghly punfied
diet, since foodstuffs of known composition can be utilized. Naturally oc-
cuming nutritional disease, such as is seen 1 man and animals, may result
from a deficient or unbalanced intake as a result of economic factors, in-
herent deficiencies 1n foodstuffs themselves or imbalances. In addition, a
number of subsidiary and contributory factors may lead to disease in man,
or in ammals, for that matter, These situations, which have been termed
conditioned malnutntion,” deserve mention

A. Interferences With Intake: Loss of appetite (anorexia) due to a va-
nety of causes may be responsible for a deficient intake of one or more
nutrients Gastromtestinal disease such as peptic ulcer, biliary malfunction,
or other metabolic disturbances, mcluding pregnancy or food allergy, may
be cted as causes of anorexia. Then, too, certain mechanical factors are of
importance., Tumors within or without the intestinal tract may lead to par-
tial or complete obstrucion Lastly adentia, inflammation of the buccal
tissues, et cetera, may interfere with the intake of foodstuffs Alcohol inges-
tion and chrome heart failure are other important factors

B. Interference With Absorption. Although adequate amounts of an
essential nutrient may be ingested, optimal gquantities may not be absorbed
due to a variety of reasons Hypermotility of the mtestinal tract may move
the materal through the lumen too rapidly for adequate absorption to take
place. Insoluble compleves may form so as to prevent absorption of a par-
tieular materisl Famihar examples are the combmation of certain metals
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The total nitrogen content does not appear to vary much above or below
2 per cent.!

Excluding carban, hydrogen, oxygen, nitrogen and sulfur, certain of
the elements are present in appreciable amounts. On a total weight basis
such tnclude potasstam (.35 per cent), sodium (.13 per cent), magnesium
{05 per cent), chlorine (.15 per cent), caleium (20 per cent) and phos-
phorus (11 per cent}* Appr e values for p fum and sodium are
shown in Table 1.5 Other elements are found in much smaller, or even trace
amounts; among these are iron, copper, cobalt, zine, manganese, jodine,
flnorine, molybd , strontium, rubidis lead, silicon, aluminum, bro-
mine, and others which will be further considered on page 20.

It must be made clear now that there are several classes of materials
which are faund in the body. These may convenfently be grouped as fok
lows. I Those which are indispensable and which the orgamsm cannot

Tasre I
POTASSIUM AND SODIUM CONTENT (mEq) OF TISSUES OF MAN?
Weight n Kg. Potgssium  Sodium

Skeletal muscle 300 2730 810

n 189 260 1600
Red blood cells 24 252 36
Plasma 28 12 363
Bone. 120 218 1600
Bram 19 150 133
Yaver 18 1335 74
Heart 0.3 24 1
Kidneys 03 18 22
Whole body a0 3900 4600

manufacture de neto Such include the essential elements, certain amino
acids, the vitamins and essential fatty acids I, Those which are indis-
pensable but which the orgamism can form from those comprising Group
1. Examples are the izl amino acids, enzymes, hemoglobin, col-
lagen, various carbohydrates, saturated and umsaturated fatty acids, et
cetera. 111, Those which are dispensable and which appear to be adventi-
tious as far as the organism is concerned. Such gain entrance via the food,
water, external atmosphere, by contact, and so on. They include a number
of elements, as well as many more complex compounds.

Now that the term “indispensable” has been used, npon what do we
base the qualities, dispensable and indispensable? Since the early studies
of F. G. Hopkins, growth has been the criterion which was most commonly
used to determine the indispensability or dispensability of a given nutnent.
Such would indicate that young, i.e, growing, animals have been employed
mast often, which is only natural since normal growth imposes the greatest
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be formed by the organism, are just as indispensable as those which have
to be included in the diet. Such naturally include all carbohydrates, ssmple
and complex, virtually all of the lipids and one-half of the amino acids.
Hence, the health of cells i certain tissues may be affected adversely when
excessive sugar is lost m the urine, when malfunction of the hver restricts
plasma protein formation, or when heart failure leads to the restriction of
the oxygen supply to the central cells of the liver lobule.

Beaning in mund then the importance of exogenous and endogenous
foodstuffs and metabolites, what sort of a picture may we draw of the usual
course of events which may be expected to occur as a deficient state de-
velops? Although there are certain obvious exceptions which will be
alluded to later, most workers ® in the field of nutrition have adopted the
hypothesis that the physiological and pathological changes which result
from deficiencies of indispensable nutrients develop m a definte and
orderly seqs (1) D d cc 10n in the blood and intercellu-
lar fluids. (2) D d intracellul in one or more tissues.
(3) Physiological changes in such tissues followed by (4) Pathological
alterations which can first be seen microscopically, after which they be-
come grossly visible {Figure 1)

It has been d that a d d blood ion of an essen-
tial nutrient is evidence of a decreased saturation of the body in that nu-
trient, Such a concept is, of course, based on “normal” or “lower lmit of
normal” values, which unfortunately have been extremely difficult to de-
termine Chemical studies of blood plasma are therefore not entirely
satisfactory, sometimes more useful than blood plasma levels are saturation
or desaturation tests which lead one to the second Iink m the pathogenesis
of deficiency disease- decreased concentrations of the nutrient mn one or
more tissues,

Here one is on firmer ground, simce the actual concentration of a given
nutrient can be measured during life in red blood cells and the white cell-
platelet layer, as well as in liver and muscle biopsies Moreover, almost any
tissue from an experimental animal or human can be studied chemically at
autopsy. So, too, histochemical studies can be made of biopsy or autopsy
sections, 1 this way decreases i nutrients such as vitamin A or ascorbic
acid may be demonstrated under the microscope

When the concentration of a particular nutnient 1n a certain tissue falls
to a critical level, one may expect evidences of metabolic derangements ta
appear. These mamfest themselves 1 a variety of ways which are amen-
able to detection and measurement. Abnormal metabolites may be found
n tissues, blood or excreta. Pyruvate, i} ic acid, and parahyd
phenyllactic acid are examples of such abnormal materials, Certain liver
function tests may be employed to detect changes in that organ, Then, too,
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with phospliorus, or of ovalate, phytate and fat with calerum. Absence of
digestive secretions may affect absorption; the efficacy of bile and pan-
creatic juice for the absorption of the far-soluble vitamins is an excellent
example. Certain essential nutrients may actually be destroyed or inacti-
vated before absorption from the intestinal tract can take place. The destruc-
tion of thiamine by the enzyme, thiaminase, derived from certain fish, and
the inactivation of biotin by avidin are examples of these complications. Fi-
nally, too vigorous therapy with mineral oil or cathartics must be cited.

C. Interference With Storage or Utilization: Even after adequate
amounts of ane or more nutnents are ingested and absarbed, they may be
poorly stored or utihized. Hepatic disease, for instance, may lead to Jowered
concentrations of vitamin A in the liver; as a consequence the vitamin A
level in the blood is diminished. So, too, when the thyroid gland 1s poisoned
by thiouracil it is unable to utihze inorganic fodine to form physiologically-
active orgame forms.

D. Increased Excretion: Ingested materials may be absorbed normally,
but re-excreted too rapidly to effect their necessary function. Such con-
ditions may occur when polyuria due to a variety of causes s present
Sweating is another example. Endocrine imbal such as hyp !
with loss of sodmm or the reverse lass of p jum, may have d
results Parathyroid imbalance promotes excessive Joss of calefum and phos-
phorus from the organism Lastly, lactation is too often overlacked as 2
factor leading to a loss of one or more dhetary essentials from the maternal
organism,

E. Increased Requirements: Certain intakes of essential nutrients are
adequate for the normal needs of the body, but occasionally, for a variety
of causes, such needs are increased. Unless these requirements are met, the
deficient state may develop. Fever, which results in an increased metab-
olism, is a prominent example. Hyperthyroidism is, of course, another fairly
common case in pomt Pregnancy and excessive growth each require an
excess of certam nutrients over the normal intake.

F. Inhibition By “Anti” Substances: Certain materials which are closely
related m structure to vitamins and amino acids will black the action of
these essential nutrients, For example when analogs of thiamme, mcotinic
aad, riboflavin, pyridoxine, and pantothenic acid and of phenylalanine,
are fed in the diet, evidences of deficiency in the specific matenal will

appear

Al of the Eactors just cited {A ta F) presuppose an interference with
the utilization of nutrients whose sources for the most part are exogenous.
There are, as has already been noted, substances which, though they may
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even microscopic lesions m every defi state. If thiamine defici 18

produced m swine, for mnstance, an ammal may die, having previously
shown electrocardiographic abnormalities, at autopsy no microscopic
changes may be found in the heart. The concept of the pathogenesis of
dietary deficiencies, which 1s 1l d i Figure 1, serves a useful pur-
pose, especially in expenimental sh\dles of nutritional dlse'lse For fuller
discussions from varous dpoi are le,5 8 9. 10

THE GENERAL EFFECTS OF INANITION

Anyone who studies the physiol 1 and/or morphol 1 conse-
quences of deficiencies or single or multiple nutnents should realize that
he may encounter either nonspecific or specific changes. When experimen-
tal animals or man are sul d to defi y states, changes of a non-
specific nature may be found m any number of arcas. In the main these
alterations appear to be related to caloric deficiency and result from poor
utihzation of foodstuffs winch follow the devel of a given defi
state These effects have been widely studied and will only be touched on
below. Anyone who plans to work m this field should orient humself by
consulting Jackson's, The Effects of Inamtion and Malnutrition on Growth
and Structure** and The Biology of Human Starcation by Ancel Keys and
his collaborators %

A much needed and pomted study has recently been reported on the
rat by Widdowson and McCance.'® Growing and adult animals were sub-
jected to complete starvation and to calonc undernutrition  During the
absence of food young animals lost more weight than older ones. This was
due to a loss of body fat. Starvation and undernutrition had no effect on
hemoglobin levels 1 the adults, while the young subjected to caloric re-
stnction showed only shght reductions No differences in loss of weight
of the spleens, hearts and hidneys m proportion to body weight could be
detected in the two groups In contrast, the livers of the young ammals
which were starved lost more weight than those animals whose food intake
was restricted  Glycogen had victually disappeared from the hivers of the
starved animals while it was increased to 2.2 per cent m the restricted rats
versus 09 per cent in the controls. This study shows some of the similanties
and differences between starvation and undernutrition  Histological ob-
servations on such ammals would he of interest

At antopsy, the athreptic organism, whether it be rat or man, exhibits
certan charactenstic changes Some areas are affected earher and more
severely than others. In time, however, all tissues suffer One of the first
and most i changes 15 a d in fatty tissue, not only in the
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THE PATHOGENESIS OF DEFICIENCY DISEASE

1 Decreased Intake

{1 Conditioning Factors
{nterference with Ingestion
o ': o - lead to

increased Requitements |
Presence of Analogues

Lawered Plasma Concentration

Lowered Intercellutar Fluid Lowered Concentration
ancentration fn R.B.C. and W.B.C.
Lowered tntracellular
Concentration Pytuvate
Kynurenic Actd
Biochemical and Physistogical Phosphatase
Ab 1 P-hyd henyt Acids

E.K.G.

1
Homhalogical Change £.EG.
arphalogle i Datk Adaptation

Death of Celt

Froure 1. Tue Patnocenesis oF Dericienct Disease.

Schematic representation of factors which contribute to the vasious stages of defioency
disease  See text for further explanation,

physiologi of certain p can be employed. electro-
diogram, electr phalogram, tests of dark adaptation, and blood pres-
sure determinations.

When the concentrations of a given nutrient have reached certain
minimum tissue levels which are mcompatible with life, morphologic alter-
ations may be expected to occur. Such a situation however, does not
necessarily mean that the entire organism dies. Quite the contrary, many
obviously mjured tissues may be examined microscopically before death.
So, too, determmation of the numbers and characteristics of the red blood
cells and examination of the cornea by the low power of the sht. lamp are
ather examples. In time, the gross changes occur and diagnosis may be
made from macroscopic or clinical findings. )

The above sequences, of course, do not take place in. every instance,
nor do they go on to completion. One need not necessarily find gross or
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In partial or complete starvation there is atrophy of all internal organs
to varying degrees ' The brain usually shows least decrease in size. Sex
organs, particularly the gonads, are stnkingly affected.’® The adrenal glands
are usually enlarged.*” The pituitary may show an increase mn basophils
and chromophiles and a decrease in acidophils 17 An extremely sensitive
area is the growimng skeleton '* 120 Cartilage cells and the esteoblasts re-
spond nonspeaifically by a slowing or even complete cessation of growth.
Rarefaction of the bone 1s seen in the adult ammal.

The literature is filled with studies of nutritional deficiencies in which
certam nonspecific changes have been cited as resulting from a specific lack
of a certam essential nutnent. Anyone who works in this field should be
aware of this and should entically evaluate the changes which he may en-
counter,

How may one attempt to control the effects of inanition® It would ap-
pear that most im estigators begin a study of nutritional disease by placing
one group of ammals on the deficient regimen and by having a second
control group on the same diet to which has been added the missing nu-
trient. Both diets are then allowed ad libitum Tlus techmgque may be m-
proved, for, since the deficient animals do not usually eat as much as the
controls, an attempt can be made to remedy this situation by gwving the
latter animals only the amount of food eaten by the deficient ammals for
some period before This ss called the paired feeding techmque However,
such “paired-fed” contrals usually grow more than the deficient animnals be-
cause they are better able to utihize their restricted foed mtake Hence, a
third method has been employed, though far too infrequently This pro-

Dok
A i o v em Bl wa

Fioure 3 A Geverau EfrFecT ofF INantmion

Cartilage and bone A Upper tinal epiphysis from normal growing rat B Same from
rat whose caloric intake had been restncted  Note differsnce in width of epiphyseal
catitage and dimumtion of bone 1 metaphysis of B H. and E (x70).
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Fioure &« u

Testts 4 Normal B Tests from rat whose caloric imtas

ifference i size of tubules and decrease in spermatogenesis i By Uia I3
present in lumens of the tubnles, Only Sertols rells and 2 few spermatogon semam.
H and E. (x 150}

subentaneous areas but sttkingly so in the mesentery, about the kidneys,
uterus and testes, and m the retroperitoneal areas. Lymphoid tissue re-
sponds in a similar fashion. Hypoplasia of the lymph nodes, spleen, and
thymus leads to great reduction in size of these structures The thymus is,
with few exceptians, perhaps the best index of nutrition, partieularly in the
growmg organism,

Externally there may be a change in the <oat with or without alapecia.
Histologically the epidermis may show atrophy.?® When alterations such
as hyperkeratosis, parakeratosis, acanthosis and changes in the follicles or
sebaceous glands are found, the dermal lesions are likely to be more spe-
cific in nature At thus point it is important to emphasize that tissues and
thewr cells respond 1 varying ways to mjury. Those, ke the skin, which
have great powers of proliferation may exhibit this property. On the other
hand, those such as the myocardium and neurans, which cannot regenerate,
become atrophic or undergo necrosis. Infammation and reparative phe-
nomena may then be encountered,
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MULTIPLE DEFICIENCY STATES

Early studies dealing with the nutritive value of single foodstuffs such
as corn and rice clearly indicated that each was lacking m several impor-
tant materials When corn was fed to swine and rats at least three factors
were needed to supplement it 2~ 22 These were protem, calerum and a fat-
soluble material In addition, a fourth water-soluble factor was necessary
to fortify polished rice ** The mportance of both of these studies is perti-
nent with respect to nutritional dasease in corn and rice eating populations
of the world today

With the advent of investigations dealing with the effects of deficiencies
of single nutrients, the multiple deficiency approach came to be neglected.
Though when deficiencies of several essential nutrients have been com-
bined the resulting syndromes have been of interest For mstance, 1if rats
are made deficient m all of the B-group, except thramine, skin lesions char-
acteristic of pantothenic acid, pyridovine, and nboflavin deficiencies do not
develop, on the contrary, there 15 only atrophy of the epidermis and 1ts
appendages.?* Agam, when only thiamine and nboflavin are admmistered

Ficvre 5 A MULTIPLE DericENcy STaTe

Paws of rats winch were placed on a synthetic diet contarung only thiamine and nibo-
flavin 4s members of the complex A Gangrene of the termmal phalanges of the first
mfld,secund digits and almast complete smputation of the fourth B Localized gangrene
(;) 2:11"2 S;I:; g‘yh’%‘}‘ (Courtesy of Dr Maunce Sullivan and The Journal of Investigafiee
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Ficure 4, A Genenav ErrFect oF InanNtTION,

hond hend,

C 1 junction, 4 C 1 junction from an eight year old child dying
suddenly of cerebral hemorrhage Growth of carlage appears normal though is not
as active as 1t would be at an earher age (see Figure 54}, B. Costochondral junction
from an eight year old child dying of chronic tuberculosis. Note decrease i width of
proliferative cartlage cells and short stubby lattice of calofied cartilage matrix encased
m bone H. and E. (x50).

cedure restricts the food intake of the controls so that their weight gain
will be the same as that of the deficient animals. This may be called the
paired weight gan techmque To our mind, particularly when tissue
changes are being studied, this is the most critical method to employ. It is
unfortunate that many nonspecific alterations have been designated as spe-
cific for a given nutrient by failure to compare ammals by the paired weight
gain procedure Hence, many experiments already reported will have to
be repeated

Another pomt is important to realize, that is, when an acute, overwhelm-
ng deficiency state is produced, the morphologic changes may be slight or
even absent in comparison with tissue alterations which may be encoun-
tered when the deficiency is more chronic and therefore not so severe, This
situation is well exemphfied in swine suffering from exther acute or chronic
thiamine deficiency The former animals may die, ostensibly of heart failure,
with virtually no microscopic changes in the myocardium; while the latter
usually exlubit extensive areas of damage m the cardiac musculature. Sim-
ilar differences have been noted in many other deficient states.



Part 1

The Inorganic Elements
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as the B-group to rats, gangrene and sp us amputation of the digits
may appear.** When, in another study, rats are made deficient in an ele-
ment, potassium, and a vitamin, thiamine, which separately leads to myo-
cardial necrosis, the hearts deficient in both together show no changes.™
When a deficiency of sodium and chlorine is produced simultaneously, the
results are different®* from those which occur when either one or the
other of the essential nutrients is withheld from the diet. 15133

This approach would appear to be a most important one to pursue to-
day, inasmuch as naturally occurring disease is usually based on multiple
deficiency states, Intake of a dietary may be modified also by conditioning
factors operating via the intestinal tract or kidneys. Hence the problem
may become even more complex.

NUTRITIONAL IMBALANCE

The mmportance of dietary or tholic 1mbal is b ing more
and more apparent. Such maladjustments as those of calcium and phos-
phorus, iron and phosphorus, fat and caleum, to name only a few, have
been recognized for some time. Interrelations of certain nutrients one of
which may be a precursor of another such as: methionine and cystine,
methiomne and choline, tryptophan and nicotinie acid, have further indi-
cated the importance of balance of nutrients. So, too, the effects of protein,
fat, or carbohydrate excess in the diet or an mereased need for certain vita-
mins is clearly recognized.

A further fruitful approach appears to be the complex interrelationship
of aruno acids 1 the diet, which may be grouped under three general cate-
gories. imhalance, toxicity, and ism.*® ¥ori 2 suppl of
the second most limiting amino acid in a protein may cause a more Severe
deficiency of the most limiting one. Such an effect may be seen as a de-
ficiency in growth or as an increased deposition of fat in the liver. The
feeding of an excessive amount of a single amino acid may be detrimental.
Such may lead to the acoumulation of harmful metabolic products, Finally,
imbalance, which can better be regarded as antagonism, may be cited.
Such is the lencme-isoleucine relationship in corn.




INTRODTTTION

S Zis £xvede
been oroped Fr oA s e seeTed normm) oo T;\DE:‘K':(&\

ety o, o cheia” rmrirsis he e By he presest

¥UXCTIONS OF THE ESSENTIAL ELFMENTS

The eewereand s of ehements plims 2 oomber of fmportant wles in
e croriem Sx chwmioes mv’emn‘:m‘sﬂ\‘(\k@kvl‘%
forr ety 'v:;v:n b crrmm, w3 eiregen, which senve as
:;:m eomprmerts of Sumes zx prts of water, cacbohvdnate, protein

3

Calcie 228 proszirys e 2 provninent plaoe as Smcters] come
poects of bones == teeth. Here. fhey oo a5 orvstals of hydroopatite
2od 25 eeh zve Sierssed more £l oo pege 148

Potzesien sodiom, amd Slwine zre £
celltler zmd extraeslizlor electroly H

Ce"b_‘ e,e.m’g ze of great mpztmce in exzyme-catahyzed reacs

¢ zethzte the enzyme system and thus become fully
a!i:zymzmawiz,‘.o:zs 2re certzin vitamins, Of the inorganic fns res
lated to the variorss steps of carbohydrate metzhalisn. magmesinm is found
to be cf pre-eminert importznce. Manganese enjoys an important roke in
the reactions which rxbe up the citric acid eycle. In both the ghyeolitic
and Krebs cyeles other elements such as potassium, caleivm. cobalt and
Zine may plzy importznt roles. Their exact mode of action 15 tot too clear
at this time. How they act to bring enzymes and substrates into an appro-
priate combination so that one can react with the other remains to be pre-
cisely shown.

Certain elements are an integral part of specific enzyiues For instance,
zinc is present in carbonic anhydrase. Cobalt is a part of v itamin Byy, while
irom is in the hemoglobin molecule, in catalase and peraxidase. So, toa, oo
per is an integral part of tyrosinase, while malybdenum appears to be in
the xanthine orxidase molecule.

In the pages which follow we shall point out from time to thue the
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Cesium has been demonstrated 1 the retina of the ox; ! it is found in
milk? The function of cesium m the eye has not been elucidated When
this element 15 substituted for potassium m a potassum-deficrent diet, 1t
partially protects the heart and kidneys from the effects of potassam de-
privation 7

Barium has been demonstrated m the eye of oxen; here it is present
m the choroid 1n a concentration of 1.5 per cent of total dried tissue.**

Vanadium, which is found in milk3® but not 1 the tissues of the new-
born rat® has been mvestigated with respect to its indispensability. If
this element is necessary, it must be present in quantities less than 1-5
parts per million of diet, so that much more punified regimens will have
to be concocted before the question of its indispensability can be settled.
1t has been claimed that vanadium inhibits dental caries 1n the hamster **

Evidence that selenfum must be added to the mdispensable group has
just been presented.2t? This element was found to occur 1n relatively large
amounts in Factor 3, one of the materials which is effective m preventing
massive hepatic necrosis 1 rats on a high yeast diet (page 101). Small
amounts of selenium were found to be just as potent as Factor 3 itself Tls
1s an excrting finding, further information will be awaited with great in-
terest

Certain other elements are also found m tissues or milk but have not
been otherwise studied from the nutntional standpoint. These mclude
lead *s lithium,* strontium, tin,** and titanium 3 This bref discussion
of the above group of elements, which is an incomplete hsting, should give
some 1dea of our knowledge of thus subject. Undoubtedly, as more prectse
methods are developed, some of the elements just enumerated may be
shown to be indispensable. The use of the hydroponic technique to grow
foodstuffs in media i d by certain el would seem to
be worthy of application to this problem 23228 NMoreover, the use of tissue
cultures in assaying the morganic requirements of mammalan cells wauld
appear to be an important contnbution to this field.*®

INTERRELATIONS OF THE ELEMENTS

An interesting aspect of the study of the dispensable and indispensable
clements in nutnition 15 that phase which deals with the substitution of one
for another in physiological processes. A good deal is known of those ele-
ments comprsing the alkali earth group in this regard but httle informa-
tion 1s available with respect to others For instance, sodium will partially
replace potassium 1n the tissues of ammals depleted in the latter element.?
It is hkely that sodium attempts to correct the acid-base balance of the
cell, certamn other functions of p such as the mai of the
integrity of heart muscle and kidney, do not appear to be affected, how-
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effect of certain metals on enzyme systems, some of which can be measured
quantitatively. This is an extremely important field for future exploration.

UBIQUITOUS ELEMENTS OF UNKNOWN FUNCTION

As was noted above there 1s a group of elerents whase presence in the
orgamsm has been demonstrated by chemical methods of examination but
whose indispensability has not yet been proven. Although a few of these
elements may be shown o be essential at same Iater date, it is Jikely that
most to e discussed are ingested with the food or inhaled into the lungs
and are therefore purely fortuitous. The most important of these wil} be
mentioned below; the data are based, for the most part, on spectrographic
analyses of tissues and milk.

Since boron is essential for the growth of plants, this element has been
investigated with respect to its indispensability for animals. Several inde-
pendent wvestigations have failed to reveal any evidence that boron is an
essenttal element for the rat; and the conclusion must be drawn that if
boron is necessary for this species, the amount needed is less than .6 micro-
grams per rat per day.?® % Boron has been identified in milk ® but not
m the tissues of the newborn rat.** Based on growth studies in rats, it has
been claimed that boron will replace potassium in a diet deficient in the
latter element; ** we have been unable to confinm this observation.?®

Aluminum has been investigated in some detail. Traces are found in
mik?! and in the tissues of the newborn rat.®* However, studies indicate
that if this element 15 needed, extremely small quantities must be available,
since the presence of 1 microgram in 2 milk diet employed m one mvesti-
gation s sufficient to promote normal growth’T

Stlicon is a fairly common constituent of mast tisswes % 3¢ and of milk.®
No studies have been reported dealing with its indispensability for Mam-
malia.

Bromine is present in yather large guantities in the blood, urine and
tissues,® Recent evidence has been presented which mdi that this

! may be ndi; ble?® Further studies will be awmted with

interest.

Arsenic is found fn tissues and mitk3" 3% 3% Two micrograms a day of
this element ave sufficient to supply the needs of growing rats, *® rations
fower than this in arsenic content have not yet been devised.

Rubidwm is a common constituent of blood and tissues.$$ No studies
have been reported in which a deficiency of this element has been pro-
duced. The present wnter has shown that rubidinm will partally subs(‘i-
tute for potassivm in a diet deficient in the latter element, since certain
lesions which are ch ic of potassium defici fail to appear when
rubidium is added to the diet.™ The substitution is not a complete one.
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ever. In fact, myocardial lesions resulting from potassium deficiency are
rade worse by excess sodium.™ Twa ather elements of this group, rubid-
wm and cesium, may more neatly replace potassium, at least for a short
time.” When rubschum is added to a potassinm-deficient diet, the charac-
teristic necrosis of myocardial fibers and changes in the renal tubular epr-
thelum fail to appear. The animals die, however. Cesium, which has a
higher atomic weight than rubidium, only partially protects ngatnst cardiac
and renal damage.

We cannot go into the many studies on enzyme reactions in which one
element may fully or incompletely replace another, a subject which has
received much attention from enzymologsts.®? 13

THE ESSENTIAL ELEMENTS AND THE PERIODIC TABLE

In past years we and others appear to have speculated on the meaning,
if any, of the distnbutien of the ial el ts in the periodic table.
At the moment, although several have written sbout this subject,17 4540
tt would appear best to call attention to Figure 6 and let each speculate
for himself.
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The groups are arranged verneally, the penods, horrzontally. The last periods have been
omutted. The erghteen nutnents that are essential for AMammaliz are shown m large
type, others are m small type,

WATER

The inorganic elements as well as all organic metabol.i!es mn{st of ne-
cessity be transported tn the blood plasma which is a liquid medium, find
their way through the capillary walls into the interstitial ﬂ.uxd compart-
sent, and then enter into the cells themselves. Smee water is the vehicle
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in vivo is not clear. A portion, but not all of the potassmum leaving the cell,
may be replaced by sodium 1ons. The cation content may be further re-
stored by hydrogen fons® and by basic amino acids such as lysme and
argnine.5! Muscular contraction and actwity of the nervous tissues are

d by ary )| loss of p ium and by a gain in sodum
concentrations **

Certain metabolic activities of cells are associated with the uptake of
potassium The relation of this cation to carbohydrate metabolism has been
recognized for some time ®8 The disastrous effects of insulin therapy mn
acidotie, hyperglycemic diabetics, who do not receive potassium supple-
ments, are noted elsewhere (page 290). Potassium is also of importance
1 the metabolism of protein. After ammals have been depleted of pro-
tein, far less new mitrogenous materials are synthesized 1f potassium is not
given durmng a repletion pertod Such a reciprocal relationship has been
noted in ammals ® and in man,%®

Other miscell effects of p are 1ts relationships to the
activity of certan enzymes, for instance, that concerned with the phor-
phorylation of creatine®® and with pyruvic phosphoferase.®?

Potassium appears to be concerned with the secretion of acid by the
cells of the gastric mucosa, at any rate, acidity is decreased when the organ-
1sm 1s depleted of this mmportant cation % Intestinal motility is also af-
fected by decreased ations of intracellular pc s d d
peristalsis may be followed by paralytic ileus.*®

Morphologieal effects of potassium deficiency have been deseribed in
rats, mice, rabbits, dogs and calves The tissues which appear to suffer
most are myocardium, stniated muscle and kidneys

Employing diets containing only 001 per cent potassium and adequate
1 all other respects, the present writer in association with Orent-Keiles
and McCollum ™ has described disturbances m growth, together with le-
sions of the heart and kidneys m rats Amimals, acutely deficient, may die
within a week, rats which have been maintamned on a ration somewhat less
deficient 1n potasstum have been studied at varymg mtervals for almost a
year

Grossly, after five to seven days on a potassium-low regimen, tiny gray
opacities may be observed in the ventricles of the heart Microscopic
studies of the myocardium reveal changes in such animals. The myocardial
fibers at this time have lost thesr striations and appear hyaline and necrotic;
comcident with these alterations the interstitial spaces are infiltrated by
leukocytes The lesions range in extent from tny foci, which early in the
course of the deficiency mvolve only one or two muscle fibers, to large areas,
as much as several low-power microscopic fields in greatest diameter, which
develop as the deficiency progresses. In some hearts the tissues become
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of ill-being vanished within a few honrs of the restoration of fluid, and the
symptoms of dehydration passed off long before physiological rehydration
was complete.”

During the four day period of dehydration no reduction in plasma vol-
ume was found. Serum sodium and chloride values rose while serum po-
tassium concentration fell, Increased urea excretion was observed. These
adult men lost aver 3500 ce. of their body water (7 per cent body weight)
but virtually none of the sodinm from their extracellular fiuids and only 2
little potassium from their mtercellular compartment, The osmotic pressure
of the orgamsm rose, this may be related to the cause of death in dehydra-
tion.

POTASSIUAL

The classte studies of Sydney Ringer in the 1880's clearly demonstrated
the importance of potassinm, sodium, and caleium for the in vitro function
of the frog’s heart.® These phystalogic alterations have since been carried
over to Mammaha. In studies so far reported potassinm appears to effect
sts action via the extracellular environment. When concentrations of this
cation are reduced so as to produce physiological alterations in the elec-
trical activity of the myocardium, no reduction of intracellular potassiom
is demonstrable.st

The idispensability of patassiem in the diet of the mammalian organ-
st was fiest shawn in 1918 by Osborne and Mendel>® Retardation in the
growth of rats was found when the ration contained only 033 per cent
of this element. It has since been shown that in the rat 0.17 per cent po-
tassiam appears to be the minimal amount which will support optimal
growth ® This requirement is allected by the level of detary sodinm; s
raising the latter necessitates less potassium.

Potassium comprises virtually all of the intracellular cations.
vary from tissue to tissue Normal values for man are noted on page 8,
those for the rat may be found elsewhere.55 The element has been demon-
strated 1 tissue by a histochemical techniqne which employs cobaltini-
trite %

Ingested patassium is absorbed hy the intestinal epithelial cells. Some
is elimmated via the intestinal lumen; the rest is excreted by the kidneys.
Here, two mechanisms appear to operate: glomerular filtration with tu-
bular reabsorption and tubular secretion 7 Adrenal cortical hormones have
some control of potassium excretion.’® The amount of potassium within
the cells 15 related to its concentration in extracelfular fimds. When the latter
is reduced, the mtracellular level falls,’® though how long this may take

A
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chloride, either in the diet or parenterally. Followmg lhe latter mode of
admimstration death may occur suddenly, ination re-
veals extensive necrosis of the myocardial ﬁbers assoclated w:th Iittle cellu-
Tar reaction. Such lesions are far more extensive than those which we and
others have observed in rats Therr relation to the concomitant disturbance
in protein metabolism needs to be elucidated. The relation of the sodium
ion to the myocardial changes in potassium-deficient animals may help ex-
plain some of the morphologic variations which have been reported. Diets,
which have been described 1n the literature, contain different potassium-
sodum ratios. Cannon et al.™* have raised the question as to whether the

myocardial result from p fi or sodium toxicity.
This is an intriguing concept, warranting further study. Gl)cogen appears
to late mn the my dium of the p d

The effect of exercise on the de\clopment of cardiac ]eslons has been
studied by suspending weights to the thorax of deficient rats and having
them swim until virtually exhausted, The alterations in the myocardium
tended to be more extensive in those animals made to exercise than in de-

Ficvre 8. Porassivnt DerFiciEncy,

Heart, rat. Myocardnum from rat which had been on def
nective Lo has replased myocardial Sbors (x 150y, "t 2t for 327 days. Con-
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Fioume 7. Porasswar Dericency.

Heart, rat. 4 Small focus of necrotic fibers in wall of left ventricls from rat on deficent
diet for nime days (x300). B. Section through entire wall of right ventricle of rat 6n
deficient diet for twelve days (x 150).

diffusely infiltrated with leukocytes, these areas are reminiscent of the le-
sions encountered in haman myocarditis, such as that following diphtheria.
Alterations are found in both ventricles, but are usually scanty in the aurico-
lar musculature. Blood vessels are normal, as are the epicardivm and endo-~
cardium; no mural thrombi have been observed. In animals living the
Jongest an incrensed prohferation of connective tissue is found about the
necrotic myocardial fibers, hence, scars of varying sizes appear. There is
a reduction of the potassium content in the hearts of deficient rats.*$

Some recent observations by Cannon and his co-workers *- ¥ 72 raise
extremely interesting questions on the interrelations of potassium and so-
dium, with regard to the integrity of the myocardium. The ?hl‘cag?

TIPS :

workers found that the effects of y i in prot P
rats could be profoundly affected by the administration of excess sodfum
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fibers. Cellular infiltration occurs together with prohferation of the sarco-
lemma nucler. The administration of p is followed by repair with-
out any excess connective tissue proliferation. Paralysis is not prominent
in the rat but may be marked in the rabbit 87 and dog #2 # In this connec-
tion, it is of interest that periodic muscular weakness oceurs m dogs made
hypokal by excessivi of desoxyc 8

Another tissue which 15 clearly the site of injury 1n potassium-deficient
animals is the ldney. Changes have been desenbed in rats7076 9 and
mice.#* In the former species polydypsia and polyuria have been noted.”*
After a week the kidneys at autopsy appear pale and swollen. As time goes
on the organs ncrease m size and soon develop a finely mitted surface On
microscopic examination the mmtial change is observed during the first
week. This consists of fat accumulation in the tubular epithelial cells, It
begms with the app of small sudanophil doubly refractile
globules in the eytoplasm between the basement membrane and nucleus. As

—
16
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Ficure 9. Porassivst Dericreney.

Kidney, rat. A Thus animal had been on the potasstum low ration for Sfteen du N

v Not
vacuolated cells some of which contan fat A dilated tubule contans desquflm:l:)e:l‘
br:?s and ;lebns (x200)  (Courtesy Amerncan Journal of Pathology). B This rat had
ber lx;‘ :i:; ;I 1e( xnllléoo[; for five weels. Note dilated tubule lined by flattened, regenerated
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fleient controls not so treated.™ Inasmuch as sodium is known to enter
the tissues to replace potassium when the organism is depleted of the latter
element, investigations have been carried out to yield information on the
repl of patassium by other el such as rubidium, cesium, and
boron 375 When rubidium is substituted for potassium in a potassium-
deficient diet, myocardial Jesions do not appear, although the animals die
after a short whife. Cesium protects the heart of some animals but not all.
Although low potassium diets supplemented with boron as boric acid or
borax are said to permit longer survival of animals than those without
added boron®s this has not been confirmed,

Since identical myocardial necroses have been observed in thiomine-
deficient ammals (page 200), the effect of an scute deficiency of both
potassium and thismine has been studied.™ Lesions fail to appear even
though the animals may live as long as thirty-one days. The reason for this
protective effect is not clear and requires further investigation.

Another observation relates potassium to the mtegrity of the myo-
cardium; cardiac lesions may be produced by administration of desovy-
corticosterone (DCA). The pathogenesis of such alterations is explained
by the well-known action of this adrenal hormone: to promote the excre-
tion of potassium and to facilitate the retention of sodium, Lesions like
those produced by potassium deficiency have been observed in rats treated
with DCA.™ As might be expected, when potassium-deficient animals are
injected with DCA, lesions appear sooner and ate more extensive than
when one or the other procedure 1s employed alone.” The heart muscle
of such animals treated with cortical hormone has a lower potassium con-
tent than normal.™ It has been claimed that the bearts of animals treated
with DCA develop lesions similar to those of rheumatic fever2® Nothing
resembling an Aschoff body has ever been encountered in our own po-
tassium-deficient material, nor do Selye’s ph phs substantiate
such a contention.

Lesions resulting from potassium deficiency have been described in the
myocardium of mice® and dogs,* as well as in the Purkinje network of
the hearts of calves.® Electrocardiographic changes su jate morpho-
Jogical observations in the latter species®* as well as in rats.?

When potassium-deficient rats are made to swim for prolonged periods
of time their muscles exhibit tetanic contraction after cessation of the
exercise.™ This observation is of interest {n relation to the tetany of potas-
sium deficiency which has been noted in man (page 207). One nught,
therefore, expect lesions to occur. So they do, but not with the regularity
of the changes already described in cardiac muscle. In rats# rabbits#”
and n dogs® well-marked lesions have been described. Such changes
consist of a lass of striations followed by byaline swelling of the muscle
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fect the heart, produce renal changes, lesions similar to those in rats are
made more severe as the potassium content of the diet is reduced.*®

Studies of adrenal glands from potassium-deficient rats®%9 have re-
vealed a definite effect on the cells of the zona glomerulosa. The cells be-
come smaller; their lipid droplet: in size but d m number.
If DCA is admis d hipid d completely. Such studies would
appear to relate potassium, and sodium too, to the zona glomerulosa cells
since potassium-sodium ratios are of importance in elcaiting the changes.

No other specific alterations have been ascribed to potassium, save
changes in the epiphyseal cartilage of growing animals ® Since this tissue
is 50 sensitive to alterations 1n nutrition one must hesitate to accept the le-
sion as one specific for potassium deficiency.

The climical recognition of the “hypokalemic syndrome™ (page 289) in
man has prompted the study of experimental potassium deficiency in the
human 1n order to evaluate some of the compheating factors which are
seen in naturally occurring hypokalemic states An important point to
realize, as Moore has hasized, 1s that “hypokal > does not neces-
sanly mean “tissue potassium depletion ” 9%

The effects of acute potassium deprivation for periods of six and seven
days were reported by Black and Milne °7 The two subjects lost 268 and
289 mEq of potassium, respectively Serum levels fell to 3.1 and 26 mEq
hter. The serum bicarbonate concentrations rose Calcrum and magnesium
bal t d; phosphorus balance became negatwe This

were phosp
study, as Moore points out,?® is comphcated by an excessively high sodium
intake.

A more chronie study was reported by Blahd and Bassett ¢ Here the
subject lost 278 mEq of potassium, the serum level fell from 40 to 35
mEq per liter Pearson and Eitel*® studied a patient who was placed on
a potassium-low diet for thirty days Further drain on potassium was pro-
duced by the use of a sodium charged resin. Progressive hypokalemua with-
out alkalosis was observed,

Moore et al.*® have summarnized the somewhat conflicting data on ex-
perimental and naturally occurnng potassium deficiency 1n man and have
presented their own experimental findings They call attention to the im-
portance of (1) excess sodwm imtake in the face of potassum depletion,
(2) extrarenal salt Joss, and (3) the presence of “stress” factors. When

A o . N

gt Jae o

renal salt loss (vomiting, dharrhea), alkalosis becomes evident, lx)poi(nlemia
may then be prommnent Under “stress™ urinary excretion of sodium is
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Foyre 10, Porassmnt DerFiciency,

Kidney, rat. This animal bad been on the Jow pﬁtassmm ration for eighty-four days.
Note dilated tubules, p 1! of the corhs Hary junction (x 18).

this deposition of fat continues the epithelial cells soon liecome necrotic, Cel-
lular debris and fat globules are then found in the lumens of the tubules.
As exrly as the fourteenth day of the deficiency the tubules are found lined
by flattened regenerating epithehium. As time goes an there are many tu-
bules lined by this type of epithelium, which may pile up, and in some
tubules the epithelum becomes caleified. Caleareous casts are found in the
Jumens of the tubules. No glomerular lesions have been observed, nor are
there any changes in the renal blood vessels Studies of the activibes uf

two enzymes, glitaminase and carbonic anhyd: have shown

concentration as a result of p i deficiency. Such # appeat

to parallel the alterations in urmary acxdxty and ammonia excretion.®?
Inclusion of rubidium in ficient diet seemed to protect

the kidneys of all the rats se studled by the present writer; cesium protected
to a lesser extent™ E i of d which af-
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Frsone 1), Soprumt Deriemscy

Eye. Sechan through antenor segment of eye of rat which had been on 2 sodum-
deficient diet for exghty-four davs  In the upper Lid the tarsal glands ate geeatly dilated
Note also dilated ascim of Jacnmal gland 1 and E {x30)

during the first few wecks 15 normal, growth then becomes retarded and,
wn general, after eight to ten weeks, the ammals ether farl to gam at all or
begin to lose wesght AM are dead by the erghteenth to the twenty-first
week Grossly, charactenstie changes appear 1 the eyes between the eighth
and tenth week, the corneas become cloudy, the hds appear swollen and
lase their hair

The tissues of such deficent rats have beea studied by the present
whiter 1 assocation with Orent-Kesles and McCollum. % Microscopically,
aside fram non-speasfic athreptic changes in the reproductive systems, thy-
mus, and bone, the only lasions to be found are those in the ocular appa-
ratus. The pathogenesis of these changes has been interpreted as follans
The progressive dilatation of the ducts of the tarsal or meibomaan glands
which 15 first seen 15 apparently due to obstruction of their epenngs by
granular, pink-stafning matertal wineh 15 found attached to the hd margins,
Dilatahion of the ducts sccounts for the swelling of the s which 15 noted
during hfe  As the dalatation becomes extrerue, atrophy of the glandular
epthelsal cells follows A d with these changes an alteration in
the charaeter of the epithchum of the inver hrang of the Ids is found
Normal columnar and goblet colls are replaced by a stratified squamons
epstheliom. In the comes the mitiad change appears to be a migreation of
feubocytes wmto the substantia propria; these are followed by an ingrowth
of capiltaries Int the early stages of cellular and vascular infiltration the
comeal epithehum shows no change, fater, however, it becomes keratmized
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blocked, hence afkalosis is more severe and hypokalemia becomes a serious
problem.

How may the dynamic state of potassium metabolism be evaluated in
the experimental animal or in man? A number of procedures may be cited: ©
(1) Serum level, This is valuable but may be inaccurate since hypokalemia
1s not necessarily synonymous with d d intracellular potassium.®s (2)
Tissue Analysis. Muscle biopsies are helpful. So, too, analysis of tissue at
autopsy has provided valuable information. (3) Balance Data. When a
suitable reference substance such as chloride is used, change in outge and
intake are valuable though laborious. (4) Isotope Dilution. The tatal ex-
changeable potassium can be evaluated by this technique. {5) Potassitm
Loading. This procedure has been used to assess cellular stores; it also is a
measure of renal function (8) Electrocardiogram. This is a useful adjunct
particularly in chnical medicine.

SODIUM

Tho effects of sodm on the contractility of the frog heart was first
shown by Sydney Ringer.®® A retardation in growth of rats when such ani-
mals were placed on a synthetic diet of Jow sodium content was first re-
ported by St. John ' 1n 1928, the subject was studied a few years later
by Orent-Kesles, Robinson, and McCollum,*® The distribution of sodfum
m the orgamsm is shown in Table 1 on page 6 The largest amounts are
found in skin and bone. In both areas the cation is extraceltular, just as it
15 blood plasma where 1t accounts for the major part of the basic ions.**
Sodmm may replace 2 part of any potassium which may be lost from
cefls 3¢

Sodwm is found in pancreatic juice, bile and intestmal secretions. Tts
excretion is regulated by the kidneys under the control of the adrenal cor-
tex. Here the active principle, aldosterone, appears to play the key role.2

When acute sodium depletion is studied, for instance in the dog, by
the remaval of 23 per cent of the total body sodium by vivedialysis, the
participation of various areas in effecting this loss is as follows: extracellular
phase, 70 per cent; bone, 25 per cent; and body eclls, 5 per cent,?*? The rate
of removal is, with the excretion of bone, related to vascularity and water
content The removal of such a large quantity of body sodwm results, as
might be expected, in severe, p ted acidosis. The sodium con-
tent of the skel will be d upon elsewhere (page 146).

Orent-Keiles and McCollum 19 devised a ration which contained only
0002 per cent sodium. When rats are placed on such a diet, gan in weight
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Froure 18. Soprom Derrcrency

Lacrimal gland. A. Norma! B. Section from gland shown i Frgure 11, Note dilatation
with flattening of epithelial cells as a result of duct obstruction. 1 and E. (x 200)

ectomy, cation exchange resin feeding, pyloric obstruction, and parenteral
fluids and peritoneal Javage with glucose solutions, Such methods may be
applied 1n acute expermments As yet less severe and more chronic sodium
deprivation has not been studied by their use

Experimental sodm chlonide deficiency in man has been studied by
MeCance 47 who, m himself and a group of fellow subjects, has described
anorexia, nausea, fatigue, a sense of cxhavstion, and muscle cramps. As
wauld be etp d there was h ration. All such festation:
of the deficiency disappear following the ingestion of salt and water.

MAGNESIUM

The spectacular syndrome of magnesium deficiency in the rat was re-
ported by McCollum and his co-workers in 19313 Subsequent studies
by the Johns Hopkins investigators and others have aided in clarifying some
of the changes which take place in the animal organism when dietary mag-
neswum is restricted
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Ficure 12, Sovrua Derrcency.

Eye. Sechon at junction of cornea and sclera to show keratinizing epithekial hning
cells, some of which are desquamating. H. and E. (x200).

The cause or causes of the corneal changes are not clear, but are interest-
ing te speculate upon. It is well known that the corneal epithelium is
unique in that it is in contact with an hypertonic environment produced by
evaporation of the tears. In the sodium-depleted animal, the sodium con-
tent of the tears is doubtless reduced with perhaps a change to iso- or even
hypotonicity., The comeal epithelium conditioned normally to an hyper-
tonic medium may be extremely sensitive to one which approaches that
of normal cells,. How much of a role the absence of the secretions of the
meibomian glands plays is unknown,

Low sodium diets may lead to changes in the adrenal glands.?» % In-
crease in the size of glomerular zone and its cells has been described. Such
studies have not been well-controlled, however,

The effects of sodium deprivation have been studied in dogs in which
ohservations were made aver a period of eight weeks. Lass of weight, dry-
ness of the skin, and loss of hair are described, the eyes show no changes.10¢

Sodium depletion can, as just noted, be produced by dietary restriction.
One may make the deficient state develop more rapidly and become mare
severe by certain adjuvant procedures.®? These include- peritoneal dia-
lysis with glucose, thermal sweating, excess water intake in 2 hot en-

1 glucose ion, mercurial diuretics, adrenal-

1%



THE INORCANIC ELEMENTS 37

Fiovne 14 Macsesion DerrciEncy

Tetany  From nght to loft aze shown several stages w a convulsive setzure resulting
{rom mngnesmm deficrency In the first stage there ts great spasticsty with hyperevten-
sion Ths 15 followed by relaxation which may be i turn followed by ngdity and
opisthotones The ammal may recover or die  (Courtesy of Dr Maunce Sulhvan and
Archives af Deematology and Syphilology)

thoray, fore paws clenched and hind evtremities extended This spastic
condition may gue way to elome contractions m which the fore hmbs are
afternately drawn up to the chest and estended from the body Next the
ammal suddenty leaps into the air at the same time spimung laterally sey-
eral tunes, or 1t may “eurl up” with marked flevan of all extrematies, or st
may do neither This ss marhed eyanosss  Associated with the comvulsne
seszure 35 regurgitation of the h uito the esoph and
mouth, as sacnfice expenments durmg thus pertod have shown.

“Wathm a short tume the animal rears from the dorsal or lateral recum-
bent posittion m an attempt to stand, but sts extremities will nat support it
The anrmal buries its head m sts outstretched fore Imbs and propels jtself
forward enticely by ats lund limbs which, bowever, are 5o extended with
paws hyperevtended that the dorsal. not the plantar surface, bears the
weight. Instead of forward motion, fine tremors may appear over the body.
Throughout this stage the eyeballs are retracted
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Magnesium is widely distributed in the tissues; here its intracellufar
concentration is second only to that of potassium. The greatest amount is
found in the bones from which it would appear to be readily mobilized
This cation accounts for 05 to 0.7 per cent of bone ash. Magnesium is
also present 1 plasma, though it furnishes only a very small proportion
of the basic fons.**? The irritability of muscle and nerve 1s affected by
changes in concentrations of fum; an excess produces is,11¢
while a decrease leads to hyperirnitability."** A relationship of magnesium
to protein metabolism is evinced by an increased need for this cation when
protein intake 15 elevated 112

Magnesium jons, hke those of many other elements, are necessary for
the activity of certain enzymes.*” Here they participate cither as activators
or as specific components of the enzyme. In the first category, magnesium
is extremely important, for there are a number of sugar phosphorylating en-
zymes with which it appears to play a dominant part in the formation of
an enzym bstrate complex. M fum would appear to play the most
important role in the glycolytic cycle just as manganese does in the Krebs
cycle.’¥ With respect to the second category of effects, magnesium appeats
to be an integral part of the enzyme, inorganic pyrophosphatase.

The effects of magnesium deficiency have been studied in rats, rabbits,
dogs and calves, In the initial observations of McCollum et al.!'* rats were
placed on a diet containing only .2 mg. per cent magnesium, A specific syn-
drome developed which was characterized by dilatation of the cutaneous
vessels, hyperirritability and convulsi izures, The latter could be pre-
cipitated by external stimuli of various types. The first attack proved fatal
in about 80 per cent of the animals. The following description graphically
portrays the course of one of the seizures; “The excitable animal startled
by sound, races at rapid speed in a wide circle until it Bnally falls on ats
side. The entire body of the animal is now ngid, with head stretched back,
forelunbs extended at three upper joints and flexed at the metacarpophalan-
geal point, and hind himbs extended backward, So fixed are the jaws that
often the tongue 1s perforated by the clenched teeth. The skin presents a
waxy appearance. All respiratory movements cease durmng the attack and
sreturn with the relaxation of the musculature. Priapism may appear at this
time and persist untit death.

“The stage of spasticity is succeeded by a period of relaxation Jasting
only a very short time, While still lying on its side the animal exhibits

twitching in various regions, or paddles rapidly with all extremibes. Co-
sncident with this behavior, the animal's eyeballs become more prominent,
the ears stiffen and project backwards against the side of the head and
the fur stands erect. Then reappears a tonic spasm in which the rigid body
assumes a typical position with the fore limbs pressed tightly against the




Ficure 13 Macaestar Detrciesncy

Shin A Extensie edema of the

ulceration of the surface of the latter B Skin from tail to she

thoss, vacuolization of some of the epithelial cells,

the conum. (Courtesy of Dr Maunce Sullnan &
Syphilology).

cigits and the plantae of the paws of 2 sat Note
0w hyperkeratosis, acan-
and diffuse cellular mfiltration in
nd Archices of Dermatology and
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“Following the convulsive stage comes the recovery stage, doubtless
dependent on exhaustion. During this period therc is moderate cyanosis of
skin, coldness of the extremities, lacarimations from the dull, shrunken
eyes, champing of the jaws and drooling from the mouth, A hemorrhage
may tssue from the nose and orbit and bloody frothy fiuid consisting fargely
of regurgitated stomach contents mixed with blood may bubble from the
mouth. No urinary or fecal incontinence is seen during the attack.”

Simlar convulsions have been noted in rabbits, '8 dogs '¢ and calves. '™
Careful microscopic examinations of the nervous tissues of magnesium-
deficient animals have not been reported. Studies of the action of certain
drugs on magnesium-deficient rats led Tufts and Greenbergi?® fo con-
clude that the locus of action of the sensory stimuli, which produces the
seizures, is in the midbrain. These investigators feel that tetany syndromes
resulting from either calcium or magnesium deficiencies differ since the
muscle spasms in the animals depleted in the former cation are abolished
by curare, while in those deprived of magnesiom, they are not. In view
of our inadequate understanding of the true nature of tetany it would seem
unwise to argue that magnesium deficiency can or cannot lead to this syn-
drome. It is of interest, however, that the electrical threshold is reduced
in magnesium-deficient rats, as it is in tetany resulting from other causes.

Chemical studies on jum-deficient rats have shown an early and
abrupt fall in serum magnestum from a normal of 2 96 mg, per cent to 681
mg. per cent.!!® After this initinl fall the serum magnesium slowly rises. As
would be expected, the urinary excretion of the fon 1s greatly diminished.
Thete s a concomitant retention of caleium,2?” Certain other abnormahties
in blood chemistry have been interpreted to result from a general nutntive
failure, since such changes occur Iater in the deficiency. For instance, in-
creased cholesterol and decreased fatty acid values, ¢ together with a re-
duction in serum atkaline phosphatase activity,’?* have been observed. Sim-
flar reductions in the magnesium content of whole blood and serum have
been noted in rabbits.11®

McCollnm ef al.¢ have called attention to the appearance of tachy~
cardia as acute tum deficiency develops; elect diographic studies
in rats reveal smoauricular block ¢

Microscopic exanination of the tissues of magnesium depleted rats has
revealed widespread changes 1% which have been characterized as an in-
fl tory tion in Joose hymal tissues about blood vessels of
precapillary and capillary size. The lesions progress through an acute stage
with granulocytes, through a necrotic stage with macrophages, ending with
healing characterized by connective tissue profiferation, Thus it would ap-
peat that blood vessels are primarily affected. The changes Lf'o‘und may
represent the anatomic basis for the i 3 capillary per ty which
has been postulated.
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by competent oral histologists, 13 132.133.13¢ 135,135 the following changes
seem well-established An early ifestation is retardation of dentine
formation, particularly that of the labial surface, which comes to be half or
less the width of the ingual dentme. Pecular striations in the dentine ap-
pear; these may be due to variations of growth simlar to those which are
seen 1n bones.The odontoblasts are re ible for the ct in the den-
tine since these cells become atrophic and soon are inclosed on all sides by
dentine. In a sumilar fashion the ameloblasts become atrophic, as a result
enamel formation is retarded and the resultant covering 1s hypoplastic Cal-
cified stones are found in the pulp of magnesium-depleted teeth

Chemical analyses have shown no great decrease mn the absolute mag-
nesium content of the rat’s incisor.’®” This 15 unlike the situation mn bone
where magnesium has been shown to decrease and calelum to increase
in the early stages of the deficient state.!?® 13 This 15, of course, to be ex-
pected 1n view of our present understanding of the dynamic equibbrium
of various morganic ions with the bone crystal (page 146) It is of interest
to note that one of the studies of the magnesium content of bone, which
showed the extreme liability of the element, antedated the classical studies
of Hevesy *** with radioactive phosphorus

In addition to the rat, rabbit, and dog, extensive studies have been car-
ried out on calves which were placed on Jow magnesium rations consist-
ing of a synthetic milk containing .35 to 50 mg magnesium per 100 ml V7
Ho.141 142 Eyidences of deficiency were opisthotonus, hyperurritability,
tremors, and finally convulsions. Serum magnesium levels fell, calcium and
phosphorus concentrations remained normal Bone magnesium was de-
creased by 30 per cent. Despite these decreases in serum and bone mag-
nesium the soft tissue content of this 1on was not reduced Hence, 1t 15
unlikely that any of the physiological or anatomical changes which are
encountered in the defient animal can be ascribed to the effect of mag-
nesium deprivation on enzyme systems which this cation is known to affect.
Analysis of bone biopsies have proved to be an important tool for study-
ing the develop of the defi ynd in calves

In man, experimental magnesium deficiency has been studied 43 No
symptoms, save weakness, were noted. Evidence for depletion of mag-
nesium was demonstrated chemically

CHLORINE

The indispensability of chlorime 1n the diet was first shown by Orent-
Keles, Robinson and McCollum in 1937, when they placed rats on a syn-
thetic, low-chlonde diet, the ammals failed to grow in normal fashion. 0!
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Dilatation of the cutancous vessels is one of the prominent features of
magnesium deficiency which McCollum and Orent 18 figst described; such
byperemia lasts about a week. In those animals which survive the ensuing
convulsions, edema of the paws and ears as well as changes in the skin may
be noted  Careful studies of the pathogenesis of the cutaneous lesions have
been reported by Sullivan and Evans.’® From the fourth to the eighth
day of deficiency, erythema and edema become prominent in the ears and
paws over the trunk, Microscopically, the vessels of the cutis are dilated;
fluid and cellular infiltration are observed in the corium. At this stage no
alteration in the epidermis nor any loss of hair is found. Later, however, 2
loasely laminated hyperkeratosis appears and is followed by 5 patchy dis-
tributed acanthosis. Individual cells become vacualated and display pye-

notsc nucler No ch can be & 1 in the sel and coil glands.
Sullivan and Evans 125 were unable to substantiste 2 claim ¢ that signs
of ium defiel are affected by the vitamin B content of the diet,

nor could the observations of MacCardle et al. be confirmed. By spectro-
graphic 2 and micra-incineration ** studies, the latter mvestigators found
a decrease in the magnesium content of the skin in cases of human neuro-
dermatitis, From this they postulated that dermatitis and magnesi
deficiency are identical or similar diseases, Sullivan and Evans? have
conclusively shown that the pathologic manifestations of these two syn-
dromes are quite different.

The renal lesions which may appear in magnesiom-deficient rats have
been inadequately studied. The picture is further complicated by the vse
of diets which may not have furnished all necessary putrients. The follow-
ing changes have been noted: extreme degeneration of tubular and glo-
merular epithelium with cal depasits in the lumens of the tubules; 7
calcium deposits m the straight and collecting tubules with cystie dilatas
tion of the structures nbove; 1%¢ “extreme degeneration of the tubules and
glomernli and deposits of calcareous material in areas of degeneration **2
Increased urinary volume and proteinuria, but no hematuriz or casts have
been observed. The hypoproteinemia which ensnes, may be followed by
edema ¥ More complete studies of the renal changes are much to be de-
sired.

Alterations which have been descrbed in the liver are even more frag-
mentary and diffieult to fuate; “hyp ia, per Jar edema, and
accasional disintegration of liver cells” have been recarded.'

Studies of magnesium deficiency by the Johns Hopkins investigators
revealed changes in another area, the teeth Here, extreme hypertrophy of
the gums, the result of subepithelial connestive tissue proliferation, was
observed f30 Striations were noted in the dentine as well as alterations in
the ameloblastic layer, The dental structures have been carefully studied




THE INORGANIC ELEMENTS 43

on the experimental regimen for as long as nnety deys. Histological studies
of such animals were not performed These observations have been con-
firmed by other imvestigators utihizing diets of various chloride concentra-
tions. 13 144 When a ration contaming only 20 mg, per cent chloride was
fed to rats a retardation in growth was found, together with a reduction
in the sodium, potassium, and cliloride content of the tissnes and an in-
crease in caleinm and phosphate concentrations. When a similar diet con-
taming only 12 mg. per cent chilonde was employed, ™ rats dramatically
exhibited a conservation of chlaride; for after the animals have been an a
deficient diet for only a few hours the unmary cblonde excretion decreased
to virtnally zero  Compared with controls which exereted 110 to 170 miil-
grams of chloride per day, the defiment ammals exereted only 05 to 12
mg per day. Such rats also showed a fall of sevam chlonde from 295 my,
per cent to 232 mg. per cent  An increase in the CO, combining power
from 58.8 to 72 3 volumes per cent was also found. Manifestations of tetany
have not been observed. It would he interesting to angment the chloride
deficiency praduced hy dietary means with that produced by removal of
gastric secretions,

An cven lower chloride-deficient diet (2.3 mg per cent) leads to a
reduction of the chloride concentration in shin, muscle, liver, kidney, testis,
brain, stomach, lungs, and total carcass.*® The amount of chloride in the
heast and spleen 1s mereased  An interesting change kas been deseribed
inthe kidney *  * 7 7 ° N oot

institution of . -

m the Lidney !

and possible elevation of phosphate ions in the futed and
Tecting tubules, a i of caleum salts occurs in these strue-

tures. This leads ta ohstruction of the Inmens and itiates a reaction in the
tubules and perstubular tissues - Sinee most of the tubules may become ab-
stricted, one finds a hidrey which resembles “a shelt filled westh flad, con-
sistingg of & much thinned cortes with pelie epithelivm forming folds sep-
arated m part from the compressed cartical zone ” No lesions are found
the other tissucs of these animals save an arrest of spermatogenesis which
1s doubtless the resnlt of

CALCIUM

Calciam is one of the major companents of bone where 996 per cent
of the total content of this cation is found (page 146). Its role in certain
physiologieal processes s clear enough, Hence, decreased intake in the
diet, excess Toss via the intestine or hidneys, or poor regulation of serum
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Chloride ions occur principally in the extracellular fluids, ing
for about two-thirds of the anionie constituents.?st Chloride, of course, is
an important secretory product of the gastric mucosa. Strangely enqugh,
little else is known of the function of chlorine in the animal organism ex-
cept for Rs activation of the salivary enzyme, ptyalin,

A histochemical method has been used to indicate the distribution of
chioride in striated muscle*® Here it is found only in the intercellular
spaces; none is present in the muscle fibers themselves.

Physiological as well as morphological abservations have been made by
several groups of mvestigators on chloride-deficient animals. The morpho-
logical observations are somewhat inadequate, however, Using a diet of
unknown, though low, chloride content, Orent-Keiles ef al3% could detect
no changes other than 2 disturbance in growth even after rats had been

Fovre 16, Crorws DeFcesey.
Kudney. Tissve from rat which fad been on a chlotide deficent diet (2-5 mgm, per

smooth surface. Small foct of
x 150} to show atrophse, col-
{. and B (Courtesy of Dis

for Afty-six days. A, Low power (x35) to show
cdc;srxl:::)sged tul:yules can he made out. B. Higher power
lapsed tubues with granular material in thew lumens. i
£, Lowenhaupt and D. M. Greenberg).



THE INORGANIC ELEMENTS 45

Ficure 17 Carcne Derrciency

. . f e e . in e

there are broad bands of osteatd about the few spicules of caleified cartilaginous matnix
This arca shows great disorganization H and E, silver nitrate (x50)

that time, an unequivocal, pl syndrome
could not be produced Be that as 1t may, these now classic experiments

clearly elucidated the role of viamm D 1n nutntion.
The first d of 2 d

1 calem defi

p calcium defi was re-
ported n 1937 when Martin '3 prepared a diet adequate mn all respects
save that it contamed only 3 mg of calcium per 100 grams, The character-
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levels as a result of parathyroid gland malfunction or absence may lead to
certain now well-recognized effects.

One of the earhiest studies which demonstrated the importance of cal-
cm was Ringer's report on the need for this cation, in association with
those of sodium and potassium, in maintaining the integrity of the con-
tractile mechanism of the heart.® Soon after this its tole in the coagula-
twn of blood was demonstrated.™*® The precise action of calcium ions in
this complex phenomenon has yet to be completely elucidated; caleium is
needed for several of the many reactions which are necessary to transform
fibrinogen into stable fibrin (page 466). The effect of calcium jons on the
imtability of nerve and muscle and its relation to tetany should be re-
called ** {see page 293). There is some evperimental evidence that calcium
controls the permeability of capillaries by virtue of its enhancement of the

lubility of “i llular cement sub ,” which may be a calcium-
proteinate, 150

The relation of calcium fo tetany was demonstrated by MacCallum and
Voegtlin 151 who first showed the reduction in serum calcium which follows
removal of the parathyroid glands. Today it is clear that the hormone or
hormones hberated by these structures help to govern calcium homeostasis
Excess parathyroid activity causes hypercalcemia and hypophosphatemi
with hypercaleuria and hyperphosphaturia. On the other hand, decreased
activty or removal of the parathyroids leads to hypocalcerma and hyper-

hosph with hypocalcuria and hypophosphaturia 152

The intestinal absorption of cal is regulated, or rather
by the vitamins D Further discussion of the metabolism of calcium
will be found on page 148

Calcium deficiency has been produced experimentally by dietary means
in rats. rabbits, guinea pigs, and dogs. Naturally occurring caleium depriva-
tion is discussed elsewhere (page 361). Aside from certain expected chem-
scal alterations which will be summarized below, calewm deficiency leads
to widespread hemorrhages, lesions in the gastrointestinal tract, cataracts,
parathyroid enlargement, and, of course, rickets, which is discussed more
fully on page 149.

Prior to 1937, many reports had been recorded on animals to which
low calerum rations had been fed. For instance, in a study reported by
Voit young dogs were given a diet of horse meat?® Such mvestigations

antedated Pommer's description of rickets in 1883.°°7 The rations em-
ployed by Voit and thase of others were deficient not only in calcinm but
1n other essential putrients. When one turns to the more modern studies of
McCollum, Park et al 57 who employed cereal grains as the main con-
stituents of the diets with which to produce low-calcium rickets, the same
cism Is still valid. For, since synthetic diets could not be employed at

d

criti
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by the twenty-third week. At autopsy, widespread hemorrhages are found
In the tissues, extravasation of blood is prominent 1n the nervous system,
especially of those animals which exhibit paralysis before death. Hemor-
rhage and paralysis are common in the young born of calcrum-deficient
females.}” Bleeding is also a promment feature of a calcium-deficient syn-
drome described in dogs.*** It 15 unfortunate that microscopic studies have
not been reported in these two species, since 1t would be of mterest to de-
termune, if possible, whether actual damage to capillary endothelium can
be demonstrated or whether the hemorrhages are meident to ordinary “nor-
mal” trauma to vessels. That the endothelum may be damaged 1s suggested
by the work of Chambers who has presented evidence that “mntercellular
cement substance” may be a calcium-protemn complex 3¢ If this be true,
one would suppose that actual defects are present in the capillaries of cal-
cium-deficrent animals. Presently, the pathogenesis of the hemorrhages
m calcium deficiency is just as mystenous as 1t 1s m vitamm K deficiency,
where a similar question remains to be settled (page 172).

Ficure 19 Cavrcron DerFremney

L e L T L
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Ficune 18. Carcruns DEFicIENCY

Upper epiphysis of rat's tihia A Cartiage shaft yunction of section shown 1 Figure 17
Note disorgamization of cartilage cells, many of which appear to be empty. There 15
compression of the connective tissue beneath, with broad bands of osteord about the
spicules of caleified cartilage matnix. H and E, silver mtrate (x75) B Microradio-
graph of undecalaified section of same block shown m A Note outlnes of cartilage
cetlils(am‘i5 )dense calcified material (bright zone) which blends into the bands of oste-
od (x75).

istic syndrome which developed in dogs fed this ration consisted of wide-
spread hemorrhage, prolongation of the lation time, infl 1on of
the gastrointestinal tract, and “osteoporosis.”

A most severe calcium defictency has been reported in young rats by
Boelter and Greenberg 155156 When such animals are placed on a diet
containing only 001 per cent calcium, growth is retarded in from four to
five weeks; after seven to ten weeks, the animals exhibit a generalized de-
creased sensitivity and reactivity Coincident with this the serum calcium
falls to about 5 mg per cent; tetany, however, does not appear. Paralysis
of the hind legs may be noted and, when the deficient ammals are stimu-
lated by galvanic shocks, collapse occurs  Sixty per cent of the rats succumb
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by the twenty-third weck. At autopsy, widespread hemorrhages are found
tn the tissues; extravasation of blood is promunent in the nervous system,
especially of those animals which exiulit paralysis before death. Hemor-
thage and paralysis are common 1n the young born of caleum-deficient
females 157 Bleeding is also a prominent feature of a caleum-deficient syn-
drome described in dogs.}** 1t 1s unfortunate that microscopic studtes have
not been reported in these two species, since 1t would be of interest to de-
termme, 1f possible, whether actual damage to capillary endothelium can
be demonstrated or whether the hemorrhages are incident to ordinary “nor-
mal” trauma to vessels That the endothelium may be damaged 1s suggested
by the work of Chambers who has presented evidence that “ntercellular
cement substance” may be a calcum-protein complex.'® If this be true,
one would suppose that actual defects are present in the capillaries of cal-
cium-deficient animals. Presently, the pathogenesis of the hemorrhages
n caleium deficiency is just as mysterious as 1t 15 m vitamm K deficrency,
where a similar question remains to be settled (page 172).

Ficure 19, Carcrua DeFIcmENCY,

Cortex of diaphysis of rat A Section through cortex of shaft of bone shown 1 Figures
17 and 18, Note bone (black) surrounded by osteord along penosteal and endosteal
surface. H, and E, silver mtrate (x75). B Microradtograph of serial section of same
block to show calafied bone surrounded by less dense zone of osteord The deposition
of morganic matenal 15 1rregular m the matrix (x 75).
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Boelter and Greenberg ™™ have not found any abnormalities in the
gastromtestinal tract of the rat, However, other observers are not in agree-
ment, since lesions have been described in the antrum of the stomach,
though not 1n the fundus or rumen.?® Such changes consist of hyperplasia
of the lining epithelium with necrosis and hemorrhage. Tt is of mterest that
in dogs hemorrhagic and ulcerated gastric and intestinal lesions have been
described, 15

Reproduction of rats on a Jow-caleium diet has also been studied.1s
Fertility raptdly decreases and the animals soon fail to mate. In addition,
those females which give bisth to young have insufficient milk to nourish
their offspring, Whether these abnormalitics are the result of inanition or of
caleium deficiency are questions which remain to be investigated further.

When moderate of caleium salts are d intr f
wto vormal rats they are perfectly innocuous; administration of similar
quantities to calcium-deficient animals results in rupture of the right ven-
tricle of the heart,’ss an extraordinary phenomenon.

The cause of the neurological distusbances which are noted in ealcium-
deficient animals is not at all clear. Tetany does nat appear but paralysis,
particularly of the hind legs, has been noted in rats %5 and dogs.*** In ad-
dition, tonic or clonic convulsions are said to ocenr in the latter but not in
the former species. Intracerebral hemorrhage has been noted in the rat
but more studies, hoth physiological and anatomical, of the nervous tissues
of calcium-deficient animals are needed.

Several other miscellaneous effects of calcium deficiency have been
described and should be studied further. In the rat, unpurified, low-caleom
diets lead o an increase in size of the parathyroid glands; the change is
said to be due to both hyperplasia and hypertraphy of the cells; an increase
m the number of osmophilic cells and a change in the complexity of the
Golgi apparatus have also been noted.*sS A quantitative study of the re-
Iationship of caleum intake to parathyroid volume has been reported e
Here the caleium and phosphorus content and ratios fn a synthetic diet

were varied. A close inverse proportionate was found between the dietary
calcium-phosphorus ratio and the volume of the parathyroid glands of
adult rats. Between the serum levels of 7.3 and 11.9 mg, per cent the para-
thyroid volume varied m a Linear fashion. The serum inorganic phosphate
level was less related to parathyroid size.

When rabbits are placed on a k leium diet, lens opacities may be
noted.’6t Such changes in the lens ate observed during the second week
of the deficiency and consist opthal pically as slits, les and dots

pear the equator of the lens. The opacities then progress out toward the
anterior and posterior suture lnes. Caleium deficiency in such ansmals has
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Fiovre 20, Caciom DeFromney

Mast cells Marrow elements fram tbia of rat which had been placed on a calem-de-
ficient synthetse diet for five weels Large numbers of mast cells are present {x 200)

been b 1 by the app of tetany and a reduction m serum
calowm concentrations

A most interestng finding, winch was reported by the Johns Hopkms
group 1n the bones of rats which had been fed a low-calesum, cereal gramn
sation,>"! was the presence of large numbers of eells contaming basophihe
granules The appearance of the bones was descnbed as follows. “Banes
which showed evidences of resorption snvarably contamed numbers of
large cells, the cytoplasm of wiueh was Slled with farge basophil granules
They were found m the region of the bone which was being hollowed out
to form a marrow cavity, but were not seen m the medulla tself. They
were also present i large numbers m the mterstices of the bony lattice
work wiuch represented the cortex They were not present n the meta-
physis to any extent, and were not found w the centers of ossification.”

The presence of large numbers of what are obviously mast cells has
recently been rediscovered by Unst and MeLean ™ and oursclves. 2" The
diet used by McCollum e al®™ was made up of cercal grains, sodm
chlonde and butter fat That employed by Unst and McLean 143 contamed
79 per cent com, 20 per cent ghuten and I per cent NaCl. Our own expen-
ments, which were not designed to study nckets, were fisst camed out
with diets of cam meal alone. When mast cells were found, our immediate
reaction was that they might not be related to caloium deficiency at all,
smee com 35 lacking m so many other essential nutrients. So, too, the pres-
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Ficure 21. Carcront DEFICIENCY,

Paratt d gland A Parath from normal rat. B Parathyrord from calcium-de-
fictent rat. Note difference m number and size of nuclei and abundance of cytoplasm
sn companson with A H. and E. (x 200).

ence of goiter and other alterations made us consider other factors. WVe
have since carried out a number of observations not yet published which
indicate that jodme, amino acid and vitamin deficiencies do not lead to
accumulation of the mast cells. On a synthetic caletum-deficient diet, such
as that employed in the experiments of Boelter and Greenberg,!ss mast cells
continue to appear though not in as large numbers as on corn diets. We are
currently investigating the possibility that some positive factor in corn may
be implicated We have never encountered mast cells m human rachitic
material. Moreover, we have restudied the hones from phosphorus-deficient
animals % and have failed to find mast cells. Their significance in these
calcium-deficient rats is, at the moment, a complete mystery.

PHOSPHORUS

Because of its widespread distribution, phosphorus has been regarded
as an essential nutrient for some time, The first pomted experiments were
performed in 1918 by Osborne and Mendel who showed that this ele-
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ment is necessary for the growth of rats, The experiments of McCollom
et al** and of Sherman and Pappenheimer®* soon d d the im-
portance of phosphosus in the production of rickets 1t only remained to
show that phospl deh y produced pathological effects when all
ather known nutrients, mcludsng vitaman D, were present in the diet This
was plished by Schneider and Steenbock 22 m 1939,

Approamately three-guarters of the body’s store of phosphorus 1s found
in the sheleton. In addition to 1ty 1mportant role in the formation of the
bone salt, phosphorus 15 also one of the most mportant, perhaps the most
mportant element, excluding carbon, hydrogen, oxygen, nitrogen and sutfur,
st physiological processes, since it 1s roncerned with the hiberation of energy
for muscular contraction, seoretion by the Lidney, et cetera  1ts funetions
are too familtar to requure anything but briel mention in the metabolism
of carbohydrate by muscle and other cells; m kpasd metabolsm (lecithin,
cephabin, et cetera), mn protems metabolsm (nuclewe acids, creatine), and

Froome + iU DEFICENCY,

Upper eppbysis of tibia Note mcrease s width of eartilage and dis

anization of
lowermost strata of cells  Calerfication of the tartilage matnx is delecnv:fg.\"he trabecis-
Jae n the metaphysis are made up of remnants of calmfied matsix surrounded by ostead
H aud E, silver mitrate, undecalcified section {x 50},
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as a constituent of certain enzymes {cocarboxylase, flava-proteins, pyridine
nucleotides ).

Because of the interrelationships of phosphorus, calcium, vitamin D
and the parathyroid hormone, fusther discussion of phosphorus metabolism
will be found in the section on vitamin D, page 141.

Day and McCollum ** have reported the preparation of a diet with
which to study the effects of phosphorus deficiency; their ration, which con-
tains only 0.017 per cent phosphorus, has an adequate calcium (04 per
cent} and vitamin D (380 LU per cent) content. When young rats are
placed on this diet, an evireme retardation in growth is found; the animals
soon appear unkept and become very inactive. When the tissues of such
animals are examined,'** aside from the manifestations of profound in-
anition, the only specific grass or microscopic alterations are found in the
skeletal system, where extreme nichets is present. Due to extensive changes
mn the nbs, the thorax is greatly deformed and consequently reduced in
capacity. Since the fungs become extremely atelectatic, it is quite apparent
that respiratory difficulty contnibutes in Iarge measure to the fatal outcome
which ocears after eight or nine weeks on the deficient diet. The thoracic
deformities are similar to those which Park and Howland % deseribed
many years ago in rachitic children.

Mieroscopically, the alterations in the bones of these phosphorus-de-
ficient rats ave typical of nckets; changes appear after the animals have
been on the experimental diet for anly ane week. In the latter stages of
the deficiency, that is, after the sixth or seventl week, rickets becomes less
conspicuous due to the slowing and virtual cessation of growth. In fact,
towards the end, as one might expect,”®* the rickets begins to heal A de-
seription of the histological will not be detailed here since the
pathologic anatomy of rickets is described on page 149 Other studies of
rats'® and dogs 57 on phosphoms-low diets have revealed little else save
rickets,

Metabohic observations®® on phosphorus-deficient rats reveal a con-
tinual nepative balance of this anion. For instance, when the total intake
of phospherus by the deficient animals was 34 mg. for an eight week pe-
riod, the total fecal and urinary outputs were 69 and 10 mg, respectively.
Pawred-fed controls ingested 592 mg,., of which 83 and 124 mg. weve ex-
creted in feces and urine, respectively. The metabolism of calemm in these
rats is also of interest, Total caleium intake of the phospharus-deficient
animals for the eight week period was 853 mg.; controls ingested 822 mg.
Fecal and urinary excretions were 225 and 887 mg. for the deficient and
195 and 192 for the controls, respectively. Thus, a profound loss of calemm
occurred as o result of the phosphorus deficiency. This deficit was pre-
cipitous during the frst two weeks; almost twa-fifths of the entire deficit
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Fioune 23, ProspHoRus DEFICIENCY

Thoracic nbs and cage, A Ribs from rat on phosphorus-deficient diet to show muluple
fractures. B Ribs from more chrome phospt defi to show severe defi

of costochondral junctions as result of respiratory movements and muscle pull. C Thorax
of rat chromeally defictent in phosphorus to show marked deformity and reduction 1
capacity Interference with expansion of the Jungs would be expected as shown m
Figure 24
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Froune 24. Puosenorus DericimNcy.
Lungs A& Lung 'fro'm normal rat. Tissue s well distended (aerated) save far pe-
- T e eyt Cantinn ot fing

¥

occurred during this interval. The total loss for the deficient animals was
259 mg.; the controls, on the other hand, retained 505 mg. The loss of cal-
cum {259 mg ) by the deficient rats was much greater than that of phos-
phorus {45 mg ) If it is assumed that most of the former came from bone,
then, since the Ca: P ratio of bone is 2 0, appr ly 129 mg. phosphorus
should have come from the skeleton, However, the total Joss was only
45 mg, hence, some 84 mg. of phosphorus must have been taken up by the
soft tissues. No appreciable d in the holism of sodium,
potassium or magnesium were noted fn these phosphorus-deficient ani-
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mals. As mught be expected, nitrogen retention was considerably less in
the depleted gronp

The espenmental diet of Schnerder and Steenbock,12 which was re-
ferred to above, ined hat more phosphoras (04 per cent) and
calcium { 57 per cent), as well as sic to twelve times as much vitamn D,
than the ration developed by Day and McCollam *** The former workers
observed citrate caleuh 1 the kidneys, urcters and bladders of ther rats, ™
They concluded that the vitamm D present in the diet changed the prefer-
ence of phosphorus for the soft tissues to that for bone, a hypothesis which
1s of great theoretical mterest, since st relates to the mode of action of
witamn D This problem has been further studied by alterng the caloum
content of low phosphorus diets, with and without added vitamin D%
The negative cafcium balance of the low H <het ¢an be ch i
10 a posttive one by mereasing the caleium intake, if the diet also contams
vitamin I Such 1s not possible m the absence of this vitarmn When cal-
cem 1s retained, growth 1s decreased and the calorum contents of serum
and bone are mereased This decrease i growth may be interpreted as dus
0 an mability of the tissues to obtain phosphorus sice st 1s being depostted
m bone. The above studies were performed on young amimals which were
growng, though at reduced rates

Citrate caleuls have been produced 1n adult rats which were placed on
a normal caleinm-low phosphorus ration 170 In addition, the effects of pro-
tein depletion were studied m such ammals  An wereased concentratton
of serum caleram results and is accompanied by ealewrim Wath lower pro-
tem values non-proten bound calcium values merease  Since aitrate con-
tent wicreases, caloum errate caleulus formation would seem nevitable.

Hypercaleerma, with serum levels as hugh as 20 mg per cent, has heen
observed m puppies on Jow phosphorus diets 7

Parathyrowd hyperplasia has been described m the phosp lefi
rat % These ohservations are open to question, sinee purnified diets were
vot employed In our own expenence, enfargement of the parathyrosds
has not been encountered when ammals were placed on a chet adequate m
all nutrients save phosphorus,15*

SULFUR

Sulfur has been hnown from carhiest tunes. The importance of morganic
sulfur in metabolisa has been dwarded, particularly m recent years, by
wterest w the 2 sulfur-contaming ammo ackds, methuonine, which 1s i
the essential group, and cystme, which 15 non-essential

Sulfur 15 found in a wide variety of compounds in the organism and 15
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physiologically one of the most important elements. For instance, it occurs
n amino acids {methionine, cystine), in certain hormones (estrogens, in-
sulin), in a variety of enzymes, in certain vitamins (thiamine, biotin}, in
complex carbohydrates (chondroitin sulfuric acid) and in lipids (sulfa-
tides).

The functions of ingested inorganic sulfur are not at all clear, The bio-
chemical relationships of the organic sulfur compounds, i.c., the amino
acids, are discussed elsewhere (pages 96 and 251), When inorganic radio-
active sulfur 1s fed to rats, it does not appear in the cystine of the hair or
the carcass.”™ Nor can this species utilize elementary sulfur in Leu of
cystine or methionine; for when sulphate is incorporated in the diet of
animals deficient in these amino acids, virtually all finds its way into the
urine where it is excreted in an inorganic form."? Finally, if rats are fed
colloidal radioactive sulfur, none can be detected in their body protein 1™
Such studies make it apparent that inorganic sulfur cannot be utilized to
build or replace sulfur-containing amino acids. On the other hand auto-
radiographic studies with 5% clearly indicate that this material may readily
be incorporated into many tissues, particularly where sulfomucopolysac-
charides are known to be present in considerable quantities¥™

A study of inorganic sulfur deficiency in rats, which was reported some
years ago,'”® revealed no adverse effect on growth in animals which had
been placed on a sulfur-poor diet. On the other hand, the importance of
inorganic sulfur for a wool producing ruminant such as the lamb has been
clearly shown.!”s When young growing animals were placed on a purified
diet of low morganic sulfur content with urea as the source of mtrogen,
growth was poor and death ensued. Wool growth continued, though at a
reduced rate, which would appear to mndicate that it had a higher priority
than general growth, or even the maintenance of other tissues. In sucl
an experiment as this the bacterial flora obviously play a most important
role. Similar syntheses of sulfur amino acids by microorganisms have been
noted in goats and ewes 177

COPPER

The indispensability of copper for the animal organism was announced
m 1928 by Hart, Steenbock, Waddell, and Elvehjem.!? These investigatgrs
showed that rats develop a severe anerma when they are p]accfi on ? milk

is nicher in its content of this element than is any other tissue, except itvel.
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The following concentrations of copper m mg per kilo of dry weight of
certain human tissues have been reported: wer, 40.2; cercbellum, 288,
cerebrum, 18 1; kidney, 141, heast, 134, pancreas, 8.7; and muscle, 8.4

The mechanism whereby copper is absorbed from the intestinal tract 15
unknown Cireulating copper 1 found bound to an alpha-globulin calfed
ceruloplasmun  Plasma copper increaves under & vanety of conditions, bypo-
cupremia, i man, at least, is rare. The functions of copper have to a large
extent been revealed as a result of studies on copper-de ficient animals,™*?
These will be detailed below

Areas in which changes have been desenbed as a result of copper de-
fiseney in vanous species include the bematopoetic tussues, bone, har,
and the nervous system

Anenua has been observed 1n copper-defictent rats,’ yabbsts, 152 dogs?s®
and swine '® ¥ The latter species has been most extensively studhed,
changes found by Cartwnight and his co-workers %5 1% 387 188 gre summar-
1zed in Table 11 A marked microcy tic, hypochromic anemia deselops Leu-
coperua is usually present, platelets are not much changed Iu the hone mar-
tow, which 15 hyperplastic, the cells of the erythrowd series tend to have
farger nucler and have an ncreased diameter.® More cefls of the baso-
[a e
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physiologically ane of the most important clements. For instance, it occurs
mn amino acids {methionne, cystine}, in certain hormones {estrogens, in-
sulin), in a variety of enzymes, in certain vitamins (thiamine, biotin), in
complex carbohydrates (chondroitin sulfuric acid) and in Yipids {sulfa-
tides).

The functions of ingested inorganic sulfur are not at all clear. The bio-
chemical relationships of the organic sulfur compounds, i.e., the amino
acuds, are discussed elsewhere (pages 96 and 251). When inorganic radio-
active sulfur is fed to rats, 1t does not appear in the cystine of the hair or
the carcass!™ Nor can this species utilize elementary sulfur in lieu of
cystine or methi ; for when sulp is incorporated in the diet of
animals deficient in these amino acids, virtually all finds its way into the
urine where it is exereted in an inorganic form.?* Finally, if rats are fed
colloidal radioactive sulfur, none can be detected in their body protein. ™
Such studies make it apparent that inorganic sulfur cannot be utilized to
build ar replace salfur-containing amino acids. On the other hand auto-
radiographic studies with 5% clearly indicate that this material may readily
be incorporated nto many tissues, particularly where sulfomucopolysac-
charides are known to be present in considerable quantities.'?

A study of inorganic sulfur deficiency in rats, which was reported some
years ago,’’ revealed no adverse effect on growth in animals which had
been placed on a sulfur-poor dict. On the other hand, the importance of
inorganic sulfur for a wool producing ruminant such as the lamb has been
clearly shown.'™ When young growing animals were placed on a purified
diet of low inorganic sulfur content with urea as the source of nitrogen,
growth was poor and death ensued. Wool growth continued, though at 2
reduced rate, which would appear to indicate that it had a higher priority
than general growth, or even the maintenance of other tissues. In such
an experiment as this the bacterial flora obviously play a most important
sole. Similar syntheses of sulfur amino acids by microorganisms have been
noted in goats and ewes."?

COPPER

The indispensability of copper for the animal orgamsm was announced
n 1928 by Hart, Steenbock, Waddell, and Elvehjem.!”® These investigators
showed that rats develop a severe anemia when they are placed on a milk
diet and that this anemia does not respond to the administration of iron,
but is relieved when the mulk is supplemented with copper as well. Copper
is widely distributed in the animal organism.?® The central nervous system
is vicher in its content of this element than is any other tissue, except liver.
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metal on the metabolism of ran. 1198 Copper appears to influence the
absorption of won from the intestmal tract. Moreover, evidence has been
presented which indicates that copper functions in the synthesis of wron
and protoporphymn to form heme, for even when iron is admimstered intra-
venously to copper-deficient swine, heme synthesis is unaffected

Extensive skeletal changes have been desenbed in dogs** % and in
swine ! as a resudt of copper deficrency. In both species the changes,
which we have studied, appear to be sinudar,

The first alteration noted in the dog appears after two to four months,
when the animals begin to develop Iameness and deformities of the extrom-
ies The forelegs bow outwards at the elbows, while the hind legs bow
mward. The wrists and elbows become enlarged. Hyperestension of the
wrist joints is prominent Many ammals develop abvious fractures, some
of which are multsple and appear unrelated to any specific trauma  Sumilar
gross changes have been noted 1n swine

Roentgenological examination of the dogs reveals great thinnig of the
cortices of all the bones ned f are also d
In dogs and swmne p son shows no at ) w the
appearance of the epiphysial or costal cartilages. In the dogs the cartilage

Ficure 28 Corren Desiciency

Bone marrow, nb, pig A Nommal pig This 15 compased mamiy of fat with a few mter-
vemng focr of cellular elements B Copper-deficrent pig showing hyperplasia which is
due manly to merease 1 enythyrod elements H and E (x 160)
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philic and polychromatophilic series are present than in the normal animal,
The findings in swine are at variance with those reported in dogs in which
normocytic and normochromic type of anemia has been observed.??

SOME EFFCTS OF COPPER OR IRON DEFICIENCY ON BLOOD,
BONE MARROW, AND TISSUE OF SWINE

C  Tissues

Normal  Deficient
A Periphere! Blood
RB.C (x10°/cu, mm ) 759 559
Hgb (gm %) 140 64
VPRC (ml /100 ml } 420 220
MCV (cu u) 530 430
MCHC (%) 330 290
Reticulocytes (%) 50 40
WBC {x10%/cu mm ) 153 104
Platelets (10%/cu mm ) 5200 6150
Plasma irou (ug %) 1750 380
Total wron bind cap {#g %) 510 6280
Plasma copper (ag %) 1860 150
B Bone Merrow—Erythroid cells
Diam Nucleus 49 82
Diam Cytoplasm 76 74
Ratio nucleus-cell 064 084
Basophilic (%) 100 240
Polychromatic (%) 590 700
Orthochromic (%) 310 6.0
Mtoses per 1000 cells 380 42,0
L.E. Ratio 177 59
Copper content (pg 7/gm }
Laver 250 14
Spleen 14 05
Heart 40 15
Iron content (kg /gm.}
ver 460 180
Spleen 120 80
Heart 30 30
1ic 1atkel; hni

Copper

By utilizing the

Iron
Deficient

587
59
210
360
280
94
186
13110
300
8840
2070

593
09
40

70
30
20

the hfe span

of the red blood cells in copper-deficient swine was found to be reduced *7

‘When red cells from copp
mals, their survival is normal, so, too, normal cells survive for normal inter-

swine are

e

1 into normal ani-

vals when admimstered to copper-deficient animals. Thus it appears that

the anemia observed in this species is due to a shortened erythrocyte sur-
vival tume, as well as to a reduced capacity of the bone marrow to produce
a normal number of red blood cells.

Studies upon copper-deficient swine have shown the importance of this
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metal on the metabalism of won2* 1% Copper appewrs to mifuence the
absorption of iron from the intestinal tract. Moreover, evidence has been
presented which indicates that copper functions in the synthesis of iron
and protoporphyrin ta form heme, for even when ston is admnistered intra-
venously to copper-deficient swine, heme synthesis 1s unaffected.

Extenswve skeletal changes have been deseribed s dogs ™% 1%° and 1
swine %! 35 a result of copper deficsency. In both species the changes,
which we have studied, appear to be simlar.

The first alteratian noted w the dog appears after two to four months,
when the anmals begin to develop lameness and deformaties of the extrem-
ties The forelegs bow outwards at the elbows, whie the hind Jegs bow
mward The wnsts and elbows become enlarged Hyperextension of the
wrist joints 1s promnent  Many amsmals develop obvious fractures, some
of which are multiple and appear unrelated to any specific trauma, Swnilar
gross changes have been noted m swine

Roentgenological exanunation of the dogs reveals great thinning of the
cortices of all the bones examuned  Numerous fractures are also encountered
In dogs and swine microscopre exammation shows no abnormahties in the
appearance of the epiphysial or costal cartilages. In the dogs the cartilage

Fioone 28 Coeres Drriciency

Bove masrow, nb, pig 4 Normal mg This s composed mamly of far with & few inter-
vening focy of cellufer elements B Copper-deficsent prg showing hyperplasta which 1
due mamly to werease 1n erythyrosd elements H and E (x 160)
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of the deficient group appears to be proliferating even more rapidly than
that of the controls. Nor is any change m the deposition of morgame ma-
terials found m the cartilage matriv. However, in the metaphysial regions
of both species marked alterations are found. Pr 15 & persi of
the spicules of caleified cartitagenous matrix which 15 devad of encasing
bone. Such a picture develops as a result of a virtual cessation of osteo-
blastic activity Spmndle-shaped cells are present but da not appear to be
functionally potent mn the sense that osteoid is bemg produced Thus a
zone, or “lattice,” of calerfied cartilage matrix is found between the epi-
physeat cartilages and diaphysts. Such a zone appears to be a weakened
area, since fresh fractures and, m particular, healed fracture patterns can
be found When &b of the caleified lage matrex do oceur, asteo-
blastic activity appears to be stmulated.

In both spectes the cortex of the lang bones is reduced m thickness The
process here 15 difficult to follow because of its slow conrse  No evidence of
excessive bone destruction is to be found The rarefaction has been mter-
preted as bemg due to normal d ep m the p af de-
creased bone formation, In neither species 15 any evidence of rickets pres-

P e
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CBNCY
Cartal. « & @ Nommal control  Nate orderly arrangement of 1ows
of car -+ Aud presence of calefed carthognous matnx upon which bone is

bewg deposited. B, Note normal row formation of cartilage wells with
excess lattice of calafied cartilage mataix beneath, H. and E. (xﬁ)‘.v1 presence of
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Dog A. Three Lttermates after three months on diets. Dog on left 1s control Dogs

in middle and on night are on copper-deBcienct ration, their legs show gross deformities.

B. X-ray of foreleg of control dag sho\vn in A C. Copper-+ de.ﬁcxent animal. Note thin-
£

t dog Bowing,
d (Cuurtesy of Dr. James Baxter.)
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achromotrichia factors, such as pantothemc acid and para-aminobenzoic
acid, the relationship of copper to graymng of hair became somewhat con-
fused. The situation has been clanified, however, by experiments which show
that the achromotrichia produced by copper deficiency 1s not affected by
large amounts of pantothenic acid; moreover, the fur in animals deficient
m copper has a brownish color, contrary to the silvery-gray which develops
when pantothenic acid 15 Jacking 1°2 Achromotrichia has been described
1n other species deficient in copper: rabbits,’** dogs *** and sheep **5 The
reaction of copper to the tranformation of tryosme to melanin seems defi-
nite enough, though the precise chemical reactions are not known *39%

The physical nature of hair also appears to be related to copper since in
defictent sheep the crimp becomes less distinct and the wool assumes a
characterless hair-like structure Studies!?® have shown that the bio-

Ficure 30 CoppEn DerFicrency
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Ficure 29 Coprer DrriciEncy,

Metaphysis of pig. A Normal lattice of calcified matrix about which are numerous osteo-
blasts which appear to be promoting osteord formation. B, Lattice from copper-deficient
swine to show d density due to d d removal, lack of bone depositton and

acellulanty H and E (x 145).

ent. Chemical analyses of the dog’s bones show normal ash and mineral
content.

These changes are of great interest for several reasons, In the first
place there is a complete dissociation between chondroblastic and osteo-
blastic function. The former cells continue to proliferate, while the latter
virtually cease their activities. In most deficiency states cartilage and bone
growth are affected similarly. Copper deficiency is an exception and marks
this element as being intimately concerned with the function of the osteo-
blast and in the production of bone matrix The situation is not unlike that
encountered in ascorbic acid defictency. This simlanity will be commented
on later {page 178). In view of this mteresting effect of copper deficiency
on osteoblastic actvity, other mesenchymal cells, such as fibroblasts and
odontoblasts, must be studied,

Copper appears to play a role in the pigmentation of hair It was first
demonstrated that the fur of black-coated rats becomes gray after such
ammals are placed on a copper-deficient diet.}** Wath the discovery of other
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cytoplasm of cells. A smalk amount of jron, approv Iy 1 mg, is d

by the adult each day via the bile, mntestine and urire Hence virtually all
of the fron which s absorbed 15 retamed by the organism.

Few studies have been reported on pathologie changes produced by
experimental won defictency in animals ather than the effects on the blood.
Hematological data have been presented in sats,® rabbuts,*® dogs 18 and
swine '8 All species show a hypochromic, microcytic anemia The mean
drameter, mean corpuscular volume, mean corpuscular hemoglobin and
mean corpuscular hemoglobm concentration are all reduced {Table II).
In ad d stages cytosis and poikli of the red cells are
present, so, too, locytes and erytheoblasts may be d in
blood smears The leukocyte count is normal, thrombocythemia may be
present. Examination of the bone marrow reveals erythrablastic hyper-
plasia  Erythrocyte protoporphyrin concentration is increased, Serum
iron levels, as expected, are decreased  As noted in Table ¥II, plasma iron
levels m zron-deficient swine raay fall from normal fevels of 142.7 gamma
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Blood smesr, rat A, Smear talen before young yat was placed on diet of whole muk
supplemented \vzkhhccppcr. }211 Sm;n’r forty days htlfr, at tme of sacnfice  Note numes-
ous muerocytes, achromia and poikilacytosis The bleod showed the follow sng values
RBC, 4,200,000, Hb, L7 gm; MCVY, 44 cup, MCHC, 19 t, MCH

Waght stan (x600). * per cent, M 86 g
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chemical processes whereby the hair js fixed by oxidation are interfered
with, so that, as the fiber is extruded, it remains plastic.

Certain chemical studies are of interest in copper-deficient animals. The
cytochrome oxidase activities of hver, myocardium and bone marrow are
decreased in rats,} 197 Extensive studies of the biochemical defects in
copper-deficient rats have been reported recently.}475.1478 The activities of
Iiver cytochrome oxidase and succinoxidase are affected early, The decrease
m the latter has been ascnibed to reduction in the former. Increased isocitric
acid dehydrogenase and decreased DPN-cytoch C red tiviti
are found. There is loss of cell preparations to oxidize substrates in the tri-
carlzox)flic cycle. Catalase activity is unaffected. These studies should go far

to date some of the lex roles of copper in the organism,

IRON

Iron salts are said to have been used by Sydenham during the 18th
century for the treatment of chlorosis. The full significance of the role of
iron in the organism was not fully appreciated until the element was demon-
strated to be an essential component of hemoglobin.

Iron of the food is absorbed from the stomach and duodenum.’®® Cer-
tain factors influence its uptake: (1) valence; Fe*+ is absorbed more
readily than Fet+++;3 (2) pH; an alkaline medium decreases absorp-
tion; 20 (3) phosphorus and phytic acid; these form complexes which
favor non-absorption; (4) presence of copper; absorption is mediated by
copper;1® (5) amount of iron present; the higher the concentration, the
greater the absorption 202

A protein, apoferritin, has been postulated to be formed by the cells
of the intestinal mucosa; this governs the absorption of Fe*+ by combining
with it to form ferntin. The iron then enters the circulation as needed and
is changed to Fe+**. Such iron 1s carried in the plasma in combination
with a beta-globulin and may be measured. A sensitive index of the state
of iron metabolism is thus available. The average human adult contains
about 4.5 grams of iron which is found in varying quantities: hemoglobin,
72 9 per cent; myoglobin, 3 3 per cent; cytoch: lase, and 1 idase,
.2 per cent and storage forms, principally ferritin and h iderin, 23 5 per
cent.?! About 27 to 28 mg. of iron are released each day in the adult human
from the breakdown of hemoglobin, This iron is used for resynthesis of
blood pigment. Iron exists in storage forms in the liver, spleen and bone
marrow as the compounds, ferritin and hemosiderin. The latter may be
demoustrated by the familiar Prussian blue reaction. Ferritin is more diffi-
cult to demonstrate since it is more soluble and diffusely distributed in the
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Filmer and Underwood 1% 1n cattle and by Marston #1%° m sheep during
the period from 1933 to 1935 1n Australia  One of the most exaiung develop-
ments in the fleld of nutrbion during the post decade was the discovery
that vitamin By, contams cobalt 20

In view of the presence of cobalt in vitamm By, it 1s mteresting that this
metal had been implicated 1 erythropoeisis for some tume, ever since the
Waltners 2 showed m 1929 that polyeytherma could be produced m rats
when cobalt was fed or admunistered parenterally The cause for the ery-
throeytosis 1s not clear, although fixatron of thiol (-SH ) groups in the tissues
may lead to local anovia m blood forming bissues 1'% The role of cobalt
as part of the vitamin By molecnle 15 discussed elsewhere {page 277)

Efforts to produce cobalt def sn fak v ammals have not been
successful Diets have been prepared winch contan as hittle as 6 or § micro-
grams of cobalt per kilo *7 At these low levels of intake no effects appear
in rats, Similar studies m rabhits have been negative 28 However, in dogs
which have been placed on & ik rabon and rendered anenue by bleed-
ing, the administration of cobalt seems to strnulate hematoposests i some
of the antmals **° Unfortunately m these studies the duets contamed appre-
ciable amounts of vitamin B,

The syndromes assoniated with naturally scowrring cobalt deficieney in
rumpants will be described on page 301 1% 1

MANGANESE

The indisp bility of bt for the han was
shown simultaneously in 1931 by Orent and McCollum 21 1o rats and Kem-
merer, Elvehjem, and Hart > m mice

Manganese 1s widely distributed w tissues  Although there are quants-
tative variations from one organ to another, the element 15 partieularly
abundant i hver 22 Manganese 15 sntimately concerned with the activity
of certan enzyme systems For wstance, this cahion has been shown to be

1 for the tysis of woctne acd to alpha ketoglutane
actd and for certmn other oudative and non-oxidative decarboxylations of
di- and tr-carboxylic acds which occur m the Krebs cycle ¥ 113

In the mtial experiments described by Orent and McCollum, growth
of the young rats was normal The estrus cycles of the defictent females
were hhewise nommal,®** when such ammals were mated with normal
males, the usual number of young were produced. However, the females
failed to nounsh thewr young When the newborn from manganese-deficient
females were placed with normal, Jactating animals, a few were raised, all
were undersized Divergent results were obtained by Danfels and Ever-
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Ficune 32, Inov DerFiciENCY.

Incisor teeth, rat. 4 Upper and lower pigmented incisors of normal rat, B Incisors of
rat which had been on a milk diet supplemented with copper for erghty-four days The
teeth are pearly 1n appearance.

per cent to 48 0 gamma per cent. The iron content of the tissues is reduced
as well,

As 15 familiar to all who work with the albino rat, the incisor tooth has
an orange color. When this species is placed on an iron-deficient diet, the
teeth become pearly white.2°3 This is not surprising since the intracellular
pigment is an iron containing complex,

In contrast to the findings in copper-deficient animals, the cytochrome
oxidase of the bone marrow of those deficient in iron is normal or some-
times even elevated,'*” what role differences in cellularity of the marrow
may play in the results of such determinations must be taken into account

No lesions have been described n other tissues of iron-deficient animals
save those which might be ascribed to severe anemia, such as atrophy of the
central liver cells. No alterations have been observed in the heart or skeletal
muscles; this is not unexpected since the organism appears to conserve
its myoglobin far more carefully than its hemoglobin.?ot

COBALT

Cobalt deficiency has not yet been produced in laboratory animals. The
indispensability of cobalt in the nutrition of rummants was demonstrated by
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Microscopic examination of the nervous tissues has faled to revenl any
changes. It has heen suggested that a chemical lesion may be present.

ZINC

The wndispensability of zinc for Mammaha was first shown by Todd,
Elvehjem, and Hart2® in 1904; the rats which they studied exhibited a
distwbance of grawth which was accompanied by alopecra.

During recent years zinc has come to be recognized as an important
constituent of a number of enzymes* These include carbonic anhydrase,

d d alcohol dehyd; it ic de-
% ang lactic Thus zine ranks with iron, copper
and molybdenum as a trace element which w a specific and mtegral com-
ponent of certain enzymes

The zinc content of the tissues of some animals has been reported 227 228
Studies winch utihized radiorctive Zn® in rats have shown that the element
is mamly ted into the g i inal tract by the pancreatic juce.

3
ptidase, carboxypep

e, Jehard

Ficone 83 Nomaear Sxav, Rae

Note epithebum and underdymg corium with Laur folicles and sebaceous glands Th
epithebum 15 several cells in thickness, There is some keratinzation. aldn:::glg\ :;\\(s!xs ms:t
marhed, The sebaceons glands are not large, H. and E. {x 150},
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son*** who employed a somewhat different dict fram that used by the
Baltimore workers. Almost one-half of the young bomn to manganese-defi-
cient females on this diet were dead or died within a few hours after bicth.
Such females were able to nourish and rear foster young, while only a few
of their own deficient young could be raised by foster mothers. The fault
thus appeared to be m the young and not in the mother, an hypothesis
which has been strengthened by Shils and McCollum,2?® who nated no dis-
turbance in the estrous cycle of the rat, The University of Wisconsin group
had described estrous changes in mice.?"*

Using a somewhat different diet Boyer et al.?*? have shown that man-
ganese s necessary for growth in the rat, an observation which has been
confirmed by Shils and McCollum.®'s The latter investigators have also
called attention to another specific feature of the manganese deficiency syn-
drome. Some of the young of manganese-deficient ferales exhibit ataxia,
incoordination and loss of equilibrium; they tend to fall over and have diff-
culty in righting themselves, The underlying cause of these phenomena
has not yet been elucidated.

Sterility of male rats reared on manganese-low diets has been a constant
finding. Microscopic evamination reveals ab of sper is, ™"
whether this change may be a result of inamttion s a point which has not
been specifically investigated Testicular changes have not been observed
in rabbits 218

In both rats and rabbits the development of skeletal abnormalities has
been iated with low mang rations. In the former species shorten-
ing of the tibna has been descnbed,?® while in anather study bowing of the
forelegs has been noted.® Gross inspection of the sectioned bones of
manganese-deficient rats has revealed an absence of trabeculae in the meta-
physeal regions.?*® In all of these studies the change has occurred only jn the
young from manganese-deficient females In contrast, skeletal changes are
easier to produce in growing rabbits 2222 Rarefaction of the bone with
bowng is praminent. No fractures appear to have been noted. On micro-
scopic examination, such bones appear rarefied, particularly in the meta-
physeal regions. In swine, lameness and enlargement of the hock joints
have been hed to g deficiency; the changes could be pre-
vented by adding manganese to what appeared to be an adequate diet*™

Further studies in swine?®® have indicated shorter, broader legs in
animals defictent 11 manganese. General rarefaction was also desenbed.
Mere studies will have to be undertaken before the exact pathogenesis of
these alterations is understoad.

When families of rats are rused on 2 manganese-deficient ration, several
animals of the second generation have developed ataxa and‘ dismrbancfa in
equilibrium ** These signs appear earlier in each succeeding geperation.
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Microscopic examination of the nervous tissues has faled to reveal any
changes. It has been suggested that a chemical lesion may be present.

ZINC

The mdi of zine for M. lia was first shown by Tedd,
Elvehjem, and Hart®?¢ in 1934, the rats which they studied exhibited 2
disturbance of growth which was accompanied by alopecia

During recent years zinc has come to be recogmzed as an important
constituent of a number of enzymes.?” These include carbonic anhydrase,
dehydropeptidase, carboxypeptidase, alcohol dehydrogenase, glutamic de-
hydrogenase and lactic dehydrogenase Thus zmnc ranks with iron, copper
and molybdenum as a trace element which is a specific and integral com-
ponent of certain enzymes.

The zmc content of the tissues of some animals has been reported,?2% 22
Studies which utihzed radioactive Zn® 1n rats have shown that the element
is mamly excreted into the gastromtestinal tract by the pancreatic juice.
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Note epithehum and underlying conum with hair follicles and sebaceous glands Th
epithelium 15 several cells 1n thickness. There is some kerzhmzation althougxgl :;:issxs no:
marked. The sebaceous glands are not Jarge. H. and E. (x 150).
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Ficure 34 Zivc Dericiexcy.
Skin, rat  Note keratimzed cells overlying a layer of thickened epithelium which shows
acanthosis There 15 atrophy of the hair folhcles with persistence of the sebaceous
glands, m fact these structures are hypertrophied in comparison with the normal This
anmmal had been on a zine-deficient diet for seventy-four days H. and E. (x 150).

When njected, it disappears rapidly from the plasma and soon appears in
red blood cells and liver. The most active turnover is found in the liver,
pancreas, kidney, and patnitary, the least active turnover is in the red
blood cells, brain skeletal muscles and skin 229 230, 212, 238

Todd et al.,**¢ who employed a diet which ined only 1.6 parts zinc
per million, noted a disturbance in growth and alopecia in rats, both ab-
normal manifestations could be prevented by supplementing the diet with
about 100  gm of zinc each day

Day and McCollum 292 devised a ration which furnished only 1 to 4
« gm of zinc daily Zinc was removed by extraction of the dietary com-
ponents with diphenylthiocarbazone, a laborious process. The control diet
furnished .15 mg. of zinc daily. When young rats were placed on the zinc-
deficient regimen, they ceased gaining weight in two to three weeks. Death
occurred as early as the thirty-third day of the deficiency. Thinning of the
hair became apparent after the third week and was followed by alopecia
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over portions of the dorsum of the body The denuded areas were roughened
and sealy.

The histological changes in these zinc-defi ammals were studied by
the present writer 1n assocsation with Day and MeCollum2?* Microscop-
ically, the skin showed hyperkeratmization and acanthosis The epitheltum
increased from the normal of three to four cells in thichness to eight or ten
cell layers. On the surface an mcreased number of completely or partially
heratinized cells was found No appreciable acceleration in mitotie activity
of the basal cells could be discerned, although quantitative measurements
were not performed  Clear spaces appeared in the cytoplasm of many cells,
the nucler of such cells became pyknotic In advanced cases the skin was
covered by a crust of keratuuzed debns, bacterta and leukocytes, the
corium underlying such aseas was hyperemtc and mfiltrated with whate
blood cells. Accompanymg such epidermal changes, there was atrophy of
the hair follicles, which ultimately disappeared, leaving only a few mono-
nuclear cells to mark where they had been. The sebaceous glands remamed
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Ficune 35 Zine DEFreiescy

Esophagus, rtat A Cross section of normal B Esophagos from rat which had been
on a zinc-deficient diet for seventy-four days, Note mcrease 1 thickness of the hning
tpithelium. In companson swith norma), there 15 extensive parakeratosts, together with
an mcrease 1 thickness of the busal cell Lyer. H.and E. (x50},
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Fievre 36, Zixc DEFICIENCY.

Esophagus, rat  A. Nermal. B Zinc-deficient rat shown in Figure 34 Note wide zone
of partially keratimzed cells, many of which retain their nuclei H. and E. (v 135).

mtact, even late m the deficiency the cells making up these structures were
larger than those of the controls. Skin from the tail, ears, and paws showed
no abnormality.

Extensive changes were found m the esophagus, such alterations con-
sisted of an increase m thickness of the epithelial lining together with the
appearance of large, partially keratinized cells on the surface. The normal
esophageal epithelium of the rat is made up of a basal stratum of cells, some
of which exhibit mitotic figures. Above this there are several layers of
larger cells with clear nuclei whose cell borders are indistinct. From these
an abrupt transition to a keratimzed layer occurs. The basal cells of the
zine-deficient rat were more numerous and closely packed; the overlying
stratum was six to eight cells thick. Along its mnermost edge the nuclei
became pyknotic but did not disappear in normal fashion, so that here a
zone of partially keratinized cells, ten or twelve cells in thickness, was
found. The submucosa was normal Similar alterations were found in foci
on the posterior portions of the tongue and the posterior roof of the mouth.
The fore stomach was not involved, The change was intespreted as being
due either to a retardation in normal keratinization, or to an i d pro-
liferation of cells This lesion in the esophagus is unique. Among the many
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studies of dietary deficiences, sumilar changes have not been recorded m
this structure,

In two zmc-deficient animals vascnlanzation of the cotnea was observed.
This consisted of an ingrowth of capillaries into the tunica propna and in-
filtration of this tissue by leukoeytes. There was no keratinization of the
epithelium, the lacrimal glands were normal In view of the occurrence of
corneal vascularization tn ather deficient states, it cannot be classed as a
specific abnormality {page 451) No changes have been found in any
other tissues from such animals save those which must be ascribed to mani-
tion.

Studies of the zine content of the bones of these rats revealed a reduc-
tion to 94.7 micrograms per gram of ash in the deficient anumals, as com-
pared with a value of 238 6 micrograms m the controls #32

Measurements of the carbonic anhydrase activity of the red blood cells
obtained from zine-deficient animals have indicated no change from nor-
mal 22

Zine deficiency has also been pioduced m mice ¢ This species develops
alopecta  Microscopic examination of the skm reveals changes simlar to
those which were described above in rats.?s

An interesting dhsturbance, parakeratosis disease, has been recognized
in swine for a number of years.?>® The syndrome ts characterized by farlure
to grow, shin lestons, drasrhea, vomuting, anorevia and death. When the
skin 1s examined microscopieally, estreme parakeratosis 1s found, this resem-
bles the change which has been descnbed in zmnc-deficient rats and mice.
These signs and symptoms 1n swine may be prevented by zinc administra-
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Cornea, rat  Section from an anmal which had been on a zine-dow & Vi
four days. Note several Large vessels, snfiltration vt g e Tor seve
epithelum, H. and E. {x60). .

nty-
£ the




74 DEFICIENCY DISEASE

ti.on. It 15 of interest that the requirement of swine for this element is
higher (34 to 44 mg. per cent of the ration) than it is for rats and mice 27

IODINE

lodine was discovered accidentally in 1811 1 of its corroding
action on kelp vats in which the decorposition of calcium nitrate was being
carried out. Its importance for the organism was shown in 1896 when
Baumann * found a high concentration of iodine in thyroid tissue Twenty

years later, Kendall?* demonstrated its presence in thyroun, an active
principle of the thyroid gland. A good deal of our present knowledge of
iodine is derived from studies of certain disease states which occur natu-
rally in man and animals These are detailed in the section, “Endemic
Garter” (page 307).

Ingested iodide is absorbed into the blood stream from the intestinal
tract. In health almost all of the cireulating jodide is removed by the thy-
void epithelial cells, a ittle is withdrawn by salivary gland epithelium and
gastric mucosa. Traces are excreted in the urine, The mechanism whereby
wdme is taken up or “trapped” by the thyroid cells is not known. Intact
cells are necessary whether the process is studied in vivo or in citro 2!
Iodine uptake by the thyrowd js inhibited by thiocyanate (SCN) and certain
other molecules.®*? Todine atoms are rapidly incorporated into the tyro-
sine molecule to form fivrst, monorodotyrosine, then, di-iodotyrosine. By re-
actions not yet understood, two molecules of di-iodotyrosine are united to
form tetra-iodotyrosine or thyroxine. The incorporation of inorganic fodine
(as free iodine) into the organic molecule of tyrosine is blacked by certain
“antithyroid” compounds which contain either aminobenzene (NH,CHs)
or thiourea NH,CS-NH,) groupings.?t** The thiourea series of com-
pounds appear to inlbit the activity of the enzyme, peroxidase, which may
be of importance m the transformation of inorganic iodine to organie com-
pounds.2¢¢ The discovery of sulfaguanidine as the first of the “antithyroid”

ds by the Mackenzies and McColtum in 184124 has truly revolu-
tionized thyroidology. So, too, the availability of radioactive iodine (¥si)~
with which to study normal and diseased thyroid glands has yielded much
information.

The evact biochemical transformations which take place in the thyroid
epithelial cells during the elaboration of thyroid hormone are not known.
However, a protein, thyroglobuln, with a ¢} teristic amino acid compo-
sition may be isolated from the gland This protein contains iodo-tyrosines
and thyranines Tt appears to be formed initially within the cytoplasm of
the epithelial cells and then to be extruded into the Jumen of the follicle,
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probably becoming meorporated into the colloid of this structure Upon
the proper stimulus, ordinarily provided by hypophyseal TSH, thyroglobu-
Tin is broken down with the Iiberation of thyroxine into the cirenlation Until
recently, tetra-iodotyrosine (thyroxine} was the most active preparation
known, although it was generally thought not to be the active principle,
since an appreciable tume is required for it to exhibtt ats action. Moreover
thyroxine is ot active in vitro. Receatly, tr-todotyrosie has been isolated
m the gland and i blood serum. This compound 1s many times more potent
than thyroune. Whether it represents the long sought active principle re-
mains to be determined.?¢? The metabolic transformations of 1odine in the
thyroid gland are summanzed in Figure 38,

Before di: the pathological effects resulting from relative or abso-
lute wdine deficiency, mention must be made of current concepts of thyroid
regulation and of the many extraneous factors which affect the gland, all
of which must be borne 1n mind when 1dine deficiency 1s beng studied,
That there 15 a reciprocal relationship between the ptuitary and thyroid
glands seems well-established.2® 117¢ VWhen, for some reason, the concen-
tration of thyroid active prineiple m the blood falls, an increased production
of pitwtary thyrotrophic hormone {TSH) results Conversely, an increase

EXOGENOUS THYROID GLAND
SOURCES OF
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1 A 8
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AND OTHER 10DOTYROSINE ~—~
NUTRIENTS
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A sch of the bolism of 1odine in the thyroid gland teget
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m thyroid actve principle suppresses pituitary TSH elaboration. Since the
hypophysis appears to be the controlling factor in this dual relationship, two
groups of possible conditions, which are based on pituitary activity, may be
considered: (a} those i which TSH is absent or reduced, and (b) those
in which this hormone is increased. When the former conditions prevail,
thyroid igpoplasia is to be expected; thyroid hiyperplasia will nsually occur
following the latter situation. Marphologic thyroid hyperplasia does nat
necessarily imply clinical hyperthyroidism associated with an increased
basal metabolic rate, On the contrary, it is important to renlize that body
metabolism, as measured by oxygen uptake, may be elevated, normal, or
depressed in the presence of morphologically hyperactive thyrmd epithe-
lium. Table IV summarizes some of the various known and hypothetical
factors which may lead to the canditions so briefly alluded to above.

Tawe 1V
PITUITARY-THYROID RELATIONSHIPS
1 Pitwtary Stimulus Reduced or Absent ( Thyroid Hypoplasia)
A Hjypophysectomy 1% 24
B, Increased blood concentration of thyrod active prmaiple
(1) Increased admimstration **
(2) Increased production (7}
{3} Decreased necd
{a) Starvation, mamhon 1t
1 Paustary Stmulus Increased {Thyrold Hyncrplasi)
A Pomary pituttary hyperfunction 1'%
B TSH admunistration *
C. Decreased thyrowd hormone production due to,
(1) Removal of thyrmd tswe 2% U7
{2) Interference with thyresd eell funchion,
{a) Yodme dehciency 1 diep 331, 252 254, 350
(b) Muneral imbalance. caleium,” sodium chloride,™ other {7}
(¢} Amino acid deficiency  phenylalamne, other (7.
{d) Vitanun deficiency (co-enzymes, efc.) (?)
(e) Ymparred 1odine uptake SCNZ#?
(£) Impawred 10dine ublization by antithyroid compounds
{g) Intesference with release of thyroid active materdals (7)
{3) Increased ubhzation
{x) Cold®»®

a3, 208

Studies of experimental iodine deficiency have been intimately con-
cerned with the problem of gouter, a term which is used much too Toosely.
Goiter means an enlargement or mcrease in weight of the thyroid gland.
Two types of goiter are recognized. One 1s due to an abnormal deposi.tion
of colloid materral in the fallicles of the gland; this is colloid or simple goiter.
A second form is due to hyperplasia of the epithelum of the follicles; !}us is
hyperplastic goiter, which may or may not he accompanied by clinical
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hyperthyroidism It is unfortunate that the term goiter is used so fre-
quently without a precise qualification One should always determine
whether a thyroid gland 1s enlarged as a result of excessive colloid deposi-
tion, because of epithelial hyperplasia, or for some other less common cause,
such as neoplasm or mflammation,

Modern studies of experimental goiter began when Halsted ** extri-
pated almost all of the thyroid tissue from dogs early n pregnancy and
found glandular hyperplasia in their offspring It was soon demonstrated
that such canine “congenttal goiters” could be prevented by the adminis-
tration of potassium iodide to the female during gestation.?%¢ Further inter-
est was aroused when it was shown that the 10dine treatment of sows from
certain areas prevented the birth of hairless, cretin-like offspring 257 Such
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expenments lent support to the growing idea that iodine deficiency and
n;\tufally oceurring goiter were closely related (see page 310). The pro-
duction of experimental goiter on the basis of iodine deficiency alone has
been difficult to realize, however, This is becanse any expeniment which is
designed to study thyroid structure i relation to iodine deficiency must
take mto account many diverse factors, such as those noted in Table IV.

That absolute or selative jodine deficiency feads to an hypesplastic thy-
roid gland seems well-established in the experimental animal 251 295 234280
In the rat various degrees of gross thyroid enlargement have been pro-
duced Depending, of course, on certain variables such as the composition
of the diet and its jodine content, the initial alteration is found in the epi-
thelium. The cells change from their flat or cuboidal forms into columnar
structures; intra-cellular vacuoles may be observed. No pointed study has
been made of the size of the nuclei, or of any other intracellular constitu-
ent. Hyperplasia leads to infolding and partial obliteration of the Jumens
of the follicles, accompanied by a great teduction in colloid, Necrosis of
the epithelium has been observed, and may be related to the iodine content
of the ration, for the lower the iodine concentration, the more extensive
the necrosis. In addition to these cellular changes, the gland appears to
increase in vascularity. No lymphocytie infiltrations, which are so char-
acteristic in the naturally ocenrring hyperplastic gland in the human (page
313), have been described in experimental animals. It must be emphasized
that the morphological picture thus far produced expermentally by jodine
deficiency is that of hyperplastic goiter, not collaid goiter, at least as the
Tagter is scen in man (page 307), To our knowledge, colloid goiter has not
been produced m the lahoratory in the foun in which it occurs naturally.

Before the advent of the various goitrogenic anti-thyroid compounds
in the early 1940's it was clear that certain factors affected the production
of hyperplastic alterations in the thyroid glands of rats on so-called “rodine
deficient diets” For instance, the presence of excess calejum*** appeared
to increase hyperplasia, on the other hand casein m the diet seemed to
inhibit any thyroid change2® After the dramatic effects of such hyper-
plastic goitrogens as thiocy , sulfaguanidine and the thiourea com-
pounds had been reported,?3 244 it was only natural to wonder whether
any goitrogens had been present in the “jodine deficient diets™ hitherto
used. So far, such have not been observed. For instance, when mice were
placed on Remington’s 25 standard low iodwe diet, the removal of its
tndividual components: cornmeal, yeast, or wheat gluten, failed to affect
its goitrogenicity. Surprisingly, the only component of the diet which ap-
peared to infinence the size of the thyroud gland was sodium chloride, whos‘e
omission greatly reduced the size of the goiters, though thyroid hyperplasta
was present even in its absence. In another study *% goiter was produced
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Pitwtary gland, rat A Low magnification (x200) and B Higher power (x 575) of
prtantary from ammal which had been on 1odine-deficient diet and whose thyroid gland
was hyperplastic The cells which special stains show to be basophiles are enlarged
wth vacuolated eytoplasm, 1e , they are so-called thyroudectomy cells %0

m rats on a diet which was as free of 10dine as possible smee the foodstuffs
comprising the ration were raied by the hydroponies technique

The pitwstary gland of the iodine-deficient animal shows characteristic
changes associated with the hypothyroid state #4% 1477 The so-called baso-
philic thyrotropes mcrease 1 size and number Some become vacuolated.
As a result the size of the gland increases.

FLUORINE

The presence of fluorine in foodstuffs and, as a result, in the mammalian
organtsm has been recogmzed for sometime. This element assumes great
importance today because of the relation of the fluornide content of natural
water supphes to the meidence and sevenity of dental caries Hence, num-
erous programs aimed at a reduction of the prevalence of denml,caries
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by the addition of small amounts of fluoride to water supplies are in ef-
fect. In the United States more than thirty million persons now drink
fluoridated water. The problems entailed in such an extensive pubhe
health program cannot be taken up here, Reviews are available2s%.216 As
might be expected this program has led to many publications with claims
that countless diseases, ranging from heart, arterial, kidney, stomach ail-
ments to mental degeneration are being produced. It s purported to
“speed up cancer p A Y! , fuoridation is cited as a techmque
in mass control throngh medication, which is an “integral part of Com-
munist philosophy.” 277

Most foods contain .2 to .3 parts fluorine per million 22 Hence, one
would not expeet the body content to be particularly high unless some other
source is available, That this is so as a result of high Jevels in naturally
oceurning water supplies is well-known. Levels may vary from 10 ppm
up to 20 p.p.m. The importance of fluoride in producing alterations in the
teeth was derived from studies on mottied enamel, a syndrome described
by McKay in 19162 In 1931, it was Jusively shown that cf in
the enamel of the teeth may be found when there 15 an increased concen-
tration of fluorine in the drinking water.?*! Such lesions, mottled enamel or
enamel hypoplasia, consist of pits and depressions in the enamel covering of
the teeth. Since 1931, numerous epidemiological studies have proved that
this disease is related to the fluoride content of drinking water and that, as
the concentrations of fluoride increase, the severity of mottled enamel like-
wise becomes more severe. The disease is particalarly prominent in this
country, especially in New Mexico and certain portions of Texas, where
the fluoride content of the water may be very high. For instance, in Lub-
bock, Texas, where the water contained 44 parts of fluorine per mithion,
over 90 per cent of the children between the ages of nine and eleven had
mottled enamel 265

As would be expected from the gross app
tion of such teeth reveals that the ameloblasts are most affected; 2® such
cells apparently become inactive and assume a flat shape. Tn addition, de-
fects in calcification of the dentine appear and this material becomes strati-
Fed. There is also damage to the odontoblasts, many of which have pyknotic
nuclei. Though only the teeth of the growing organism are affected, bone
may be involved in hypesfluorosis at any age; such osseous changes consist
of thickentng of the trabeculae int the shaft and periosteal new bone forma-
tion about the cortex.?6¢ fn the human, the concentrations of fluoride m the
drinking water v to produce these cl must be relatively large
and a fairly long period of ingestion of such concentrations must prevail
before radiological and histological defects can be found in the bone.s."’"_

As already noted, the most important phase of flurine metabolism in

Tistalnmical
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its relation to preventive med is the lating evid that cer-
tain ions of fluoride compounds in donking water protect against
the development of dental canes. Several years ago because the water
supply in Bauxte, Arkansas, contamed such & high content of fluorine the
sturee of the water was ok d 10 ane which 3 virtually none of
this element 268 About ten years after this change the teeth of the cinldren
in Bauxite were examined; the incidence of motiled enamel was found to
be as high as evpected; mare mteresting, howeser, was the abservation that
these children who had been drnking such fluorme-free water for ten
years had an extremely low incidence of dental canes 2 In contrast, chil-
dren bving in @ near-by town who had used the same source of fuonne-free
water all their lives had a Ingh mcidence of cantes,

Chemical anatyses of the fuorine content of carious teeth have shown
decreased amounts of this element when comparison 15 made wath sound
teeth.*7®

Epdemological surveys on the incidence of caries m relation to fluoride
content of the drnkmng water and other factors have helped clanfy our
understandmg of the problem 0¥ So, too, the topical appheation of
sodium fluorsde in vanous commumities which have been well controlled
by observations i ather arets clearly shows the effectiveness of this form
of prophylaxis against dental canes 3% 2%

These obsenvations have stimulated the imtation of fluondation pro-
grams 1 any number of communtties in the United States dunng the past
decade and maore recently in other parts of the world  Currently 1t 15 estr-
mated that over 30 million persons are donkmg fluoride treated water
Mare on fluondation will be found m the hibhography 22 278 274 217 pod 4
the section, Dental Caries, on page 439

The other side of the story, delib ly prodi fuorine deficiency, 1s
in need of much further study. Only a few attempts have been made to
produce fluarine deficiency in expenmental ammals  Sorne years ago Sharp-
less and McCollum ®7 fed three genexations of sats a diet low in finonme
content, no effects were noted So tao, Evans and Phillips*™ fed rats 2
mitk diet for five generations and found only a decrease m the fluoride
content of the skeleton McClendon* has utilized the hydroponics tech-
mque to prepare fuorme-free foodstufls and has studied the effects of feed-
sng such materials to yats, Ove animal died s forty-eight days of stanation,
because severe canes prevented chewing, while a second rat hved a little
fonger but evidenced severe caries at autopsy. Lesions of the teeth have
been observed m rats born to mothers which had been placed on rations
grown from fluorive-free media  Histologrcal studies of such teeth have nat
heen reported. The few ?'n&'mals seported by MeClendon furnish the only

d that fuorine-d: diets d of natural foods have any
effect on the tooth structure of the growing animal.
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MOLYBDENUM

Small amounts of molybdenum were deteeted in plant and animal tissues

a number of years ago **! The posstble importance of this element in nutri-

t‘icn came from the recognition that a disease of grazing cattle known as

“teast” was due to excessive amounts of molybdenum in the herbage which

they were eating.”*? The similarities of the symptoms of “teart” to those

1 with copper defici in cattle suggested that the latter element

might be of use m treating the disease, This proved to be the case.?** More-

over, the oppostte situation was shown to oceur, i.c, molybdenum prevented
the detrimental effects of excess copper in the diet.?s

The relation of molybdenum to at least one enzyme, xanthine ovidase,
in mammahan tissues, would appear to place this element in the indispen-
sable graup. The cancentration of molybdenum in the diet has been shown
to affect the activity of xanthine oxidase in certain tissues, This enzyme,
which is a flavo-protein, has definitely been shown to contain molybdenum
as an integral part of its molecule,?35. 248,287

Molybdenum-deficient diets have been fed to rats by the Wisconsin
group *8* 28 No effects were noted even when the molybdenum content of
the ration reached 01 p.p.m. of dried diet or a daily consumption of 05
mictograms per rat. That the intake of molybdenum must be Jower than
this if biochernical evidence of deficiency (xanthine oxidase activity) isto be
detected has been demonstrated by showing that diets containing .02 p pm.
or .2 to .3 mierograms per rat per day are sufficient to produce 2 saturation
fevel of xanthine oxidase m the tissues **7 Hence, it would appear that
diets of lower molybdenum content than those heretofore utilized must be
fed to expenimental animals if changes other than biochemical ones are to
be produced.

Toxie effects of molybdenum have been studied in Jaboratory animals
In rats,? 2t prowth failure, loss of weight and anorevia appear to be
the most promincnt effects No anenua has been observed. The inclusion
of copper m the diet in overcoming the toxic cffects of molybdenum has
heen demonstrated m such anfmals. Moreover, methionine has been
shown to be equally, if not more, offective?®® ¥**

The inclusion of .1 or more per vent molybdenum in the diets of rabbits
Jeads to a syndrome characterized by anoreda, oss of weight, loss of hair
from a dry, scaly epidermis and anemia?® No achromotrichia or diarthea
was observed. An interesting deformity of the front Jegs developed; this
was characterized by an outward spreading of the limbs. The pathogenesis
of this change is not clear at this time.
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PROTEIN DEFICIENCY IN GENERAL

Of the three principal foadstuffs. proteins, fats, and carbohydrates, the
first are the most important, Besides contributing to the internal frame-
work of the cell and to the structure of such intercellular substances as
osteoid, collagen and dentine, protems furmish the amino acids from which

hormones, } lobns, plasma proteins, antibodies, and many
other physiologically active sut are made

E V McCollum 3 and VV, C. Rose ** have traced the development of
our knowledge of protem m nutnition  One of the first expenments was
that of Magendie who in 1816 restricted a dog to a diet of gelatin and found
the ammal failed nutritionally. In 1848, Mulder comed the term protem
Gelatin was often used as a foodstuff, but not until 1905 was it found to
support growth unless supplemented with the amino acids tyrosine, cystine
and tryptophan At the same tume Hopkms had shown that zein may be
partially supplemented by adding tryptophan 32 Osborne and Mendel ***
completed the story by adding lysine to tryptophan and zewm and so ob-
tamed good growth, These experiments initiated the modern investigations
of amno acids in nutrition, a subject which W C Rase and lus collaborators
have done so much to eluardate.

It seems unnecessary to go into detail concerning the metabohsm of
protems and amino acids. Hawever, a fundamental concept needs to be
stressed One must be concerned not only with the quantity but also with
the quality of dietary protem, For man, the daily requrement of 1 gm
of good quality protemn per kilo. of body weight has been set. The diet of
the growing laboratory animal (rat, mouse, rabbat ) 1s usually fed ad libitum,
its protemn content ordinanly compnses 18 to 20 per cent, As just noted,
protem may be admimstered i sufficient quantity yet be lacking n quahty.
Certain widely available natural foodstuffs, such as corn and rice, fall into
this category and give rise to world-wide qualitative protein malnutrition.
Corn and nce are discussed elsewhere with respect to kwashiorkor (page
334), pellagra (page 316) and beriber1 (page 406) It is apparent that
mmbalances of amino acids 1 natural proteins may lead to nutntional dis-
ease syndromes, or at least to disturbances in growth.2® This phase needs
much mvestigation,

Dietary protemn is broken down in the stomach and intestine into 1ts
constituent amino acids These together with those derived from the various
gastrointestinal secretions are absorbed by the cells of the intestinal mucosa

[8s}
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and carried off by the cireulatory system to other areas, particularly to the
hver. The amino acids may be grouped into several categories as to how
they are to be utilized, ie., via the three main end-products of metabolism:

acetyl CoA, oval te and alpha-ketoglutarate. These transformations

will be found summarized in Figure 45, Certain fundamental metabolic
1 -

. such as d jon and tr ination are concerned here.

Before going on to discuss deficiencies of the individual amino acids,
protem deprivation in general must be considered, for it is clear that the
usual effects of most single or multiple amino acid deficiency states are the
result of general protein deprivation. If each of the necessary aminio acids
1s not furmshed, no protein at all will be synthesized. A number of im-
portant effects may be produced in the organism by restricting dietaty
protemn intake. All of these consequences can be classed as non-specific;
moreover, they are common to deficiencies of many of the essential amno
acids.

As might be expected, growth of the protein-depleted organism may
be greatly slowed 2+ 395 When one examines the sheletal tissues, profound
alterations may be encountered.3® Dependimg on the severity of the defi-
cient state, varying degrees of retardation of epiphyseal or costal rartilage
cell proliferation will be found Cartilage, as is pointed out elsewhere
{page 11), 1s a critical index of the nutritive status of the organism. Dis-
turbance m protemn nutsition leads to a prompt decrease in prohferative
actwity of its cells. The alteration is entirely non-speafic and differs in no
wise from the effects of partial or total caloric restriction. Similarly, protein
deficiency mterferes with osteoblastic actwvity so that periosteal and endo-
steal bone formation is retarded, hence, an osteoporofic structure results
Here agamn the picture is non-specific, resembling that seen in partial or
total starvation Skelctal alterations resulting from protein deficiency are
reminiscent of those which follow hypophysectomy. Adminustration of
growth hormone to protem-deficient rats has no beneficial effect on the
actwity of cartilage cells or of osteoblasts, T Protein deficiency in the adult
rat lerds to rarefaction of the sheleton.3°® Alterations in the teeth and peri-
dontal tissues of protem-starved yats have been described.s¢? 92

The thymus and lymphoid tissues in general are affected by protein
deprivation. Atrophy 1s the rule. The thymus, lymph nodes, and spleen are
reduced 1n size; proliferative activity ceases

Certain endocrine glands: pitwtary, adrenals, and gonads, suffer in a
non-specific fashion,

Protein deficiency leads to d d formation of hemoglobin, red
Blood cells, 12313 and, in particular, plasma proteins.si*#* The hypopro-
teinenua may or may not be accompanied by edema Some amino aeds are
more potent than others in correcting these defects. s’
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As might be expected, a good many of the disturbances 1 plasma protemn
formation can be ascribed to malfunction of the hver. It has been known
for a number of years that hepatic damage follows the ingestion of diets
low in protein content. For instance, when rats are placed on a low protemn
diet the total protein content of the liver falls rapidly so that a large propor-
tion of cytoplasmic nitrogenous constituents may be depleted 1 only a few
days.®'7 Functiona! aspects of this m protein-depleted animals may be
brought out by studymng the 1n vifro activities of certain enzymes m the
livers from depleted animals and P these with similar enzyme
systems from normal animals *'® For instance, the actiitics of pyruvic
ovidase, succinoxidase, suceime acid dehydrogenase, d-amino ovidase, DPN-
cytochrome C reductase and uricase are reduced. On the other hand the
activities of certain other enzymes are unchanged.

The effects of protem deficiency on reproduction m the rat has been
studied in some detail 29% 31 A critical level of about 5 per cent dietary
protein was found to insure reproductive function

Studes of the concentrations of nucleic acid and phospholipid in intact

Ficere 41, ProTEIN Deficrency.,
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and regenerating nerves of protein-depleted rats indicate no differences in
these constituents 348

Protein deprivation would appear to have a profound effect on the in-
tegrity of the comea and lens. During the early studies of tissue changes
associated with nutritional deficiencies, great interest centered upon the
eye when corneal vascularization was found in ribolavin-deficient rats %
Ingrowth of eapillaries into the cornea was regarded as a manifestation of
riboflavin deficiency in man. As time has elapsed vascularization has been
obscrved to accompany other deficient states, particularly those associated
with a fack of protein in general or of single amina acids. Ingrowth of capil-
laies into the rat’s comea has now been ohserved as a resnlt of deficiency
of each of the 10 essential amino acids.3?

Cataract may develop during the cowrse of deficiencies of protein or of
certain vitamins (page 212). The lens is likewise affected by animo acid
deprivation, though ta varying degrees ' Tryptophan, phenylalanine and
lustsidine deficiencies lead to the most marked changes, while less damage
is evidenced with a Iack of leucine and thrconine, Haziness of the lens has
been deseribed to yesult from deficiencies of lysme, isol methionine
and valine.

The role of dictary protein in modifying the response of host cells to
those intracellular agents of disease, the viruses, has received much atten-
non3?* For instance, when the virus of swine influenza was inoculated into
mice, the protein nutrition of the latter was of importance in determining
the outcome, which has a cyclic variability. Initially, there s increased sus-
ceptibility, followed by a phase of increased resistance, and a final stage
of increased ptibility. It is postulated that these three phases corres-
pond ta: (1) utilization of the animal's depot fat and carbohydrate reserves,
(2) protein reserves, and (3) cells thernselves Antibody formation is im-
paired in protein-deficient animals.?*

Of the twenty-odd amino acds which have been isolated, Rose has

d ten as indisy ble far the rat, that is, those which are needed
{or normal growth. tryptophan, lysine, histidine, arginine, phenyldanmne,
i Jeucine, ¢ i hi dnd valine. Further studies have
shown that these same amino acids are necessary for normal growth of
the dog and pig and that all but two, argamne and lustidine, are necessary
to promote a positive nitrogen halance in man, Arginine is synthesized
moderate guantities by the adult rat so that it is only indispensable for the
activities of the growing animal

The indispensability of various amino acids has been studied in rats 3
nice,?2t dogs, %28 swine ' and man. The influence of amino acids on
growth of cells in tissue culture has been reported.# In addition to the
ten wdispensable ones already noted above, cystine, tyrosine, and gluta-

a
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mine appear indispensable for a number of mammalian cell strains w tuch
have been studied.

Certain amino acids might be classed as partially indispensable. In this
category are cystme and tyrosme which will respectively replace in part
the truly indispensable amino acids, methionine and phenylalanine * 421

Some effects of other nutrients on the metabolism of protein must be
mentioned For mstance, the fibrous protemn, collagen, which forms the
basic framework of the skeleton, teeth, and connective tissues of all organs,
15 dependent on normal concentrations of ascorbic acid in certan organ-
tsms  Another protem, keratin, 1s affected by disturbances n the concen-
tration of certamn ins T ton and d fon reactions re-
quire pyndoxal phosphate, So, too, the metabolism of specific amino acids
15 affected by certain vitamuns* tryptophan by pyndoxine, glycine by folacin;
the aromatic ammo acids by ascorbic acid; et cetera,

TRYPTOPHAN

One of the monuments m the history of nutntion is the ohservation of
Willcock and Hophins i 1906 that mice fail to grow, and may even due, if
the sole source of dietary protein is zem 32 Although the hves of the ani-
mals were prolonged when tryptophan was added to the ration, 1t remained
for Oshorne and Mendel 33 to furnish the complete story a few years later
by showing that zein plus tryptophan plus lysine promoted normal growth.
In this way, tryptophan and lysme were established as essential nutrients

As 15 the case of all of the ammo acids, the function and metabolie mter-
relations of tryptophan 1 the organism are still not fully understood Its
importance 1s obvious, since 1t is a constituent of plasma proten, hemoglobin,
thyroglobulin, Nissl substance and many other body protems The role of
pyndoune in the metabohsm of trypotophan 1s a most interesting one which
15 chscussed elsewhere (page 235).

An even more unportant aspect of tryptophan metabolism is its rela-
tionship to nicotmic acid. The often noted connection of maize with the
pellagra syndrome in mau, together with the effects produced in experi-
mental animals by diets ining large ities of 1, naturally
focused attention on tryptophan, in wiuch this grain is defcient, Even when
micotinic acid seemed to be the final answer to pellagra and to blacktengue,
certam discrepancies could not be explamed (page 219). Based on expert-
ments on rats, dogs and swine, which all appeared about the same time, the
hypothesis was advanced that tryptophan was a precursor of nicotmnic acid.
This was shown to be the case in rats and the various ntermediates m the
transformation of tryptophan to nicotinic acid were worked out by the iso-
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tope techmque.®** The following compounds are formed in order from
tryptophan: formylkynurenine, kynurenine, hydroxykynurenine, hydrovy-
anthrambie acid and nicotimie acd, At Jeast three other vitamins affect these

reacti Hence, defici of thiamine, riboflavin and/or pyridocine
may Jead to impared formation of nicotinic acid Thiamine affects the trans-
formation of tryptophan to formylky ine. Riboflavin acts on the re-

action: kynuremmne to hydrosyhynurenine; while vitamin B, deficiency im-
pairs the reaction hydroxykynurenine to hydrovyanthranilic acid Now
that this relationstup has been established, pointed studies of nncompli-
cated tryptophan deficiency, ie., in the presence of adequate nicatinic
acid, are much needed

The experiments of Hopkins®*® in mice and of Oshorne and Mendel 3
in rats, established that tryptophan deficiency feads to a disturbance in
growth, That this amino aedd is also y for the mai of nitro-
gen equilibrium in the adult organism has been demonstrated in the rat, 3
mouse,?** pig3*" and dog’®

Loss of hair is a prominent feature of tryptophan defi in the rat. 3%
31832 Alopecia hegns on the head and spreads to involve the face and
back.#® In the growing animal the hair may be restored by adding trypto-
phan to the deficient diet, No histological studies have been reported
thus far.

Cataracts which may not be specific {page 88) have been described in
rats 10,933,338 1 and swine *7 In the first species, two types, acute and
chronic, have been designated. The former starts m the posterior cortex
of the lens, spreads ta involve the perinuclear and anterjor cortical zones
and usually matures within two to three weeks, The latter, which takes
longer to appear and matures more slowly, is confined fo the anterior and
posterior cottices  Cataracts developing in tryptophan-deficient rats have
been further characterized by therr reversability and irreversibility, In the
former type there is splitting of the fibers and vacuolization, as a yesnlt of
excess hydration With disorgamzation of the lens structure the damage
becomes irrevetsible.?” “Congenital” cataracts have heen noted in rats
bam to females which had been placed on tryptophan-deficient rations be-
fore delivery?*® Cataracts have been described in growing mats but not in
adult animals. In two of three swine studied by Wintrohe ef a7 opacities
were toted in the equitorial portion of the lens, in one animal these spread
to the anterior and posterior portions of the lens.

Comeal vascularization ocetrs 1n tats deprived of tryptophan, in snch
animals this change appears to be pecific festation of the deficient
state? A slight anemia has been reported in growing rats mamtaned on a
diet whose protein was fumished by acid hydrolyzed casein; the blood
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count returned to normal when tryptophan was admimstered. 2% A much
more marked reduction in red blood cells and hemoglobn has been ob-
served in swine fed an acid hydrolysate of casemn.®? This anemia is normo-
cytic The reduction in red blood cells is accompanied by normal serum
won levels, no hemosiderosis 1s found 1 the tissues. The bone marrow is
not particularly hyperplastic If dogs are rendered anemic by bleedmg,
accelerated hemoglobm formation takes place when tryptophan 15 admin-
istered >**

A reduction in plasma protems has been observed m rats® and in
swine ¥ made deficient m tryptophan In the latter species the serum
protemn concentration may fall to low levels, for mstance, in one animal
the normal value of over 6 gm per cent decreased to a low of 28 gm. per
cent after 117 days on the deficient diet. Tryptophan leads to prompt
regeneration of plasma protem m the hypoprot 1 i d
doglszs

Absence of development of the yellow pigmentation of the mcisor teeth
has been observed n the rat 33 This, as might be expected, is only seen
in growing ammals, its pathogenesis is not clear.

Necrosts and atrophy of skeletal muscle have been observed n three
swine deficient m tryptophan 37 Such changes resemble those which are
so famihar 1 many species deficient in vitamin E - No alterations 1n skele-
tal muscle fibers have been noted in rats  On the other hand, prominent
alterations are found in the myocardium and smooth muscle of the gastro-
testinal tract, bladder and uterus in this species  Such changes consist
of facal necroses with cellular infiltrations #%

Several observers %% 311 have noted fatty hvers in tryptophan-deficient
rats, It has been stated %% that “tryptophan ts a most mportant dietary
essential for normal gestation m the rat ” Tlus 15 true, though the effect
1s entirely non-specific The differences which liave been observed are un-
doubtedly the result of inantion, since the deficient rats lost, on the aver-
age, 34 gm., while the controls gained, on the average, 31 gm In addition,
the food consumption of the latter group was greater than that of the former.
It seems only Jogieal to assume that reproduction cannot take place when
any of the ten essential amino acids are absent, since by defimtion all are
necessary for normal growth

Microscopic examnation of the teeth of tryptophan-deficient rats % has
revealed only non-specific changes

In expenimental tryptophan deficiency in the human, studies have been
carried out for only very short periods. Aside from o negative nitrogen
balance, wlich indicates that this amino acid is indispensable, no significant
changes have been obsened m fants 3 and adults 244 The direct rela-
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tionship of tryptophan to nicotimic acld synthesis in man now seems clear
enough since this transformation has been shown by studies utifizing radio-
sotopes, s

LYSIN

Lysine and tryptophan were the first indispensable amino acids ta be

d. From the preceding section it will be recalled that Hopkins **

showed that the growth of mice cOu!d be prolonged when tryptophan was

added to zein, and that Oshorne and Mendel 39 Jater showed that growth

can be much improved when lysine is added to the tryptophan-zein mixture.

The latter investigators also demonstrated that rats fail to grow on a diet of

winch the protein is supplied by wheat ghadm which is deficient in lysine;
growth was improved when the missing amino acid was added,

Lysine is converted via acetate to glutamic acid. It may also be a pre-
cursor of heme ™7 and a source of arginine»® This amno acid has some
lipotrophic affect on the fatty livers which oceur in the rat on a low protein
dhet 340

Lysine is necessary for the growth of rats2%. 33! Slight though deBnite
decreases in red blood cells and hemoglobin content are seen as a result
of lysine deficiency; *5* this may be brought out by studying the effect
of lysine admunistration after a severe hemorrhage.®®® Osseous changes,
which are non-specific and consist of diminished endochondral bone forma-
tion, are seen in lysine-deficient rats; the healmg of artificially produced
hony defects in such animals is unimpaired 3 Lysine 15 3 chromotrichia
factor in rats #¢ The amino acid is an indispensable nuttient for mice,’**
dogs 3% and swine,327. 355

Studues of lysine deficiency in the adult human male have demonstrated
the development of a negative nitrogen balance **¢ The daily need for
lysine 1s set at .8 gm

HISTIDINE

The indispensability of histidine for the rat was demonstrated by Rose
and Cox m 162435

Histidine is a p of carbohydeate, since gl deposi in
the liver follows s ingestion, The ketonuria produced bya )ugh fat et is

decreased when histidine is fed.*
Histidine ins the imidazole ring, a which the organism




PROTEINS AND AMINO ACIDS a3

appears to synthesize with difficulty.3* Henee, it is of interest that the con-
centrations of camosine and anserine which contain this nng are decreased
in striated muscle of histidine-deficient rats 3%

The relation of histidine to histamine is not entirely clear, Certain
tissues contain an enzyme which will form histarne from histidine; for
instance, ladney cells have a decarbovylase, which effects this transforma-
tion.3! It is possible that the tovic effects which follow histidine administra-
tion may result from its conversion to histamine, all of which may explain
the anorexia, tachycardia, respiratory difficulty, and paralysis of the ind
extremuties winch may be observed in rabbits mnto which the amino acid
has been mjected  Microscopie exammation of such anmals reveals pulmo-
nary edema and iction of the L fual lature.®?

hstidine is necessary for growth37.3%3 and for nitrogen balance ™ in
the rat. Animals acutely deficient in histidine develop a moderate anemia;
hemoglobin values fall from the normal of 14 gm to about 10 gm. per
cent Histological examunation of the tissues have farled to reveal any
specific changes other than those which must be aseribed to inanition or
protein deficiency 1n general 3% 368 Fishdine 5s needed for the weight
mantenance of adult rats 2% Deficiency of this ammo acid leads to a nega-
tive nitrogen balance 1n dags.®* Histidime is necessary for plasma protein
production in the plasmapheresed dog,3*® and promotes hemoglobin forma-
tion in dogs made anemic by bleeding. However, the relation of histidine to
hemoglobin synthesis in ths species requires further study. Ihstidine 1s an
essential nutnient for swine *7 and mice, ¥

In man, diets deficient in histidine do not lead to a negative nitrogen
balance, at least for periods Jasbing up to erght days,3%®

ARGININE

The indispensability of argimine for the growth of young rats was first
shown 1n Rose’s laboratory an 1930 3% This ammo acid 15 not necessary for
the well being of adult rats, since sufficient amounts can be synthesized to

the organism gen balance 370

Arginine sdministration leads to the depomtion of a small amount of
glycogen in the liver and to a decrease in the ketosis of fasting rats which
have been fed sodium butyrate 3 Arginmne is one of the precursors of
creatine 3 and, of course, acts as a catalyst m the synthesis of urea

As noted above, argiine is an indispensable nutrient for the growing
2%, but is not necessary for the adult rat**® mouse,?* or dog.® all of which
can synthesize sufficient quantities of the amino acid, Growing swine need
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tionship of tryptophan to nicotinic acid synthesis in man now seems clear
enough since this transformation has been shown by studies utilizing radio-
1sotopes.?43

LYSINE

Lysine and tryptophon were the first indispensable amino acids to be
recognized. From the preceding section it will be recalled that Hopkins 2
showed that the growth of mice could be prolonged when tryptophan was
added to zein, and that Osborne and Mendel 202 later showed that growth
can be much improved when lysine is added to the tryptophan-zein mixture,
The latter investigators also demonstrated that rats fail to grow on a diet of
which the protemn is supplied by wheat gliadin which is deficient in lysine;
growth was improved when the missing amino acid was added.

Lysine 15 converted via acetate ta glutamic acid. It may also be a pre-
cursor of heme **7 and a source of arginine.®*® Tlus amina acid has some
hpotrophic affect on the fatty hvers which occur in the rat on a low protein
diet 319

Lysme is necessary for the growth of rats.%5% 33 Slight though definite
decreases in red blood cells and hemoglobin content are seen as a result
of lysine deficiency; % this may be brought out by stadying the effect
of lysine adminstration after a severe hemorrhage.?* Osseous changes,
which are non-specific and consist of diminished endochondral bone forma-
tion, are seen in lysme-deficient rats; the healng of artificially produced
bony defects in such animals is unimpaired.3® Lysine 18 a chromotrichia
factor m rats.35% The amino acid s an indispensable nutrient for mice,**
dogs ¥ and swine.5?7. 355

Studies of lysme deficiency m the adult human male have demonstrated
the development of a negative nitrogen balance* The daily need for
lysine is set at .8 gm.

RISTIDINE

The indispensability of histdine for the rat was demonstrated by Rose
and Cox in 1824 247

Histdine is a precursor of carbohydrate, since glycogen deposition in
the fiver follows its mgestion The ketonuria produced by a high fat diet is

decreased when histidme is fed ?*® .
Histidi ins the imidazole ring, a structure which the organism
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may be the case is brought out by pigmentary alterations in the har, which
may be returned to normal if tyrosine is administered.?s!

LEUCINE

Leucine was shown to be an mdispensable nutrient for the growth of
rats by Womack and Rose m 1936 22

Leucine labeled with carbon 14 has been shown to gave rise to acetate 3
Little else 13 known of the metabolism of this ammo acid.

No speaific Justological alterations have been observed in rats which
have been placed on leucine-deficient diets.*® Comeal vascularization and
hypophyseal changes would appear to be similar to alterations assocated
with other amino acid deficiencies 1% 32° Leucine is of importance n the
correction of red blood cell and hemoglobin regeneration after severe hem-
orrhage®® Tlus ammno acid 1s also necessary for plasma protem forma-
tion®¢ and hemoglobin synthesis®2 in the dog Leucine is an indispen-
sable nutrient for the suckling pig*** and the mouse.***

In man a negative nitrogen balance ensues wlen leucine 1s omitted
from the diet The daily adult requirement 15 set at 11 gm 28

ISOLEUCINE

The indispensabulity of 1soleucine for the growth of rats was demon-
strated by Womack and Rose in 1936 3**

Little is known of the role of isolevcine in nutntion save that it a
source of glycogen (pyruvate) and of ketone bodies (acetoacetate) 5%

When rats are placed on an jsoleucine-deficient diet growth ceases and
weight loss ensues.®*> Non-specific alterations in the hypophysis, gonads,
thymus and bone are found at autospy.® The only changes which may be
specific 1s the presence of hyahine and fragmented striated muscle fibers
in the only muscle (sternomastoideous) which appears to have been ex-
amined. Although the desenption of this change is madequate, the allus-
trations show a definite lesion. Tt 15 unfortunate that its extent was not
determined. Tsol is of signil forl lobin and plasma protein
prod m rats depleted by bleeding 316

In the dog, isoleucine is necessary for hemoglobin®!? and plasma pro-
tein formation ** and for the muntenance of nitrogen balance3% The pig
requires isoleucine,®® as does the mouse?2¢

Tsoleucine is wdispensable for infants® and for adults®* since nega-
tive nitrogen balance develops in its absence. The daily requirement for
the adult male has been set at .7 gm 3¢ i
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a source of dietary arginine.%”” Arginine, therefore, has a unigue place be-
tween the indispensable and dispensable amino acids. There is some evi-
dence that arginine is necessary for plasma protem formation in the
protein-depleted dog®* and for hemoglobin formation in dogs rendered
anemic by bleeding 32

PHENYLALANINE

In 1934, an important report from Rose’s laboratory showed that phenyl-
alanine is an indispensable amino acid and that tyrosme is not.3™

The normal metabolism of phenylalanine calls first for its conversion to
tyrosine, further breakdown is indicated by an opening of the benzine ring **
Phenylalamne and tyrosine may be metabolized to form acetoncetate, which
15 of significance in lipd tumover.**s Transamination may lead to keto
acids which may then undergo decarboxylization. The role of ascorbic acid
in phenylalamne metabolism, which has been shown in both guinea pigs
and p babies, 1s di d on page 176, Phenylalanine and tyrosine
are structurally very closely related to epinephrine, ephedrine, thyrowun, tri-
odothyronine, and melanin, althongh no changes in the metabolism of such
compounds have been reported in animals deficient in these amino acids.

When rats are placed on diets deficient in phenylalanine, growth
promptly ceases, 274 170,317 § pegative nitrogen balance also ensues.??® Path-
ological studies have been reported in two series of phenylalanine-deficient
rats and their pured-fed controls.37 37 An average reduction in hemo-
globin from 14.7 gm. to 9.9 gm. and a shght fall in plasma protein concentra-
tion from 558 gm. per cent to 4.71 gm. per cent are described ¥ Histo-
logrcal examination of the tissues has shiown no changes other than those
which can be aseribed to inanition: disturbance in endochondral bone
formation, thymic atrophy, decrease in size and in fat content of the
adrenals, and atrophy of the testicular tubules.

In dogs phenylalanine appears to be necessary for plasma protein pro-
duction %% and for the maintenance of nitrogen balance 35 Phenylalanine
is an indispensable amino acid for swine ¥ and mice.3%¢

When normal infants are placed on a phenylalanine-deficient diet, they
cease gaining weight and evidence impaired nitrogen retention 7 This
amino acid 1s dispensable for the adult human male in whom the daily
requirement §s placed at LI gm.*™ Such a requirement for phienylalanine
may be lowered if tysosme is fed since the latter amino acid may spare 50
to 75 per cent of the needs of the former.*%

The primary disturbance in the syndrome of phenylhetonuria is 2 block
ia the conversion of phenylilanine to tyrosine. Hence, the disease may be
Tooked upon, in pat, as a form of conditioned tyrosine deficiency, That such
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cystine, were idered to be indispensable comp of the di’?t‘ At
that time, however, Rose and Ius co-workers 4% demonstrated cystine to
be a dispensable nutrient, for when adequate amounts of methionine \v?re
added to a cystme-free amino acid mixture, growth of rats fed a ration with
such a source of nitrogen was normal That methionine may be conv erted
mto cystme by the rat further clanfied the relationship of these two ammo
acids

The metabolism of methionine is thus closely related to that of cystine,
and in turn to choline, creatine and substances which include a host of
sulfur-containing compounds, such as those enumerated on page 251
Methionne is indispensable except under stungent laboratory conditions,
i e., when homocystine and cholme are fed to rats on a methionine-free duet,
the latter amino acid will be formed %57

Methionine donates methyl groups to ethanolamine, resulting in the
formation of cholne®® (page 251) The stages m the transformation of
methionine to cystine are thought to be as follows: methiomne—homo-
cystetne + methyl groups; h ine + ser ystath i
—>cystine The sulfur of the cystine which results 15 derived from methio-
nine, the carbon chain from serine

Since the metabolism of methionme and choline are so closely related,
it has been difficult to separate the pathological mantfestations of a defici-
ency of one from the other (page 251). So, too, since methronine 1s a pre-
cursor of cystine, 1t has been difficult to separate entirely the effects of
deficiency of either of these two amino acids. For when methiomne is ab-
sent from the diet, cystine obviously will be too, unless otherwise supplied.

An antagonist of metluonine, ethionine, which contans an ethyl radicle
in place of the methyl portion of methtomne, has been used to study certain
effects of methiomne deficiency 0t

Methionne is necessary for the maintenance of mtrogen metabolism in
the adult rat*** and the dog.?? In addition, 1t is apparently necessary for
growth of the mouse *¢ and for hemoglobin formation m anemic dogs 212

When methionme deficiency 1s produced in the growing rat by utihzing
a mrgture of punfied ammo acids, including cystine, there is retardation of
growth #* Moreover, a reduction 1n hemoglobin formation and in plasma
protemn production is seen as well No alterations are found in the Jiver
and other tissues at autopsy. That methionine plays a role, though how spe-
cific & one, 1n protein synthesis is brought out by further studics on rats 4
and dogs,*”* m both species reduction i hemoglobin content, red blood
cell count and plasma protein concentration has been reported.

From the data which have been accumulating during the past 20 years
or sa, it is now clear enough that the effects of methionine and cystine de-
ficiencies, particularly the latter, are different from those of choline (page
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THREONINE

While studying the problem of essential and non-essential amino acids.
Rose and his co-workers®® discovered a new one which they added to
the indispensable group in 1936, After proving that it had an analagous
structure to d-(-)-threose, the new amino acid was named threonine 3

The metabohe role of threonine has been partially elucidated in recent
years as a result of isotopic studies.”® This amino acid appears to be a pre-
cursor of glycine and of acetate, Thus, as might be expected, threonine
could be a source of heme. Unlike most amino acids, threonine does nat
appear {o participate in transamination reactions.

The effects of threonine deficiency have been studied in the rat.* Ona
diet contatning all erystalline amino acids save threonine, no disturbances
other than those which could be aseribed to general inanition appear to
have been observed. The usual non-specific effects on bone, thymus, hypo-
physis and gonads were found when these and other tissues were examined
mmeroscapically.

Studies of the mfluence of threonine on the deposition of fat in the
hivers of rats fed diets of 9 per cent casein indicate some lipotrophic activ-
ity by this amino acid®* Moreover, diffuce fatty infiltration has been
noted in the livers of rats fed diets pletely deficient in th ine.3**
The fatty infiltration, which may be corrected by threonine, is less severe
than that which 15 observed on low-pratein diets, which are deficient in
choline %8¢ %87 Tlhrepmme is an essential nutrient for mice,3?* dogs®** and
swine,5¢% 398 It is necessary for hemoglobin formation *** and plasma pro-
tein production ¥ in dogs. Mice exhibit a rapid loss of weight and exhibit
a peculiar puffy appearance and marked abdominal distention.#* At
autopsy severe edema and ascites are found,

In infants threonine has been shown to be indispensable.3*® The require-
ment of 60 mg, per kp. per day has been set. Below this, there is failure to
gamn weight m normal fashion and impaired nitrogen retention.

Threonine is also an essential nutrient for the adult human. The require-
ment has been set at .3 to .5 gm. per day.? Itis cf interest that in Wilson's
disease, in which ammo aciduria is promi ine is ted in
amounts Jarger than those of other ammno acids.®7

METHIONINE

Until 1937 both of the sulfur-containing amina acids, methionine and
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Ficure 42, CysTive DeFicieacy

Liver, rabt. Sections from ammmal which had been on low protews, high fat diet swith
tocopherol but no added cystine A (x75); B (x450). Extensive necrosis 1s present
which tends mn this ammal to mvolve all tissue but the cells about the central vemns
All necsotic cells appear to have been involved at about the same time. In the higher
power (B) note sharp transttion for viable appearing cells to those which are completely
necrotic. No leukocytes or red blood cells are present H and E.

251, It would appear that this is the most appropriate place to discuss
the syndrome of massive hepatic necrosis and the role played by cystine
and other factors in its pathogenesis Although a great deal has been
learned duning the past 10 years, the story is not yet complete.
Investigations of cystine deficiency began in 1935 with the studies of
Weichselbaum ¢+ wha noted jaundice before death and at autopsy gross
hemorrhages in the livers of rats fed a diet Iow in protein and cystine con-
tent. When cystine was administered in the basal diet to such animals, the
hemorrhagic changes and deaths failed to occur. Moreover, moribund rats
could be saved by the admimistration of cystine, but not methionne These
experiments were carried on Just at the time when studies of choline defi-
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ciency were interesting many workers in the production of fatty hvers and
cirrhosis, The situation was therefore somewhat confused when Gyorgy and
Goldblatt 40 described fatty infiltration, necrosis and cirrhosis of the lvers
of rats which had subsisted on a diet low m the B vitamin group, though
adequate mn protemn content, In 1942, however, Daft, Sebrell and Lilhe *°*
clanified the situation by separating what appeared to be the primary effect
of cystine deficiency, that is, hemorrhagic necrosis of the hver, from those
effects which could be ascribed to choline defictency, which are fatty infil-
tration and cirrhosis

Experimental 1 ploying erystalhine amino acid muxtures,
supplemented with methionine and/or cystine in the presence of adequate
choline, were then reported ** and confirmed the conclusions just cited.

et hlryy
a PEIPE-T 5 P -~

Fiovme 43 Cystine Derrcevey
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Fioure 44. Cystine Derrcieacy.

When groups of rats were placed on diets whose protein content was sup-
plied by mixtures of erystalline ammo acids containing varying amounts of
methionine and cystine, the following differences were noted. When both
methionine and cystine were absent, the animals lost weight and developed
an uncharacterized anemia and hypoprotei) at autopsy, ive hem-
orrhagic necrosis of the hwer was found. When inadequate amounts of
methionme but no cystine were added to the diet, the animals lived a hittle
longer but succumbed with hver necrosis, even though no anemia or hypo-
proteinemia had developed. When methionme intake was restricted but
chetary cystine was adequate, no Jiver necrosis was observed although dur-
ing life disturbance in hemoglobin and plasma protein formation developed.
Thus, methionine deficiency app 3 to wterfere with hemoglobin and
plasma protein formation, while a Iack of cystine seemed to lead to liver
is which developed in the at of fatty infiltration, since choline
swas present i the diet. Hence, by the mid 1940s, there was general agree-
ment that cystine was an important factor for the liver, since a deficiency of
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this amino acid was responsible for the devel
necrosis in the rat.

However, results obtained in laboratories where further studies of he-
patic necrosis were being carned out indicated that cystine deficiency was
not the entire answer. Another factor, alpha-tocopherol, proved to be of
importance, smce 1t could protect rats which had been placed on diets which
ordinanly led to massive necrosis of the liver.$7® This observation has been
confirmed in many laboratories; morcover, the deletenous effects of cod
Tiver o1l and other unsaturated hipids which destroy vitamin E has been
demonstrated.

But the story was far from completed. Certain diets high in yeast con-
tent were found to be necrogeme.s™® This activity could be abolished by a
substance found in casein, now designated as Factor 3,°%® whose activity
may be related to its selenium content.?*?

At the present writing 1t is clear that the massive hemorrhagic necrosis
produced by dietary means is not the result of a single deficiency. At least
three factors: cystine, vitamin E, and Factor 3, which may be selenium,
appear to be implicated Tlus brings up the whole question of differentiat-
mg a deficiency state from an intoxication, since many poisons are well-
known causes of hepatic necrosis, Whether any one or all of the three afore-
mentioned factors play a role mn d fi 1 15 a
which remains to be elucidated.

Structural, as well as biochemical, alterations which are found n the
course of the massive hepatic necrosis syndrome of rats have been de-
scribed 497 4% During the prenecrotic stage the liver cell exhubits a reduse-
tion of cytoplasm and a decrease m the number of basophilic ribosenucleic
acid granules Such alterations are simular to those which develop in the
Twer as a result of pl d protem defici Although an increase
n ble lipid may be d, necrosis will develop in its absence.
Death of the hiver cells 1s sudden and widespread  Ordinanly, demtse of the
animal occurs witlun twenty-four hours. The few rats which recover de-
velop irregular depressed scats in the hver

A serial analysis of certain constituents 1 the hver during the develop-
ment of the massive necrosis has revealed that an the prenecrotic stage a
fall in wet and dry weight of the hiver occurred. The concentrations of total
Iipids, neutral fat, total fatty acids and cholesterol esters progressively in-
creased  Glycogen and phospholipid content d uncl d. With
the development of necrosis a significant increase in wet and dry \\Dcighl was
seen, In addition, an increase in free chol land a d
and phospholip 3

The picture of massive liver necrosis may be altered in several ways
For istance, the adminsstration of dessicated thyroid gland leads to the

P t of massive hepatic

in vl
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development of more extensive lesions 4 Thiouracil and certain other
“anti-thyroid” drugs tend to protect. Pregnancy appears to be a precipitat-
ing factor in the development of experimental dietary necrosis in the rat 1
When the carbohydrate content of the ration is varied, no discernible effect
can be demonstrated on its necrogenicity.#** On the other hand, raising the
fat content of the diet appears to increase the degree of liver cell damage.

The relationship of methionine to the maintenance of the integrity of
the hver of protein-depleted dogs in the presence of poisons is another
iteresting story. Any results, of course, may be due to a choline or cystine
effect When dogs are placed on a low protein intake and their protein stores
are reduced by plasmapherests, a reduction in tolerance to the intravenous
admumstration of mapharsen occurs as d by the apy of
jaundice 412 The administration of methionine the day hefore the injection
of the arsenical raises the tolerance of the animal in that Jarger doses of
the drug are required to produce icterus. Then, too, if similar protein-
fepleted dogs are maintained under chloroform thesia for thirty min-
utes, they die of necrosis of the liver.?* Methionine has a dramatic effect
on such dogs, if within three or four hours following the anesthesia this
amino acid 15 injected mtravenously, the animals recover. It is nnhkely that
such protective effects can be observed in normal dogs 41

Sifice methionne is a precursor of cystine, what httle else that 1s known
of the role of the Iatter amino acid in the organism should be mentioned
Cystine has been known to be a constituent of hair for some time, when
vanous specimens of hair are analyzed, they are found to contain on the
average almost 20 per cent of this ammo acd #*5 That rats placed on a
cystme-deficient diet will show an inhibition of hair growth is therefore
not an unexpected finding 41¢ The hair of such animals is also abnormal
in that the medullary cells are broader and more Joosely packed; the cortical
portion, which incxdentally ins sulfur, is than control hair.
It 1s unfortunate that tustological studies of the skin of such animals have
not been made. Other experiments employing diets deficient 1n sulfur con-
tainmg amuno zewds mdicate a shghtly increased production of hair when
methonine 1s added mnto the diet. s

Some incidental observations of methionine deficiency in rats and other
species mght be mentioned.

When the comneas of methionine-deficient rats are ined with the
sht-lamp, vascular buds are found growing towards the center of the struc-
ture.4*® This would appear to be a nonspecific effect (page 453).

Methionine is an ndispensable nutrient for swine '® The methionine
requi for the of mitrogen metabolism in adult man
has been set at 1.1 gm. per day.#?® As might have been anticipated from
the studies reported in experimental animals, cystine exerts a sparing effect
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on methionine, in fact the former amina acid can replace 80 per cent of the
requirement of its precursor,®® This 1s far more than the 30 per cent re-
placement of cystine for methiomne in the rat

VALINE

The last of the amino acids shown to be indispensable for the rat was
valine; Rose and Eppstein reported tls m 1939 **

Valine is a source of carbohydrate (glycogen) *** Other roles of this
amino acid in metabolism are unknown at this time

When rats are placed on a valine-deficient diet, they virtually stop eat-
ing and rapidly lose weight. In the termmal stages of the deficiency they
exhibit unique signs which Rose and Eppsten*? described as follows:
“The rats become extremely sensitive to touch and display a severe lack of
coordmation 1n moyement. They walk with a staggenng gmt  As the am-
mal attempts to walk the left foreleg 1s raised mordmately and the head 1s
retracted  Frequently the subjects show a rotary motion resembling that
of a dog chasing 1ts tail This may be esther clock or counter-clockwise and
may continue until the ammal falls to the floor of the cage from sheer ex-
haustion  As would be anticipated the symyptoms are rapidly cured by the
administration of vahne without any other therapeutic measure ™ No lusto-
logical studies m such ammals liave been reported and, of course, are
greatly to be desired Valine 1s needed for hemoglobin and red blood cell
regeneration m the rat made anemic by hemorrhage ¢

Valine 1s necessary for growtl of mice *-* and for plasma protein and
hemeglobin formation m the dog®* ™% Growth and feed utihzation 15 1m-
paired 1n swme which have been placed on a valme-deficient ration.$**

In man valine 1s well gmzed as an ind le nutnient., A level of
8 pm per day n the diet 1s necessary to msure positive mtrogen balance.*

MISCELLANEOUS AMINO ACIDS

GLICINE
The simplest ammo and, glyeme, 1s of great importance metabolically
since it 15 2 precursar of a great many g and non-nit

It i
compounds,*”* These include scrme (and hence ethanolamme and cholme,

page 251), glutatlnone, creatine; a variety of proteins, including collagen
which contains 25 per cent glycine, prophyrins, uric acid, pllnl)C;, formate,
pyruvate and acetate. The relation of folacin and vitamin B, to the metabo-
Tism of glycine 1s diseussed on pages 271 and 277,
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Since all mammalian organisms can synthesize glycine, this amino acid
belongs in the dispensable group. However, the glycine in the organism may
be depleted if it can be diverted away in sufficient amounts. In the expen-
mental animal this may be accomplished by feeding benzoie acid, which
combines with glyeme to form hippurie acid. When such an experimental
procedure is applied to growing rats, weight gain is retarded

SERINE

Serine may be formed from glycine *** and is the precursor of ethanola-
mine which 1s then transformed into choline.® Serine also participates
the formation of eystine, is a source of pyruvate, and may give rise to ala-
nine 4%

PROLINE AND HYDROXYPROLINE

These two amino acids are of importance because of their high concen-
trations in the collagen molecule.®*® Together they furnish almost one quar-
ter of the amino acid residues found in collagen from various mammalian
sources. The presence of hydrovyproline in collagen is so unique that its
concentration n specimens is used as an index of their collagen content.*
One source of proline would appear to be omithine

GLUTAMIC ACID

This amino acid deserves mention because of its probable role in the
metabolism of nervous tissue.**

UTILIZATION OF D-AMINO ACIDS
Study of the D forms of the amino acids indicates that some of these
may be utilized for growth, of rats at least. Among the indispensable group
these include: histidine, methi ine, tryptophan, and va-
lme

1 %)
pheny

Perhaps it was somewhat nawve to think, as we must confess doing a
dozen years ago, that, when deficiencies of single amino acids were pro-
duced, many interesting lesions would turn up This tram of thought was
contrary to the all or none principle of amino acids in protein synthesis.
As must be obvious from the monctonous description of the alterations de-
senbed in the preceding pages, deficiencies of single amino acids produce
changes similar to those following protein deprivation. These inc}ude de-
fects in plasma protein and hemoglobin formation and nan-specific alter-
ations in 2 mumber of tissues: cartilage and bone, thymus, gona.ds, hypoph-
ysis, comnea, and lens. Hence, when one totals up t.he specnﬁc'chnnges
which may be aseribed to single ammo acid deficiencies, the list is nat an
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imposmg one, as Table V will indicate. This does not mean, however, that
one should cease such studies, particularly with respect to biochemical
lesions. Moreover, studies of partially-deficient states might be more re-
warding than those produced by total deprivation which have been in-
vestigated so far.,

TanLe ¥V
A SUMMARY OF SPECIFIC ALTERATIONS ASSOCIATED WITH
DEFICIENCY OF SINGLE AMINO ACIDS
(

Tryptophan
(a) Nuacin deficiency
(b) Alopecia, rat
(<) Loss of pigment, rat’s incisor
(d) Necrosss, muscle  sheletal (swine), cardiac and smonth (rat)
{e) Fatty liver
(2) Lysine
(a) Harr pigment, rat
{b) Fatty hver
{3) Isoleucine
(a2} Necrosss, skeletal muscle, rat
(4) Threonine
(a) Fatty liver
(5) Methiomne (Cystine)
{a) Choline deficiency
(b} Growth of har
{c) Necrosis of hver

(6) Valine
(a) Convuluons

In the Preface and elsewhere in this h the i

grap T of the
assoctation end factors with defici disease has been mentioned.

In this respect protemn deficiency looms large Thus 1s because many of the
conditioning or endogenous factors, which are assoctated with deficiency
states, are genctically meduted. If one accepts the one gene~one enzyme
hypothesis and since enzymes are proteins, it 1s not too unreasonable to
develop the concept that genetically controlled diseases can be looked upon
as manifestations of protem deficiency It may come as a shock to some
to realize 1f such a view 1s carnied to its logical conclusion, that, for ex-
ample, scurvy i the gumea pig, pnmates, and man must be viewed basic-
ally as a |{ of protemn deficiency smee sueh species lack the
protein enzyme which is necessary to synthesize ascorbic acd It 1s not
necessary to carry this discussion fusther at the present time - Some day the

subject of defictency disease may have to be reviewed and rewnitten from
tlus standpont.
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Lipid Metabolism 1 General
The Essential Fatty Acids
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LIPID METABOLISM IN GENERAL

Fat is of importance m the diet for several reasons. Furst off, hipids have
the energy value of nine calories per gram, which 1s higher than the four
calories yielded by protein or carbohydrate Next, fat, at least as far as
the human diet 15 concerned, umproves the taste of food The impertance
of the essential fatty acids will be discussed below. Lastly, the fat-soluble
vitamins, which are discussed on pages 125 to 173, occur 1 many of the
natural fats.

Except far the specific essential fatty acids, the remainder of the vari-
ous types of hpids are considered dispensable Body fat can, of course, be
formed from carbohydrate and protein  However, 1t appears that the m-
clusion of fat in the diet of rats inproves their growth and reproductive
performance ¢ Moreover, the type and amount of such dietary fat 1s
mmportant. %6 The presence of an cxcessive amount of fat 1n the det, par-
ticularly that of man, has attracted a good derl of attention recently, particu-
tarly with respect to the possible role of lipid ingestion on the development
of artenosclerosis 37

Ingested fats are broken down m the intestmal tract into fatty acids

and glycerol#® The of ttestinal dysf {diarrliea, sprue
syndmme), the nhsencc of certain secn:uons (bile, pancreatic juice), or
i of the inal mucosa, all may interfere with ab-

sorption. This is particularly important with respect to the fat soluble vita-
mins and to the essential fatty acds  Lipids of high melting points are
poorly absorbed.

After the fatty acids are absorbed they go to the liver Recent studies
have d 1 the pathway of therr bolism here, where
A plays the domunant role 4% Tt will be recalled that pantothenic acid is a
part of coenzyme A (CoA) *** The long chain fatty acds are achivated
by CoA to form the acyl denivative, whach is then oddized at the beta car-
boa. This reacts to form acetylhCoA and acyl-CoA with the loss of two
carbon atoms, a process which continaes until the fatty acid 1s completely
oddized The acetyl-CoA, as might be expected, enters the Krebs eycle
(page 223} Further aspeets of lipid metaholism, particularly with respect
to choline, are discussed on page 251

100§
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THE ESSENTIAL FATTY ACIDS

In 1929, Burr and Burr 49 described a new syndrome in rats which had
been placed on a diet devoid of fat. ‘This disease was characterized by
growth falure, which appeared after four or five months. During Ife,
changes in the skin were prominent; while at autopsy hidoey lesions were
observed The mamfestations of this discase could be cured by as little as
ten drops of Yard each day Burr and Burr #* soon showed that the specific
factor m Jard was the doubly unsaturated fatty acid Imoleic acid; this was
thesefore designated as an “essentinl fatty nerd.” Linolenic and arachidonic
acidg, with three and four d bonds, respectively, have since been
shawn to substitute for linoleic acids*?

Of these three fatty amds hnoleic appears to be the primary ane, lence
it must be supphed i the diet.t*® It may give rise to arachidonic and lino-
lenic acids The reverse is not possible. The unnatural jsomers of linoleic
acid have virtually no activity The best sources of the unsaturated fatty
acids are v ble oils {com, cot d, peanut, and soybean}. Hydro-
genation of these oils reduces the content of naturally oceurring essential
fatty acxds.

The biochenucal role of the essential fatty acids is obseure. Radiotso-
tope stucdies have made it clear that these compounds cannot be formed
by the organism #? Unsaturated fatty acids appear to be related to the
deposition of cerod (page 258) In the rat and mouse, fatty acid deficiency
is d by an i ption of water; the average daily
intake of deficrent and control yats has been reported as 209 and 1.5 cc.,
respectvely 1 The total ovygen consumption of deficient animals 15 in-
creased 43

Clear-cut effects of experimental fatty acid deficiency have heen re-
ported m growmg rats,##h 444 445 miee 467 and dogs #1% 45% 431 Alterations in
adult ammals, thongh harder to produce, fave bren described in rats ¥
and mice *48

When young rats are placed on a fat-frec diet, the initial change is seen
after seventy to eighty days, this consists of seahing of the epulermis over
the dorsa of the feet Scahng of the tail occurs; the tip of this structure
usually becomes wflamed and necrotic. Alopecia of the head, neck and
back may also be observed Changes appear more reachly in male than in
female antmals 445

Microscopic exammation 4% 2% of the skin reveals extreme thickening
of the epithelinl layer, the epidermis increasing from two cells up to six
10 twelve cells in depth The strateum corneum is markedly hyperkeratotic
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and sometimes evceeds the normal epidermis in thickness. The cells of the
stratum granulosum have such an abundant mass of cytoplasm that they
appear much larger than normal The collagen fibers of the corium appear
edematous, more cellular infiltration 15 found here than in the controls. The
epithelial cells of the hair follicles are mereased in size, the hairs them-
selves easily break off Increased capilfary fragility has alsa been ob-
served.4¢

Gross changes have been desenibed 1n the skin of young rmce but not
i adult animals, 4" Differences in development of skin changes have been
found to vary with the strain of the mouse under study ¢ In dogs 4 45
451 alterations sumilar to those seen in the rat have been reported. Grossly,
the most conspicuous changes are dryness of the shin, desquamation, alo-
pecia and an mereased susceptibility to infection, Studies in this species
may have to be carried out for several years smce the changes take some
time to develop. For instance, dryness of the shin may appear in three
months, on the other hand, alopecia may not become apparent for one to
two years Histological study reveals thuichemng of the epidermis and an
increase in the cells of the hair follicles. The stratum comeum shows ex-
cessive liyperheratosis, the cells of the structure granulosum are mcereased
m number. In the dermis the collagen fibers are swollen and the lissue 15
mfiltrated with cells The sebaceous glands are enlarged, the hair follicles
are plugged with hyperkeratotic matetial,

The Burrs #° descnibed “bloody urine™ and hdney lesions m [fatty acid-
deficient rats, they felt that such changes were made more severe by a high
protemn diet. Grossly, the ladneys are enlarged and pale with finely mtted
or coarsely granular surfaces 45t There has been some divergence of opimon
when the kidneys are examimed microscopically One group 454 has desenbed
tubular epithiclial cells filled with lipad, some cells are necrotic The tu-
balar lumens contun hyaline matenial and fat droplets. Caleification 1s
promment following tubular damage, glomeruh are said to be normal In
contrast, recent studies, usiug more switable diets, have indicated enlarge-
ment of the Lidneys but no changes in the nephrons, merely lyperemia,tst
The reason for the discrepancy in these two reports 15 not entrrely clear,
though in the earlier study the protemn and choline contents of the diet are
not speaified. these are important i view of renal lesions which have been
desenbed 1n cholime-deficient rats (page 259)  Kidney changes have not
been deseribed 1n dogs deficient m fatty acids.

Disturbances m reproductive activity have been obsen ed Hhstological
studies have been reported in male and female rats 432453 430 455y none
has the restricted weight gam technique been used, so that it may be pos-
sible that the changes desenibed are due only to nonspecific interference
with growth. The male anmmal exiubits a loss of sex interest together with
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macroscopie atrophy of the testes. Microscopically, the tnbular epithelium
shows various degrees of degeneration and giant cell formation. Regener-
ation takes place following administration of one of the essential fatty
acids.

In the female amma), though reproduction is affected early, ovulation
goes on until late in the course of the deficiency, There are atrophic changes
and under-development of the uterine mucosa; the maternal decidua falls
to develop normaily. The embryos are either resorbed or remain in utero
longer than normal. Hemorrhage and necrosis accompanied by secondary
inflammatory phenomena have been observed in the placentae and uterine
walls The changes which have been described are reminiscent of those
which have been reported in vitamin A deficiency in rats.

Cell counts of the pituitary glands of female **¢ and male #55 rats appear
to indicate a significant decrease in the acidophiles. It is suggested that
fatty acid deficiency may lead to a decrease in LH production since this
hormone 15 thought to be produced by acidoplules. Moreover, chang
in the ovary such as the presence of “wheel cells” have been correlated with
a deficiency of LII production. Similar decrease in acidophilic cells are
seen in male animals.

The fat content of the liver is elevated in fat-deficient animals. Lipid
is found in greatest amount about the central vein,*5 4 More is seen in
males than mn females.

As noted above, young mice display skin clianges in fatty acid de-
ficiency.*7 Adult mice do not, yet such animals are definitely not normal,
for when the tips of their tails are cut to remove blood, these structures
may go on to develop necrosis or the animal may die, So, too, adult mice
are less resistant to x-raciat praduction is also § 1,447 Manifest:
tions of fatty acid deficiency may be produced in adult rats if the intake
of the deficient diet is restricted for some weeks; upon feeding the animals
ad libitum, the skin and other lesions appear.®*® Calves are susceptible
to fatty acid deficiency.*s" Retardation of growth, scaly dandruff, dryness
of the har, alopecia, and diarthea have all been described The effects of
fow fat diets have been studied in swine.***

A group of children with eczema and other skin diseases has been stud-
fed by Hansen.*¥ In the children with eczema a significant lowering of
the 10dine number of the fatty acids of the serum was found. With the ad-
ministration of oils having high jodine numbers the serym vahies yaise with
a coincident improvement 1n the skin Jesions, One adult man, who was
placed on a fat free diet for six months, showed no clinical changes although
the ivdine number and linoleic acid content of the plasma fatty acids de-

480

creased. )
The multiple effects of fatty acid deficiency: on growth, the skin, re-
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production, the ladneys and hver, make 1t difficult to ascnbe all dmnges to
a single biochemical defect. The best eviden g the fi of
these unsaturated fatty acids 1s that they are most mtimately concerned
with hpid metabohsm  Such a hypothesis 1s based on the following: (1)
The requirement for the essent:al fatty acuds is increased when the diet
contains abundant or excesstv of ipid (saturated or unsatu-
rated) 4t {2) Essental fatty acds affect the serum cholesterol level
Cholesterol feeding may aceell the develop of fatkyacld lefici

in rats ¥ So, too, i the of b hol ion
of essentiad fatty acuds teduces the concentmnm\ of cholesterol in the serum.
{3) The effect of fatty acsd deficiency on fat deposition i the hver has
already been mentioned Mloreaver, certan changes in the disturbance of
unsaturated fatty acids m the subeellular pasticles of the hver of the rat
have been noted i anunals deprived of essential fatty acids 53
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In 1920, Osborne and Mendel 468 contributed an artitle entitled, “Does
growth require preformed carbohydrate in the diet?” Thew ration, which
was fed to rats, consisted of a source of protein (casein, edestin or lean beef
extract ), inorganic salts, agar-agar, Jard and yeast. The answer to the ques-
tion posed by the title of their paper was, “np” Some years Jater this same
question was asked anew when a diet consisting of easein, eriseo, salts, butter
fat, and erystallme vitamins was fed, agan the anvwer was m the nega-
tive.*?” The outcame of such expersments as these, of course, is ta he ex-
pected, since two sources of carbobydrate, e, protem and fat, are present
in the rations.

In an ordwmary diet carbohydrate may furmish 50 per eent of the cal-
ories In certam areas where cereal grams, such as corn and rice, are con-
somed 1n large amounts carbohydrate may contrbute even more calories
to the diet Carbohydrates are used for the synthesns of certain smportant
cellufar constituents, such as nuclerc acds, galactohpids of the bram, muca-
It handes, glycogen, . et ceters Nowever, the amount of
carbohydrate in the organssm s not large  For instance, it has been est-
mated that the total carbohytrate n a man werghing 70 hg s anly 370 gm,
of wiich 245 and 108 gms are found mn muscle and hver respectively as
glycogen, and 18 gms are present as the glucose of serum and extracelular
fhds,

As already noted, glucose may be denved from protern Certamn amino
acrds are glucogeme. It is estimated that 58 per cent of tatal lngested pro-
tein may be transformed intp glucose

Certan organs depend exclusively an carbohydrate for their energy re-
qurements  Nervous tissues 15 the example, par excellence, of thus phe-
nomenon Heart muscle can bolize a certamn popor of glucose
{page 468) So, too, mav skeletal musele

1f one does not carhohyd: dofi y an termas of a &

m serum ghicose fevel s a result of dictary restction, may he observe con-
ditioned carbohydrate or glocose defi y at a ecliular Jevel? The an-
swet to this question s, of course, 1 the affirmatve  Henee it 1s necessary
to dscuss briefly glucose deficiency dusease, e, the hypoghcemie syn-
drome,

Expenmental hiypogly cemia may be produced in any of a variety of ways
winch mterfere swith the normal transformation of ghicose and other sugars
to glycogen and the release of the fatter from the haer. Al these mecha-
msmns are contsplled by enzymes which in tam are acted upon hy certain
hormenes, Hence the two principal types of experimental hypogly cemia

(7}
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are those produced by damage to the Jiver or by hormonal imbalance, par-
ticularly insulin.

1t has been recognized for many years that removal of the liver is fol-
lowed by hypoglycemia during the premortem course of the animal.A®¢ This
1s to be expected since the glycogenolytic mechanism in the Jiver is respon-
sihle for mamtaining the blood sugar. Less drastic measures which are
designed to produce hepatic damage may also lead to hypoglycemia. Such
|ncludc, (mer{erence with the circulation and the admmctrahon of certain

phorus, carbon tetrachloride, chloroform and
other well-known hepntom'ﬂc agents. Abnormal states associated with
fatty infiltration of tl\c lver resulting from choline deficiency {page "51)
or i dent on a defi of cystine, tc .
Factor 3 (page 101) may also be accompanied, in severe mstances at lem
by hypoglycemia. In all of the above disturbances the hypoglycemia and
its symptoms are not present alone; other metabohc defects assaciated with
liver disease may even mask the effects of lowered serum glucose,

As might be expected, the most d tic form of experimental hypo-
glycemia 1s produced in the normal organism by the admimstration of in-
sulin.??! Here the hypoglycemic syndrome exists in as pure a form as
(me may eve er See it, for instance, h\mger sweating, nervousness and tremu-

vulsions, coma, and death. All these symptoms are
pmbably refated to the fall in blood sugar since they are seen after com-
plete remaval of the liver.

With the advent of longer acting msulins more prolonged episodes of
hypaglycemia may be produced. Such may lead to anatomical alterations
in the central nervous system A number of studies have been reported.®**
2% The most prominent alterations found at autopsy are foci of hemor-
thage in the cerebral white matter. Such may be related to the preceding
convulsive seizures. Even more imp is evid of widespread dam-
age to neurons. The usual chromatolytic changes wluch end in pecrosis are
found Certan areas of the brain are affected more than others Such a
distribution is similar to that encountered from various causes of hypotia.
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INTRODUCTION

The term, vitamine, was coined in 1912 by Casmir Funk, who grouped
certain diseases® beriber, scurvy, pclhgm spruc and richets, and mdicated
that all, with the exception of pellagra, “can be prevented and cured by
the addition of certan preventive i 5 the defici
which are of the nature of organic bases, we will call vitamines ™ 4%

Some years later the term was changed to vitamn, Today a vitamin
15 usually defined as an organie substance, soluble 1 fat or water, which
is ordmanly needed only 1 minute quantities to maintain the biochemical
and struetural integrity of many cells and tissues In some mstances, we
know more of the biochemical than the structural rales, m others, the oppo-
site is true. A number of vitamins are, as we shall shortly see, integral parts
of certain organic molecules which are called coenzymes

The story of the discovery of each of the “accessory food factors,” or
vitamins, begins with the human disease with which the vitamin later came
to be identified. In general, a definte sequence of events occurred. (1)
Description of the clinical syndrome with some knowledge of s therapy,
(‘7) Pmduchon o( lhc disease in suitable experimental anmals, and (3)

1zation and synthesis of an active compound.
Such is the story of scurvy and ascorbic acid, of berbert and thiamme, of
xerophthalmia and vitamin A, of nichets and vitamin D, of pellagra and
tryptophan-niacin and, in part, of pernicious anemia and vitamin By,. In
the transfer of knowledge from each of the human discases to the syn-
dromes in the experimental animal much new and useful information has
been obtamed. We can only briefly enumerate some of the important dates
with references in the evolution of gur knowledge of the vitamins, these
are summanzed chronologically in Table VI (next page).

With the discovery, chemical charactenzation, and synthesis of many
of the vitamins duning the 1930s and with the introduction of radioactive
1sotopes mto biochermistry at the end of that decade, knowledge of inter-
mediary metabolism has advanced greatly. Now a fairly comprehensive
picture of the metabolic interrelations of the matenals discussed in‘tins
monograph, that is, the essential elements, amino acids, fatty acids and
vitamins, has been obtained Wath this in mund, it was felt that a simphfied
version of some ways in which these materials interact m the metabolism
of protein, lipid and carbohy drate might be useful, especially for those who
may not have Kept abreast of the many recent ads ances m the field. Figure

121
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NATURAL DISEASE IN MAN

SCURVY - Lind, 1753 (700)

BERIBER] ~ Tokaki, 1880's (1341)

XEROPHTHALMIA = Mori, 1904
(1272}
RICKETS = Park and Howland (1297)

PELLAGRA - Goldberger, 1914-29
(1184, 1185, 118¢)

DIABETES MELLITUS = Banting and
Best, 1922

PERNICIOUS ANEMIA - Minot and
Murphy, 1926 (1408)

TABLE
THE DISCOVERY

EXPERIMENTAL DISEASE
AND ITS PREVENTION

Seurvy, guinea pig, 1907 (702)

"Polyneuritis", fowl 1890's (778)
Biochemical lesion, 1936 (757)

Xerophthalmia, rat, 1913 (1481, 1482) (1)

Rickets, dog 1918 (528)
rat 1922 (533)

Blacktongue, dog, 1922-28 (1200, 1201)
Acrodynia, rat, 1926 (704)03)
Skin lesions, rat, 1938 (905)

Growth, rat, 1939 (856)

Egg white injury, 1927 (1012)

Alopecia, mouse, 1940 (1033)
Achromotrichia, rat, 1941 (1040)

Fatty liver, dog, 1922-30 {953)
Megaloblastic anemia, monkey, 1932 (1041)
Growth factor, rat, 1946 (1075)
Reproductive failure, rat, 1922 (600}

Coagulation defect, fow!, 1935 (684)
Biochemical defect, bacteria, 1951 {1267)

{1) 1915 Dilferentiation between fat soluble (A) and water soluble (B) (23)
{2) 1922 Differentiotion between vitomins A ond D (534)
{3) 1926 Differentiation between heat laible and stable B group (904}

thoflavin and acrodynia factor (905)

(4) 1938 Diff between
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NAME
Ascorble acid

Thiamine
Vitamin A (2)
Vitumin £ (2}

Nicotlnic acid
Pyridoxine(4)
Riboflavin (4}
Pantothenic actd
Biotin

fnosltol
Paraaminobenzoie ocid

Choline

Folle acid
Vitamin 812

Vitamin £
Vitomin K
Lpotc acid

INTRODUCTION

IDENTIFICATION  SYNTHESIS

ISOLATION
1932 (703) 1933 (705)
1926 (755) 1934 (1480}
1930 {carotene) 1931 {1484)
(1483)
1924 (535, 537) 1927 (1489}
1937 (850) 1937 (850)
1938 (905) 1939 (3487}
1938 (905} 1933 (806}
1939 (848) 1939 (884)
1939 (1013} 1942 (957}
1940 (1033) e
1943 {1040) e
1932 (955} AR
1943 (1048) 1945 {1050)
1948 (1415} 1956 (1075)
1938 {604} 1934 (504}
1935 (684) 1937 {685}
1951 {1267} 1952 (1269}

1933 (704)
1936 {1480)

1931 {1485)

1939 (1488)
1935 (507)
1940 (845)
1943 (1486)

1945 (1049)

1936 (505)
1937 (685)
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45 15 the result Apologies are in order for many omissions, yet the scheme
may be helpful for a general orientation in present-day physiologieal chem-

istry
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VITAMINS A

Recogmtion 470 of the existence of vitamm A dates from 1813, when two
groups of investigators, McCollum and Dawis, and Osborne and Mendel,
reported that certamn fats contain an essential nutrient for rats, without this
substance animals failed to grow in normal fashion and exubited changes
in the cyes. Several years fater, Steenhock suggested that the active prin-
ciple, or vitamin A as the matenal had then been designated, was carotene,
a yellow pigment derived from plant and animal tissues  Duning the ne«t
ten years the exact identity of vitamm A remained unsettled and in much
confusion, n 1930 carotene was shown to be pro-vitamin A, Karrer then
worhed out the chemical constitution of both carotene and vitanun A and
completed the story 1n 1936 when a pure matenal was synthesized. Vita-
min A, was discovered in 149, There are a number of closely related sub-
stances (carotenes) which behave as pro-vitamms, of these, the most po-
tent is beta-carotene,

The carotenes are converted into vitamin A as they are absorbed through
the intestinal wall4#t Tlus newly formed material, together with ingested
vitamin 4, is stored in the liver  As in the case of the other fat-soluble vita-
mins, bile and/or pancreatic juice facilitate absorption from the intestine,
vitamn A deficiency may develop when these secretions are dimimished
or absent.4™ Although the major portion of the organism’s store of vitamin
A 15 found in the liver, other tissues also contun varying amounts which
may be d rated by chemical or histol 1 stuches, The following
values mdicate the tissue concentrations of vitamin A (in British Units per
gram} as determined by chemical procedures on rats % Iiner, 40,000, lud-
ney, 50, lung, 450, adrenal, 2500, heart, 1, spleen, 2, pancreas, 25, thymus,
12, bram, 03, muscle, 05; and blood, 20,

The fluorescent properties of vitamin A have been utilized to study the
distbution of this nutrient under the microscope. When formalin-ficed
sections of tissues are viewed through a source of ultra-violet Light of wave
fength 328 millimicrons, a fading, green fluorescence is observed, this is
mterpreted to be due to the presence of vitamin A Such an histochemical
test §s not as sensitive as ordinary chemical determinations, smce the tech-
nique fails to reseal the vitamin in tissues where chemival analyses inds-
cate that it is presents1 .

Although, as we shall shortly sce, the chief huown function of vitarmin
A in the mammalian organism is to maintain the integrity of certain im-
portant epithelial structures, its biochemical role in achicying this end is

1125y




124 DEFICIENCY DISEASE

45 is the result. Apologies are in order for many omissions, yet the scheme
may be helpful for a general orientation in present-day physiological chem-

istry
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VITAMINS A

Recognition ¢7¢ of the existence of vitamin A dates from 1913, when two
groups of investigators, McCollum and Davis, and Osbome and Mendel,
reported that certain fats contain an essential nutnient for rats, without this
substance ammals failed to grow in normal fashion and exlubited changes
m the cyes. Several years later, Steenbock suggested that the active prin-
ciple, or vitamin A as the matenal had then been designated, was carotene,
a yellow pigment derived from plant and animal tissues During the next
ten years the exact identity of vitamin A remained unsettled and in much
confusion, m 1930 carotene was shiown to be pro-vitamm A. Karrer then
worked out the chemical constitution of both carotene and vitamm A and
completed the story in 1936 when a pure matenial was synthesized. Vata-
min A, was discovered in 1949 There are a number of closely related sub-
stances {carotenes) wiuich behave as pro-vitamins, of these, the most po-
tent is beta-carotene,

The carotenes are converted into vitamin A as they are absorbed through
the intestinal wall#™ Tlis newly formed material, together with ingested
vitamin 4, is stored m the liver As in the case of the other fat-soluble wita-
mins, ile and/or pancreatic jmce facilitate absorption from the intestine;
vitamin A deficiency may develop when these seerctions are dimmished
or absent.4® Although the major portion of the orgamism’s store of \itamin
A s found in the Dver, other tissues also contain varying amounts which
may be d trated by chemical or histol 1 studies. The following
values indicate the tissue concentrations of vitamin A (in British Unats per
gram) as determined by chemucal procedures on rats 4% liver, 40,000, kad-
ney, 50, lung, 430, adrenal, 2500, heart, 1, spleen, 2, pancreas, 23, thymus,
12, brain, 03, muscle, 05, and blood, 20

The fluorescent properttes of vitamn A have been utilized to study lhc
distribution of this nutnent under the pe. When formal
sections of tissues are viewed through a source of ultra-violet light of wave
length 328 millmicrons, a fading, green fluorescence 1s obsenved, thus is
interpreted to be due to the presence of vitamm A Such an lastochemical
test is not as sensitnve as ordinary clienneal determunations, since the tech-
wigue fatls to reveal the vitamin m tisswes where chemical analyses idi-
cate that at is present,™¢

Although, as we shail shortly see, the chief known function of vitamin
A in the mammakan organism is to maintain the inlugnt) of certain im.
portant cpithelal structures, its biochemical role in achieving this end is
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completely obscure. On the other hand, as a result of the investigations of
Wald,*™ a great deal is known concerning the relation of vitamin A to visual
processes. What bearing the reactions to be summarized below might have
on the metabole activities of cells in general remains for future studies to
determne

The red pigment of the retinal rods is called rhodopsin. Rod vision is
effective 1 dim hight (scotopic), Rhodopsin breaks down under the m-
fluence of hight to two compounds: vitamm A aldehyde (retenine,) and a
protein, opsin This reaction initiates a nerve impulse. The retenine, (vita-
min A aldehyde) is in the form of the trans isomer. This is changed to trans-
vitarmin A by the action of alcohol dehydrogenase and cozymase. For the
sesynthesis of rhodopsm, the vitamin A must be in its cts form. How this
reaction is accomplished is not elear. New cis-vitamin A is doubtless ob-
tained from the circulation and exidized to cir-retinene, {cisvitamin A
aldehyde) which combines with opsin to form thodopsin and thus com-
pletes the cycle.

Cone vision, ie, that for calor discrimination and high light intensity,
1s dependent on a similar group of carotene substances; a different pratein,
photopsin, is present instead of opsin. These metabolic pathways of vitamin
A the retina may give some 1kling of what takes place in ather cells,
since the oxidation of cis-vitamin A to cis-vitamin A aldehyde leads to s
much more biclogeally-active material.

As a result of the studies of Wolbach and Howe and others, a deficiency
of vitamm A has been shown to affect the integrity of many epithehal tissues,
as well as hones and teeth Individual tissues vary in their sensitivity 10
vitamn A deprsivation, ¢

Microscopic changes in epithelial structures have been described in the
rat,?”? guinea pig,*’* fox,*"? mouse,*? monkey,**! rabbit,*? dog,t? pig,¢*
horse ¥ and in cattle.**

As interpreted by Wolbach,*87 specific changes are found in those epi-
thelia whose cells “have a secreting (chemical) function in addition to the
role of a covering layer and whose functioning cells arc without power to
divide.” Epithelial cells comprising the followng organ systems have been
reported to be affected:

a. Digestive system: parotid, submaxillary, subhingual and all accessory
glands of the tongue, buccal cavity and pharynx; ducts of the pancreas.

b. Respiratory fract. nares, sinuses, Jacobson’s organ, larynx, trachea
and bronchi.

¢, Genito-urinary system: tenal pelvis, ureter, bladder, urethra, epi-
didymis, prostate, seminal vesicles, coagulating glands, uterus, oviduets,
glands of vulva and vagwa.
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d. Special senses  eyes, including cornea and accessory glands (harder-
{an, intra- and extraorbital and tarsal).
e Miscellancous: thymus

"The reason for the muvolvement of and the degree of damage to vanous
epithelal tissues is not clear No relationship has been found as yet be-
tween the chemical and/or microscopre distnibution of vitanun A and the
occurrence or non-occurrence of tssue changes  An explation based on
embryological grounds 1s antenable, nor does the order m which vasious
organs are affected by the cf X 14 plassa gve any
clue Wolliach **? has epitomized the pathogenests of the epithelial lesions
as “atrophy of the epithelium concerned, reparative proliferation of basal
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cells and growth and differentiation of the new products into a stratihed
Xeratinizing epithehum.”

If one takes the trachea as an evample, microscopic examination rereals
that the imtial change consists of atrophy of small groups of columnar cells.
The decrease in cell size is at the expense of the cytoplasm; the nucleus
does not appear to change its dimensions. Such foci spread to embrace
lacge portions of the epithelal ning. Next, small, synctial-Jike masses of
cells, derived from the atrophic elements, appear and prolferate so as to
undermine the overlying atrophic columnar cells. Such cell groups rapidly
develop intoa highly keratinized type which spreads. Thus, as the deficiency
progresses, the entire trachea comes to be lined by metaplastic epithelium
whose keratinization results in the accumulation of a detritus of comified
matertal in the lumen Although an increased growth activity of all epi-
thelia was postulated by Wolbach, this view is questioned by Friedenwald
and his associates #*® Quantitative studies of mitotic activity of healing
wounds in the comea of vitamin A-defictent rats reveal that the overall
mitotic rate for each thousand basal cells is reduced hy 30 per cent from
the normal and the speed of the mitatic cycle is likewise inhibited. Such
abservations furnish the first quantitative evidence on this fundamental
pomt.

\When vitamin A 1s administered, repair is extremely rapid and diffuse.
In contrast to the focal distribution of the initial changes which is seen
when the ansmal is placed on a defici fid 29 all cells posi
the basal layers, which are apparently analagous to the stratum germnativum
of the skin, have the power to prohferate. After these stmctures vegamn
their normal colummar form, the overlying strata, which have seemungly
irreversibly differentiated, are sloughed off and removed by autolytic phe-
nomena The tracheal epithelium thus regains its nommal morphological
appearance‘

Some mention must be made of the relationship of the changes in the
epithelum of certain specific tissues to the subsequent course of events
In the respicatary tract, for instance, the normal ciliated epithelium lining
the trachea and bronchi is replaced by keratinizing cells Consequently,
the contmnuous streaming of surface material towards the pharynx is abol-
ished. Since this protective mechanism of the host has been ehminated,
pul y i area pani of vitamin A defici s
In the urinary tract, renal and eystic caleuh have frequently been observed
in anwmals chronieally deficient in vitamin A. Such stones result from the
imspissation of keratinized material denved from the Iining of the renal
pelves and bladder. .

Lesions of the eye are of particular importance, especially from the
Qiagnostic standpomt  Xerosis and keratomalacia were the first mamfesta-
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tions of vitamin A deficiency to be described in man {page 355). The cor-
neal epithelia of deficient rats,*%° rabbits 4 and mice *°! show the charac-
teristic metaplasia seen elsewhere. Vascularization of the substantia propna
also occurs but is interpreted to be a secondary phenomenon, which results
from the keratinization of the epithelium in association with infection.*®
It is mteresting to speculate on how much the corneal changes may be re-
lated to vitarmn A deficiency and how much they may be secondary to a
diminution of the secretions of the ocular glands, because of obstruction
of the latter’s ducts. Keratitis occurs when the secretton of tears is ab-
normal; Sjogren's syndrome in the human is a good example.*»

The comeal changes mn vitamin A-defictent mice have recently been
studied utilizing the electron microscope.* Such observations furmish a
picture of the intimate structural details of the basal cells with their nuclei,

hondria and eytoplasmit 7 In the cells of the “intermediate
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region,” large dense granules are found about the nucleus These granules,
presumably “keratohyaline,” appear to be related to the mitochondra.

An early mamifestation of vitamin A deficiency is nyctalopia, this defect
led to extensive studies of the relationship of vitamin A to normal visual
processes. Night blindness has been observed physiologically in animals 4¢
and, of course, in man When severe degrees of vitamin A deficiency are

duced in rats, ical ¢l are found 1n the retina % Alterations

which are first seen 1n the visual neuroepithehal cells, the rods, then progress
m order through the outer nuclear layer, the outer molecular layer and the
mner nuclear layer. The Tion cells, th Ives, are ffected, even
severely deficient animals The outer segments of the rods, which have
degenerated, are capable of regeneration following therapy, if, however,
more extensive changes have occurred treatment 15 meffectual 1t will be
recalled that the rat, for the most part a nocturnal ammal, has very few
cones, too few to appear often 1 sections, so that the reaction of these struc-

Tietre 48 Vitawn A Drrieney

Tongue, 1t Note Jirge eystic structure Rlled with Leratinized del
because the sormal hiag epithclium his becomn Leratinized a
duct 15 nbstructed. Smaller cy3ts are seen on cithee side. H,
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tures to vitamin A deficiency has not been described. These changes in
the retina may not be due to the direct effect of vitamin A deficiency but
rather the result of increased intracranial pressure, which will be referred
to below.

Despite extensive changes in the epithelia n other arcas, relatively few
cutaneous alterations have been ascribed to a lack of vitamin A in experi-
mental animals. In the Iuman, however, Frazier and Hu 4% have described
a rough, dry skin wlich microscopically shows hyperkeratosis and hyper-
keratotic plugs m the hair follicles (page 359). For aver 2 decade such
changes have been interpreted as pathognemonic of vitamin A deficiency.
The specificity of these lesions has recently been questioned on bath theo-
retical as well as experimental grounds.#!> 47

Sullivan and Evans **7 have called attention to the present concept of
the pathogenesis of the lesions of vitamin A defictency: atrophy followed
by metaplastic epithelial hyperkeratimzation. They find it difficult to fm-
agwme how such changes can oceur in the skin since this stracture is, of
course, already keratinized It thus appears that metaplastic Keratinization
cannot oceur unless the epithelium is atrophic, To produce this picture 2
vitamm A-deficient ration wlhich was essential in all other respects, par-
ticularly the B group and the essential fatty acids, was concocted. Grossly
and mucroscopreally no dermal lesions appeared when rats were placed
on this diet When, however, the ration was made deficient in other factos,
especially the heat-stable B components, changes did develop. For example,
rats were gwven adequate vitamin A, but inadequate amounts of the B group
until marked deficiencies of the latter vitamuns were present. Vitamm A
was then withdrawn and the animals were conttnued on mamntenance levels
of the B complex. Microscopic examination of the skin before vitamin A
therapy was stopped revealed an atrophic, single layered, epithehal cover-
ing. Following the withdrawal of vitarmn A, some return to normal thick-
ness was found More important, however, extensive keratmization occurred
in the eprthelium, especially that of the hair follicles, Such lesions have a
superficial resemblance to the changes described by Frazier and Hu % in
the human. The skin has been studied in mice.**?

Extensive investigations have been reported concerning effect of vita-
min A deficiency on the male germinal epithelium and on reproduction in
the female rat. When male rats are placed on 2 diet deficzent m vitamin A,
atrophy of the germunal epithelium occurs farly rapidly, accordmg to
Mason *** more rapidly than simlar morphologic alterations which result
from inamtion. The difference 1s apparently one of degree smee in both
inamtion and vitanun A deficiency some of the basal cells persist. As a re-

sult, when food intake is increased or vitamin A is restored to the diet a
rapid return to normal follows, which is unlke the wreversible change
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which may be produced mn the testis as a result of vitomin E defictency
(page 163).

The female exlubits an alteration in the vaginal smear which ss charae-
terized in markedly deficient rats by 2 contmuous cornification of the
cells?* Ag a result, the estrous cycle in such ammals cannot he mterpreted.
In mad defi states one periods of partial comifica-
tion, which ean be mterpreted as meta and ciestrons. Penods of complete
cormfication douhtless comede with proestrous and estrous.

Studies of the cffects of castration and estrogen admumstration on the
uterme mucesa of vitanmn A-deficient rats shos that the ovary s necessary
for keratiization to take place, since this change 15 absent i anmals which
have no gonads When castrated deficient females are treated with estrogen,
typical keratinizing metaplasia is found 5 Thus estrogen would appear to
have some role w evolang the metaplastic change m non-ovariectomized
vitamin A-deficsent animals

1t has been shown that tissue enltures of the vagma respond to vitamin
A% When cplants were mamtaned for sic days on normal media the
emthehum heratinized  If the medmm was supplemented with vitamun A,
keratnuzation was mishited and the secretory character of the cells was
retained. On the other hand, a dose of vitamm A which was sufficient to
prevent eratmzation m the normal medium was unable to stop tus change
when estragen was added

The vstamin A-deficient female is capable of normal ovalation, smplanta-
tion and endocrine actvity  Tlowever, depending ow the seversty of the
deficiency, further reprod function 1s smparced 497 Death of the fetus
oceurs in utero. such fetuses may be exther sesorbied or expelled  Gestation
may be prolonged, a few young may be bom slive, only to die shortly there-
after Mason interprets the pnmary change as occurnag not 1 the embno
proper, as in vitamn E deficiency, but rathes as a result of alteration i the
Imng of the reproductise tract For at the yunction of the fetal and ma-
ternal tissues one finds focalized areas of mfection and necrass 1 wineh
bactena have been stamed  Such foct of destruction of bissne imterbere with
the nutrition of the cwbryo There may be, too, a bacteremia of the em.
bryo, a possibility s hiseh has not set heen fully explored 1t would be most
wterssting to oulture the utenne cavities of pregnant sstamin A-deficient
fernades to determine the presshng bactenal flora

The vitamn A-deficient female rabbnt exdubats infertility as a result of
changes m the vva which lesd to a reduction m the number of viable y oung
per pregnant doe 7 ™ This 15 due to resorption and abortion. Changes
in the fetus and m the plicenta have been desenbed grossly.

In therr carh studhies of atanua A deficiency, Wolbach and HowetV
nated wapunment of epiphy seal bone formation and interpreted this to be
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Figure 50 Vitamuy A DeFICIEnCY.

Skeleton, rat A Nerve roots show deformities dye to herniation through the vestebral
foramina. B Cross section of a vertebra in which the herniatian 15 better seen {Courtesy
of Dr. S. B Wolbach and the Archuves of Pathology )

a manifestation of the effects of general inanition which their animals et
hibited. At about the same time neurological signs, together with lesions
in the nervous tissues, began to assume a prominent place m the syndrome
of expenmental vitamin A deficiency. Mellanby,¢ and others, had studied
and reported degeneration of the cramal apd peripheral nerves, together
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with Jesions w the gray and white matter of the bran and spinal cord. It
was postulated, therefore, that vitamin A bad a specific effect on nervons
tissues, despite the fact that there was no agreement whatsoever as to the
pathogeness or the distnbution pattern of the lesions  In 1941, Wolbach
and Bessey % clanfied the matter by stating that they were forced to “the
paradovic conviction that the genesis of the nerve lesions of vitamin A
deficiency requires an essentually normial rate of growth of a normal nervous
system and that mechatueal mjury, the result of a dispropartion hetween
the central nervous system and its bony enclosure, 1s the explanation.” This
interpretation 1s based on several important observations In the first place,
lesions can only be produced n young, actively growimg ammals When
rats are placed on a vitamm A-deficient regimen after a certmn entical age,
neurological manifestations fasl to appear When the dietary vitamin A con-
tent of weamng ammals is restricted, evidence of mvolvement of the ner-
vous tissue appears with regularity dunng the exghth week Then, too, the
pattern of the lesions has no homogeneousness, netther i 4 single antmal
nor when several rats are compared, one with anather The explanation for
this was found after careful dissection of the nervous tissues within thew
bony coverings 29 The cerebellum may be found hermiated mto the fora-
men magrum  Multiple hernsations of the cerebrum and cerebellum into
the dural venocus smuses at the site of the arachnoidal vilh are observed
There 15 usually an over-crowding of the spinal canal by its contents so that
the spinal cord is distorted and the nerve roots hermate nto the interverte-
bral foramina and erode the vertebral bodies That these phenomena are
a result of vitamin A deficiency alone has been conclusively proved, since
disturbances produced by mamtion or other specific nutsitional deficiencies
alfect the rate of growth of skeletal and nervous tissues ahke Furthermore,
that the bone is at fault, rather thaa that there 15 an overgrowth of nervous
tissue, can be shown since the growth of the latter 15 normal, m additon
the regenerative capacity of the axon 15 untmpared

Wolbach and Bessey's *® observations clearly show that vitamin A has
a specific effect on endochondral bone formation Wolbach was unable to
detect any specific or charactenstic effect on this phase of osteogenests.
The changes appear to be pecific and bie those seen in any bone
swhich has stopped growing as a result of lack of calones or nutrients other
than copper, vitamin D or ascorbic acid  However, Wolbach felt that
appositional bone formation contnues m the shaft and elsewhere untid -
anition supervenes? “Thus a clear dissociation i the growth of the carts-
lage cell and the osteoblast 1 demonstrated The effects of vitamn A de-
Reiency on the metabolis of the rat's epiphyseal cartilage has been studied
by following the uptake of labeled sulfur by the growing eells St A de-
creased rate of mcorporation of 5% was found, this is remedsed by vitarmn
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FiGurt 50 Viramun A Drrrciency

Skeleton, rat. A Nerve roots show deformties due to herniation through the vertebral
foramina, B Cross section of a vertebra 1n which the herniation 1s better seen, (Courtesy
of Dr 5. B Wolbach and the Archives of Pathology )

a manifestation of the effects of general inanition which their animals ex-
hibited. At about the same time neurological signs, together with lesions
in the nervous tissues, began to assume a p i place 1n the sy

of experimental vitamin A deficiency Mellanby,® and others, had studied
and reported degeneration of the cramal and peripheral nerves, together
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changes produced w the vanous layers of the retinas of rats on & vitamm
A-defivient diet hiave been descnbed above (page 000 fo mcreased mira-
cramal pi Sumlar evidence 15 p d to account for hydrocephalus
observed i vitamin A-defictent rabbits 3¢

Because of epitheltal origin of the teeth it 15 not surpnsing to find that
deficiency of witarmn A profoundly affects thew growth The studies re-
ported 1n rats and gomea pgs are all m agreement and the underlymg

Fiovne 51 Vivasay A DeRceney

Teeth, Tat  Note wide band of dentin under the enamel {empty space) A (-hamc!er
she profiteration of adentoblssts ys also seen  {Courtesy of Dr Paul E. Boyle )
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A admmi ion. The non-specific effect of manition was not well-con-
trolled in these studies, however,

That vitamin A has a potent effect on bone growth has been even more
conclusively demonstrated by Wolbach's observations in various species
subjected to the effects of large amounts of vitamia A.59.512 51 VWhen tovic
doses of the vitamun are administered, the bones become so extremely
fragile that numerons fractures result, Bone growth is greatly accelerated
so that “1t 1s possible to get the equivalent of a year's growth in a ten to
fifteen day penod " #* Wolbach interpreted this action of vitamin A as an
acceleration of “ deling in conformity to normal growth pat-
temn. The remodeling takes place in spite of a retardation of linear growth
of bone and is correlated with accelerated epiphyseal cartilage sequences.
Those sequences retarded or suppressed in vitantin A deficiency grotesquely
and dramatically accelerated by the excess.™®

The eflect of vitamin A on explanted bone rudiments has been stud-
1ed 5 Marked alterations are seen in the eartilage; the bove of the shaft
becomes mereasingly sarefied so that at high doses the explant may vir-
tually disappear by the tenth day.

Besides the cessation of bone growth which occurs as a result of vifa-
min A deficiency, certain other osseous changes are encountered Mell-
anby,5°® who has interpreted virtually all the neurological changes on the
basis of bony overgrowth, has described hyperostoses about the periotic
labyrinth and in certam of the foramina of the skufl an dogs. Wolbach and
Bessey ™ noted such changes in the inner ¢ar; narrowing of the optic fora-
mma has been observed m calves.3® The sigmficance and cause of these
localized outgrowths of bone are not clear; the subject requires further in-

\ estigation.

From the studies of the nervous tissises in rats, it is to be expected that
an n ial p occurs when these and other animals
are placed on vitamin A-defi diets. In deficient calves a quantitative

rise sn cerebrospinal fluid pressure has been observed.®* %7 QOphthalmo-
scopic examination may revenl papilledema. Cerebrospmal fluid pressure
values may merease from the normal of 70 milimeters of water to as high
as 240 millimeters. A further manifestation of & d int 1 pres-
sure in such anmmals 1s the development of cysts in the hypophysis These
are not encountered 1n normal animals “They wre ohserved in the posterior
lobe and cause compression of the gland which leads to atrophy and ne-
crosis. Measurements of the cysts have not been given; one, however, is said
to have contained .75 mihliters of flnid.5*® In cattle, bhindness has been
abserved but it is nat entirely clear how much of a role each of the follow-
ing factors play: d int ial pi , narrowing of .l])e ophie
foraming. by bony overgrowth, and degeneration of the retina. Microscopie
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Extensive studies of the young barn to vitamin A deficient female rats
have been carried out by Wilsan and Warkany.50 505,506 597 The multiple
defects which have been encountered have led to the designation of the
distribution pattern as 2 “syndrome ” The areas which are primarily in-
volved are. {1} the eye, (2) the gemto-unmary teact, {3) the duphragm,
and (4} the cardi lar system. A hes in other areas, meludmg the
lung, are observed, thaugh wfrequently.

The specxﬁc ocu!ar defects which have been observed ¥4 mclude, post-

lok or plete closure of the choroidal

fissute, eversion and abnermal folding of the nervous layer of the setima,

and other less commen changes such as cataracts and absence of hds Among

the gemito-urinary prgans 8 renal changes such as fusion or ectopm are

also seen  Disturbances in the development of the genital ducts may be

In the card Jar system, defects of the aortie arch are

common, these mntlnde double arch, distally ansiag nght subelavian, trun-

cus artenosus communis, absence of ductus artenosus and right sided arch,

Interventricular and trancoconal septal defects were the most common mal-
formations mn the heart stself 58

When females wihich have been mamtamed on a deficient diet are
treated on different days of thew pregnancy,> a progressive reduction oc.
curs m the numbers of young exinbiting matformanons This may be corre-
lated with the time at winch was d. The 3| which

Afih a7tk
fresi ) segrentil &
& pubmoniey \v. Plenanary 3
prmosaey ik el bk

R doe worke

~doye aorin

[ievre 52 Virasas A Dericiency

Malformations, cardovascular system A Normal or hypothet
arches B Dauble arch-double duetus L4RLLS, 2 v“c\ili;‘:‘n:g‘ca:ng:;im (‘go:‘ﬁ'suc
Dr § Warkany and The Amercan Journal of Anatomy ) Y e
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changes appear ta be well-established.s° 52352 Before descnibing the alter-
ations which oceur in the rat's incisor, it would seem advantageaus to re-
view briefly the normal development of this structure.5? Growth of the
incisor results from the proliferation of a group of epithelial cells at the
base of the tooth. Such odontogenic epithelium differentiates into amelo-
blasts which form enamel on the outer or labial susface of the teoth and
cementoblasts which form the cementum which is deposited on the hingual
and lateral margins. Qdontagenic epithelivm s also responsible for the
organt of hymal pulp cells into adontablasts of a “polarized”
or functional type; the latter cells then lay down dentine which, while build-
g up, is cale:fied and is responsible for the growth of the tooth. In the
normal growth of the rat’s incisor one may then expect 2u orderly sequence
as follows: (1) Prohferation of loblasts. (2} Differentiation of amelo-
blasts {3) Differentiation of odontoblasts. (4} Formation of dentine ma-
tix. (5) Caloification of dentine and enamel

In vitamm A-deficient amimals the first and principal change is found
m the odontoblasts 1t will be remembered, however, that such cells are
org: d by the od genic epitheliune; hence, although in the early
stages of the deficiency the latter cefls are morpholegieally not al ]
the physiological stimulus they ordinatily provide appears to be inade-
quate. The odontablasts do not differentiate or arrange themselves in nor-
mal fashion and n consequence dentine is formed irregnlarly and in vary-
ng amounts. The lmgual dentine is thin, wlle that deposited over the Iabial
surface 1s thicker than normal, It has been supgested that masticatory
stresses may lead to thus difference ¥22 The odontoblasts show varying de-
grees of development, being more poorly differentiated provimally than
distally, possibly because the former cells ave younger and more deficient
than those which are fasther away and, therefore, older,

In the early stages of vitamin A-deficiency the odontogenic epithelium
appears to be normal morphologically thaugh not so physwlogically, later,
profound anatormeal changes are observed. The cells exinbit such a Jack of
i iation that Hy no gmzable Tobl can be found.
Conseguently, there is a great reduction 1 the deposition of enarmel, as 2
result enamel hypoplasia is a p ifestation of ad d vitamin
A defici Sinee the odontogenic epithelium does nat stop its prolifera-
tive actvity, cords of undifferentiated epithelium invade the pulpal tissues
where they form nests of cells. Some of these are able to stimulate the
neighboring meseachyme to abortive efforts of dentine formation and in
this fashion numerous concretions may be formed. Loss of the yelow
pigment of the meisor teeth of rats has beer desenbed when rations deficient

in vitamun A are employed.52 In the rat and guinea pig all of the above
t are ible following adeg; with Vitamin A52054
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VITAMINS D

The skeletal festations which cl ise rickets have been recog-
nuzed from earliest times However, not until the middle of the seventeenth
century was the disease shown to be 2 clinical entity Chemical and patho-
Iogical studies of the bones of animals and humans were made during the
last century (page 361 ), such observations culminated m Pommer’s morpho-
Togical observations which were published 1 1885 27 Pommer outhned the
broad prmeiples of the pathological changes in human nckets Subsequent
workers have only confirmed and amplified his conclusions.

Although many attempts had been made to produce nickets n the ex-
perimental arumal, not until the end of the second decade of this century
was evidence presented that pathologic alterations similar to those seen in
the human could be achieved with regulanty in the laboratory. In 1918,
Edward Mellanby 2% announced that he had been able to produce rickets
in dogs and that the disease was “pnmanly due to a lack of an accessory
factor in the diet ” The first ration used by Mellanby consisted of oatmeal,
nce, salt, and whole milk. This regimen was changed from time to time,
at the end of lus experiments, bread, hinseed o1l, yeast, orange juice, salt, and
separated mlk were the mgredients The presence of rickets was deter-
mined by the external appearance of the dogs, x-ray changes, the chemical
composttion of the bones, and histological study of the skeletal tissues Rick-
ets could be prevented or cured by the admimistration of cod liver ail. In
addition to an “anti-rachitic vitamme” m the diet, Mellanby believed that
certan adverse environmental conditions, particularly confinement m
cages, contributed to the development of skeletal changes 52°

Meanwhile I Amenca, two groups of investigators were carrymg out
experiments which were to clanfy further our understanding of rickets. In

1921, McCollum, Simmonds, Parsons, Shipley, and Park % reported the
production of nickets of rats which had been placed on a variety of diets
which were deficient i calcium, phosphorus, or fat-soluble wvitamin A.
They proceeded to demonstrate the importance of the levels of calerum 53t
and/or phosphorus 33! m the diet, for, if rickets was to be produced, one
of these elements must be lacking M Tule, St and P hei
had independently announced the production of rickets w rats‘by a diet
deficient i phosphorus #2 The addition of phosphate protected against
the development of skeletal changes.

The Johns Hopkins investi then d rated that the incl

of cod liver oil in the diet led to the deposition of lme salts in the bones of
rachitic rats$3* and that cod liver ol contains a curative substance not
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Ficure 53. Vitasux A DerFiciEacy,

MaMormations, cardiovascular system 4. Left ductas as arch, L4, with distally ans-
mng nght ductus (Courtesy Dr. ]. Warkany and The Amencan Journal of Anatomy }

may be drawn is that such malformations are determined during the period
of active organ formation rather than at an earlier period such as has been
found for other agents which produce defects in the embryo

The various effects of naturally occurring vitamin A deficiency in man
are described elsewhere (page 355), Well-controlled studies of cxperimental
vitamn A deficiency have been carried aut in the haman for periods ranging
from six and one-half to twenty-five months.5# The subjects were twenty
men and three women, between the ages of nincteen and thirty-four years.
The diet d of natural foodstuffs which supplied no more than 76 1.U.
of beta-carotene daily Only two useful crterta of vitamin A deficlency
emerged: plasma concentration vitamin & and dark adaptation values.
Withmn three months the average value of carotenoids in the blood dropped
from 150 1 U per 100 ml of blood plasma to about 40 1.U. In time there
was also reduction in plasma vitamin A levels, In four individuals the value
fell below 50 1.U per 100 i of plasma. In only three of sivtcen subjects
was there a marked deterioration of dark adaptation. A number of tests
were employed 1n this study but none were effective it demonstrating any
changes from the normal, Sht lamp studies of the eye and careful examina-
tion of the skin failed to reveal any alterations, The conclusion was reached
that “the observations, therefore, do not support the view that, m the
condstion of the present experiment, lack of vitamin A was a causal factor
in the development of follicular hyperkeratosis ”
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present 1n butter fat. The existence of two fat-soluble vitamins was demon-
strated when oxygen was bubbled through cod liver oil, a procedure which
destroys vitamm A while the antirachitic potency remains intact.”

While such studics were going on attention was directed to Huldschins-
ky's®® observation that ultra-violet light bas a curative cffect on clinical
nckets The entire story was brought to a close when Steenbock 3% and
Hess s simultaneowsly showed that, when various substances were ir-
radiated, antirachitic properties appeared. The precursors of these active
materials were de rated to be er 1 and cholesterol.

Of the many forms of vitamin D which have now been discovered 54
two, activated ergosterol (viostero} or ealeiferol) and activated cholesterol
(7-dehydro cholesterol), are the most impostant; both are used extensively
m the prophylaxis and therapy of rickets Aside from these dietary forms
of vitamin D, the organism 15 able to obtain adequate amounts of antirachi-
tic substance from the activation by sunlight of the provitaram in the skin.
Hess and Weinstack 5 proved thus by feeding human or calf skin to rats
on a rachitogenic diet. While non-irradiated skin has little or no healng
effect, dermal tissues which have been radiated with ultra-violet rays in
vitro do have antirachitic power, These observations show conclusively
why ultra-violet irradiation is so important in the cure and prophylads of
rickets and also help explain the seasonal*2°¢ and geographical distribu-
tion of the disease!s1?

As might be expected, following the isolation of several active forms of
vitamin D experimental data began to accumulate concerning the mode of
action of such potent factors. Foday, although some broad generahzations
can be offered, little information is available concerning any specific effects
of vitamin D on cellular mechani Before di g the few data which
are at hand, it would scem appropriate to define the morphologic criteria
of rickets, whether the disease Is produced by a deficiency of calcium, phos-
phorus, and/or vitamm D, and the biochemical defects which may be en-
countered. With such a background we shall be in a better postion to
evaluate the experimental evidence dealing with the mode of action of
vitamin D. But we shall first have to go farther afield; for if the pathologic
changes which characterize rickets in the skeleton are to he made intelligi-
ble, a brief di ion of normal genesis must be g ted; the ana-
tomical aspects first, followed by pestinent data on the composition of
cartilage and bone, to be concluded by what hittle is known of the calcifica-
tion mechamsm,

Virtually all the bones of the mammalian skeleton are preceded by carti-
lagenous replicas  Only certain bones of the skull arise directly from a
connective tissue matrix. Bone formed from cartilage is termed endochon-
dral; hence, this type of skeletal growth is termed endochondral bone
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calcium and phosphorus appear in the organie matnx and true bone is thus
formed. Much of it is soon destroyed 1n order to hghten the structure,

As we shall see later, 1t 15 advantageous to divide normal bone gronth
mto three general events {1} Growth of cartilage, (2) Bone formation and
destructien, and (3) Depositon of morgante salts m cartilage and bone
matnces,

The epiphyseal cartilages are composed of cells and matrix #4¢ The latter
15 smd to constst m large part of protem, collagen (see page 186), and a
carbohydrate, ¢hondrottin sutfunc acid, which 1s made up of molecules of
gl ic acut and acetyl-gal 1 aexd, arranged alternately
it Jong chams 7 The matrix of cartilige ss apparently elaborated by the
cells themselves One can follow the mearporation of radioactive sulfur
{8} 1n the cell and sts sub locahzation i the Tl

matri 5% 552 The turnover of chondroitn sulfurie acxd would appear to be
vapid So, toa, the metabolic activity of castilage withe respect to organse

1 ol eprohyveat cartils ge

3 . and und o
N wape cells and trabeculie of bone lm%.mh. 'n?e ::;‘:’::i c:ﬁs
ar at and are found up close ta the cortlage ¥ and E. (x60).
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formation. Its characteristics are that each bone is preceded in the embryo
or fetus by a replica formed of cartilage cells. If one examines such a
structure, the cells which compose it are found to be an varying degrees of
maturation; the most advanced or adult cells are present in the central
region, for instance, the mid-portion, in the case of the cartilagenous anlage
of a long bone.5** Here one finds a zone of large (hypertrophic) cells,
which certain chemical changes are occurring. At the periphery of this
cell mass, beneath a sheath of perichondrial cells a change also takes place;
for these elements promote the formation of an organic fibrous matrit in
which inorganic salts soon deposit, Hence, a2 bony callar is soon formed
about the region of hypertrophic eartilage cells. Blood vessels and connec-
tive tissue cells soon break through the bony collar and begin to excavate
the mass of hypertrophic cartilage cells. A marrow cavity is thus initiated.
Cartilage cells at either end (now the epiphyses) continue to prohferate,
reach an hypertrophic stage, and are invaded by capillarics. The bony shell
has now become the shaft, or diaphysis, which continues to form new bone
on its external surface as a result of the activity of the cells which are now
called the periosteum,

Certain more intimate details of the growth of cartilage now concem
us, particularly those at the junction between the cartilage and bony shaft,
a region which is called the metaphysis. One can trace the growth of carti-
lage cells from small elements through various stages of development to
their final or hypertrophic form.#! Alterations in the lipid, carbohydrate
and protein content of these cells also occur. Such changes are doubtless
related to the great proliferative activity of these cells which manifests
itself by the rate of growth of the epiphyseal cartilage. For instance, the
lower end of the femur of a rat increases .18 mm. in length per day.®* It
has been estimated that the complete cycle of growth, maturation, and
death of the cells i the upper epiphysis of the tibin of the rat takes only
thirty to forty-five hours.5%4

Changes are seen in the enzyme content of the cells; for instance, alka-
Iine phosphatase activity appears mn the hypertrophic cells and the matrix
surrounding them.5*? Intense dehydrogenase activity is found, which, how-
ever, has no particular distribution with relation to the cyele of growth of
the cells.

The most prominent alteration is scen in the matrix between the carti-
lage cells. Here, between the rows of hypertrophic cells, inorganic safts are
deposited. A sort of honeycomb is made by the spaces occupied by dead
or dying cartilage cells; into these, capillaries grow. The blood vessels are
accompanied by osteoblasts which deposit the organie matrix of bone, |or

I

. PR

osteoid, on the spi of car matrix. A
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bone crystals just noted must be deg d. How is this dure brought
about? Two mam arens, humoral and local, would appear to be of im-
portance. More 1s hnown of the first than the second mechanism

Knowledge of the wmp of the } } factors wm calerfication
stemmed from studies of healing nchets w chnldren and in expernmental
animals. In 1818 Howland and Kramer 7 pomnted out the mportance of
the serum concentrations of caleium and phosphorus i the patl of
rickets 1f o product m terms of mulbigrams per cent calewm aad phospharas
was below thirty, nchets was sure to be present, if between thirty and forty
the disease might be expected, while if the praduct was forty or above the
bones canld be assumed to have ther normal content of inorgame salts
Studies on expenimental anmals i which rickets had been produced by
chets low m calewm and/or phosphorus soan mdicated that the develop-
ment of the disease could be correlated with the serum levels of calcium
and phosphorus. Moreover, the effects of healmg 1 1100, as well as
vitro, 32 also demonstrated the importance of the humaral concentsations of
ealeinm and phosphorus on therr deposttion i cartilige The latter studes
mdicated that slices of epiphyses from rachitic rats would caleify n solu-
tion contammg approprate concentrations of caleam and phasphate
Varous p di such as el the o sons, boihng the carts-
lage, et cetera, infubited the caletfication process

The exact mechanism whereby calonm and/or phesphorus combines
with the organic moetses of cartslage and bone remawns unknown  Some
have felt that a lacal ac ! v of phiosphorus was decs Robison 598
snvohed lus famous phosphatase theory to aclieve high local concentrations
of phosphate 1ons as a result of hydrolysis of phosphate esters Others3*
have looked upon bindmg of calesam, posaibly by chondroitin sulfurie acd,
as of importance More recentls, evidence for the role of the collagen mole-
eule has been brought fornard ™* At the moment we just don’t know how
this very important process comes about  Ilowever, we shall continue to
look upon the calofication mechawism as a process smediated by cells
Rather too much emphasss has been placed on the physical aspects of the
process, as a tesult of stuches ubihzing the i titro techiique, We feel that
this procedure bas been abused m past years and in the hands of some
workers hay ceased to be physiologieal. Exactly what the roles of glyco-
gen 7 phosphatase,*s* enzymes of the Krebs cycle,’ et cetera, ™7 Lave to
do with the calerfication. mechansm m cartilage remomn 1o be determmed
Whethes the mechanisin is the same in bone ratrix must also be deaded,

¥rom the above brief discussion of the dyname aspects of the ion rela-
touships to the bone enystal, st must be obyious that the skeleton s not
particalarly statie Duning growth of the expenmental animal or of man,
growth of cartilage, bone formation and bone destruction are seti ely gomg‘
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carbon compounds labeled with C-14 may be studied ** and found to be
active.

Bone matriv consists of collagen and a polysaccharide which has not
been as clearly defined chemically s has that of cartilage.s+ 133

At the present time the chemical nature of bone salt is fairly well
settled 5 348 The basic structure of the bone micro-crystal is hydrowapa-
tite, which belongs to compounds composed of caleium, phosphorus and
hydroxyl ions having a certain spatial or lattice arrangement, which is
common to the whole series of materials having different molecular ratios
of these ions. The chemical formulation for hydroxyapatite is 3(Cas
(PO,),)-Ca (OH).. Crystals of bone mineral, which are composed of
aggregates of hydroxyapatite, are small having dimensions in the neigh-
borhood of 200 x 100 x 20 A. The small size of such crystals allows for 2
variable stoicluometry and helps explain the presence of certain other fons
m bone.

Much of this distribution is governed by the fonic radii of the atom in
question 1n relation to the lattice structure and its hydration shell. Ions of
strontium, radium and calcium can exchange with calcium already present;
50, too, fluoride or phosphate may substitute for the latter ions already in
bone. In addition, other ions: sodinm, magnesium, uranyl, and lead, may be
adsorbed on the surface of the erystal in place of caleium and carbonate or
citrate may be adsorbed m Jien of phosphate. Finally, certain ions may be
more loosely fied in the hydration shell; these include potassium and chilo-
rine.s** In recent years bone has come to be Jooked upon as a vast reserveir
for the storage and ready supply of a number of norganic fons. Elsewhere,
for instance, this phase of the metabolism of sodium has been pointed out
{page 33).

The most extensive changes take place with respect to the primary
constituents of hydroxyapatite, that is caleinm and phosphorus. Twenty
years ago, Hevesy'*' showed how rapidly and completely newly-admin-
1stered radioactive phosphorus (P?2) must be taken up by skeletal tissues.
This observation initiated a vast number of studies deahng with the dynamic
equibbrium of numerous 1ons with bone, all of which have shown how
Iabile this tissue is, at Jeast as far as its morganic compoasition, is concerned
particularly with respect to caleium 5% 5% and phosphorus %% One can view
these changes going on in several ways: (1) by formation of unit crystals
of hydroxyapatite, {2) by recrystallization, {3) by surface exchange or ab-
sorption, and (4) by diffusion into the hydration layer of the bone
crystal.$®

The growth of cartilage and the activities of bone cells, the osteoblasts,
lead to the formation of their yespective matrices. In order to give these
orgamic components, particuladly the latter (ostecid), more stabihty, the
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The mechanism whereby the cells of the ntestinal epithelum effect the
transfer of caleram into the blood stream is not known  Presumably, as will
he noted below, Vitanun D plays a role.

A certain munimal amount of caleium must be present in the et if
posstive balance 15 to be maintained, Wide variations from individual to

drvidual are found, M, , many exog and end factors,
not all of swhich are clendy understoad affect calerun balance. The problenas
which are encountered s studying this phase of caleism metabohism are
many, Long term studics of intake and escretion are necessary if vahd
data are to be obtained. The importance of the proportion of “fecal endo-
genonus” caleium has been stressed repeatedly in recent years.?? 54

Calcium exists 1n the blood plasma m two forms. jonized and bound.
Utshing a biologic assay methad, about one half of the 10 mg of calefum
ts found to be tonized or 1 the diffusible state ** The un-ionized portion
of plasma caleitsn 15 bound to the alburun fraction of the plasma proteins

As shown by stades employing radicactive calerum {Ca*®), the ab-
sorbed ealewsm s removed from the blood stream by the skelstal tussues
This ts an extremely rapid process, begmning wmednately after Ta'® s
wtroduced nto the blood stream or intestinal tract one half of the absorbed
dose may be removed i 2 matter of minutes 5%

Under normal conditions relatively little calenmm s reexcreted mto the
lumen of the i inal tract Most 15 el d by the kidneys, though this
15 not a parbiendarly large amount, since even though large guantites pass
through the glomeruli, much of the calerum w the fuid presented to the
tubslas epithelial cells is reabsorbed

There are thus three factors wineh guard the calmom homeostans of
the orgamsmn (1) imtestine, {2) skeleton, and (3) hidueys Of these
three, the skeleton appears to play the most important role, hence, when
one finds alterations in the metabohst of caloim, the skeleton s Iihely to
be the seat of disease.

The mechanism far the absorption of phosphorus%? js no more under-
stootd thavn that for calemm. As far as 15 known alf of the phosphorus m the
curculating plasma is freely diffusble The mam segulatory mechamsm for
phosphors o the tadaey, which is contrlled in pant by the parathyrod
glands The rale of the sheletan 1s important yet i this respect calesum and
phosphorus differ somewhat since the metabohsm of the latter 1s so much
more amportant as @ part of tissues other than bone.

Duninyg the past forty years sickets has been stadied in expenimental ani-
mals by a number of mvestigators 184 337,529, $30, 537 512, 233, 556 537, 538, 891
372 814 398 The morphological alterations are, in general, well-understood.
The chremieal changes in the strueture of cartilage and bane are nat at all
clear and much needs to be done before the entire story is elucrdated, Iu
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Ficure §6. NorMaL Bonge.
Cortex, human, Microradiograph of ground section of portion of cortex of adult human
bone to show Haversian systems of varous sizes. Note especially the different degrees
of density of the osteones. Some are less mmeralized (darker) than others, The nter-
vemng compact bone 1s most dense {x75).

en In the adult organism, since growth of the epiphyses has ceased, one
will see only alterations 1n the osseous tissue. But here, tog, evidence is not
lacking for active turnover The Haversian systems or osteones are continu-
ally being formed and broken down. Moreover, differences in their mineral
content can be demonstrated by appropriate techniques

Smce the mtegnty of the bones 15 so dependent on their content of

leim and phosphorus, 1t 1s y to discuss briefly some of the normal

mechanisms for the regulation of the metabolism of these two components
of hydroxyapatite

The absorption of caleiem wlnch is taken into the gastromtestinal tract
15 modified by a number of lacal factors.?*" #32 These include the pH of the
intestmal T of i of anionic d
amount of protein and/or amine acids present, and concentrations of fatty
acids Calcium absorption may be madified by any one or more of these
factors as 15 noted in Table VII where appropriate references are included.
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between the rows of hypertrophic cartilage cells; this deposit seems to gude
the ingrowth of capillaries into the holes left by the degenerating cartilage
cells Osteoblasts then form osteoid on these spicules of calcified matrix.
In rickets, the imtial change at the cartilage shaft junction 1s failure of lime
salts to be deposited 1n the cartilagi matrx sub Such defects are
exhibited m tissue sections by an absence of deep blue-staming material
(calcium salts) between the rows of cartilage cells. The extent of such
defects is dependent upon the severity of the metabolic disorder One may
use other techniques such as staming with silver mtrate or microradiog-
raphy to demonstrate the defects.

Comerdent with this defective lime salt deposition the zone of mature
cartilage cells begins to increase i width. When the disease has progressed
for a time, the histol 1 preture 1s ¢l 1 by a broad zone between
the multiplymg cartilage cells and the shaft, the so-called rachitic meta-
physis. This ts composed of tongues of cartilage which extend down toward
the shaft and which are separated from ene another by collections of capil-
lantes or “vascular bushes” In other words, at some pomnt blood vessels
have been able to penetrate the cartilage wiile 1n other situations, due
perhaps to compression of cartilage or differences in Iime salt deposition,
capllarres find 1t impossible to erode the cartilage In addition, this zone

i 1 made up of leified cartilage matrrx upon which

osteoid 1s bemg deposited. These, of course, result from groups of cartilage

Ficvrr 58 Rickers

Thosph actvity, rat. Epiph

| cartilage from rat on a low-phosphorus dict
A Control stain to show widespread zane of hypertrophic cartilage cells. B Phosphatase
reaction to show mtense staiming of entire area which ndicates enzyme. activity through-
out, )
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Ficure 57. Rickers

Epiphyseal cartilage, rat A Most recently hypertrophie cells from rachitic epiphysis
shown i Figure 18 The cells contan nuclei and cytoplasm with radiating strands
B Cells from hypertrophic area which has been present for a long time. Note differ-
ence i size, wregular arrangement and apparent absence of matenal in cells Toludm
blue (x575).

the following account we shall draw on the reports just cited, together with
matenial which we have studied ourselves.

The rat has been used mast often to study the pathogenesis of nckets.
In this species pathologic alterations may be produced i the skeleton as a
result of erther calcium (page 44; Figures 17, 18 and 19) or phosphorus
(page 52, Figures 22 and 23) deprivation. Usually vitamin D 15 excluded
from the diet as well, although this is not absolutely necessary.

When a young growing ammal is placed on an appropriate diet, the
initial changes, which may be seen after only a few days, are found mn the
cartilage. These alterations may be eprtomized as follows: (1) failure of
lime salts to be deposited 1n the cartilage matrix between the rows of hyper-
trophic cells and (2) failure of these cells to be invaded and destroyed by
the capillaries.

In the normal growth of the cartilage plate on the shaft, the cartilage
cells multiply and those nearest the diaphysis arrange themselves 1 rows
with the largest and most adult cells nearest the capillaries advancing from
the shaft. Lime salts are deposited in the cartilagi matrix sub
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Yevels of each wall fall In additton to these changes i the concentrations of
sernm calcium and/or phosphorus, the alkaline phosphatase activity of the
serum 1s found to be elevated.>**

The effects of alterations m the mtake of calcium or phosphorus on
serum levels are manifested by changes i the chemical composition of
the bone One can modify the Ca.P ratio of bone over a range by altering
to the concentrations of these materials in the diet5%% or by adding other
matenals in excess, as will be noted below.

Changes in the excretion pattem of calcium or phosphorus are naturally
to be expected. If the diet is low m calcium content, much of the phos-
phorus 1n the ration will not be absorbed and hence will be excreted Con-
versely, on a low-phosphorus diet large of calcium are lost in the
unne and feces 8% This phenomenon shall be retumed to later when the
mode of action of vitamin D is discussed

So far, only the mportance of changes mn the caletum and phospliorus
contents of the diet has been mentioned. The amounts of these matenals m
rations may he optimal, yet rickets can develop as a result of a number of
conditioning factors. Most of these studies have been carried out on rats,
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cells being cut off by capillaries and then coated with ostecid, doubtless
an attempt to strengthen such a region.

As might be expected changes are also occurring in the shaft, about
the trabeculae, and along the endosteal and periosteal suriaces. In rickets
osteablastic activity is not affected unless the organism is suffering from
growth arrest as a result of other factors such as non-specific inanition.
Therefore, as one would expect, osteoid, the organic matrix of bone, is
deposited upon pre-existing bony trabeculae in normal fashion. However,
since general, and perhaps Jocal, factors are not propitious, caleium and
phosphate salts are not deposited in this osteoid. It will be recalled that
ordinarily the deposition of inorganic salts occurs practically simultaneously
with the appearance of osteoid; in rickets, however, deposition of lime salts
in bone matrix fs either retarded or completely lacking. In the usual tissue
sections stained with hematoxylin and eosin, osteoid may be recognized
as a band of hght pmk-staining material of varying width which coats much
of the cortex and trabeculae of the shaft. In such histologcal preparations
bone usually has a bluish-gray tint. The contrast between bone and osteard
may be accentuated if more elegant techniques are nsed, such as those
which employ undecalerfied sections stained with silver nitrate or studied
by microradiography. When g a bone under the microscope one
should always look at the shaft to ascertain whether osteoid is present in
abnormal amounts. One must, of course, bear in mind that the amount of
normal, or physiological, osteoid varies depending upon the age and the
species from which the specimen is derived. In the normal growing rat,
for mstance, osteoid is virtually never seen.

The healing phenomena in rickets have been studied in experimental
animals since the very beginning.** Inorganic salts deposit in vivp in the
matrix about the cells which have most recently become hypertrophic It
is here that glycogen is present %7 ‘The deposition is dependent on the con-
centrations of caleium and phosphorus in the plasma, Healing can be

ffected by the admimstration of inorganic phosphate p: lly of a low
phosphorus type rickets is being studied.5* The exact mechanisms which
are entasled in the deposition of inorganic elements are not known. They
are undoubtedly the same as those occurtng mn the cartilage of the normal
organism, Histochemical studies of healing phenomena have been inter-
esting and need to be expanded 57

What are the biochemical defects in experimental rickets? These depend
on whether the skeletal alterations resnlt from a deficiency of calcium or
phosphorus. If the former element is lacking from the diet a reduction in
sernm caleium levels will be found  On the other hand, if the phosphorus
content of the diet is reduced, the levels of serum phosphate will be dimin-

ished If the intake of both calcium and phosphorus is restricted the serum
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tion of lime salts i it, Whether this delay represents some chemical im-
maturity of the matrrx which 1s not proputious for calcification is not known.
At any rate, bands of osteoid of varying widths are found along the bony
trabeculae of the normal growing ammal. Such layers are called “physio-
logical osteord ” To explan this one can concerve of either more osteoid
being formed than the calcification mechanism can keep up with, or a defect
m the humoral concentrations of calcium and phosphorus. Two situations
come to mind with respect to excess osteoid formation. new matrix pro-
duction as a result of fractures m the normal animal 37 or new matnx pro-
duction in healing scorbutus * In both situations osteoid formation out-
strips calcification, though we can never be sure that the osteoid has not
reached the normal “state of caleifiability.” Growth is necessary 1if rickets
is to develop, rickets may be made to heal if growth is retarded.>*®

Any number of factors may affect the absorption of calcium and/or
phosphorus by the cells of the intestal mucosa  Some of the mechamsms
which may be studied i the experimental ammal are (1} dietary lack,
(2) inadequate absorption of calcium due to lack of vitamin D and (3) in-
adequate absorption of calerum and/or phosphorus as a result of the pres-
ence of other 1ons or complexing agents

Any ions or organic materials, which may combine with calcium and/or
phosphorus 1n the mntestinal lumen to form msoluble or poorly absorbable
compounds, can lead to rickets In the case of ealeium, such matenal consists
of phosphate,57¢ 1147 citrate,573 1148 oxalate,75 578 1148 phytate,5%% protein,>?
and certam amino acids, particularly lysine,5’7 and fatty actds 352 In the
case of phosphorus, such matenals imclude calcium,’™ berylhum,5®
iron,57. %89 lead 38t aluminum,’® magnesium,’®? thalllum ¢ and manga-
nese 52

The importance of the pH of the sntestinal contents on caleium and phos-
phorus absorption has been recognized for many years.5™ This mechanism
is related to the solubility of calcium phosphate which is increased in an
acid medium When nickets or osteomalacia occur naturally the situation
becomes even more complex (page 361)

We are now 1n a position to discuss the mode of action of vitamin D.5#%
The main function of vitamin D, though how this action is efected 1n un-
known, 15 to increase the absorption of calcium by the cells of the intestinal
mucosa. Esvidence for this 1s based on several types of data. In the intact,
vitamin D-deficient organism fecal losses of caleium are usually large, such
deficits may be d d by the administration of vitamin D. The altera-
tions in phosphate excretion and retention paralel those of calerum. More
evidence was presented some years ago by Nicolaysen who studied the
absorption of calcium from isolated loops of intestine of the rat Calcium
was found to disappear at a faster rate from the isolated loops of vitamin
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Tane VI
THE PATHOGENESIS OF LXPERIMENTAL RICKETS
I Genetic 5%
I Dusturbance sn Bolance of Matny Production and Deposttion of Inorgame Elements
(1} Heahng fractures 3%
(2} Healing scurvy 7
HE Dusturbance in Intestinal Absorption of Calcium and;or Phospharuy
(1) Calowm
(a) Dietary fack 57, 772
(b} Change in pH of intestnal enntents 52
(¢} Formation of insoluble compleves {aa) phosphate 5Tt 147 citrate 575 1148
oxalate,$75, 376, 143 phytate 204
(d} Protem and amno acid content of diet #17
(e) Fatty acids %%
(f) Vitamun D Tack
{aa) Dietary
(bb) Absence of e
(cc) Ympaired formation in skin
(2) Phosphorus
(a} Dietary lack M
(b} Change in pH of intestinal contents
{e} Formation of msoluble complexes
(aa} caleram ¥
(bb) berylium 3%
{cc) won 1 30
{dd} lead s
{ee) alumavm >
() magnesium 3
{gg)} manganese ™
{bh) thalliam ™

although, as will be related Iater, similar situations may apply to rickets
occurring naturally in man and animals. A summary of the pathogenesis of
experimental rickets is found in Table VII. Here it will be noted that the
develop of skeletal changes can be broken down into three mamn cate-
gories. (1) Genetic, (2) Disturbance in the balance of matrix production
and deposition of morganic elements in it, and (3) Factors affecting the
intestinal absorption of calcium and/or phosphorus

Some years ago Streeter, Park, and Jackson **® reported on hreeding
expenments in rats in which strains having a high or low susceptibility to
rickets had been ob! d, Tlis was plished by studying the severity
of the disease in a number of ammals placed on a standard rachitogenic diet
and m breeding the animals according to the degree of rickets which they
evinced. This is a beautiful example of the importance of genetic factors an
the pathogenesis of deficiency disease.

In the normal growth of the sat or other experimental animal, there is a
shight Jag between the appearance of bone matrix (osteord) and the deposi-
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this structure can be detected. There is no enamel hypoplasia in rats, al-
though in the guinea pig severe hypoplasia of the enamel has been re-
ported 4% when these animals are placed on a fow calerum-high phosphorus
diet contaming no vitamin D, Thus in experimental animals there does not
appear to be entire agreement, though it will be noted the ealcium and plios-
phorus concentrations of the diet were reversed and this may explain the
presence or absence of enamel hypoplasia. Pomnted studies on the tecth
using diets of known compasition while changing the calcium and phos-
phorus ratios and total concentratians as employed by Shohl 57 in the study
of bone are certamly needed

As might be expected, the bony supporting structures of the teeth show
characteristic changes similar to those of the bones just described above.
Wide osteoid borders are found on the trabeculae of the alveolar bone.*®
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D-defictent rats as pared with those iving the vitamin.$9%- 8% Nore
recently studies with the 1otope, Ca*s, have indicated an increased absorp-
tion in the presence of vitamin D3 1t may be concluded that vitamin D
has a profound effect on the absorption of caloium in the species swhich
have so far been studied, inclading man, The rat is able to absorb sufficient
amounts of caleinm and phosphorus for its needs if the dietary levels of
these two elements are optimal. Considerable increase in the amounts of
calerum absorbed can be effected by vitamin D admimstration. The absorp-
ton of phosphorus is secondary to the effect of vitamin D on calcium.

Are there any other physiological effects of vitamin D? Several have
been postulated, of these most attention has been given to two: the role of
vitamin D on phosphoms exeretion by the kidney and a direct effect on the
activities of the osteoblast. Evidence for the cffect of vitamin D on the
metabolism of phosphorus has been derived from experiments on rachitic
puppres, in which a decrease in resorpion of phosphate was found.?
Whether a similar effect aperates in the normal remains ta be demonstrated.

Nicolaysen’s contention is that a lack of vitamin D leads to the presence
of excess osteoid in bone independent of its ash content.5®® We feel that
evidence 1s not yet sufficient to warrant a sweeping conclusion that vita-
min D deficiency {in the rat} leads to specific effects on the bones, other
than those associated swith alterations in serum caleium and phosphorus
concentrations As a matter of fact excess amounts of vitamin D lead to
abnormal amounts of asteoid.®* The effect af excess strontinm is difficult
to explain The ad ration of this el leads to excess asteoid pro-
duction,

The vitamin D content of serum and tssues may be assayed.7.%% The
bioassay procedure is a labonous one. Other methods may not be as satis-
factory

Changes m the teeth in rachitic animals are less complex than those
geeurrng in bones mainly for the reason that the former are never resorbed.
When young rats are placed on a rachitogenic diet (high calcium, low phos-
phorus, no vitamin D), the first and most prominent change is in the in-
cisors where 2 line of disturbed calcification appears in the dentine; this
has been called the “colciptranmatic line” #¢ It is fonnd i the dentine and
yepresents the first response of the nrganisin to the effects of the rachitogenic
regmen  Almost immediately, too, there is a retardation in the formation of
predentme together with a 1 isturbance m the ion of
all the dentine which is formed, this matersal is not homogeneously base-
philic but 1s stippled by an irregular deposition of calcium salts. Calcifica-
tion of the cementum s lkewi! ded. The changes i the molars are
simslar but not of such a severe degree. Although there are cystic alterations
i the enamel organ before jt undergoes atrophy, no other abnonmalities in
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VITAMINS E
(Alpha-tocopherol and its Homologs)

In 1922, Evans and Bishop % reported the existence of a new dietary
factor which was found to be necessary in order to insure normal reproduc-
tron 1 rats, this “X” factor was considered to be distinct from then known
vitamns A, B, and C  Mattill e al.%9! soon showed that testicular degenera-
tion occurred in rats whose diets were deficient in tlus material. A third
mmportant manifestation of a defictency of vitamm E, as the factor had by
then been named, was reported in 1928 by Evans and Burr * who noted
the development of paralysis 1n young rats born to mothers on vitamin
E-depleted diets Ten years passed before Olcott 2 showed that this “paraly-
s1s” was not neurogemc in origin, as had been considered, but was due
to necrosss of striated muscle fibers

Dunng the period n which these morphological changes were being
studied m vitamun E-deficient antmals, work was pushed on the 1dentifica-
tion of an active principle. In 1936 Evans and lus group # announced the
1solation of certamn alcohols from wheat-germ o1l, one of which had strong
vitamin E-like properties This alcohol was named alpha-tocopherol (tokos
—childbirth, phero—to carry} Soon after, Karrer and lus associates 6% suc-
ceeded in synthesizing the first of several biologically active products

Very early in mvestigations on the chemmcal properties of vitamin E,
1ts strong antioudant actwvity was recognized  As a result of these studies
of the oxidation of fat tissue,*® the metabolism of muscle,%7 and the de-
struction of other liptd nutnients m o1 82 8% current theones of the mode
of action of alpha-tocopherol have placed its role as an anti-ocidant i the
foreground, though its precise locus 1n enzymatic reactions has yet to be
fully eluerdated.

The body fat of rats which are rased on 2 diet deficient in alpha-toco-
pherol 15 very susceptible to oxidation *°¢ When the missing factor is ad-

d, body fat 15 stabiized, oudation does not take place. The rela-
tionship of alpha-tocopherol to muscle metabolism in tatro will be discussed
m detail below It has been d that alp} p 1 “acts as a
brake on the oudative mechanism primanly of skeletal muscle and in its
absence oudative processes m muscle run not” 97 Studies of the mter-
relations of vitamm A and alpha-tocopherol have shown that the inclusion
of the latter in a diet containing vitamin A prevents the destruction of vita-
min A in the gastrointestinal tract.*®* Somew hat simular expeniments demon-
strate that other fats such as cod liver oil destroy alpha-tocopherol and thus
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evidence of damage to the ovum or its membranes can be detected until
the middle portion of pregnancy, that 15, at the time of implantation The
earliest evidences of any untoward effects are found during the eighth day,
when the ectodermal cavity fails to appear. Further indications of deranged
development are mamifested during the following days. As a result of in-
adequate growth of ectoderm, the ectoplacental and ammotic cavities fail
to form, so, too, retarded development of fetal mesoderm and of the blood
islands is found In addition, irregular development of the liver ts promt-
nent, together with an absence of blood cells i the heart and Jarge vessels.
By the twelfth day, the development of the deficient embryo 1s a full day
behind 1its controls, on the thirteenth day death of the organism 1s apparent,
since the tissues become macerated The entire embryo 15 then resorbed.
Studies of the placenta indicate a marked retardation in its development
and fartlure of mvasion by the fetal vessels. Evans et o.5% have attempted
to explain reproductive falure as a result of “starvation and asphywia”, fetal

Fioene 60, Viravus E Denciescy,

Embryo, rat Two fetuses removed from females at the sixteenth
A From a normal. B From a vitamm E-deficient female of the sa
The plcenta of the later is a Dittle smaller than that of the normal. The fetus 1 B 15
dead and 15 undergoing autolytic changes Note the differences n the color of the
e, heart and cerebral tisues (x6). (Courtesy of Dr, Karl E. Mason )

day of pregnancy
me gestation period
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produce the pathological lesions characteristic of vitamin E deficiency.5®

Certain other important ohservations which throw light on its biochem-
1cal activities should be aited. In earlier studies on the metabolism of
striated muscle from vitamin E-deficient rats high Qo, values were de-
scribed % To explain this, the hypothesis that vitamin E acted as an in-
hibitor of succinic dehydrogenase activity was advanced. Further investiga-
tions, however, have tended to show that such an inhibiting effect is non-
specifie.#° One of the most interesting contributions has been made by
Dam and his collaborators who have shown that methylene blue, a well-
known redox dye, will, in appropriate amounts, replace vitamin E in many
physiologic processes in the rat. These aspects of vitzmin E deficiency will
be more specifically described helow. Here it need only be mentioned that
methyelene blue will replace vitamin E in correcting abnormal hemolysis
of erythrocytes,®! pigmentation of fat and incisor tecth,'? liver necrosis
and pulmonary hemorrhage,®'? storage of vitamin A in the hver," and
reproductive activity,*'s These ohservations are undoubtedly of extreme
mmportance yet their true significance is not clear at the present time.

The participation of vitamin E in the aerobic oxidation of reduced pyri-
dine nucleotide (DPNH) has recently heen suggested.'® We cannot go
into the details of these experiments, in which evidence is presented to
indicate that tocopherol is concerned with the actwity of cytochromes
b and e. It is hoped that the precise role of vitamin E in biologic systems
may be shortly forthcoming

Algha-tocopherol is absorbed From the intestinal tract like the other
fat-soluble vitanuns. The importance of normal intestinal secretions, par-
ticularly bile, in its absorption has been demonstrated in dogs with biliary
fistulas 817 Alpha-tocopherol is not distributed in rat tissues as its fat-soluble
properties might indicate. For instance, rather high concentrations may \?e
demonstrated n heart, spleen, and lung, although these tissucs contain
relatively little fat.®18

Alpha-tocopherol is y for the develop of the embryo, for
the integrity of the male germinal epithelur, for the maintenance of the
metabolism of striated and cardizc muscle in vitre and structure in vive,
and for the integnty of certain other tissues, such as fat, liver, teeth, and
lungs.

The indispensability of this vitamin for the reproductive process has
been demonstrated in rats,* %27 2/ mice,%? guinea pigs ©° and swine.*>*
Evans and his co-workers®*® studied this phase extensively in the first
species where changes are found i the embryo and in its membrsn.es.
Ovalation, the estraus cycle, as well as ovarian and the structure of vterine
tissues, are all normal save for the presence of pigment in the latter; lh.xs
will be discussed below. Female animals mate normally; no microscopie
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which Evans places so much emphasts is secondary to loss to the dilated
vascular channels,

Degeneration of the male germinal epithelium has been described in
the rat 62527 and gumea pig®?® but not m the rabbit 2% or mouse ¢ al-
though muscular lesions occur m the latter species (see below). Mason %%
divides the sequence of events which may be seen in the rat into several
stages as follows. after fifty to one hundred days on the deficient diet there
1s lysis and fusion of the mature spermatozoa, this debns then finds its way
into the epididyms. Foll the disapy of sp the
spermatids assume a lar form and d ate Next, the spermato-
eytes show peculiar nuclear changes with partial liquifaction of chromatin
and segregation of this matenal to form mtranuclear crescents. Mason
postulates changes m the cell membrane since such cells coalesce to form
large, charactenstic, multinucleated masses. During this period degenera-
tion of the primary sper tes and sper ia1s observed Although
some of the Sertol cells degenerate, for the most part these cells are not
particularly damaged. The end result 1s 2 testis whose tubules are atrophic
and lmed only by Sertoh syncytium. If one gonad of a vitamin E deficient
rat 15 removed fairly early in the deficiency and examined, it may appear
perfectly normal under the microscope Nevertheless, even though more
than adequate amounts of the mussing nutnent are admnistered, the
changes described 1n the end stage above are found 1n the opposite one
many days later Thus, 1rreversible mjury occurs before 1t can be detected
morphologically This, of course, is quite different from what occurs in the
testis as a result of vitamin A deficiency (page 132} or mamtion (page 13},
for repair can always be elicited in these situations

It 15 now known that the “nutntional muscular dystrophy” of rabbits and
guinea pags wiich Goettsch and Pappenheimer ** described 1n 1931 15 due
to a deficiency of alpha-tocopherol ¢! Lestons have heen described i the
skeletal musculature of the rabbit,** gumea p1g,**® young rat,*3? mouse,?
dog, % cat,* mmh,**® monkey,*? calf,538 639 640 [amb 641 642 and pig.s4s

Biochemical changes, which will shortly be discussed, occur m the rat’s
muscle before any morphological criterta of damage appear.®* The initial
histologrcal abnormahty, which 1s found n all species so far studied, con-
sists of swelling and hyalimzation of the muscle fibers, these then become

pletely necrotic an merease i the flrd content of the
mterstitial spaces 1s found, such fluid may eontain enough protein to be
stained by the usual proced Leukocytic infiltration has been described

as a promment feature in most species, together with & marked proliferation
of the sarcolemma nuclei  Fat droplets appear, together wath globules of a
peculiar golden prgment, which will be discussed more fully below. Many
of the necrotic muscle fibers become infiltrated with ealeium salts, which
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Ficure 61. Vitasuy E Derrciency

Testis A and B Vanous stages i the development of testicular atrophy in anmals
placed on a vitammn E-deficient diet, Compare with Figure 2A There 1s decrease m
the number of cells hining the tubules, together with the appearance of characteristie
gant cells which are especially prominent in A, Note decrease and virtual absence of
spermatozoa, spermatids, and mn some tubules, spermatocytes In B grant cells are
seen together with a further reduction in the number of germmal elements, 1n several
of the tubules only the Sertoh syncytial cells remain, Eosm-methylene blue stains
(x 150). (Courtesy of Dr. Karl E Mason )

nutrition is interfered with because of poor connections between fetal
and maternal tissues, and those nutrients which reach the embryo, especially
oxygen, do not obtam proper distribution b of q ! t

poiesis. Whether such hypothesis is tenable remains to be settled by further
investigation, since Mason 6% has postulated a physiological or morphologic
defect of the fetal blood vessels as the primary cause of the pathogeness of
the changes observed. The young of female animals given border line doses
of vitamin E may show marked dilatation of the blood vessels and extensive
hemorrhage mto the tissues. This is followed by death of the latter ele-
ments Mason suggests that the paucity of blood islands and cells upon
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demonstrated in the rat #* The number of nerve endings returns to normal
if there is repair of the muscle fber. Data on the behavior of sensory endings
are not available.

There 1s great variability among species m the ease which muscle le-
sions may be produced, Thus, arranged 1n order of highest susceptibihity,
one can place the rabbit, gninea pig, hamster, rat, mouse and monkey. A
simular situatson holds for the heart (page 167), though in cattle myocardial
fesions are found early, whle changes in the skeletal muscles oceur less
readily.

In the relatively resistant rat, only scattered necrotic skeletal muscle
fibers are seen after this species has been for some time on a vitamin E-de-
ficient vegimen If certain other nutrients, such as pyndowune, protein or
vitamim A, are also d from the pherol-defi diet more exten-
sive musele lesions are found.?4¢ Deficiency of thramune, riboflavin or panto-
thenic acids in association with a fack of vitamm E have no such effect,

Muscle tissue from rats deficient m vitamin E has been studied by
special techmiues, interesting data have been obtamed Extraction pro-
cedures fotlowed by examination in polarized light reveal a loss of positive
birefringence before degeneration can be observed by more conventional
light microscape technigues.®*" The ordinary birefringent material is thought
to be actomyosin, which thus appears to be decreased or Jost in muscle
fibers fram deficsent animals. In contrast to the positive birefringent ma-
tenal negatively birefringent substances persist 1n dystroplne muscle fibers
The pattern of distnbution wiich 1s d 1 hy tins technique js
similar to that following denervation. Studies ®® of the optical praperties
of the proteins extracted from dystrophic muscles have resealed a decrease
in actomysin content. Actin obtamed from muscle tissue showing se-
vere detrophic changes loses 1t capacity to be achivated by various salts.
Electrophoretic studies ®*® of normal and dystrophic muscle tissues show
an increase m the percentages of the more rapidly moving components and
a reduction in those which mave at a slower rate.

As mught be evpected, profound disturbances i the chemical composi-
tion and physiology of the muscle fibers Te these morphalogical

1 ions 1 d oxygen g of the muscle tissue occurs
in vitro before any hstological lesions ean be demonstrated 5 1n the ralv
bit o> the p and of the muscle are found ta
be d. g, wiile the of sodium and chloride are increased,
the former out of proportion to the latter The percentage of ealeium and
phosphorus s increased mn the muscles of those animals which show histo-
fomeal evidence of calofication In rats, an increase in acid-solable phos-
phorus compounds and a reduction in the phosphory Iation of glycogen has
been noted **' In rabbits an increase in fat, phaspholipid and cholesterol
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Striated muscle A Trssue from rabbit showing destruction of Bbers with cellolar in-
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may be identified by appropriate stains. Caleification is especially promi-
nent in calves,s* Following the administration of alph: pherol there 15
prompt regeneration of the damaged muscle fibers and an ultimate return
of the tissue to its normal appearance in the rabbit and guinea pig Muscle
Jestons in the rat do not respond well to therapy. Accompanying the de-
on of myscle fibers, a disappearance in motor end plates has been

generaty
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lesions in that limb, The reason for this 1s not clear, whether the abohtion
of motor or sensory, or sympathetic fibers or all is resopnsible has yet to
be determined.

In many of the earlier studies of vitamin E deficiency m various species
no changes were noted m cardiac muscle. Further investigations have
shown, however, that myocardial fibers have become necrotic in a fashion
stmilar to those fibers of striated muscle, on the whole, the process takes
longer to appear. Thus, physiol 1 and ical changes have been
noted n rats, 53¢ rabhits,559 650 661 682 663 3,00 664 pyyes, 40 €65 and lambs 5¢

In rats which had been on a deficient diet for over twelve months, ne-
crosis of cardizc muscle fibers followed by fibrosts has been observed 03¢
In such animals, ceroid (page 258) 1s found mn the myocardial fibers and
mn macrophages 1n the mterstiial tissues. Evidence of destruction of myo-
cardial fibers 1s present but the process seems to be slowly progressive. The
most conspicuous change 1s the presence of a great deal of connectnve
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Heart, mat Myocardium frum rat on a vitammn E-deficient diet for over a year Note
extensne scarring and disappearance of myocardial fbers. There 15, 1 add fron, some.
cllular infltration, many of the cells are macrophages contawing cererd pigment There
is 1o evidence of fresh necroses (x 150). (Courtesy of Dr, Karl E. Mason )
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concentrations has been observed in the skeletal muscles and, in addition,
there is an increase in the blood cholesterol levels.®s? The creatine content
of muscle is found to be reduced %% and there is an increase in the excretion
of this substance in the urine, so that the course of the syndrome and the
response of a deficient animal to therapy may be followed by studies of
urinary creatine. The dystrophy of experimentally produced vitamin E de-
ficiency in calves has been likened to a naturally occurring malady seen
in Europe and America ®* This is a form of calf paralysis m which striated
and heart muscle are affected. It has been named “weisses Fleisch” and is
thought to be similar to “stiff lamb disease™ which responds to vitamin E
therapy &4

By far the most interesting biochemical change in the muscle tissues
of alph: pherol-depleted Is is a marked disturbance of respira-
tion in vitro. I in oxygen ption of 200 to 400 per cent were
first described by Victor.®** The studies of Houchin #7 655.65% have fur-
thered our knowledge of these metabolic phenomena  In the striated muscle
from deficient animals of various species the otygen consumption s as fal-
lows: hamster, 240-250 per cent of normal; rabbit, 220 per cent of normal,
nursing rat, 160 per cent of normal, grown rat, 125 per cent of normal.
Following the oral admumistration of alpha-tocopherol to deficient hamsters,
the QO, falls to normal levels in as short a time as twenty-two hours. Studies
of biopsied muscle tissues from depleted rabbits to which alpha-tocopherol
phosphate had been given ntravenously indicate that there 1s a drop in
the QO, of 34 per cent in the first hour and of 49 per cent more 1n the next
three hours

In vitro observations of dystrophic muscle slices from rabbits and ham-
sters show that the addition of alpha-tocopherol to the medium lowers the
QO; by 40 per cent. Muscle slices from normal ammals are not so affected.
The sucamoxidase activity of dystrophic hamster muscle is found to in-
crease 160 per cent above pormal Addition of alpha-tocopherol to the me-
dium decreases the succinate actwity toward normal. The effects of alpha-
tocopherol appear to be non-specific, hence 1t cannot be directly impheated
in the succmoxidase system.®™® In view of these in vitro studies of muscle
metabolism it is unfortunate that the data are so inadequate with regard to
the total metabolism of the organism. When a group of vitamin E-deficient
rats on a purified diet 15 compared with animals which had received alpha-
tocopherol the total oxygen consumption of the latter animals is lower.
Unfortunately however, there were no very marked differences between
the deficient group and stockfed controls ®¢ This is a subject requiring
further investigation.

Pappenheimer and Goettsc]
complete denervation of an extremity p

h 657 made the interesting observation that
the develop of
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tion reveals even more pigment in the tissues mentioned above with par-
ticularly large accumulations 1 the fat.*¢* The pigment, which is pro-
duced as a result of vitamin E deficiency alone and which is intensified by
adding cod huer oil to the deficient diet, resembles “ceroid” (page 258) in
many respects A beginning of an und ding of the complex mecha-
nism leading to the production of this pigment has been made by Tappel.*™
Hemoglobin, cytochrome or hemin were added to mixtures of cod Liver oil
and casein, After shaking in air, large increases of a yellow brown pigment
were detected, this was thought to result from the catalysis of fat by the
won porphyrin groups. Such a combmation of oxidized hipid and proten
has been termed co-polymerization The effects of antioxidants on this cod
liver oil-protein-porphynn system were investigated Certan materials were
more effective m preventing 1t than alpha-tocopherol, though the substances
which were actnve are not as readily absorbed as is vitamun E  In witro
model studies such as these cannot be used to translate what 1s occurring
wn tivo, although they are extremely provocative,

Pigmentation of adipose tissue has been deseribed m certan ammals
fed diets contaiming matenials, such as cod liver oil, which might be ex-
pected to destroy vitamin E  Species so studied include cats,®® mink #®
and swine #¢°

The yellowish brown color of the enamel on the antenor surfaces of
the rat’s meisor teeth 1s fambiar to all who have worked with this species
The pigment, which is found m the enamel, contams ron and 1s said not
to be a porphyrin or lipochrome, but may be a melamn like material de-
posited by the loblasts 522 The disapp of this pigment from
the mncisor of the vitammn E-deficient rat has been noted by several work-
ers ¥4 %72 The iron portion of the pigment may be stained blue in the
naisors of normal rats by potassium fenicyanide, the teeth of vitamin E-
deficient animals remain unstamed  As might be expected the iron content
of the maisors from such rats 1s decreased °** Histologcal study *' reyeals
no enamel hypoplasia, such as 15 seen n vitamin A deficiency (page 138).
Changes 1n the ameloblasts, such as abnormal accumulations of these cells,
cyst formations, and, sometimes, even atrophy, have been described, o™

The development of acute massive necrosis of the liver as a result of
fecding dhets low 1n protein and high in fat content has been aseribed pn-
manly to cystine deficiency (page 98) The fats, such as cod Iiver ofl or
lard, wlich are usually incorporated mto such rations contmn large
amounts of unsaturated fatty actds. The addition of tocopherol to diets
which produce necrosis of the liver in rats leads to protection sunilar to
that afforded by cystme {or methionme) administration 576 Hence, it 1s
clear that two distinct fflclcrs, <y s.tme and alpha tacopherol, play important
roles in the pathogenesis of massise hepatic necrosis Other materials may
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tissue separating one myocardial fiber from another; ceroid-laden macro-
phages are found as well. In contrast to the changes which have been de-
scribed in the rat’s skeletal muscles, no alterations in the lipoid or choles-
terol content of vitamin E-deficient cardiac lature have been ob-
served.?s?

Rabbits deprived of dietary vitamin E, are less resistant to posterior
pituttary extracts, yet more resistant to such cardiac glycosides as onabain
and digitoxin ** In some rabbits electrocardiographic tracings have re-
vealed elevation of the S.T segment and inversion of the T wave in Jead
I1.%° Mieroscopic exammation % of the myocardium reveals changes sim-
ilar to those which have heen found in the skeletal musculature, First there
15 necrosis with loss of striations of individual fibers; next, nuclear changes,
e, pyknosis and karyorrhexis are found; these, then, are followed by an
inflammatory reaction. Calcification of some of the fbers may occur. The
effects of treatment in rats or rabbits have not been mvestigated.

In calves subsisting on vitamin E-deficient rations or on a regimen in
which vitamin E may be destroyed, changes may be found in the heart.
The first reports %% dealt with calves which died suddenly. Electracardio-
grams as early as four months prior to death revealed an increase in the
P-R mnterval, this was followed by changes in the QRS complex. Histo-
logically, atrophy and scarring were found in the ventricular walls. A
more extensive study in the Ayrshire calf by Blaxter and his co-worhers
639.640 hag led myocardial invol as a vesult of vitamin E de-
ficiency, Electrocardiographic changes have also been noted in vitamin E-
deficient lambs,?5

Chemical studies®? of the myocardium from normal and vitamin E-
deficient rabhuts have shown a reduction in creatin phosphate content of
the latter group from normal values of 6 1 mg. per cent to .9 mg per cent.
No ¢t were d 1 in the ations of inorganic phosphat

d polyphosp} or glycogen.

Mason and Emmel%%? 698 have carefully studied a curious pigmenta-
tion which a number of mvestigators have noted in many tissues of vitamin
E-deficient animals. Small globules of yellowish material are found in the
uterine muscle Bbers, ovary, interstitia} cells of the testis, lymph nodes,
spleen, fat, macrophages of the hver, bone marrow, lung, kidney, as well
as voluntary and cardiac muscle. The pigment, which is acid-fast, appar-
ently first accumulates in the utenne muscle fibers. It is readily taken up
by macrophages, but these cells do not appear capable of digesting it.
Tocopherol treatment seems to arrest pigment production but does not
appreciably increase its rate of disappearance. When 20 per cent cod liver
o1l is incorporated in the diet of vitamin E-deficient rats, an intense bw,wn
discoloration of the adipose tissue appears grossly; microscopic evamina-
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VITAMINS K

In 1920, Henrk Dam described 2 hemorthagic syndrome 1 chicks,
which had been placed on a diet virtually devoid of sterols.®* The bleed-
mg tendency was ascnbed to “a lack of a factor or factors occurring in
cereals "% In 1835 Dam presented evidence that the factor was a vitamin
which he designated vitammn X (“Koagulabions-Vitarun™ )% Durmg the
next few years several laboratories carried out extensive studies which led
to an elncidation of the chemical nature and finally to the synthesss of a
relatnvely large group of compounds of which 2 methyl-1, 4-naphthaquinone
{Nenadione) 1 the most actne **

‘The natural vitamins K are fat-soluble Hence, their absorption 15 en-
hanced by bile acids and pancreatic jutce  Animals in which biliary fistulae
have been produced and humans with obstruction of the bihary tract de-
velop the manifestations of vitamin X deficiency ®*® Synthetic vitamin K
{menadione) 15 more effectsve 1 correcting the coagulation defect m dogs
with bile fistulae than ase the naturally occurnng forms 87

The distnbutton of menadione labeled wath C* has heen studied in
dogs and mice ** Absorption 1 rapid after mtramuscular injection, Traces
can be detected in the blood, most 1s excreted in the urine  No appreciable

of rad; e [ are stored m any tissue  After the highest
dose (1 mg per 25 gms of mouse) only a trace of actisty 15 detected m
the hver and lang

1t has been known for some years that vitasun K 15 concemed with the
blood clotting mechamsm  All of 1ts effects were onpgwally asenbed to a
reduction m prothrombin activity  As a result of the achances in our knowl-
edge dunng the past few years of additional factors impheated m the coagu-
lation mechanssn, the role of vitamm K must be re-cvaluated  Previous
measurements of “prothrombin time™ have not measured the trae actaty of
prothrombun stselfl The field of blood coagulation 1s comphcated by an ex-
panding tenmmology, several terms may apply to the same entity  Figure
182 15 presented tn an attempt to provide a simphfied version of blood co-
agulation, the places at which vitamm X affects the vanous components are
mdicated It will be noted that vatamin K deficicncy leads to a seduction m
prothrambnn actaaty *** This 15 a measurement of true prothrombin, a pro-
tean of known moleentar weight which 1s made by the hver. Vitamin X defi-
cieney 1s also assoctated wath a seduetion i the tontent of plasma thrombo-
plastin_ companent (PTC, Christmas factor, factor IX).5 This factor
was ongmally noted to be congemtally Jacking m o group of patients,

1wt is of mterest that a similar deficiency can come about on a nutri-
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also be implicated. The necrosis of the liver associated with the inclusion
of large amounts of yeast in the diet is discussed elsewhere {page 101).
In addition to rats, liver necrosis has been produced experimentally in
swine; 7 a naturally occurring form of hepatic necrosis appears to be re-
lated to vitamin E defi y in the p of large of cod liver
o5 In another study alpha-tocopherot has been shown to afford protec-
tion against necrosis of the liver produced hy carbon tetrachloride adminis-
tration ¢ Hence, one wonders whether the cystine {or methionine) and
tocopherol type of hepatic necrosis is due to a pure nutritional deficiency
or reptesents the result of the action of some “tovie” substance with which
the liver is ordinarily able to cope.

Several groups of investigators have described extensive lesions in the
nervous tissues of vitamin E-defici imals. Walf and Pappenheimer *
have criticaily reviewed this work and concluded from their own experi-
mental material that “Jesions of the central nervous system did not occur
m vitamm E-deficient rats at any age.” 1t is of some interest, however, that
changes in the Jipid content of the brain have been reported in vitamin
E-deficient rats. The total lipid and cholesterol cancentrations are increased;
the free cholestero} portion is said to be elevated.®®?
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LIPOIC ACID

As a result of studies on the effects of certain substances on the growth
of various types of bacteria, a new biocatalyst has been isolated from hver!?s?
and yeast 12%8 This matenal, which 1s fat soluble, has been called “lipoic
acid.” Chemically it 15 charactenized as a member of the dithiooctanoic
group.129

Lipoic acid has been shown to function with thiamune and coenzyme A
in the oudation of pyruvate. It has been suggested that both thamme pyro-
phosphate and hipoic acid are separate coenzymes, or that the two materials
make up a single coenzyme, attached to pyruvate oudase ™5*

Ewvidence for growth promoting activaty of this matenal has been sub-
mutted 127 When rats were studied on punified diets, the addition of lipoic
acid increased weight gam No other effects were noted
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tional basis Another comy of the lation hani: Factor
VIT (stable factor, proconvertin), is affected by vitamin K deficiency.®*
Hence, the production of these three materials: prothrombin, plasma
thromboplastin component, and Factor VII, appears to be infiuenced by
vitamin K. The biological defect or defects behind those ehanges are wn-
known, though some hght is bemg shed on the problem. For instance,
evidence has recently been presented that vitamin X may act as part of
an enzyme system concerned with the coupling of ovidation and phos-
phorylation in the Jiver where it might be assumed these materials are
formed ®*

The relationship of vitamin K to the anticoagulant factor of “sweet
clover discase,” 3,3 methylenchis (4-hydroxycoumarin) or dicoumarol de-
serves mention ** Various compounds having vitamin K activity are effec-
tive in counteracting the action of this anticoagulant in rats; the lives of
animals fed doses of dicoumarol, which doses are ordinanly tovic, are pro-
longed when diets containing vitamin X are employed.®t

Vitamm K deficiency, which may be demonstrated by a reduction of
blood “prothrambin” levels, has been demonstrated in several species, The
physiological defect of “protl hin” deficiency is iated with severe
hemorrhage, no other changes have been detected in the tissues of vitamin
K-deficient animals. The possible relationship of “prothrombin” deficiency
to capillary integrity 1s a subject of great theoretical interest which should
be studied further. As Wolbach and Bessey **7 have pointed out, one won-
ders “if the diminished clotting power of the blood is the complete explana-
tion of the bleeding b it requires the ption that in ordmary
activity, with attendant traumatization, the clotting mechanism is constantly
bemng called into action in normal individuals.”

In the rat, hemorrhages occur in numerous areas, though most commonly
m the subcutaneous tissues of the lower extremities. Bleeding is also seen
in the thymus which may be greatly distended by red blood cells, in
the bladder, eye, adrenal, testis, kidney, retroperitoneal tissues and the vari-
ous serous cavities,® A study in the rat has revealed the presence of multi-
ple hemorrhages in the brain.®® Simar changes are found in the brains
of animals born to vitamin K-deficient mothers %7

A most mteresting observation has been reported in pregnant rabbuts,
when female animals are fed a vitamin K-deficient diet they tly
abort during the easly stages of pregnancy, ie., ecight to fourteen days
after mating. Mi i ination reveals the p of fresh and
old hemorrhage in the decidual plates of such animals.

694
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ASCORBIC ACID

The famihar observations by Lind*® dunng the eighteenth century
plainly indicated that citrus fruit juices contamed a substance which pro-
tects agamst scurvy m the adult So, too, when infantile scurvy came to be
recogmized 1n the last two decades of the mineteenth century citrus juices
were recommended Holt, in the first edition of his textbook (1898) speci-
fies that the treatment of scurvy, “1s remarkably simple: to discontinue all
proprietary foods and condensed milk and give an abundance of fresh
cow's milk, beef puice, orange juice or other fresh fruit, and, in cases that
are over a year old, potatoes ” 79! In 1907, Holst and Frolich 2 were able to
produce a disease in guinea prgs which was similar in all respects to infantile
seurvy, whose pathological charactersstics had been clearly defined during
the previous ten years (page 387) With a test animal on which to assay
the antiscorbutic activity of various matenals, one might have expected that
progress would have been raprd It was not, and twenty-five years were to
elapse before King and Waugh ¢ announced the chemical nature of a
biologically active matenal or vitamin C, as the antiscorbutic material had
come to be called The successful synthesis 7* and the structure 7°5 of vita-
mun C were soon reported Shortly thereafter, the vitamin was named
ascorbic acid.

Although scurvy was probably the first clearly defined nutntional disease
and active antiscorbutic matenal was the first of all the vitamuns to be
crystallized and synthesized, we know less of the biochermical role of ascor-
bic actd n the orgamsm than that of any of the other vitamins Save for
the guinca pig, primates and the human, all species are able to synthesize
sufficient ascorbic acid to supply their needs. The rat appears to form as-
corbic acid from d-glucose vig an mtermediate synthesis of d-glucuronic
acd 7

Ascorbic acid 1s absorbed from the intestinal tract and is then widely
distnbuted by the blood stream to the tissues  As determined by chemical
analyses or by histochemical methods, certan organs have higher concen-
trations than others By the former techmque ascorbic acid is found in
greatest quantities m the adrenal glands, where i the guinea pig concen-
trations average 75 mg per gram. The vitamin C content of other represen-
tative guinea pig tissues has been reported as follows (in mg, per gram)-
hver, 010, brain, 014, Mdney, 0087; heart, 0083, skeletal muscle, 0032;
testes 018 ™7 Studies of the distnbution of the vitamin by histochemical
methods confinu the chemical analyses and aid in a more precise localiza-
tion of ascorbic acid m the cells  Such techniques take advantage of the
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have wmplicated ascorbic acid m yet another mmportant physiological
process, the secretion of mtraccular fluid. The vitamin 1s one of a group of
reducing substances which is stored in the stroma of the ciliary body. When
ascorbic acid is restricted by dietary means, the content of this substance
falls rapidly, so that after 24 to 48 hours no reducmg substance can be
titrated in the aqueous. A comcident decrease in the secretion of the
mtraocular fluid occurs, so that the pressure falls. It was postulated that
the secretion of the aq is o on diff in ouidat d
tion potential between the clhary stroma and its epithelium  Ascorbic
aeid thus acts as 2 “moderator i a redox chain connecting the oxidase
activity of the epithelum with the dehydrogenase activity of the stroma.”
In this way water 1s tranferred across the epithehal-stroma barrier

The first study of expennmental scurvy in guinea pigs was reported in
1907 by Holst and Frolich 7% The colored plate m their article 1s the first
of many illustrations of a specific change in the skeletal tissues of gumea
pigs,which has become familiar to most students of deficiency disease In
1912, Holst and Frolich 7*® published further studies on experimental scurvy.
Similar alterations were deseribed the same year in another species, the
monkey, by Hart and Lessing 7** In both guinea pig and monkey the altera-
tions produced by dietary means were :dentical with those which had been
observed in infants at autopsy by a number of pathologists  Hojer 2° studied
scurvy in gumea pigs and reported his findings n 1924 Dunng the next
decade Wolbach ™! %22 723 and lus associates investigated the three mamn
areas where scurvy manifests itself in the guinea pig  connective tissue,
bone, and teeth. Expenmental ascorbic acid deficiency has been studied in
monkeys, though tissue alterations have been given msufficient attention 1522
Wolbacl’s studies contributed much to our understanding of the dynamics
of ascorbic acid deficiency, particularly with respect to reparative phenom-
ena when the essential nutrient 1s restored to the depleted host We shall
take up the three areas. bone, connective tissue and tecth in that order,
drawing on the observations of Wolbach and on our own studies m expen-
mental scorbutus

When a young actively growing (200-300 gram) gumea pig is placed
on a scorbutogenic diet, weight gam continues for several weeks, then
plateaus, and finally decreases. If the discase 1s allowed to run its course,
the weight at autopsy will usually be below that present mtially, Food
intake by the ammal decreases, to cease altogether towards the end Very
little actinaty 1s displayed, nor will the guinea pig show its usual nervous
reaction to a sharp sound. Deformity and swelling of the hind legs may be
noted, and towards the end the animal appears to pull hunself along by
his front extremties The incisor teeth may become loosened. The fur be-
comes ruffled,
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fact that ascorbic acid reduces silver nitrate; hence metallic silver is de-
posited at the site where the vitamin is present. Fine granules are prominent
in the cells of the adrenal cortex, corpus luteum of the ovary, interstitial
uissue of the testis and in the hypophysis,?**

A number of miscellancous functions have been asenibed to ascorbic
acid, in the main these have been based on experimental observations in
deficient gmnea pigs. 1t is difficult to interpret and classify such observa-
tions so that they con be linked in any rational way with the pathological
manifestations which will shortly be described. However, certain experi-
mental findings are important and should be mentioned. One of the most
mteresting functions of ascorbic acid is its refation to the metabolism of
the aromatic amino acids, phenylalanine and tyrosine. Ascorbic acid-defi-
cient guinea pigs ™ and premature infants 1'® excrete parahydrovyphenyl-
Jactic and parahydrovyphenylpyruvic acids in the urine when large amounts
of phenylalanine and/or tyrosine are fed. Ordinarily such hydroxy-acids are
completely metabolized and hence are not found in urine. The metabohe
defect just mentioned is eli d when adeg ts of ascorbic acid
are restored to the diet. In pitro studies with guinea pig tissue shees indicate
that the mam defect of vitamin C deficient tissues is an inability to oxidize
the side cham of tyrosine rather than a failure to ovidize the benzene ring
or conjugate the phenolic group.™" The ascorbic acid-tyrosine relationship
became even more interesting when folacin was found to prevent the hy-
droxyphenyluna produced in scorbutic guinea pigs when excess tyrosine
svas fed, even though it failed to protect against seurvy, 25 This effect could
not be demonstrated in monkeys 157 or infants, %' (see page 272).

The relationship of ascorbic acid to adrenal cortical function is sug-
gested by the lugh cancentrations of the vitamin in the adrenal glands and
by the enlargement of these structures in experimental senrvy, During the
decade smce the advent of adrenal cortical hormones much has been writ-
ten on tius subject which will not be detsiled here Meiklejohn ™2 has re-
cently summed up the situation: “it seems fair to say that to date there is
no undisputed evidence that ascorbic acrd plays any part in assisting the

synthesis or ion of the ad tical hormone ”
n scorbutic guinea pigs disturbances 1 carbohydrate metabolism have
been described The signifi of cf such as di d glycog

content of the liver, is not clear in experiments which may be complicated
by the possible effect of manition,™*

Other metabolic defects have been observed in vitamin C-deficient
animals. Decrease in the succinic dehydrogenase activity of heart and
skeletal muscle has been reported,” as well as a rise in blood fibrinogen,™*
and 8 d 1 serum phospl activity.®

The outstanding investigations of Friedenwald and his associates 77
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which have been produced by naturally occurring trauma. In such a bone,
the growth of the cartilage appears to be normal, cells continue to prolifer-
ate and increase 1n size  Blood vessels invade the cartilage cell columns
in the usual fashion The other mam sequence m endochondral bone forma-
tion, the deposition of inorgame matenials m the cartilage matrix between
the hypertrophic cells, 15 also normal But here the resemblance to the
normal stops, for beneath the epiphyseal cartilage a broad and dense zone
of calaified cartilage matnx is found. Vascular and myeloid elements as
well as a few spindle shaped cells are present between the spicules of excess
cartilage matrix  However, all 1s devoid of bone From the appearance
of such an immobilized, “artificrally” scorbutic leg, the basic alteration 1s

a 1 of osteoblastic activity, both formative

and destmcme No bone matrr 1s found on the spicules of normally calei-
fied cartilage matrix matenal, nor 1s there any evidence of removal of these
1f now we turn to the leg allowed to sustain the normal traumata of

il d ]
e

Ticvve 63 Ascorwic Acip Dr Frciency,

Riby guines pig Adyacent nbs of gunea pig connected by intercostsl muscles Note

e oces m swelling of nctions, collapse, and
, w
Quaft unctions 11 ane E. (7). o cll m aefation to carlage-
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Ficure 84, Ascomeic Acio DericiEncy

Knee, gumea pig A Gross pl\omgmph of knee ]mne o[ guinea pig which had been
allowed to die of scurvy. Note of this upper tibit
eprphysis on the shaft. B X-ray of same knee as in A Note separation of upper epi-
physis which 15 seen 1n the gross photograph.

At autopsy very little 15 found grossly except for the changes 1n the
skeleton. When the thorax 1s opened, the costochondral junctions are found
to be enlarged, particularly those of the middle group of nbs. They may
have completely separated If the knee jomt is disarticulated, the epi-
physeal cartilage of the upper tibia may be disengaged from the shaft. So,
tao, as the muscle is bemng removed from the lower leg preparatory to fiva-
tion, the periosteum may easily be detached from the diaphysts. These two
phenomena, separation of both epiphyseal cartilage and periosteum from
bone, epitomize the skeletal changes in experimental scurvy and, as we shall
see later, in the naturally occurring disease in man as well.

When the bone 1s examined under the microscope, a specific and char-
acteristic change 1s found, this 1s the classical textbook appearance of ex-
permental scurvy described n the very beginning by Holst and Frolich ™*
However, we should like to carry the development of the disease back
earlier than this and to describe what might be called “synthetic scurvy.”
In order to effect this artificially-produced picture, it is necessary to protect
the growmg end of the bone from naturally occurrmg traumata such as
those from weight bearmg and muscle pull This may be accomphshed by
placing one extrermty 1n a plaster cast before or during the early stages of
the development of the deficient state.”** The comparison of the leg in
the cast with that of its unsupported fellow clearly shows that the changes
in the latter are the result of an attempted effort at healing of the fractures
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Ficewr 67. Asconnic Acip DiFiciescy.

Upper tibua, gumen g High power scction shown i Figure 664 “Synthetic
seurvy ™ This dlustrates the promment lattice with absence of osteoblasts and osteord.
Blood vessels are invading the cartilage shich in turn appears to be growing 1n normal
fashion The presence of the dense Dittice mdicates that its destruction is not taling
place. I and E (x200)
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FiGurE 66 Ascorsic Acip DeFicieney.

Upper tihia, gumea pig A From animal acutely deficient an vitamm C, to show dis-
orgaization, 1e, presence of Trummerfeld and Gerustmark The zone of caloified
cartilage matnx 15 perhaps a hitle broader than one mught see 1n the human B Tibia of
opposite leg which had been placed m a plaster cast to immobilize 1t at the begmmng
of the expenment, Notice prominent lattice which shows na fractures There 15 no
nugration of the marrow cells down nto the shaft nor 1s there any evident prolifera-
tion of fibrobl lIike cells Thus 1l that if the normal stresses and strains of
muscle pull are elmnated classical evidence of scurvy with fractures, hemorrhages,
et cetera, will not develop
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do not deserve to be called such. Many red blood cells lie free in the ti
Erythroid and myeloid cells, that 1s red and white cell forming elem
are conspicuously absent. Their disappearance gives the area below
Trummerfeld a loose fibrous appearance, which in mfants Schoedt
called the Gerustmark. About the fragments of calaificd matrix, an eor
philic homogenous material is found The hone of the shaft appears 1
fied, making st inescapable that a certain amount of destruction is ta
place in this region. Iemorrhages may be found beneath the perioste
With the continued growth of the cartilage and the formation of more
more calaified matny, this area | weakened, hence lete sep

P
tion of the shaft 1s to be expected. In the nbs or in the extremities a @

R

]

Ticvur 69 Ascormc Actn Deticnsoy.

Tibia, gumea pig A Field from Frgure 68 to show fracture of a spicule of cal
cartilage matnt Note relativels few cells in its victnity These are spundle shaped 1
is no evidence of new bone matn formation B Field from Pigure 68 to shene Gr
mark which conssts of @ loose framework of spindle-shaped cells about a spicul
bone 1 which a core of onginal caloified cartilage matny remains

No exteoblasti
tiaty 18 present nor are there any marrow cells H and E. (x 250).
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Upper tibia, guinea pig This shows normal cartilage and broad lattice of excessive calor-
fied cartilagmous matrix The under portion of this has fractured with a_resulting
Trummerfeld Note absence of marrow cells m this area Compare with Figure 55
which 15 from & normal gumea pig of the same age and at the same magmfication H
and E (x60).

motion, muscle pull, ete., or to the nibs, constantly subjected to respiratory
n s, the p of scurvy 15 found Instead of orderly
spicules of cartilage matrix, the picture is one of disorgamzation, a ventable
area of debris, the Trummerfeld described by Fraenkel in infants.” "
Spicules of matrix have broken off from the more recently formed maternal
closer to the cartilage. The area 1s infiltrated with many spindle-shaped
cells rather resembling fibroblasts, though, as we shall shortly see, they
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do not deserve to be called such Many red blood cells lie free in the tissue.
Erythroid and myeloid cells, that is red and white cell forming elements,
are conspicuously absent. Their disappearance gives the area below the
Trummerfeld a loose fibrous appearance, which in infants Schoedel **
called the Gerustmark About the fragments of caleified matrrx, an eosino-
philic homogenous matenal is found. The bone of the shaft appears rare-
fied, makmg 1t inescapable that a certamn amount of destruction is taking
place in this region. Hemorrhages may be found beneath the perostenm.
With the contiued growth of the cartilage and the formation of more and
more caleified matnx, this area becomes weakened, hence complete separa-
tion of the shaft 1s to be expected In the nbs or in the extrermties a false

FiGure 69, Ascomsic Acmo DEFICENCY.
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Fioure 68 Ascoreic Acip DeriCIENCY.

Upper tibia, guinea pag This shows normal carhlage and broad lattice of excessive cales-
fied carblagimous matrix The under portion of this has fractured with a resulting
Trummerfeld Note absence of marrow cells in this area Compare with Figure 55
which 1s from a normal guinea pig of the same age and at the same magmfication, H.
and E (x60).

motion, muscle pull, etc, or to the ribs, constantly subjected to respiratory
movements, the classical expression of scurvy is found. Instead of orderly
spicules of cartilage matnix, the picture is one of disorganization, a veritable
area of debns, the Trummerfeld descnibed by Fraenkel m infants 725 72
Spicules of matrix have broken off from the more recently formed matenal
closer to the cartilage The area is infiltrated with many spindle-shaped
cells rather resembling fibroblasts, though, as we shall shortly see, they
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cannot be demonstrated 1In the Trummerfeldzone no argyrophilic reti-
culum fibers can be made out.

Following specific therapy with ascorbic acid, striking reparative se-
quences ensue, The spindle-shaped cells round up, their cytoplasm mcreases
in amount. This 1on of basophilic cytopl material appears
to be the result of newly formed ribose nucleic acid, smcee 1ts stamning prop-
erties are destroyed following digestion with crystalline nbonuclease. Cyto-
chrome ovidase activity reappears So, too, the presence of abundant alka-
Iine phosphatase can be found twenty-four hours after therapy. In addition
to these evidences of ct d bolism of the blast, its altered
activtties are further exemplified by the appearance of a fine network of
reticulum fibers, agam as early as twenty-four hours after the 1mtiation of
therapy Such argyrophilic fibers coalesce to form broader bundles which
no longer stan with silver, though the picture becomes obscured by the
deposition of inorgamc materials in this organic matnx or osteoid. The ar-
gyroplilic fibers are metachromatic and also stain positively with the
periodic acid-leucofuchsin reagents. The possible significance of these
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Healing, nb, gunea pig A Cellular area from zone of fractures to show absence of
any fibnllar matenal about cells This 1s the picture of absolute scurvy B One day
after anstitution of therapy A few argyrophilic Ebers have appeared C Five days after
therapy, Fibers have coalesced into bone matrix Gomon silver stan all (x 195).
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joint is produced, a sort of ball and socket formed from the convex cartilage
and concave shaft. Naturally, secondary changes may be evpected to
occur in the cartilage as a result of motion.

Certain features of ascorbic acid deficiency, as it affects the bones, can
be further explored by conventional histochemical techniques;™® the effects
of specific therapy on reparative processes, which Wolbach did so much
to elucidate,”? may also be investigated.

When the epiphyseal or costal cartilages from scorbutic animals are
stained for glycogen, this material continues to be found in normal fashion,
even in absolute scorbutus. However, some qualification must be inserted
here, for, as the disease progresses, the animal ceases to eat, hence the
effects of nonspecific inanition make themselves felt. These are exemplified
by a reduction n the number of hypertrophic cells which result from a slow-
ing in the growth of the cartilage as a whole. The matrix of the cartilage
shows no reduction in metachromasia or change in its reaction with periodic
acid-leucofuchsin However, duc to what we have interpreted as mechanical
effects, the epiphyseal or costal cartilage may become distorted and
stretched laterally. Such spreading apart of the intercellular matrix reveals
its fibrillary structure  We have never been impressed with any spectfic
effect of vitamin C deficiency on the cartilage. Such a statement is, un~
fortunately, in complete disagreement with Dr. Wolbach whe, in one of
his final papers, has written, “we are pleased to record the ease with which
the cessation of cartilage matrix formation in ascorbic deficiency can be
shown in epiphyseal cartilages of the long bones” and “matrix formation of
epiphyseal cartilage cells ceases as a result of ascorbic acid deficiency just
as promptly and conspienously as does the matrix formation of bone and
connective tissue cells and that cartilage cells do not mature until ascorbic
acid is given.” 72 We are in agreement with Dr. Wolbach as to the morpho-
logical changes and have described them ourselves. However, they are
absent in the case of extremities which have been immobilized in a cast ™
Moreover, the promptness with which cartilage responds nonspecifically to
the effects of inanttion (page 13) makes us wish to keep this question
open Perhaps forced feeding to maintain the mtake of all nutrients save
ascorbic acid would settle this matter once and for all

Another histochemical reaction, the demonstration of alkalime phos-
phatase activity, has been appled to cartilage in absolute scorbutus '”f‘ .Nu
changes are noted save those related to the nonspecific effects of manition

\Vhen the subepiphyseal or subcortical area of the shaft is evamined
histochemically, several abnormalities become evident. Cytochrome oxxd:fse
activity of the spindle-shaped ive tissue-like cells 1s absent or di{nfm
ished; the cytoplasm of such cells is scanty. Alkaline phosphatase activity
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several ways The chemist might define collagen as. “native fibrous protems
extubiting speeic spatial penpdic wide angle x-say diffraction patiers and
contammg B to 7 per cent of total N as hydroxyprohne N, 10 to 12 per cent
as grolme N, 1 per cent as hydrotylysime N, and 25 per cant as glycine N7
The biophysicist raght define collagen as- “a temm embraomg & class of
fibrous protems characterized by a particular wade angle xvay diffraction
pattern, many members of the class exinbiing a Aber avs pened aver-
agng 640 &, The known collagens of the ughes animals are chemically
charactenized by a low content of aromatic amno acids and & high content
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A Sk, guwea g Sk from baek of nommad anmal m
which an maisien had bees
made nite davs before i centee Note absence of bunr fofleles and mereased l}ncknes‘;
ga‘ epibelium to which some debus 15 adherent. The wound 15 completely healed
SE“;; i:!r;m a gm‘nt'-; ll’;ff suﬂc;r}ug from acute scorbutus 1 which o sumlar meision had
sde sine days before There s no attempt e
o st sk defett s pecvont 15wk )x ot at heabag whatsoever and, as will
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Fioune 71. Ascoreic Acm DerFiciENCY,

Healing, nb, guinea pig. Phosphatase reaction. A Section from ammal dying of scurvy.

Positive reaction 1s found 1n the cartilage and about the upper metaphysis Some of the

black is due to Is. Note absence of reaction in cellular zone

which 1s the object of showing this section so that it may be compared with B B After

twenty-four hours treatment an imtense reaction has appeared where none had been

l(n'e;;nt before. Note also more activity 1n epiphyseal cartilage which has begun to grow
x

changes m cartilage and bone, particularly followmg therapy, will be dis-
cussed below.

For historical reasons and because we ourselves are more famihar with
skeletal alterations in ascorbic acid deficiency, the changes in the bones
have been described first. In so doing the fundamental defect must have
become apparent: the mabihty of certain cells to form those special sup-
porting matenals which are called connective tissue, osteoid, and dentin
The fundamental characterstic of these tissues is that they are composed
of a fibrous protemn, collagen which is closely bound to one or more highly
polymerized polysacchanides Although others, particularly Aschof,”*® were
cognizant of the basic change in scurvy, ie, failure of certain cells to
elaborate supporting tissues, Wolbach clearly elucidated m his expen-
mental approach, particularly with respect to healing sequences, the funda-
mental alterations which occur in experimental scurvy in the gumea pig.’2

Before detailing these changes, something should be said about collagen,
which, depending on one’s interests and training, can be looked upon in
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scorbutic wounds, in contrast to large amounts in normal healing muscle
lesions. Others have obtained equivocal results, The statement is made
contmnally m the literature that Gersh and Catchpole 7#* demonstrated the
depolymenzation of the ground sut m bi d-defi guinea
mgs These mveshigators were unable to furnish any chemical proof of de-
polymenzation and only speculated that this might be the case  Meyer,”*
too. has questioned the validity of Gershs conclusions and has mdicated
that they eannot be correct since mucopolysaccharides are not stained by
the Instochemical reagents which have been employed. Today, since dis-
turbances n the bolism of polysaccharides as evinced by vitamin
reactions are used to explain so many diseased states, a critical appraisal
by a chemust is refreshing and necessary

Qur und ding of the dynamics of coll formation and metabo-
lism and the role of ascorbic acid thereto has increased considerably durng
the past few years The structure of collagen as visualized with the electron-
mcroseope and the ways in which the collagen molecule can be reconsti~
tuted have served to stimulate much mterest 1n this field In the organism
collagen is a rather jnert material, at least its turnover is not particularly
high when measured with radioactive-labeled glycine and compared with
the tumover mtes of intracellular proteins,”™® As might be expected, the
turnover of collagen in bone 1s higher than that in other tissues, such as skin,
hiver and tendon There appears to be hitle difference m the content of
collagen 1n tissues from scorbutic gumea pags as compared with normals 75

Important studies dealing with the biosynthesis of collagen have re-
cently been reported by Gould and Woessner ' In bnef, a study was
made of healing skin wounds from normal and scorbutic guinea pigs
with respect to the of prohne, liydrovyprolme, and glycine
Withdrawal of ascorbic acid from the chet leads after seven days to defimte
mnpaitment of hydroxyproline formation  Ordmanly the hydroxyproline ap-
pears 1 greatest concentrabions during the sixth to exghth days after the
wound has been produced in animals given ascorbic acid from the time of
production of the fesion In contrast animals on a scorbutogenie diet pro-
duce no hydroxyproline until vitamin C is given In twenty-four to forty-
eight hours farge amounts appear  From these experiments it may be tenta-
tively concluded that ascorbie ad may be necessary for the synthesis of
hydroxyprolme from proline and may be related, too, to the mcorpora-
tion of proline, hydroxyproline and glycine into the collagen molecule

A number of mvestigators have studied the periarticular and mtraarticn-
lar changes which are found n the chironic scorbutic state in the guinea mg.
These observations have been reviewed by Cruchaud ¥8 Tl lesions are
as one might expect from the alterations which have already been deseribed

Ta many of the old descriptions of scurvy on Jand and sea the state-
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of pyrolidine ammo acids and glycine.” 7 Collagen is thus unique chemi-
cally mn its ammno acid composition. Because of the presence and constancy
of hydroxyproline, determination of this amino acid enables one to assay
the amount of collagen present in a given specimen 4% The electron micro-
scoprc picture 1s also characteristic, 430

As for the polysaccharides associated with various types of connectine
tissue, @ number have been characterized: hyalurenic acid; chondroitinsul-
func acid, types A, B, and C; chondroitin; and keratosulfate,?* 74 '

The role of ascorbic acid in the formation of collagen and polysaccha-
rides has been studied from several standpoints, valuable information hav-
ing been obtained from investigations of healing sterile wounds, organizing
blood clots and healing subcutaneous abscesses. In the former type of ex-
periment the now classical studies of Wolbach and Howe ™! conclusively
demonstrated that, when incisions were made in the shin or muscle of
scorbutic animals, the lesions failed to heal. Microscopic examination of
such wounds revealed that, although there was extensive fibroblastic pro-
Iiferation in both scorbutic animals and controls, the cells in the former
tended to remain immature looking. Most mportant of all, such cells did
not appear to be able to promote the deposition of collagen in normal
fashion From such observations it must be concluded that failure of
collagen formation characterizes the scorbutic state. Further studies by
Wolbach 722 and others 775 have confirmed and amphfied the initial
observations, both in the guinea pig and in man. When wounds are pro-
duced m scorbutic animals, a pk-staming fluid-like material appears
about mmmature proliferating connective tissue-like cells. This substance
lias been postulated to be a variety of materials, but the feeling of most
students of scurvy, particularly Wolbach, is that this matenal represents
an meffectual attempt at collagen formation. In controlled studies of the
recovery processes following absolute scorbutus, Wolbach failed to obtain
any evidence that fibrin 1s a precursor of collagen.”* Instead, the homo-
geneous, pinkish-stanmng material mentioned above, which does not take
collagen or silver stains, becomes fibrillary after treatment with ascorbic
acid. Such fibers are argyrophilic and following their app llag
can also be stamed. Wolbach took the view that reticulum and collagen are
elaborated or secreted by connective tissue cells. Particularly important s
the observation that following recovery from the scorbutic state collagen
deposition 1s always found in the immediate vicimity of the fibroblast-ike
cells.
The “amorphous collagen” described hy Wolbach,”® which he thought
was the precursor of collagen, has evaked a great deal of interest Studies of
healing wounds mn scorbutic animals have not yielded consistent results
Penny and Balfour ™ found a d in the 2 ic material of
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scorbutic wounds, in contrast to large amounts i normal healing muscle
lesions Others have obtained equivocal results. The statement 15 made
continually in the literature that Gersh and Catchpole 12 demonstrated the
depolymerization of the ground sub m ascorbic acid-defi guinea
pigs. These mvestigators were unable to furmsh any chemical proof of de-
polymerization and only speculated that this might be the case. Meyer, ™
too, has questioned the validity of Gersh’s conclusions and has mdicated
that they cannot be carrect since mucopolysaccharides are not stamed by
the lustochemical reagents which have been employed Today, since dis-
turbances in the bolism of poly sacchandes as evinced by vitamm
reactions are used to explain so many diseased states, a cntical appraisal
by a chemist is refreshing and necessary.

Qur und ding, of the dynamics of coll formation and metabo-
lism and the role of ascorbic acid thereto has increased considerably during
the past few years The structure of collagen as visualized with the electron-
microscope and the ways m which the collagen molecule can be reconsti-
tuted have served to stimulate much interest in this field, In the organism
collagen is a rather mert material, at least its turnover is not particwlarly
Tugh when measured with radioactive-labeled glycine and compared with
the turnover rates of intracellular protems ¢ As might be expected, the
turnover of collagen in bone is higher than that in other tissues, such as skin,
Liver and tendon There appears to be little difference i the content of
collagen in tissues from scorbutic guinea pigs as compared with normals.?*

Important studies dealing with the biosynthesss of collagen have re-
cently been reported by Gould and Woessner 2 In bnef, a study was
made of healing skin wounds from normal and scorbutic guinea pigs
with respect to the concentrations of proline, hydroxyprotine, and glycine.
Withdrawal of ascorbic acid from the diet leads after seven days to definite
umpairment of hydroxyproline formation. Ordinanly the hydrotyproline ap-
pears m greatest concentrations during the sixth to eighth days after the
wound has been produced in animals given ascorbic acid from the time of
production of the lesion. In contrast animals on a scorbutogenic diet pro-
duce no hydroxyproline until vitamin C is given. In twenty-four to forty-
eight hours large amounts appear. From these experiments it may be tenta-
tively concluded that ascorbic acid may be necessary for the synthesis of
hydsoxyproline from proline and may be related, too, to the ncorpora-
tion of proline, hydroxyproline and glycme into the collagen molecule.

A number of investigators have studied the periarticular and intraarticu-
lar changes which are found in the chronic scorbutic state m the guinea pig
These observations have been reviewed by Cruchaud.™® The lesions are
as one might expect from the alterations which have already been described.

In many of the old descriptions of scurvy on land and sea the state-
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ment is made that wounds, already thought to be well-healed, broke down
durning the development of the scorbutic state. This situation has been point-
edly studied in guinea pigs.”’ Laparotomy wounds were allowed to heal
for six weeks in normal animals. Then the animals were placed on a scor-
butogenic diet. By the fourth week extraordinary changes were observed:
“fibroblastic proliferation, regression of connective tissue clements and hem-
orrhages.” Hence 1t is concluded that ascorbic acid is needed for the main-
tenance of scar tissue for a period of many weeks. These studies need to be
confirmed and extended.

In addition to the changes in fibroblasts and the absence of collagen
formation, certain other differences in the capacity of wounds to heal in
scorbutic and normal anumals should be mentioned. The hemorrhage, which
occurs as a result of the incision, is absorbed much more slowly and may
never completely disapp in deficient guinea pigs. Then, too, although
endothelial cells proliferate, capillary loops fail to invade the injured area
(see below). These histological observations have been extended by others
to obtan data on the ascorbic acid content and tensile strength of healing
wounds m normal and scorbutic guinea pigs.”* The vitamin C content of
healing wounds of deficient animals is found, as expected, to be much lower
than that of animals on an adequate intake of this nutrient. However, no
change 1n concentration of ascorbic acid in the wound site of the deficient
guinea pig over the concentrations in the skin elsewhere can be demon-
strated. If air is injected into the peritoneal cavity and the pressure meas-
ured until the abdominal wound breaks down, the average pressure for
wound rupture in scorbutic animals is found to be 127 mm. mercury, while
m controls 1t is twice as great, or about 258 mm mercury.

The histol 1 develoy of subent: i has been com-
pared 1 scorbutic and normal guinea pigs; in such expenments the
paired-feeding techmque was utilized.”*® The animals were nnoculated
with a strain of hemolytic staphyl aureus. Micr lly, in the
first few days there was a prompt outpouring of polymorphonuclear leuko-
eytes inn both groups of animals; phagoceytosis appeared to be active. By the
third day, there tended to be fewer macrophages in and about the lesion
of the deficient animals in contrast to large numbers m the controls There
was also little connective tissue proliferation in the former group. A week
following innoculation the lesion was localized n the deficient animal,
but a wide zone of connective tissue cells was found about the necrotic
focus; between the cells was a pinkish-staining material together with
numerous red blood cells, No capillaries were found growing mto the
center of the lesion; instead “defective looking” dilated vessels were found
at the periphery. A week later the zone about the abscess was even wider
in the deficient animal, in contrast to the compact well-encapsulated lesion
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of the contro] From tlus study 1t was tuded that althongh no &
in polymorph lear leuhocyte zesp aceusss, the macrophage reaction
is delayed and 1s Jess than that encountered m the controls. Phagocytosis
by the Jears also appears ak 1 As was expected, there s also
an inability of the scorbutic ammal to prod 1l and organize hus
abscess Grossly, therefore, the lesion m the deficient animals 1s dhftuse and
soft in companson to that m the contrals which is rounded up and fim
1t 15 interesting to speculate on the role of blood vessels mn relation to the
lesion and sts path Whether defective capiliary retards
the wflux of macrophages §s difficult to determine, It seems unlikely, how-
ever, that poor cxrenlation has any effect on poor collagen formation.

Histological studies of dental and pendontal stroctures have been te-
ported in scorbutic gumen pigs fn winch the changes may be extensive,
probably because the growth of the masor 1s so rapsd Two milhmeters are
erupted on an average each week m compansen to only a few milhmeters a
year in the human.™st

As might be expected, the most marked alterations in the teeth are found
1 the dentine. Wolbach and Ins associates 725 762 793 734 have extensively
studied the pathogeness of the changes When guinea pigs are placed on 2
scorbutic diet, alterations very soon appear 1 the odontoblasts, these cells
become atrophic 50 a3 ta resemble the nearby pulp cells They lose thex
orderly polar ar b pletely disorgamzed The vessels
of the pulp dilate and red blood cells appear to ooze through, As 2 result
of these changes m the odontoblasts, dentine 15 lad down nregularly, thus
the dental tubules appear to be arranged m a haphazard faslion  After a
time, dentine deposition stops entirely. The predentine becomes hypercal-
cified A few of the adontoblasts m the pulp app 1y form some dentine,
at Jeast enough to enclose themselves The ahzarm techmque has been
employed to demonstrate that dentine formation ss quantitatwvely related
to ascorbic acd intake 72

Changes w the cnamel argan oceur later 1 the course of the deficiency
The ameloblasts atrophy and hemorrhages are encountered, Both these
alterations have been mterpreted to result from traumatic wyury of the
enamel organ sice its support is poor No evidence of any relationship
between ascorbic acid deficiency and dental cares has been presented
Rareficatson of the alveolar bome s present, a5 mpght be expected, when
ane recalls the changes encountered n the nbs and other bones of expert-
mental animals Weakness of the supporting bone and eollagen Shers allows
for greater mobihty, quently, there is d d abshty to with d
the h } stresses d i ¢t g The changes mn the sup-
porting structnres of the gumen pig have been hlened to the daffuse
alveolar bone atrophy of pyorrhen encountered m the human,7
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Ficune 73 Asconntc Actp Derrcioney.

Tecth, gumea pig, A Mandible of guinea pig cutting the first molar and the lower
cisor transverscly. Acute scurvy, There is complete cessation of dentin formed before
the deficiency bcc1mc complete B. Chronic scurvy. This shows imperfect osteo-dentin
formation. The 15 app tely twice the normal width (Cour-
tesy of Dr Paul E. Boyle.)
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Hemorrhages are a prominent feature of esperimental ascorhic and
deficiency and are found par excellence at sites where naturally occurrmg
trauma 1s apt to manifest itself, ie,, the joints, nbs, diaphragm, et cetera
The cause of the extravasation of blood has usually been ascribed to capiflary
weakness, perhaps a defect in the spaces between endothehal cells as a
result of 2 lack of “mntercellular cement substance ” When the mesenteric
vessels in scorbutic guinea pigs were pointedly studied by Lee and Lee, ™
two important functional alterations were found as compared with normal
animals, Fn’sl a decreased responslveness of certam vascular elements to

phys:ol ations of epmephrine was observed. Such a change
was most marked in the prearterial portion of the capillaries. Secondly,
there was a distinct tendency for the terminal collecting vessels draming
the capillary bed to become dilated and engorged and thus more easily
liable to traumatic rupture. Further studies ™8 have shown that scorbutic
guinea pigs respond to severe hemorrhage by failing to produce renal vaso-
humoral agents (VEM) as do normals; moreover, the kidneys of ascorbic
acid-deficient animals fasl to produce VEM tn vitro.*? It would appear that
these functional circulatory changes are more important than the anatomical
alterations which have been conjectured as a result of the hemorrhages
rather than specifically demonstrated. That there is no increased generalized
vascular permeabnlity in vitamin C-deficient gumea pigs can be shown hy
injecting a dye such as T-1824.7¢8

Wolbach mantained that endothelial prohferation was reduced or even
absent in experimental scurvy He based his conclusions on the lack of or-

of exper {uced blood clots, that is, a failure of con-
nective tissue cells and blood vessels to grow into such areas There is an
alternative explanation, however Could 1t be that the capillary endothelial
cells need a connective tissue framework upon which to grow? From our
own studies in the gwnea pig, we have seen no reduction in the invasion of
epiphyseal cartilage by newly-forming blood vessels Such endothelial

structures had the f; k of the calcified cartil lattice upon
which to grow This problem requires further investigation,
Ascorbic Aad Defici in Man* Delit ipts to produce as-

corbic acid deficiency in infants have been few. Most instances of scurvy
at this age occur from failure to mclude a source of vitammn C m the diet
(page 398). In certan of the premature babies studied by Levine et al ;"1
ascotbic acid was withheld from the feeding formulas in order to measure
unnary hydroxyphenyl acxds Abnormal concentrations of these acids were
found, which d propriate therapy.

Much more § on the patt is of scurvy m the human
has come from studies of expenmental scurvy in adults of which there have
been several reports. Crandon's expermment upon himself*s®® furnishes ex-

H "
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tremely interesting data on the biochermical and pathological changes which
oceur 25 the scorbutic state develops. Crandon's plasma ascorbic acid level
fell to zero after forty-one days on a diet consisting of bread, meat, corn
flakes, cake and butter. The white cell-platelet ascorbic acid concentration
fell to zero after abont the twelfth week of the deficiency, No other sig-
nificant findings were present until 134 days had elapsed. At thus time smalt
penifollicular hyperkeratotie papules began to appear. Such lesions resem-
bled those which previously had been described as eharacteristic of vitamin
A defiiency (page 358}, After three months, a wound was made in the
skin and subeutaneous tissues; this appeared to heal in normal fashion Ex-
ination of pic sections corroborated the gross interp
At the end of 182 days, after the white cell-platelet ascorbic acid had been
at zero for sixty-one days, lustological evamination of a second wound
showed wirtually no heahng., Sice this furnished evidence that scurvy
based on morphologrcal erteria was present, the experiment was terminated
Because so much has been written of the role of asearbic acid in the etiol-
ogy of gingivitis in the human, it is of interest that no lesions appeared m
Crandon’s gums. At the present time, based on experimental studies and
other observations, the fecling is that, few if any cases of gingivitis and
bleeding gums result from ascorbic acid deficiency when oral hygiene is
maintaned.**' In view of the changes of the guinea pig teeth referred to
abave, it is of interest that one of the abnormal manifestations which ap-
peared n the human expeniment was interruption in the lamina dura, which
doubtless results from atrophy of the alveolar hone. Crandon did not de-
velop anemia.

The most exhaustive stndy of vitamin C deprivation in man has been
reportedt from the Sorby Research Institute at Sheffield, in England. 1%
Twenty volnteers made up the group, of which ten were on the ascorbie
acid-deficient regimen for as Jong as sixty weeks. The fiust clear-cut evidence
of clinical scurvy was seen after about seventeen to twenty-four weeks, the
change which was observed in all consisted of enlargement and Leratosts
of the harr follicles. In time such areas hecame hyperemic and later hemor-
rhagic and thus gave rise to charactenstic scorbutic spots The vascular
changes were carefully ined with the pe. The imtial alteration
swhich was observed after the hyperkeratotic lesions made their appearance
consisted of the formation of new capillaries; these increased m number,
as might be expected from the nature of the increasing vascularity seen
grossly. Next red cells were observed outside the capillaries. These were
then seen to disi ate giving rise to localized deposits of brown pigment.
With therapy the capillaries and pigment disappeared.

“The next clinical manifestation was in the mouth, where changes were
seen in the gums after about six months. The mitial alteration was shght
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erythema and swelling of the tips of the mterdental papillae. Small hemor-
thages next appeared and as time went on the remamder of the gums be-
came reddened, swollen, and finally loosened and “sagged away” from
the teeth. The color then changed from a bright red to purplish hue and
the gums soon became ulcerated Repair was slow following therapy, though
eventually complete restitution was seen

Another prominent finding was the exacerbation of acmform lesions in
several individuals who were suffermg from this disease at the start of the
experimental period  Almost all the deficient group complamed of pain in
the back, joints, and extremties as time went on Effustons mto the knee
joints were seen m one of the volunteers

Incisions were made to study wound healing sequences and then were
removed In the scars produced by this procedure hemorrhages were seen
at the height of chmeal scurvy

A number of laboratory procedures were carned out but indicated no
alterations from the normal These mcluded hematological studies and
determinations of plasma protem, scrum urea, and serum alkalme phospha-
tase concentrations.

To conclude this discussion of the effects of ascorbic acid deficiency
1t is 1mportant to point out that ascorbte acid deficiency and scurvy are
not necessarnly synonymous terms The term, scurvy, should be restricted
to the climeal and pathological changes first described i adults (page
385) and later 1n mfants (page 387). In the former group the conspicuous
features are bleeding gums with loss of teeth, penfollicular cutancous
hemorrhages, and wenkness of the lower extreruttes In infants the dis-
ease 15 charactenized by subpenosteal hemorrhages, separation of the ept-
physes, swollen gums and cutaneous hemorrhages The other manifestations
of ascorbic actd deficiency, which have been noted above, should not be

Tuded n the ¢l I scurvy synd of adults or infants
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THIAMINE

Modern knowledge 75 of thiamine began in the 1890's with the classical
studies of Erjkman, who demonstrated the nutnitive value of nee polishings
in pigeons which had been fed a diet of polished nice. In 1911, Funk iso~
fated a crystallme fraction with biological activity from rice polishings
Duning the following quarter of a century, extracts of increasing potency
were prepared for use m the treatment of beniberi in the human. In 1626,
Jansen and Donath obtamed a pure crystallme material. In 1936, Williams
and Ius associates 2% were able to announce the structural formula and
synthesis of a pure, biologically active substance, which, since it contained
sulfur, was named thrammne,

During the years preceding the synthesis of thiamine, a coenzyme called
cocarboxylase, which had been isolated from yeast, was extensively studied
In 1937, when Lohmann and Schuster showed that this matertal was the
pyrophosphoric ester of thiamoe, the biological role of thamine became
apparent Thiamine pyrophosphate (cocarboxylase) ts made up of pynm-
1dne and thiazole nngs plas phosphone acid.

Ingested thiamine 15 phosphorylated 1n large part by the liver and to a
lesser extent by the kidney Very hitle free thiamine occurs 1n tissues, al-
most all 1s found as the pyrosphosphate 75° The organism excretes thiamine
m its phosphorylated form

In 1936, Peters described the “bioct 1lesion” of th defici
When the vitamin was added to suspensions of brain tissue from thiamine-
deficient pigeons, the pyruvate content of the mixture was reduced.” Since
these now classical studies, knowledge of the relationship of thiamme to
carbohydrate metabolism has been greatly broadened, this vitamin appears
to parhicrpate in all oxidative decarboxylations winch lead to the formation
of CO, Moreover, it affects other reactions such as, oxidation, dismuta-
tion, and condensation.™®

Expenimental thi defici leads to physiological and 1
alterations n rats,”* 752 mice,*? hamsters, " cotton rats,®™ cats771 dogs,’®®
foxes,”™ swine,™™ sheep,* ! calves,* and monkeys. 775 190 Punfied diets
have not been used in the experiments on all of these species, however. Poor
food consumption may be partially responsible for any growth disturbance
wiich may be observed because of the anoretia which usually accompanies
the tinamine-deficient state Hence, {nanition control antmals must always
be meluded m experiments which study thifamine deficiency.

Tissue concentrations of thiamme are reduced when the detary intake
of this vitamun 15 restricted.”® As a result metabolic disturbances may be
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observed m the thiamine-deficient organism. Elevations of blood pyruvic
acid have been found in most species. For instance, pyruvate levels as high
as 9.9 mg per cent have been observed in the blood of monkeys; the aver-
age normal value is 3 2 per cent.™® Accompanying such alterations in tissue
metabolites, a derangement of respiration has been observed in cardiac and
skeletal muscle, as well as in brain, kidney, and liver, Of particular interest
have been in vitro studies of the Qo, of heart muscle of rats,™ in view of
the histological changes shortly to be described. Although the oxygen
consumptions of the ventricles of thiamine-deficient and normal animals
are about the same, those of the auncles fram the former group are signifi-
cantly lower; the ratio of the oxygen consumptions of auricle to venticle
1s 1.4 for thiamine-deficient animals and 2.0 for normal controls. In vitrp
studies of m finm from thi deficient rats reveal a decreased
ability to metabolize pyruvate.™ This derangement is related to a redue-
tion of the tissue concentrations of thiamine. In vivo studies in dogs have
shown that the myocardium of thiamine-deficient animals can remove less
pyruvate than can the normals.®s? It will be recalled that the myocardium
is dependent for its energy on carbohydrate, particularly pyruvate, In this
it differs from skeletal muscle. As will be scen below, the heart muscle
fibers, not those from voluntary muscle, suffer most severely as a result of
thiamine deficiency.

Several analogs of thiamine are known and have been utdized to pro-
duce thiamine deficiency states *** For instance, when ovythiamine is given
to rats an increased pyruvate concentration is found in the blood together
with an nerease i the excretion of thiamine. Another interesting phase of
thiamine metabolism is related to the presence in certain fish and shell fish
tissues of an active enzyme, thiaminase, which splits the vitamin.”™ So, too,
the possibility that the mtestinal flora might contribute to the destruction of
the vitamins must also be considered. This matter has been studied by
Japanese workers 183

In those species in which detailed physiological or anatomical observa-
tions have been carried out, fairly consistent changes have been found in
the heart as a result of thiamne deficiency. Some time ago bradycardia was
described as a distinctive feature of vitarmn B, deficiency in the rat. " This
observation has been confirmed by other investigators in rats, s 75 dogs,™®
swine,™™ cats,”" and keys.® The possibibity that inanition may lead
to bradycardia must always be considered, as has already been noted. In
swine which we studied in association with Wintrobe et al 7% thiamine de-
ficiency appeared ta produce a greater degree of slowing of the heart rate
than that which could be ascribed to inanition alone, Vagal overactivity may
be a cause of the bradycardia, since slowing of the heart was observed in
one animal to which pine was admini d. Further evid. of dam-
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age to the myocardiam has been furnished by electrocardiographic stuches
which have been reported 1 rats,”" 7% dogs,”®® cats,”"t swine,’™® and mon-
keys.7 For , though pecific, alterations, which have
been desenibed 1n swine, consist of prolonged P-R intervals, abnormalities
in the P wave, mcrease of T,, nodal and ventricular premature beats, A-V
dissociation, complete block, and auricular fibnllation.™ The tachycardia
which has sometimes been observed in experimental animals has been mter-
preted to be an expression of cardiac decompensation

Objective evidence of cardiac fatlure has appeared prommently m
swine,™ especially those animals having a severe, acute thiamne defi-
ciency. Such pigs exlubit labored breathing and cyanosis, both of winch
are made worse by exercise. A number of ammals have died suddenly; no
other canse for death save heart failure has been found after careful histo-
Jogical examination of the heart and other tissues.

At autopsy, the heart of the thiamine-deficient anmal 1s usually de-
senibed as dalated (rats, dogs, swine) Ewvidence for cardiac hypertrophy 1s
extremely difficult to evaluate. Abnormally lugh heart weight-body weight
ratios have been found 1n a few of the swine we have observed, 1t must be
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Figune 75, Tmaminge Dericiency.

Heart, pig A Small focus of necrohic fibers infltrated by leukocytes from an
ammal which had been on a thuaminelow regimen for 156 days (x90). B More
diffuse change with extensive cellular reaction (x 85), This animal died in ctimeal
heart falure

emphasized, however, that in other animals whase growth may be greatly
retarded by various means, the heart-body weight ratio may also be in-

1; for in other deficient states, the heart may approumate
10 per cent of the total weight, which is the highest ratio to be observed in
thiamine-deficient swine.

Microscopic Jesions in the myocardium have been described in rats,
dogs,™® foves,”™ swine,”™ and monkeys.”s The most extensive alterations
with whick we are famihar have been found in the myocardiam of swine
where changes may appear as early as the thirty-seventh day of the deficient
state, Initially one finds a loss of striations accompanied by vacuolation and
hyalinization of the myofibnils This is followed by total necrosis Leuko-
cytes, both polymorpl and lear, appear. The necroses may
be focal or diffuse, 1n one ammal whicli we observed, the lesions could be
seen grossly. Foci of dead fibers are found in the myocardium of b?l]l
auricles and ventricles. An exception has been noted in one pig dying
at an eatly stage, in this animal only the auricular musculature was affected.

713
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ificant difference in the vesponse of the aumcular and ventricular
lature to thamme defictency is further suggested by observations
hose aurcles are found to be involved far more frequently than are
atricles.”” In thus connection 1s it mteresting to recall the differences
oxygen consumption of auricular and ventricular muscle from thia-
leficient rats 76

swine which have passed through several emsodes of climcal thiamme
ney scars may be found mn the myocardium at autopsy These have
nterpreted to indicate foc1 of previously necrotic myocardial fibers.
oronary vessels of thiamme-deficient animals, as well as the endo-
m and epicardium, are not remarkable, no mural thromb: have been
ed 1n swine or other species A pointed study of the conduction sys-
as not been made

e cause of the brady cardia, electrocardiographic changes and morpho-
. lestons 1s obscure Since the lation of certam le

NET)

Ficure 76 TuiamivE DEFICIENCY,

mg A Fine scarning between mtact muscle fibers i ventricle of ammal which
sen on thurmne-low diet for 320 days There 15 relatively Dittle inflammatory
hough 1n other areus acute lesions were present (x75) B Large scar mm mys:
m of ammal which had Leen on thuminelow diet for 254 days and nhich
4 chronic passive congestion (x 60)
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products may be responsible, large amounts of pyruvic acid, sodium pyru-
vate, and related substances have been administered to normal and thia-
mine-deficient rats.?’® 777 Under such circumstances only slight changes
are observed in the heart rate and electrocardiogram, Sinee a sustained
elevation of blood pyruvic acid has not been artificially produced, it is
not clear whether lations of such 1 are an important factor
or not. We are, therefore, at a loss to explain the changes specifically, ex-
cept to refer them to the metabolic defects which are known to accompany
thiamine deficiency.

It is of interest to recall that cardiac lesions identical with those pro-
duced by thiamme deficiency have heen gbserved in animals deficient in
potassium.”™ When these two deficiencies are simul ly produced no
lesions whatsoever appear in the myocardium.” The reason for this requires
further investigation,

No anatomical alterations have been observed in the striated muscles of
thiamine-deficient animals, necroses have been described in rats in which
a concurrent defi y 1n p and thiamine has been produced ™

Thiamine deficiency has been indicted as the cause of lesions in the
nervous tissues Here the pathological alterations are not as clear-cut as
are the changes which have just been described in the heart.

The classical studies reported in 1897 by Eykman 7' were carried out
on fowl which had been placed on a ration of polished rice. The syndrome
was described as follows: “The beginning of the disease is characterized by
an unsteady gait which first of all manifests itself in walking about on the
perch, as 1f the ammal cannot squeeze its toes around it firmly enongh, and
must exert itself in order not to fall off. The disturbance in motility soon
increases 1w intensity and speed. The fowl no longer has the strength to
climb up; because of weakness 1t holds its limbs spread apart and bent at
the knee and ankle joints; when ninning it frequently collapses or falls over.
Finally, it remains lying on 1ts side and in 1ts fruitless efforts the developing
paralysis of the wing muscles also becomes noticeable The paralysis of the
body lature rapidly prog from below upward.”

Eijkman later epi d the pathological changes*¥"® “The nvolvement
of the peripheral nerves is the most important feature that post-mortem
investigation reveals to date. It mnvolves both the sensory and motor por-
tions, which occur focally in the nerve trunks, and produces the picture of
non-infl y atrophic deg 1on such as is observed after trans-
section of a nerve in the distal portion of the divided fragment, However,
defimte changes m the spinal cord and spmal cord roots are also not lacking.
These show, likewise, the app of deg ion and atrophy.”

On the basis of such findings Eijkman referred to the experimental dis-
ease as “polyneuritis gallinarum ” Eijkman’s experiments were repeated by
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Vedder and Clark7® who have illustrated degenerative lesions mn the
peripheral nerves.

It should be clearly understood that the diets employed by Eijkman
and Vedder were composed of polished rice Such diets are madequate in
many Tespects as McCollum 2% pointed out many years ago; for besides
being deficient n minerals, particularly calcium and sodiam, polished rice
lacks most of the vitamms, and furnishes a poor quality protein. “Poly-
neuntis gallinarum” as studied by the early workers 1s not a syndrome due
to lack of a single nutrient but clearly one caused by deficiency of several

From these studies 1 birds 1t was concluded that the purified materjal
from rice pohshings was an antmeurttic vitamin When a charactenstic
syndrome, wlhich could be prevented hy extracts of rice polishings, was also
observed in deficient rats, the term “poly reuritis” was apphed to the cond:-
tron i that species as well Such rats display lameness of the fore and hmd
legs; they walk unsteadily with the extremities extended. Ataxia may be
present, accompanied by cartwhee) or rolling movements, convulsions have
been observed Cure of this syndrome in rats as a test for vitamun B, was
frst mtroduced by McCollum and Simmonds i 19187%* and has been used
by many subsequent investigators,™® most of whom seem to have had httle
doubt that they were dealing with animals m which morphological changes
1 the nervous tissues were present.

The following discussion of the neurological aspects of thiamine de-
ficiency may be separated nto two parts a consideration of the penipheral
nerves and an appraisal of the central nervous system. In evaluating the
experiments which are to be cited below, several facts must always be borne
mmind First off, autoclaved yeast has been used as a source of the B
group in many of the experiments, smce heat destroys thramine It is well
to ber that excessne temp may destroy other components of
the B complex, for mstance pantothenic acid ™ Secondly, ammals on a
thiamine-deficient diet fail to eat, consequently the effects of inanition must
always be rigidly controlled Finally, many of the dtets have not contained
all of the now recogmzed essential nutrients, particularly vitamin K, and n
birds, certain ammo acids.

The observations on birds, which had been placed on nice drets, pro-
foundly influenced pathologte investigations m other spectes until careful
studies were carried out 1n the latter group. Exanunation of the peripheral
nerves of rats fed diets contanng autoclaved yeast has revealed no signifi-
cant morphological differences from control animals 764 785 746 7a7 The
changes which do appear may be ascribed to manition, The behavior of the
animals may well be ascnbed to “biochemical lesions” without anatomical
changes. After cats have been eating a thiamme-deficient diet for as long as
116 days, no histological changes can be detected i the peripheral nerves
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In addition, more conclusive evidence is furnished by studies of nerve action
potentals of such thiamine-deficient cats and their normal controls. No dif-
ferences are found, nor is there any disturbance in the regencrative capaaity
of the peripheral nerves of the thismine-deficient animals ™* In association
with Wintrobe et al, we have failed to find any evidence that thiamine de-
fictency leads to morphological changes in the peripheral nervous system of
swine ™ Nor have lesions been found in monkeys.?®®

In contrast to the mammalian species just mentioned in which evidence
of myelin degeneration of the peripheral nerves has been found, data have
been presented, chiefly by Swank and his collaborators, 7" ¢ which indicate
that in pigeons lesions do occur. Heretofore, Aves have not been con-
sidered m this hook. Since the observations of Swank are at variance with
those ed mall han species so far studied, it seems desirable
to mention them, inasmuch as they have continued to enjoy a good deal of
Pprominence n contemporary nutrition, When young pigeons are forced-fed
diets contaming very small amounts of thiamine, lesions consisting of myelin
and axon degeneration of the peripheral nerves are observed. In assuming
that food placed n the pigeon’s crop is utihzed, Swank has been enticized
by Shaw and Phillips 7% who feel that inanition may have led to Swank's
findings since “the natural tendency of the bird to reduce its calonc intake
during the thiamine deficiency could not be overcome by introducing food
into the upper part of the digestive tract.” The expenments of Shaw and
Phillips lend support to the view that chronic thiamine deficiency may
play a role in the development of neurological lesions in birds. They are
careful to point out, however, that other factors may be important, such
as the amino acids, glycine and arginine, since the chick requirements for
these nutrients are different from those of Mammalia. In concluding this
discusston of the peripheral nervous system, there appears to be no good
evidence that pl I thiamine deficiency leads to structural or func-
tional lesions of the peripheral nerves of any of the Mammalia thus far
studied. The question n birds requires further investigation. A discussion
of the situation in man will be reserved until later (page 403)

Changes which have been described in the central nervous systems of
thiamine-deficient animals may be considered first from the physiological
and then from the anatomical standpoint When rats are placed on a diet,
the B vitamin supplement of which is autoclaved yeast, a significant dis-
turbance of vestibular function appears, this is evinced by an increased
duration of ny foll g rotation.”* Physiological alterations have
also been d rated in thiamine-defi cats whose diets were ade-
qquate in all other essential nutrients, including pyridoxine and pantotheme
ac1d.™ The course of the feline syndrome can be divided into three slnge‘s.
The first, which fasts three to four weeks, is marked by increasing anorexia
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and vomiting, atavia is sometimes observed at this time The second stage 1s
manifested by abnormal posture, ataxa, dilatation of the pupils, and the
presence of abnormal reflexes, such as body nghting, vestibulo-ocular and
pupillary light reactions. The flexor, knee kick, and hopping responses are
all normal This stage is followed by one m which convalsions are promi-
nent, these precede death From the neurological signs which such cats
exhibat, it has been concluded that the mid-brain 1s most severely mvolved,
1t is unfortunate that hustological studies have not been carried out to con-
firm or deny such a suppostion In another study in cats,”™* physiologic
changes as severe as those just described have not been encountered; only
ataxia and mild vestibular disturbances were observed. In this experiment
it was thought that the animals succumbed as a result of cardiac damage.
Ptosis, incoordmation, and ataxia have been described m two separate
groups of monkeys,?5?. 70 796

Morphologic lesions have been described 1n the central nervous tissues of
rats, mice, cats, fotes, and monkeys In rats,®* hemorrhagic foci, as well
as chromotolysis or clumping of the Nissl substance of the nerve cells, have
been noted in Deiter’s nucler, the vestibular nuclei, the nucler of Bechterew,

. r em . B <

said to be present 1 the vestibular nucle: and there 1s swelling of oligoden-
dracytes The course of such ammals with respect to werght gawn or loss and
the absence of control observations make this study of questionable value,
however

‘Thiamine has a marked curative effect on a spontaneous paralytic disease
of foxes *** The syndrome which was first reported from the Chastek fur
farm m Minnesota is charactenzed by a rapidly progressing paralysts At
autopsy, bilateral symmetncal, degenerative lesions of certain nuclear
masses 1 the paraventricular regions are encountered. It has been con-
cluded that this Chastek paralysis 1s the pathologic counterpart of Wer-
nicke’s hemorrhagie encephalitis 1n man, a pomt which will be discussed in
more detail shortly. The disease in foxes results from the presence in raw
fish of a factor which appears to be a thiamine destroymng enzyme 764 When
thiamme 15 administered to affected animals, recovery ensues. Despite this,
deficiencies of other essential nutrients may also be present, since at autopsy
on animals dying with Chastek paralysis, a severe degree of hepatic lipoi-
dos:s is observed. A simlar disease occurnng in cats fed commercial cat
food has been deseribed "' Symptoms and lesions are prevented by thia-
mine administration

After monkeys have been placed on a thiamine-deficient regimen for
several weeks, they cease gaining’®® The weight curve then plateaus or
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begins to fall. Food consumption decreases with a coincident fall in the
blood thiamine concentration. With the decrease in weight, the animals
become inactive, apathetic, and weak. If treatment is not instituted, ataxia
appears and is accompanied by ptosis and tremors. Retching may be ob-
served but no outright vomiting. Convulsive movements may oceur. The
animal then goes on to develop paralysis, shortly followed by death. Edema
15 not promunent.

Cardiac changes in the monkey have been mentioned above. Of great
interest are the cercbral alterations which have been found,™® The lesions
are focal and bilaterally symmetrical The most frequent areas of the brain
which are involved are the caudate nucleus, putamen, globus pallidus, thala-
mus and substantia nigra. Other loc, including the gray matter of the
spinal cord, are affected to a lesser extent. The focal, circumscnbed areas
of involvement are characterized first by an accumulation of fluid, which
spreads the nervous elements apart. Next, one finds loss of myelin and
necrosis of nearons. Ghal involvement is evidenced by phagocytes and
slight astrocytic prohferation. Vascular alterations are not prominent and are
thought, when present, to represent a reparative process. In this respect
the lesions in the monkey are different from those of the Wernicke syndrome
in man, which have been ascribed to thiamine deficiency (page 415).

Again it is necessary to mention certain changes which have been de-
seribed in pigeons by Swank et al,, "t ™2 and by Alevander and his group.™’
The latter fed pigeons a ration of rice, supplemented with nboflavin and
vitamins A, C, and D. Since, on this diet, which is obviously jnadequate n
many essential nutrients, the birds develop hemorrhagic vascular Jesions
in the brain, Alexander has postulated without any justification whatso-
ever, that thiamine p “angiod we properties.” Swank de-
scribes similar lar lesions in pig as well as cl in nerve cells
and fibers, partieularly those of the vestibular system and the oculomotor
group ¢ The latter experiments must be questioned for the same reasons
that Shaw and Phillips 7 pointed out and which were discussed above.
Swank has also applied the technique of elect phalography to supple-
ment his morphological investigations.”™ During the initial smge‘of the
deficiency the amplitude of the brain waves increases, later there is a re-
duction m frequency with occasional paroxysmal discharges of epileptiform-
like character.

From the above we may conclude that, in contrast to the absence of
lesions in the penpheral nerves of thiamine-deficient mammals, the bramn
shows well-marked changes, which appear to be responsible for at Teast
some of the physiological disturbances which may be observed dun‘ng Ife.

In man, thi defi has been produced under ex[{cnn.lcnlal
conditions in order to elucidate certain components of the beriberi syn-
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drome (page 405), 1 e, the heart and the penpheral and central nervous
systems.

EX diographic alterations ave a p t ifestation of beri
bert and such changes may revert to normal when thiamine is admin-
istered.135¢ Relatively insignificant changes in the electrocardiogram have
been observed in experimental thiamine deficiency in man,®® Chucally, no

pok of cardine emt 1t has been d d although
3t 15 obvious that 1t would be hazardous to carry the thizmme-deficient state
toa far i view of its known deletenious effect on the heart of the experi-
mental animal,

Although chmical “polynewritis” has been described in expermmental thia-
mine deficiency m the human, the data are not too convincing  For instance,
2 punfied diet consisting of casein, fat, sugar, salt, and vitamin supplements
was employed to study the effects of thiamne deficlency on a series of
individuals for as long as esghteen months.®** The thiamne content of this
chet was gradually reduced to zero  Symptoms and signs appeared in four
out of nine subjects and consisted of “neuntis” (otherwise unspecified),
edema, anorexa, and soretimes vomiting, In another study two indiwiduals
were placed on a regimen m which there was 1 mg of thiamine per 1000
calories 4 This ration led to weakness, anorexia, and vomiting. In addi-
tion, evid of ) 3} pp d: and
tinglmg of the legs, sensory disturbances, tenderness of the calf muscles,
weakness of the extremties, and loss of the aclulles and patellar refleses.
1t 15 extremely unfortunate that biopsies of nerve and muscle were not
performed on these two subjects to confirn or deny the appearance of ana-
tomical changes, especially since fifty days of thiamme therapy were re-
quired to correct the defects m one case, while the reflexes of the other
subject did not respond even after four months of treatment The observa-
uons on these two subjects are the sumn total of our knowledge concerning
the relationship of thiamme to the integrity of the peripheral nervous syse
tem m the experimental human subject. Further discussion on the neuro-
logacal component of the beriben syndrome will be found on page 408,
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RIBOFLAVIN

The brological importance of certam colored maternals from various
sources became apparent in 1932 when Warburg and Christian 8% an-
nounced the 1solation of a yellow respiratory enzyme and showed that it
could be split mto two portions protemn and pigment  Shortly thereafter,
several laboratores reported the isolation of yellow-green fluorescent pig-
ments from a vanety of sources. Among this group, Kuhn and his asso-
cates ¢ deseribed a “flavin” which had both the biological activity of
vitamin B, and a close resemblance to the enzyme of Warburg and Chris-
tian, Kubn then determmed the chemmeal composition and structure of
this active substance, which he named “lactoflavin,” and m 1935 announced
its synthesis 7 Lactoflavin or nboflavin, the term adopted by the Council
on Pharmacy and Chemistry of the American Medical Association, 1s com-
posed of 1so-alloxazime and nibose,

Riboflavin 1s phosphorylated in the intestine The ensuing riboflavin-5-
phosphate s used to buld a number of flavoprotein enzymes 2% Ribo-
flavin-5-phosphate 1s the prosthetic group mn Warburg and Chnstian’s onig-
nnl yellow enzyme ® and m cytocln-ome C reductase In all other known

, nibofl 5 hate is umted with adenylic acid to
form nboﬂavm-adenme dmucleonde {FAD), the prosthetic group of a
vanety of proteins which form the pl #0% Such enzy may

function 1n two ways. first, by accepting electrons n the oudation of TPN
or DPN and donating such electrons to oxygen or cytachrome C, and sec-
ondly, as direct oxidation enzymes, such as ammo acid oudase or oudases
for specific substrates

The effects of riboflavin deficiency on the tissue content of several spe-
cific flavoprotemn enzymes have been studied The concentratrons of d-amino
ovidase are reduced in the liver and kidney of miboflavin-deficient rats;?°*
the xanthme oudase content of the hiver is Jowered m simmlarly depleted
rats ™'° Riboflavin may be demonstrated mn tissues by specific histochemical
reactions,$1

Studies of rboflavin-deficient rats have revealed no noteworthy changes
m the vanous non-protein constituents of the blood 2 A moderate creati-
nuna has been observed, however. A diect relationship has been noted
between the protein intake and the nboflavin content of rat liver #** When
dietary protem is reduced, the hepatic content of riboflavin falls, this de-
crease is independent of the intake of the vitamin Excessive amounts of
protetn 1 the diet appear toxic for nbofl defi rats 314 Rib
balance is affected by the thuamine content of the diet Chronic thiamine
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deficiency leads ta an excess of riboflavin in the urine; such a loss is unac-
counted for by body tissue breakdown.®'s

The relationship of riboflavin to liver metabolism has been brought
out n an interesting seres of experiments dealing with the hepatic macti-
vation of an estrogen, estradiol*'¢ When liver shices from animals depleted
of nboflavin are mcubated with estradiol, they fail to inactivate the hor-
mone, whercas normal hwer slices destroy it. In this connection it is of
mterest that rats teceiving large ts of estrogenic hormone #7 develop
atroply of the epidermis similar to that which is seen in riboflavin defi-
Cffm‘)""“ Livers of amimals deficient in pyridoxine, pantothenic acid, bio-
tin, or vitamin A retain their abilty to inactivate estradiol, while thiamine-
deficient animals react in a way similar to those deficient in riboflavin. A
relationship of riboflavin to lipid metabolhsm has been shown; when high-fat
diets are fed to riboflavin-deficient rats, such animals survive for a shorter
time than those on a high-carbohydrate diet. “Spastic paralysis” of the
Innd guarters is also observed in such animals.#1®

Further complex mterrelations of nutritianat deficiency and endocrine

bolism are bronght out by experi dealing with eatalase activity of
weanling mouse hver.6? YWhen animals are placed on & riboflavin-deficient
diet, the catalase activity fails to show its normal rise to adult levels alter
two to three weeks. Parred fed contrals hkewise show this defect. When,
); ) 15 adnmni 1, the catalase activity of nboflavin-
deficient animals liver rises, while that of the controls does not. Catalase
actinty of female mouse liver tissue is not affected by riboflavin deficiency.

Riboflavin has been shown to be an essential nutrient for the mouse, rat,
catton rat, hamster, dog, pig, calf and monkey. Prominent changes have
been described 1n the shin, the eyes, and the nervous tissues, as well as in
certain isolated organs.

When growing rats are placed on a riboflavin-deficient diet, an initial
weight gam is followed in a few weeks by a loss #'* After about si¢ weeks,
the fur becomes uneven and ragged, and eventnally hecomes crusted with
a reddish-brown substance. The Dair then begins to fall out over the venter.
Small, white, dry scales appear along with these changes in the hais, Hafr
1s lost fram the eyelids, the lips are erythematous, swollen, and denuded
of fur

Microscopically, atrophy of the epidermis and its appendages is found.
In the early stages some hyperkeratosis may be seen; no inflammation is
present. Most p i are the cl in the seb glands, whose
cells first become swollen, then atrophic, The rudimentary coil glands tike-
wise atrophy. During the eardy stages, the hair follicles remamn narmal in
appearance, Howeuer, the hair which is formed is imperfect. Later th.e
follicular cells become atrophic. Fully developed riboflavin deficiency is
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characterized by a skin whose sebaceous glands and hair follicles are
atrophic and whose epidermis has decreased m thickness Following ther-
apy with nboflavin the skin changes undergo involution Over the anterior
portion of the tongue of the rat the filiform papillae exhibit a defective
formation of cornified cells 467

In the mouse the epidermus microscopically shows either atrophy or
hyperkeratosis, there are intra-epithehial accumulations of leucocytes.?”

Ficune 77, RisorLavty Derciency
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Ficure 78. Riporraviv Dericiency.

Comea There 15 extensive vascularization of this structure with the mgrowth of many
new capsllanes,  (Coustesy of Dr. 5. B. Wolbach and the Journal of Expenmental
Medicine )

The sebaceous glands, m contrast to those of the rat, appear normal. How-
ever, the pathogenesis of the skin lesions in tlus species is not clear and
further study is necessary. “Dermatitis” about the mouth has been de-
scribed in the riboflavin-deficient hamster.#2 When dogs are placed on a
nboflavin-deficient regimen, a dry scaling of the skin, accompanied by ery-
thema of the hind legs, chest, and abdomen, has been observed #2* Erythema
and scabng of the eprdermus have also been reported in swine 924,925,826
and in monkeys.##% 528 Loss of hair and hyperemia of the bucal mucosa
15 seen in calves.® In foxes*?? loss of pi! jon of the fur develops.
Corneal lesions have been described in the rat, mouse, and dog. The
changes have been most extcnswely studied in the first species. In 1839,
Bessey and \Volbacl\‘“ full bed corneal vascularization as a
tion of ribofl defici . In the rats which they studied, after

four weeks on the deficient regimen, capillaries began to grow toward the
center of the cormea. The vessels at the limbus seemed to serve as the source
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of these sprouting channels. In the ensuing weeks new vessels extended
farther and farther, eventually reaching the center of the cornea. The first
vessels grew just under the corneal epithelium, The advancing border of
the invading vessels was made up of a mass of anastomotic channels with
“glomeralus-hke loops and arrow-headed-hke pomted sprouts” As the de-
ficiency contiued, the capillanes penctrated into the tunica propria; how-
ever, only in rare instances were vessels found deeper than the junction
of the middle and lower third of the tumca. Soon after vascular penetra-
tion of the comea was underway, leuhocytes appeared and began to in-
fltrate the tissue. Changes n the corneal epithelium were not observed
during the early stages of the deficiency. Later on, however, although the
basal cells ined normal n app the superficial epithelial cells
became separated and vacuoles formed between them and the deeper cell
layers D ’s \ and the endothehal lining of the wmer sur-
face of the comea appeared normal The cornea became progressively
cloudy; m the later stages of the deficiency uleeration was found,
Following treatment with niboflavin the turbidity of the cornea rapidly
cleared up. Vessels were no longer seen although microscopic study has

Ficvrr 79 RisoFLavin DEFiciEncY.

Lens, Cataract Lens of a nboflivin-deficrent
Bulictin of the Johns Hopkms Hosptal ) 10 show apacites - (Courtesy of
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Ficure 80. Rmorraviy Derrcieacry,

Congemtal malformations, A Nommal palate of newborn rat in contrast to B, cleft
palate of ammal born to nboflavn.deficient mother, There is a communication be-
tween the nasal cavity, nasopharyngeal ducts, and mouth (Courtesy of Dr. Josef
Warkany and The Mslthank Memorial Fund Quarterly )

revealed that collapsed capillaries may be observed in animals for as long
as two months following institution of therapy, The above changes, which
were thought to be specific for riboflavin deficiency, must now be looked
upon as a non-specific response to injury. Comeal vascularization has been
shown to be associated with a number of deficient states such as those pro-
duced by zinc,”*® protein and various amino acids,®* pyridoxine,** and
pantothenic acid.#?®

The Harderian gland of the riboflavin-deficient rat shows fibrosis and
leukocytic infiltration,?3?

The lens is a site of damage in several riboflavin-deficient species. Cata-
racts have been observed in rats,®* 834 and swine.®®* The first change m
the rat consists of a central opacity which spreads peripherally; such cata-
racts can be arrested by the administration of riboflavin.#3* Although other
wvestigators failed to find such changes in the lens of riboflavin-deficient
animals, these discrepancies have been clarified by the demonstration that
cataracts do not regularly appear when the diet is completely devoid of
riboflavin, but make themselves manifest when small but inadequate
amounts of the vitamin are i d.# On a nboflavin-deficient diet
two of three swine have been observed to develop cataracts after 135 and
145 days.*>* The cataracts in these animals were located in the superficial
portion of the cortex of the lens and consisted of “wlute dot and streak
opacities and a few minute vacuoles.”
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Equivocal changes have been noted in the nervous tissues of mice,
dogs, swine, and monkeys. In the mouse myehn degeneraton, as evinced
by the Marchi stain, has been found in the brachial and sciatic nerves; de-
generation in the dorsal columns of the spmnal cord has likewise been men-
tioned,?*! In the dog demyelimzation of the dorsal columns of the spinal cord
and penpheral nerves has been described.®% In one of three swme studied
by the present writer mychn degeneration of the sciatic and brachial nerves
was observed.*** No histological studies have been carried out in the mon-
key which 1s unfortunate, since when M. mullata are placed on a riboflavin-
deficient diet, they develop incoordination, a faulty grasp reflex, and loss
of strength m the arms and legs, 827 cebus monkeys show no such 1l ef-
fects 28

There is some evid that ribofl leficiency leads to impairment
of red blood cell formation. If rats are first rendered deficient in nboflavin
and are then subjected to repeated hemorrhages, a disturbance of red blood

)

= T 46
Ficune 81, Risortaviv Derrciency.
Congenital malformations. Theen st - s L -

A Normal control, Band ¢ * .
or non-separation of nbs. *

of tibia and fbula The tww 18 not
mandsble sn B and € is also striking
bank Memorial Fund Quarterly )

present 1n B, “Lhe progressive shortening of the
(Courtesy of Dr. Josef Warkany and The Mill-
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cell and hemoglobin regeneration is found®® A mild, microcytic hypo-
chromic anema is said to develop in dogs,®” while in swine *** a moderate
normocytic anemia is seen. A reduction in hemoglobin concentration and
red blood cell count has heen observed in monkeys#2? In all of these he-
matological studies the data are too inadequate to permit any general con-
clusions.

The fat content of the liver (per dry weight) is increased in riboflavin-
deficient dogs from a normal of about 15 per cent to 40 or 50 per cents
Similarly, two of three deficient swine have exhibited on microscopic ex-
amination rather large quantitics of fat in the hiver, and in all, the con-
voluted tubules of the kidney contained globules which eould be stained
with Scharlach R8¢

For the past years Warkany and his associates #2263 have been study-
ing the effects of matemnal nutritional deficiencies on their offspring. In
rats, shortening or absence of the tibia, mandible, fibula, radius, ulna, fe-
mur, nbs, fingers, and toes have been observed. Fusion of the ribs and
cleft palate may also accompany the above changes, all of which have
been shown to be prevented by the inclusion of riboflavin in the matemal
diet before or on the 13th day of gestation. After this critical period ab-
normalities will appear in the newborn whether or not riboflavin is ad-
ministered. It should be pointed out that, although the diet first used by
Warkany was not a purified one, consisting as it did of cornmeal, wheat
gluten, sodium chlande, and calcium carbonate, supplemented with crystal-
line vitamins, concusive results showing that riboflavin is the protective
factor have been obtained on synthetic rabons composed of sucrose, casein,
fat, salts, and crystallme vitamins, Skeletal abnonmalities have been de-
seribed by others.5#" #! The ratio of calcium to phosphorus m the diet 1s
important in thewr production %41

The riboflavin-deficient rat exlubits an abnormal reaction to decreased
oxygen ation 42 No nes formation of glycagen occurs in the liver
i companson with a ten-fold increase in controls, Hence, adrenocortical
failure may be a part of the riboflavin deficiency syndrome.

Mention should be made of the relation of riboflavin to spontaneously
ocenrnng and to chemically induced tumors, When rats are fed ammo-azo
dyes, those having ligh dietary levels of nboflavin are less Jikely to de-
velop liver tumors than those having lower concentrations of the vitamin
in their rations.*** The riboflavin protecting effect on the liver may be re-
Tated to the ability of the hepatic cells to destroy the carcinogen.* hen
a tumor induced by an azo-dye is transplanted, its growth is enhanced by
plenty of dietary nboflavin#58 These are but a few of the experimen‘s on
tumor growth in which the effect of riboflavin has been studied.
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Riboflavin deficiency in man has recently been studied in fifteen adult
male subjects at the Elgin State Hospital #¢¢ A diet furmshing 2,200 calories
and ing .55 mg of ribofl was ad ed for periods from nmine
to seventeen months. During this time certain chmeal signs developed in
all but three subjects: angular stomatitis, seborrheic dermatitis and scrotal
skin lesions. The previous studies of others ®47 are also reviewed by the Elgin
group.

The skin was the sitc of most prominent change. The most common
area was the scrotum This began as a patchy erythema associated with
scaling which was followed by desquamatton of the superficial epithelial
layers of the anterior surface. The course was one of exacerbations and re-
mussions. With therapy the healing response was dramatic.

An itching seborthea occurred in several subjects This was found over
the scalp and chest. In addition cheilosis, mnvolving the vermilion border
of the lips with vertical fissures, crusts, and desquamation was observed in
one subject.

Ficune 82, RmorLaviy Dericrency,

Angular stomatitis which developed on nboflivin-deicy !
male. (Courtesy of Dr M, K, Horwitt ) -elicient regimen 1 thary year old



218 DEFICIENCY DISEASE

Ficune 83. RiorLaviy DeFicm~cy.

Scrotum. A and B Scaly dermatiis which was observed in subjects on riboflavin-
deficient regimen  {Courtesy of Dr. M. K. Horwitt.)

Comment should be made concerning certain negative findings. No
corneal vasculanzation, glossttis, capillary abnormalties or neurclogical ab-
normalities were noted.
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NIACIN

Although nicotinic acid had been prepared synthetwcally in 1867 and
subsequently was demonstrated to oceuy in many foodstufs, its smportance
1 nutrition did not become apparent until 1933, In that year nicotime
aexd smide {nscotinamide) was shown to be an impertaut constituent of
two already well-kmown co-enzymes. Warburg #* demonstrated that the
“hydrogen-casrying enzymo of red blood cells,” or Co-enzywe I, consisted
of adenme, a pentase, phosphone acd, and nicounic aad amide, Shortly
thereafter, Euler and lns coworkers#9 showed that cozymase or Co-
enzyme 1 hkewise contamed the amsde of nicotmic acid, When Elvehjem
and hus group *% demonstrated m 1937 that nicotime acid of its amide was
effoctive 1 curing blacktongue in dogs, these maternals came mto wide-
spréad wse 1 the trestment of pellagra m humans. Nicotsue acd 1 pyxi
dme 3-carboxylic acid

Ingested mcohinic acid s transformed in ciwe nto the anude, this 15
atilized to form the coenzymes mentioned above These matenals are heat-
stable, dialyzable, orgame sul wiach function as hydrogen casrers
m celfular respiration,®® Their chemmcal natures are similar  Coenzyme 1
or diphospt d leatid: one smol less of phos-
phonie acid than does Coeney I or triphospl 1dine leotid
(TPN}, Coenzyme 111, which was diseovered later, has no adenine mole~
cule and only one mol each of nbose and phosphoric acd *? DPN and
TEN function as acceptors of hydrogen mn assooiation with a large number
of specific and their sul S8 Some ples are ethyl alco-
ol dehydd } -+ DPN Wdehyde, vitamin A (aleobol dehydro-
genase) + DPN-sretinene,, 1soemnc acid (wsocitnie dehydrogenase) -+
TPN-salplia ketoglutarate.

DPN may be demonstrated i the tissues, For wstance, liver, muscle
and ladney cortex of nonmal dogs contawn appreciable amownts.3® Oply in
the hver are councentrations of DPN reduced apprecisbly when nicotinic
acwd deficieney 1s induced

Knowledge of the indispensabulty of acid was in 8 confused
state for several years after thus matenal was shown to benefit the black-
tongue syndrome m dogs (page 329) and the pellagra syndrome m man
{page 316) Although Frost and Elveljem ®2 had found that meotme
atid supplerients smproved growth of rats fed a diet which was madequate
i certam respects, it was soan shown that, when this species was placed on
an optimal diet, nicotinic acxd was not necessary.®% A similar situation was
found 1o the dog®* and m swine®* Hence, dufficulties arose m trying
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to explain the beneficial effects of nicotinic acid under certain cireum-
stances. It is not necessary to go into the entire story of how this problem
was solved. The quantity and, in particular, the quality of the protein proved
to be the answer. In tusion, tryptophan was d § to be the
biological precwrsor of nicotinic acid (page 89).

Certam dietaries would appear to increase the requirement for nico-
tmic acid. Com s, of course, notorious in this respect because of its low
tryptophan content.??! 2235 Purthermore, it has been suggested that com
contains some material, a “pellagragenic factor,” which increases the need
for nicotinic acid or which may act as an antimetabolite of niacin.#5

The tryptophan-niacin relationship is analagous to that of methionine
and cholme Hence, in studying nicotmic acid deficiency, the 1
of tryptophan in the diet must be kept at a minimum so as to have as little
conversion to niacin as possible. Deficient states have been described m
experimental animals 1214 1215 and 1 man when diets Jow in tryptophan
content and deficient in nicotinic acid were fed. When calves are placed on
such a regimen as early as twenty-four hours after birth, they develop diar-
rhea within forty-eight hours.®s" They soon become dehydrated and after
several more days are unable to stand. Death occurs suddenly. When nico-
tinic acid 1s admmistered, prompt improvement ensues. Sirmlar findings
have been reported in young swine.®®

Acetyl-pyridine, which is d to be an antagonist to nicoti
has been administered to mice and rats 1 order to determine whether any
morphological Jesions might be elicited.#** Evidences of damage to periph-
eral ganghon cells, and to the neurons in various areas of the brain and
spinal cord were found. Such alterations are of interest in view of the
lesions which bave been described in pellagra in the buman (page 326).

The relation of corn to the pellagra syndrome and the curative effects
of nicotinic acid on certain manifestations of this disease are well-estab-
hshed (page 316) Hence, expenmental studies of humans which have
been placed on com diets low in niacin content are valuable. Goldsmith
and her co-workers *% 861 #62 have contributed a series of reports on the
niacin requitement of man, utilizing diets of maize which were low in
tryptophan and macin content, diets of wheat and corn, and diets contain-
ing lune-treated and untreated corn. These mportant studies connot 'be
recounted w detail 7 "7 ° . o - : -
were maintained on
save that it contane .
developed clmical signs of pellagra after fifty days. Such manife'zstatwns
swere dermatutis, chetlosis, angular stomatutis, lesions i the nnsolabm.l fl?!ds,
darshea, glossitts, amenorrhea, mental depression and apaﬁgy.. The distribu-
¢ion and grass appearance of the dermatitis was characteristic of pellagra.

g
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Ficure 84 Tryproritan-Nuacin Dericiency

A and B Scaling dermatitis of exposed surfaces which deseloped fn subjects on diet
Tow 1n tryptophan and nman C and D Lesions and angles of mouth which were
observed 1n subjects on a tryptophan-law macm dict, E Smooth tongue which devel-
oped on same regimen  (Courtesy of Dr Grace Goldsmuth )
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The face, hands, vulva, perineum and perianal regions were involved, Glos-
sitis was prominent, Burning sensations in the esophagus were noted
Diarrhea developed. In all three of the subjects, the excretion of n-methyl-
nicotinamide was decreased.
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PANTOTHENIC ACID

In 1933, Wilhams and hus 883 d the isolation of a
new growth factor for yeast Since tns material was an acidic substance,
which could be demonstrated m a wide variety of living cells, 1t was named

“pantothenic” (derived from the Greek “from everywhere”) acid. During
the next fesy years work went forward on the ocenrrence, chemstry, and
buological activity of the new compound, so that by 1840 Williams’ labora-
tory was able to announce the synthests and the chemical structure of bio-
Yogically active pantotheme acid.®st 3

From the very begmmng of his experiments Williams had expressed
the belief that pantothenic acid was a water-soluble vitamin, in fact, he
had suggested m 1933 that the material mght be related to vitamm G
(nboflavin}.65* Not until 1939, however, was pantothenic acid shown ta
be an antidermatitis factor for \he chick. SubbaRow and Hitchins #% then

ated that this pound was a growth factor for the rat.

The story of the development of our knowledge of the metabolie role
of pantothenic acid is one of the mast fasemating aspeets of nutritional

research durmg the past decade ¢ Tt cul d in the d
by “a number of fortunate acaidents,” that pantutl\emc acxd is an 1mp0rt=mt
part af coenzyme A {CoA), a key sul m

The transformation of pantothemc acid to CoA has been worked out.#6®
CoA 1s smportant for the integnty of adrenal funchion, acetycholne syn-
thesis, acetylation of various matenals, formation of certam lipids such as
cholesterol. and, of course, the Krebs eycle.#s

As tught be expected, the CoA jon is d d in the tissues
of pantothenic acid-deficient animals (rats) %9 T l\e plasma cholesterof con-
tent 1s reduced 1 this deficiency as well, though fat must be excluded from
the diet of this effect ts to be d d #7° The admi of growth
hormone to adult rats which have been placed on pantothenic acid-deficient
diets precipitates the effects of deficiency.s™

The dispensability of pantothenic acid has been demonstrated for the
at, 4”2 mouse,””” ¥4 guinea mp.*™* hamster,*?? cotton rat,5™® dog pigt™®
calf,* fox *® and monkey.*”® Microscopic studies of tissues have not been
performed on all of these species,

Specific lesions m the shin and hair have been descnbed in the rat,
thewr pathogenesis has been carefully studied by Sullivan and Nicholls 2?2
Furst, a cwrcamocular loss of hair (spectacle alopecia) 1s noted. The hai
is also fost in the preauncular region and along the sides of the snout.
This alopecia 1s somctimes accompanied by scaling. Graymng of the hair
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Ficure 85, PaxTotiesIC Acip DEFICIENCY.

Harr, Head of rat which had been on a pantothenic acid deficrent diet for abont five
weeks Note graying (acl hia) of hair about cyes, ears, and nose
This usually spreads to msolve the entire head, later alopecia occurs, (Courtesy of Dr.
Maurice Sullivan and the Archives of Dermatology and Syphilology )

has been observed m piebald rats, being pr in the K

regions, sides of the nose and over the shoulders. The fur becomes dull and
coarse The graymg (achromotrichia) is followed by a generalized scaling
and erythematous dermatitis. Occasionally, foci of dermatitis
are observed. Following these epidermal clianges the hair begms to fall
out.

Microscoprcally, d hyperk is and acanthosis are seen, to-
gether with an occasional focus of intraepidermal vesciculation and crust-
ing, especially m areas where small eczematous foci had been noted grossly.
As the rats become more depleted in the vitamin, the epidermis approaches
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ats usual thick or even t atrophic. A change 1s found
m the hair folticles, whose lumens become dilated from orifice to bulb. The
hair is Jost at this time. Changes i the sebaceous glands are usuaily 1n-
significant until the terminal stages of the deficiency when these structures
undergo atrophy Little cellular infiltration is found in the corium at any
time ;

The achromotrichia which has been observed i pantothenic acid-de-
ficient vats has been confirmed and further clarified by obsersations which
have shown that pantothemc acd is not the only chromotnchia factor.#?
Copper deficiency (page 62) and lysine deprivation®™ also lead to gray-
ing of the hair, evidence for the existence of a fourth factor, para-amino-
benzoic acad, has also been presented {page 269). It is of interest that
the achromotnchia in pantothenic acid-deficient rats may be reversed by
adrenalectomy,®®*

In the skin of mice, hyperheratoms, followed by atrophy of the epi-
dermis, has been described ¥ There is no inflammatory reaction. No men-
tion has been made of the condition of the hair follicles or sebaceous glands,
Alopeesa has been reported by others®™ A “red incrustation”™ has been
desenbed about the mouth of hamsters,®2* while the cotton rat exinbits an
wnspecified dermatitis 78 Hair color of the guinea pig 15 dulled,*™ graying

Fiours 86 PantoTnENIC Acto Drriciency,

Sk Section of shin from head of rat which had developed alopecia. Note dilie
tation of the harr follicles which is charactenstic of this deficrency. No changes are
found m the sebaceous glinds, corum, or epithchum  (Courtesy of Dr Maunce
Sullivan and Archtes of Dermatofory and Syphilolagy }
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Ficure 87. PANTOTHENIC Acip DEFIGENCY

Colon, pig A Normal mucosa of colon. B Tissue from deficient ammal which had
acute diarrhea. Note superficial vlceration, feukocytes m lumen of glands and mters
stiial mfiltration € Tissue from chromically deficient animal, Note loss of epithelial
glands, extreme mterstitial infiltration and chrome ulceration. All H and E (x 80).

and alopecta are seen in the monkey.?" Alopecia occurs m swine, on micro-
scopic exammation atraphy of the epidermis and loss of hair follicles are
found.®™

Lesions of the mouth have been described in pantothenic acid-deficient
sats, Such changes consist of ulcers, hyperkeratosis of the oral mucous
membranes, and marked gingival and peridontal necros:s.®*
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Ficure 88, Pantornenic Acip Dericieney

Colon, prg Lesions m the sobtary folliles of the eolon A Solitary lymphoid nodule
from pantotheme acid-deficient pig showing the nommal prolongation of glandular
elements mto this structure There §s begmming leuhocytic mhitration of the glands
The lymphod tissue 15 somewhat byperphstic B More advanced lesion which
has become twa abscesses i the middle of the follicle. Such abscesses grow and
suppurate, producng wlcers. Both H, and E. (x25)  (Courtesy of the Bullctin of the
Johns Iopkins Hosptal.)
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Diarrhea is an early and constant sign in pantothenic acid-deficient
swine.57 853 884 The stools frequently contain mucous and sometimes blood.
R igmoidscopi fon reveals a diffusely hyperemic mucosa
which 1s slightly edematous. Bleeding usually oceurs as a result of instru-
mentation. Ulceration has not been detected by this method of examina-
tion, however.

At autopsy, extensive changes are found in the intestine, particularly
the colon. Grossly, the earhest change is a diffuse hyperemia which may
appear after four weeks of the deficient regimen, The lymphoid follicles
are enlarged and on section e<hibit purulent centers. Perforation of such
abscesses lead to small ulcers which then become confluent. The mesenteric
lymph nodes are enlarged. Microscopically, one finds a change from the
normal glandular mucosa, which is made up of large vacnolated cells, to a
Iining composed of glands formed by atrophic cells. Leukocytes are found
in the lumina of these glands, as well as in the interstitial tissues about
them. Although, in the early stages, this alteration is a focal one, as time
goes on it becomes more and more diffuse. Cells accumulate in the glands
and these structures become progressively dilated. As a result, the atrophic
epithelial cells appear even more flattened. In the lymphoid follicles, which
also contain glandular prolongations in their centers, the same lesions are
found Here, following necrosis of the epithelium abscesses develop; these
finally rupture, leaving large ulcers After treatment with calcium panto-
thenate, such ulcers heal. In these cases the intestinal wall at autopsy is
found to be thickened, due to an increased proliferation of connective tis-
sue, which apparently results from the previous tissue destruction and heal-
g Changes have not been described in the intestine of other species.

During hfe pantothenic acid-deficient swine evince a disturbance 1n
gait. This 1s first displayed by a sudden elevation of one of the limbs from
the ground as though it were painful. The gait next exhibits a broadening
base and a jerky “goose step” appears. As the deficiency progresses, the gait
becomes more and more impaired, so that finally the animal 1s unable to
walk at all and lies prostrate.

Microscopic examination #5 reveals that the earliest change 1s chromato-
tysis of the dorsal root ganglion cells. Thiese alterations have been obser ed
m animals in which ataxia had not been detected during life. The ganglion
cells exhibit the cl: I signs of disi ation and lysis of the Nissl
substance, cells of all sizes appear to be equally mvolved. When the spinal
or peripheral nerves of such animals are examined by appropriate tech-

5, no changes are found, However, later, that is from the eighth week
are found

nique: >
of the deficiency on, loss of myelin and axis cylinder degeneration 1
1n the brachial and sciatic nerves. As time goes on, changes may likewise
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Ficvre 89 Pavtortienic Aco Dresiciency

Sensory gangha, pig A, B, C Dorsal root ganghon cells to show chramatalos tic phe-
nomena, te, lass of Nisst substance ar its condensation shaut penphery of cell AR
sizes appenr to be wvoled In €, cells have dicd and caBlectsons of manonuclear are
{pund an their plice At the stage of changes seen i A& anct 8 the penpberal nerves are
normal A {x 263), B (x333), C (x300)



230 DEFICIENCY DISEASE

P
A
f?\\ -

o,
RS

Ficure 90. PanToTHENIC ACIp DEFICIENCY

Spmal cord, pig A Lumbar segment from animal dying after ninety-nine days on de-
fictent regumen. Note loss of myelin 1 dorsal columns B and C sections of ventral and
dorsal roots, respectyely, to show loss of myehn in latter and no change in former.
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be observed m the dorsal ract fibers, and i a single animal, degeneranon
of some of the fbers m the dorsal columns has been noted. Chromatolytic
cells have been found m the anterior and mtermedhate gray matter of a
small number of ammals, Using the osmic acsd technique, which 15 no-
tonously hable, myeln & tion has been repurted 10 be present
in the dorsal columms and pyramsdal tracts of the spual cord and n the
penpheral nerves of pantotheme acd-deficient mawced™ Weakness of the
extremities has been noted in deficfent calves *¥' Atawa bas been reported
sn monkeys #7¢
A

f Tofl

wn of p 2 acd w rats was first de-
scrbed as “blood-caled winskers™ The nose and haws of the snout be-
come covered with a reddish pigment The Hardenan glands have been
shown to be the source of thus material, whick 1 sawd 2o be corproporhyrin
The pigment appears to be excreted through the nasolacrimal duct in panto-
theme acid-deficent anunals, for when the Hordenan glands are exesed
and the ammals are then placed on a pantothemc acrd-deficrent regimen,
the ehromodacryorrhea fais to appear *** Dehydratson may also be a fac-
tor eading to pigment merustation of the nose and whiskers of rats *7

Frovne 91 PANTOTRENC ACID Dkrie

Adrenal, rat Eotire section of adreral ghind from rat on pantothense acid-de uerent
et Note mtact meculia and inner reticular 7one Quier reticular zone, entire fascrcular
and wner glomerulosa are necrotic
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Ficure 92 PantoTHENIC ACtp DEFICIENCY

Adrenal, rat A, Low power (x35) and B higher magmfcation (x 200) of cortex of
adrenal gland Virtually all, save the outer glomerulosa, is necrotic,

One of the most interesting mamfestations of pantothenic acid deficiency
1s the appearance of so-called “hemorrhagie necrosis” of the adrenal glands
1n rats.®*2 8% The pathogenesis of this lesion has been carefully studied.**
The first change, which occurs m the first few weeks of the deficiency, is 2
loss of lipid material (sudanophilic) from the cortex. Histochemical pro-
cedures would appear to d rate loss of k id compounds These
changes begm in the inner cortex and extend outwards. Associated with
such alterations mitotic figures are found in the cells of the outer zona
fasiculata. Next necrotic cells appear in the reticular region. From the
second week on, increasing necrosis and hemorrhage are seen. In severely
affected glands the zona glomerulosa may be mnvolved The medullary por-
tion of the gland does not appear to be aff 1. Alkaline phosp!
activity of the cortical cells is decreased.**®
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Extremely interesting studies of adrenal behavior i pantothemc acid-
deficient animals have been carried out following the admmistration of
ACTH or cortisone #*! When the pitwitary hormone 1s given, the adrenal
lesions tend to be more severe On the other hand, cortisone tends to pre-
vent the development of the lesions Because pantothenic acid-deficient rats
exhibit a disturbance n carbohydrate metabolism, 1¢, hypoglycemia, the
view has been advanced that a deficiency of this vitamin leads to adrenal
functional insufficiency. The possibility that CoA 15 a necessary factor for
the biosynthesis of steroids 1s thus a real one

Adrenal enlargement, with hyperemia and hemorrhage, has been de-
scribed in the guinena pig #7 The only possible evidence of any alteration
m the adrenal glands besides the rat and gumea pig 1s a dramatic syndrome
which has been described in dogs ®°* After a vanable period, depending
on the vitamin intake, there appear. sudden prostration or coma, tachypnea
and tacl dia, Isty of the extremities, and vommting
Death ensues unless treatment 1s instituted Chemical studies of the blood
have revealed an irregular lowenng of glucose and chlonde concentra-
tions, together with an mcrease 1 non-protein nitrogen values Gross find-
ings at autopsy have been equivocal, except for hght colored livers whose
fat contents on chemical analysis range from 347 to 551 per cent m con-
trast to the normal ranges of 13-17 per cent Microscopic studies have
not been reported. In another experiment on dogs, fatty livers and spas-
ticity of the hind quarters bave been noted but no examination of the
tissues has been reported 8%

As might be expected, reproduction may be severely affected, this has
been studied in rats #* and i swme *** In the former spectes, when panto-
thenic acid deficiency was mstituted sixteen to twenty-three days before
mating, there resulted farlure of implantatton, resorption, or defective hitters,
This effect was not due to mamtion Newhorn ammals are also affected 01

A few other 1k effects of p 1 acid defi y have
been noted Some appear to be non-specific, 1., corneal vascularization ¢
and disturbance in endochondral bone formation #7 On the other hand,

ytosis without lympl has been poted in mice %% In dogs
the elevated blood pressure produced by renal ischerma has been returned
to normal as a result of pantothenic anid deficiency#* The synthesms of
antibodies appears to be related to pantothemic acid since there is a de-
crease of this reaction in deficient amimals. However, antibody formation
does not appear to answer all the questions raised by changed resistance
to infection, for the natural resistance of the rat to a strain of Cornybac-
terium Rutschers 1s abohshed by pantothenic acid deficiency even though
antibody production does not appear to be particularly affected %2
Three human subjects have been fed a pantothemic acid-deficient diet
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to which the antagonist, omega-methyl-pantothenic acid was added.?%
These experiments were acute and rather severe. They showed that cer-
tain effects could be produced and suggest that pantothenic acid is an es-
sential nutrient for man. The subjects developed a neuromotor dxsmder,
cardiovascular instability, gastrointestinal plaints, repeated i
and physical and mental depression. All of these dxsturbanccs were reheved
when the mussing nutrient was added to the diet. The neurological changes
consisted of numbness and tingling of the hands and feet. One subject
complamed of burning of the feet. All had hyperactive deep tendon re-
flexes and weakness of the extensor muscles. No sensory disturbances were
noted as far as pain, temperature or vibration were concerned. Certain
biochemical changes which developed are of interest. These consisted of
alterations in acetylation, increase in insulin sensitivity, lack of eosinophile
to ACTH, hypochol olemia, d in 17-k id excre-
tion and depression of gastric secretion with respect to hydrochloric acid
production Gastne motility was not impaired.
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VITAMIN B. GROUP

In 1926, Goldberger and Lillie®® descnbed a “pellagra-like” condition
m rats which had been placed on a diet composed almost entirely of corn-
meal which had been extracted with alcohol Striking lesions appeared in
the form of a bilateral, symmetnc, scaly dermatitis wlich mvolved the
extremities, ears, and face, the (mnk was only occuslonally affected. Since
the skin changes could be § laved yeast, it was d
that they were caused by a deficiency of vitamin B, (as the heat-stable
portion of the B group was then called). To Gyorgy and Ins associates
goes the credit for showing that riboflavin (vitammn B, or lactoflavin) did
not cure this “pellagra-like dermatitis,” and that another factor—vitamin By
was necessary Gyorgy suggested that the new dietary essential should be
called the “rat acrodynia factor” since the lesions of the extremities re-
sembled those observed in human acrodyma, rather than the changes of
pellagra

In 1938, a erystalline material was isolated, the hydrochlonde of a mtro-
genous base, this had the properties of Gybrgy's vitamin B and was soon
shown to be 2 methyl-2 hydroxy-4, 5-di (hydroxymethyl) pyridine The
synthesis of witamin B, was then announced Gyorgy suggested that, m
accordance with the chimeal nature of vitamin B, which 15 a pyridine de-
nivative contaiming several oxy (methoxy) groups, the term “pyridowne™
appeared to be appropnate

At the present tune not one but three membets of the vitamin B, group
are recognized. In addition to pyndovne, pyridoxamme and pyndoxal ex-
hibat comparable biological activity When fed to man these three forms
appear to be metabohzed n similar fashion, each forming pyndoxal, which
1s utilized as the phosphate in bol, 9% Each 1s excreted as
4-pyndouic acid Pyridoxal-phosphate 1s a codecarboxylase for at least six
specific ammo acids.®®® Another general reaction, transammation, 1s de-
pendent on this vitamin. For ad m al. il trans-
amnase activity 1s found in the liver of vitamn By-deficient rats " So,
too, blood urea levels are elevated m such ammals

Pyndoune 15 1 with the bolism of tryptophan. When the
urine of pyndoxune-deficient rats 13 treated with fernc ammonum sulfate,
a green pigment appears **® Tlus substance was identified some years ago
as xanthurenic acid, an intermediary in tryptophan metabolism.$ Further
stuchies 1n rats showed that pyndoune was necessary for the metabolism
of xanthurenie acid ®'* Tlus finding has been confinned in swine, mn which
the appearance of xanthurenic acid 1n the urine can be correlated with
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the onset of a characteristic anemia, which develops in this species %
Tryptophan is metabolized to kynurenine, which is further transformed to
3-hydroxyanthranilic acid and thence to nicotinic acid*™ {see page 89).

These important roles of pyridoxine in protein metabolism go far to
explain some early observations on the relation of the protein content of
the diet to the development of deficiency signs in the rat, When such ani-
mals are placed on a high protein {45 per cent, 30 per cent) diet, they show
the characteristic skin lesions soancr and die in a shorter time than ani-
mals whose pyndovine-defi diet ins a lower amount (15 per
cent}) of protein®** The high protein diets would not appear to be harmful
because of their tryptophan content,%%

The vitamun B, gronp is intimately concerned with fat metabolism.
Skin lesions are said to appear more readily in pyridovine-deficient rats
if their diets are also lacking in essential fatty acids. Moreover, the total
fatty acid content of the carcass of the vitamin Bg-deficient rat is lower
than that of control animals, even though the diet has contained abundant
lipids.ns

Studies of pyridoxine deficiency have been reported in the following
species rats, mice, hamsters, cotton rats, cats, dogs, foxes, pigs, cattle, and
monkeys The most prominent changes have been found in the skin, ery-
thropoietic tissues, and nervous tissues. Miscellancous lesions have been
noted in other organs

In the a1, 918 the skin is the most prominent site of injury. Grossly,
the mitial change is an erythema of the dorsa of the paws, most cammonly
the hind ones. This reddenmg soon spreads to the plantae and is followed by
hyperkeratosis and scalng. Next the digits become swollen. Coincident
with the develop of these cb in the extremities, the same process
appears m the ears, nose, chin, submental region, and upper thorax, The
coat Jooks ili-kept, alopecia develops late in the course of the deficiency.

Mi picafly, hyperk is and acanthosis, together with erythema
and edema of the corium are prominent. Leukocytes infiltrate the corum.
The sebaceous glands and bair follicles remain unaffected nntil late in the
course of the disease. It is probable that these y structures are
d. d as a result of lary infection coincident with epithelial ulcera-
tion, 7 though the changes in the sebaceous glands and hair follicles have
been considered by some to be a late primary effect.437.9%8 It has recently
been suggested *° that all of the epithelial changes are dary to the
vascular alterations.

The skin lesions, particularly the initial changes in the extremities, have
aroused much interest, especially in relation to the distribution of the derma-
ttis in human pellagra. No effects on the dermal lesions bave been pro-
duced either by excessive sunlight or by denervations" It has been
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the onset of a characteristic anemia, which develops in this species®™
Tryptophan is metabolized to ky ine, which is further transformed to
3-hydrocyanthranilic acid and thence to nicotinic acid.*** (sec page 59).

These important roles of pyridoxine in protein metabolism go far to
explain some early observations on the relation of the protein content of
the dict to the development of deficiency signs in the rat. When such ani-
mals are placed on a high protein (45 per cent, 30 per cent) diet, they sho\.v
the characteristic skin lesions sooner and die in a shorter time than ani-
mals whose pyridoine-deficient dict contains a lower amount (15 per
cent) of protein.®* The high protein dicts would not appear to be harmful
because of their tryptophan content,?13

The vitamin B, group is intimately concerned with fat metabohsm.
Skin lesions are said to appear more readily in pyridoxine-deficient rats
il their diets are also lacking in essential fatty acids. Morcover, the total
fatty acid content of the carcass of the vitamin Bedeficient rat is Jower
than that of control animals, even though the dict has contained abundant
lipids.™e .

Studies of pyridovine deficiency have been reported in the following
species: rats, mice, hamsters, cotton rats, cats, dogs, foxes, pigs, cattle, and
monheys. The most prominent changes have been found in the skin, ery-
thropoictic tissues, and nenous tissues, Miscellaneous lesions have been
noted in other organs,

In the rat,*!%. 2% the skin is the most prominent site of injury. Grossly,
the initial ehange is an erythema of the dorsa of the paws, most commonly
the hind anes, This reddening soon spreads to the plantac and is followed by
hyperheratosis and scalmg, Neat the digits become swollen. Coincident
with the development of these changes in the extremities, the same process
appears in the cars, nose, chin, submental region, and upper thorax. The
caat Tooks ill-kept; alopecia dev clops late in the course of the deficiency-

Microvcopically, hyperkeratosis and acanthonis, together with crylh.t‘“‘“
and edema of the corivm are promineat. Leukocy tes infiltrate the corium-
The sehaccous glands and hair follicles remain unaffected wntil late in the
course of the disease. 1t is probable that these accessory struetures are
damaged as a result of secondary infection coincident with epithelial ulcera-
tion,*'* though the changes in the sehaccous glands and hair follicles have
been comidered by some to be a late primary effeet, 443018 1t has recently
been suggested ™ that all of the epithelial changes are secondary to the
vaseular alterations

The skin lesions, particularly the initial changes in the extremities, have
aroused much interest, evpeeially in relation ta the distribution of the derma-
titis in human pellag. No effects on the demmal Jesions have been pro-
duced cither by eveesive sunlight or Ty dencvation 1t has been
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should be extended, however, to the dog and swine, since these species
exhibit a much more marked disturbance m hematopoiesis Both puppies
and adult dogs tend to develop an anemia, which is improved by the ad-
ministration of pyridoxine %27 926929 %31 However, normal red cell and

T
H

RET T

YE .

Ly ’
o

wr N
s i
%, .
&2 )
37 . .

.

Y

DIET- P P
Fioure 95, Pynmovxine Dericiency

Spleen, pig A Section of spleen from & pig sacrificed after being on a pyndovne-defi-
cient diet for 139 days anemia develaped in fort; davs and maximal
inemia was present eight davs before death RBC, 3,650,000, M.CV, 43 cu
MCHC, 24 per cent (see text for normal vahues) The bone marrow was hyperplasti
and there was hemosiderosis of this tissue as well as the lver, charactenstic lesions
were found 1n the sensory neurons This section Allustrates the extensive deposition of
hemosilerin pigment m the pulp, capsule and . Note that the Malpigh
bodies are spared and compare with B, where the Malpighian bodies stand out as
darker groups of cells from the highter staning surrounding pulp  No pigment 1s seen
wn this pulp, there is, however, some pigment in the capsule This amimal had been
severely anemic at one time. Following treatment with pyndomne there was a sharp
reticulocyte response and the blood returmed to normal At autopsy no hemosidenn
was found in the bone mamow, Iiver, or spleen save for the remnants of the pigment
which 1s scen in the capsule. Both Prussian blue, fucsin stain (x 33),
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Bone mammow, pig. A Section of normal femur to show small islands of erythro- and
myclopoetic elements B Section from pyndoune-deficient swine to show extreme
hyperplasia. No fat remams. This amimal had been on the deficient dict for 102 days
Wnght stamn (x 235).

reported that the skin changes appear earlier in rats exposed to a cold en-
vironment,*?° this is hkely due to a heightened general metabolism with
increased need for the vitamin, rather than to any localized change in the
extremities,

“Acrodynia-like” lesions have been noted in pynidome-deficient mice **"
22 On a pyndovine-deficient diet the Syrian hamster is said to develop
dermatitis about the mouth.*3 Specific shin changes have not been a promi-
nent feature of pyndoxine deficiency in the other species studied.

In some rats deficient in pyridoxine, an anemia has been found. Dis-
turbances in red blood cell formation can be more definitely demonstrated
if such animals are bled in addition, for then real impairment of red blood
cell regeneration develops.??* 92 Because of this relationship of pyndoxine
to hemoglobin formation in the rat, the catalase content of tissues from
deficient animals has been studied. It will be recalled that this enzyme is
an iron-porphyrin compound like heme. No decrease in the catalase con-
tent of the liver, kidney, or heart muscle has been found #?¢ Such studies
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Sensory neuron and nerve, pig A Dorsal root ganglion cells which show no chromatoly-

uis, There s atrophy B Mjyeln stain and € siher stamn to
myelin and loss of s cylnders

show degeneration of
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hemoglobin levels are usually not obtained unless liver is given as well
The anemia is characterized as microcytic and hypochromic; elevated
plasma iron levels are observed as the blood changes progress. The anemia
and 1ts response to vitamin B, should be restudied now that folic acid and
vitamin B,. are available.

In swine, an anemia is observed after animals have been on a pyridoxine-
deficient regimen from four to six weeks.?'* Once significant anemia ap-
pears, 1t usually progresses in a few weeks to one of severe degree; for
instance, from a normal count of 8,000,000 red cells to one of 3,200,000 per
cubic milliliter of blood. The anemia 1s primarily microcytic in type. Values
of 40 cubic microns or less for the mean corpuscular volume have been
observed (normal for swine is about 58 cubic microns). The normal mean
corpuscular hemoglobm concentration of 33 per cent is little, if any, re-
duced. Anisoeytosis is marked, and an irregular reticulocytosis is usually
present. No icrease in the icterus index or any decreased resistance to
hemolysis in hypotenic saline solutton may be demonstrated. Following
treatment with pyridovine, an immediate increase of circulating red blood
cells occurs; the cells then return to their normal size. As in the dog, pyri-
doxine does not completely relieve the anemia in swine, it must be assumed
that other unknown factors are necessary. As the anemia of pyridovine de-
feiency develops, a rise in serum iron content to values as high as 300 micro-
grams per 100 cc. is observed. Upon treatment the serum iron concentra-
tion falls to the normal value of 100 micrograms or less.

During the course of the anemia in swine an extensive deposition of
iron pigment, as demonstrated by the Prussian blue reaction, is found in
the liver, spleen, and bone marrow. This pi P bly 1 derin,
occurs both intra- and extracellularly m the splenic pulp, as well as in the
capsule and trabeculze. Virtually no pigment is found in the Malpighian
bodies. The Kupffer cells of the Liver contain pigment, and in those animals
dying with severe anemia the periportal cells of the liver lobule are also
filled with wron-staming material. Macrophages m the bone marrow of
anemic animals are Joaded with pigment. None has been observed m the
renal tubular epithelium. The bone marrow of anemic animals is hyper-
plastic and contains numerous “blast” cells, as well as nucleated red cells.
Treatment with pyndoxine dimmishes the amount of iron pigment in the
spleen, liver, and bone marrow; the duration of treatment can be correlated
with the amount of pigment remaining in the splenic pulp. Some iron-
staining matenal remains in the capsule and trabeculae even after prolonged

therapy . B —
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since elevated serum bilirubin and increased excretion of urobilinogen in
the unne and feces and of porphyrin in the urine, all of which may be
noted in phenylhydrazine hemolytic anemia, are not observed in pyri-
doune-deficient animals. It is concluded that the hyperferremia and hemo-
siderosis are due to the continual absorption of iron at a time when 1ts
utilization for 1 lobin js at a mini and when the iron content of
the tissues is abundant. Elevated serum iron levels and hemosiderosis of
the tissues do not occur in rats deficient in both iron and pyndoxine.*
Epileptiform fits, which lasted several minutes, were first described in
pyridoxine-deficient rats by Chick as follows:%¢ “(1) A violent stage in
which the rat would suddenly rush about wildly with protruding eyes,
jumping to the floor of the room if not restrained and leaping up into the
air, sometimes uttering cries; this stage usually lasted less than thirty
seconds In a few nstances the eyes became suffused with blood, which
dramed away through the nasolacrimal ducts. Occasionally the rat uri-
nated during the fit, and on one occasion vomiting of stomach contents was
observed. (2) A helpless condition in which there were muscular twitch-
ings and tonic spasms while the rat lay helpless, Sometumes the digits of
one of the forepaws clasped with those of the hind paw of the same side.
(3) A comatose condition when the rat sometimes became unconscious,
with a slowed and weakened heartbeat and absence of corneal refles. (4)
Gradual recovery, control being regained first of the forepart of the body
and later of the hind limbs ™ More specific studies of these vitamin B, 1n-
duced fits in rats have revealed that the animals show an increased brain
excitability as measured by a decrease in electroshock threshold. Adminis-
tration of pyridoune and/or glutamic acid tend to raise the threshold; on
the other hand, tryptophan, as might be expected, reduces it.#3* Such ob-
servations may be explained by the smportant role of glutamic acid in the
metabolism of the brain. Moreover, cerebral tissue contains an active glu-
tamic decarboxylase which needs pyndoval phosphate for its activity.®®
Epileptiform seizures have been observed in deficient puppies, but are
apparently uncommon in adult dogs. Pyridoxine-deficient swine show two
i tions of Jogical damage during life: convulsions and
ataxia,*?¢ Convulsions may appear as carly as the fourth week of deficiency,
but more usually a Lttle later—from the seventh to the twelfth week. As

Ficure 97, Pyrmoxie DEFICIENCY.

Spinal cord, pig. A. Sechon through lumbar cord to show degeneration of dorsal
columns B. and C. Dorsal and ventral roots, respectively, ta show involvement of
former and ot of lhatter. D and E Higher power of dorsal and lateral columns to

show nvolvement of former,
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lipid accumulation may reach the mid-zonal regions Fatty livers have been
observed in swine in the presence of adequate dietary choline and inositol

A shght increase (14 mm) in blood pressure has been noted in young
and adult pyndoxine-deficient rats; no vascular changes have been found
microscopically.?o7

1In the By-deficient rat the thymus appears to show a marked reduction
in size, greater than the atrophy which may be associated with a similar
degree of manttion #5 This relationship to Iymphoid tissues has led to the
study of antibody production in pyndoune-defi rats 753,875 A
15 general that the formation of antibodies to several types of antigens s
mmpaired. For instance, antibody titers to sheep erythrocytes and the H
antigen of B typhosum were lower in deficient rats than in controls ¢
Total white blood cell counts, particularly lympliocytes, remained un-
changed. These studies are of extreme interest 1n view of the unportant role
of pyndoxine 1n protemn metabolism,
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Liver, pig Section of biver from pig which had been on a

118 days and was then sacnficed The animal had dey do:e)(;\:xz:'f"m defiyent duct for
vulsions, together with evidence of neurological involsement. There 15 extensive fatty
winfiltration of the central portions of the Iver lobules and deposition of hemos:dcm!t
mgment about the penpheral partion, which accounts for the dark staning 1n this region
The lner of the pig is, of course, normally lobulated  Trussian blue fuesim stan (x85).

‘ere anemta and con-
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many as three or four attacks per day have been observed; the “Ats” may
aceur until death ensues, unless treatment with pyridoxine is mitiated.
Such convulsions resemble those scen in the “grand mal” of human epilepsy.
Attacks of shorter duration, which resemble htman “petit mal,” have also
been observed. Preceding the convulsion the animal is usually excited and
“nervous.” The pattem of the convulsion has been described as follows:
“The pig lay on its side; all four limbs and the muscles of the body jerked
rapidly, the head was held in extension, the eyes shut or tumed upward,
and saliva drooled from the mouth, After several minutes the spasmodic
muscular contractions ceased, and a stage of stupor followed which also
lasted several minutes. Oceasionally a gurgling sound could be heard
When the stupor was over, the pig would try to get up; and, when it finally
succeeded, 1t would proceed in a staggering, dazed fashion.”5%

An ataxia, which has been observed in swine as early as the third week,
mamfests itself as a slightly high lift of the hind limbs accompanied by sway-
mg of the hind guarters while walking. There is a broad base; the legs fold
under, turning in one direction or another, with the result that the animal
stumbles and falls The forelegs develop similar incoordinations so that as
the deficiency progresses, the animal b completely incapacitated

When the behavior during life is compared with the ical changes
found at autopsy, it appears that physiological disturbances may be present
before morphological alterations can be demonstrated.®”? The initial ana-
tomical change appears to be demyelmization of the peripheral nerves
(brachial and sciatic). This is characterized by the presence of small drop-
lets of neutral fat in sections stained with Scharlach R, and by vacuoles and
dark deposits 1 Wergert preparations. Alterations in anisotrophic proper-
ties are also seen. Silver stains for the demonstration of axis cylinders reveal
only questionable degeneration of these structures at this stage, No altera-
tions are detected in the cytoplasm of the dorsal-root ganghon cells, As
time goes on, myelin degeneration becomes more marked peripherally and
involvement of the dorsal-root fibers and even the dorsal columns of the
spimal cord is found., Marked axonal degeneration accompanies these
changes. Despite such alterations in the peripheral and central portions of
the sensory neuron, no chromotolytic phenomena are encountered in the
cell body. However, cells become atrophic and, 1 time, necrotic, but with-
out the widespread dissolution of Nissl granules which one might expect
and which is seen in pantothenic acid deficiency in swine.?®*

Convulsions have been noted in pyridoxine-deficient calves.?s

By chemical analysss, an increased fat content of the liver of pyridoxine-
deficient rats ®* and mice has been reported. A similar change has been
observed histologically in swine 2 In the latter species the fat is distri-
buted in the central areas, and in animals extremely deficient mn pyridoxine
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Iiptd accumulation may reach the mid-zonal regions. Fatty livers have been
observed in swine in the presence of adequate dietary choline and inositol,

A slight increase (14 mm) in blood pressure has been roted i young
and adult pyridovne-deficient rats, no vascular changes have been found
microscopically 7

1n the Bj-deficient rat the thymus appears to show a marked reduction

in size, greater than the atrophy which may be associated with a similar
degree of manition #° Thys refationshup to lymphoid tissues bas led to the
study of antibody prod in pyndoxine-deficient rats,753. 675 Ag,
15 general that the formation of antibodies to several types of antigens is
mmpared  For mstance, antibody titers to sheep erythroeytes and the H
antigen of B typhosum were Jower in deficient rats than w0 controls.*™
Total white blood cell counts, particularly lymphocytes, remamed un-
changed. These studies are of extreme mterest i view of the important role
of pyndoune in protem metabolism.
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An entirely unexpected and most interesting lesion has been deseribed
in pyndovine-deficient Rhesus keys. 2™ #4 The animals were observed
from five to sivteen months, After several wecks they began to lose weight
and appeared ill-kept. Some had edema of the eyelids. Later in the course
of the experiment fissures appeared in the hands and feet, Pyndoxine and
transammase levels of the blood were reduced. At autopsy severe sclerosis
was found in many artenes: coronary, renal, pancreatic, et cetera, The
prncipal change consisted of fibrosis which separated the intima from the
internal elastic lamella. Such changes as these are unique in nutritional de-
ficlency disease  Corn ail was the source of fat in these experiments. In
addition to arterial changes, fatty Yivers, wlich go on to develop cirrhosis,
have been observed. Morcover, another interesting abnormality, dental
cartes, has been described %%

Studies of the cornea in pyridoxine-deficient rats have revealed exten-
stve vascular profiferation % This is similar to that which has been de-
seribed 1n deficrency of zine,** amino acids,?° riboflavin #2t and pantotlienic
acid#7 Hence, 1t would not appear to be a specific alteration.

Reproduction has been specifically studied in fermle rats placed an
pynidoxine-deficient diets with added desovypyridoxine for varying periods
of ime.**2 There was a high incidence of resorptions which developed only
after ten to twenty days on the deficient diet prior to breeding, a finding
which distinguishes the effects of this deficiency from those of other vita-
mins on the reproductive process.

Three of four dogs deficient in pyridoine have been reported to have
developed signs of cardiac insufficiency and to have died suddenly.®

When adeguate quantities of p-dimethylaminoazobenzene {butter yel-
low) are admini: i to rats, inoma of the liver develops, The incidence
of tumor formation may be modificd by diet. A reduction in the amount
of dietary pyridoxine prevents the development of carcinoma, In an experi-
ment such as this ®** a caloric effect can be ruled out, since the pyridoxine-
deficient animals and their controls consume the same amounts of food. The
effect of pyridoxine on 180, a transplantable tumor in mice, has
been studied; the removal of pyridoxine from the diet intubits the grawth
of the tumor even though, as in experiments on rats, the caloric intake is
the same9*

In the human, pyridoxine deficiency has been produced experimentally
and has been obsetved to oceur naturally,

Two infants, age two and eight months, have been maintained on
a vitamin Be-deficient diet for periods of approximately eighty and 160
days, respectively.®> The younger infant developed a series of severe
convulsions on the seventy-sixth day of deprivation of the vitamm. Improve-
ment followed the intravenous administration of pyridoxine. The second
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child gradually evidenced a microcytic ancmia, by the 140th day of the
deficiency hematologrc findings were. Hte, 16 per cent; MCV, 64; MCH, 22,
and MCHC, 34 per cent The administration of pynidoxne effected a strk-
ing remission with a reticulocyte rse up to 12 per cent. Studies of ability
of these two infants to convert tryptophan to N-methylmcotinamid showed
mpairment in this metabolic transformation.

In 1954, several interesting reports **% 47 were published to call atten-
tion to a convulsive syndrome m infants wlich had been fed a iquid pro-
prietary formula which had been autoclaved hefore use. The cause of
the serzures was ascnbed to pyridoxine defictency Treatment curcd the

the chnical imp t was it diately corrob d by
electro-encephalographue tracings. Pyndoxine metabolism has been studied
m cluldren by measuring the excretion of xanthuremic acid and N-methyl-
nicitonamide before and after a standard dl-tryptophan load test and by
the estimation of the excretion of 4-pyridoxic acid and xanthureme acid
before and after parenteral pynidoxme plus a standard tryptophan load
Some evidence of pyridoune need was demonstrated
Pyridoine defictency has been studied by Vilter and his associates *4¢

b i T et

Frorre 99 Pyrmoxive Dericrency

Human  Sehortherc dermatitis about the nose fron

m indiadual ally depl
of pyndoune. (Courtesy of Dr. T W. Viler) o el expenmentally depleted
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An entirely unexpected and most interesting lesion has been described
in pyridoune-deficient Rhesus monkeys.®4 %4t The animals were observed
from five to sivteen months. After several weeks they began to lose weight
and appeared ll-kept. Some had edema of the eyelids. Later in the course
of the experiment fissures appeared in the hands and feet. Pyridovine and
transaminase levels of the blood were reduced. At autopsy severe sclerosis
was found in many artenes: coronary, renal, pancreatic, et cetera The
principal change consisted of fbrosis which separated the intima from the
mternal elastic lamella. Such changes as these are unique m nutritional de-
fictency disease. Comn oil was the source of fat in these experiments. In
addition to arterial changes, fatty livers, which go on to develop cirthosis,
have been observed. Moreover, another interesting abnormality, dental
canies, has been described.®!

Studies of the cornea in pyridovine-deficient rats have revealed exten-
sive vascular proliferation.®®® This is similar to that which has been de-
scribed 1n deficiency of zine,?** amino acids,?*¢ riboflavin #* and pantothenic
acid.*"® Hence, it would not appear to be a specific alteration,

Reproduction has been specifically studied in female rats placed on
pyndoune-deficient diets with added desoxypyridoxine for varying periods
of time.%*2 There was a high incidence of resorptions which developed only
after ten to twenty days on the deficient diet prior to breeding, a finding
which distmguishes the effects of this deficiency from those of other vita-
mins on the reproductive process.

Three of four dogs deficient in pyridotine have been reported to have
developed signs of cardiac insufliciency and to have died suddenly.>

When adequate quantities of p-dimethylaminoazobenzene (butter yel-
low) are admmnistered to rats, carcinoma of the hver develops. The incidence
of tumor formation may be modified by diet. A reduction in the amount
of dietary pyridovine prevents the development of carcinoma. Inan expen-
ment such as this 2 a caloric effect can be ruled out, since the pyridoxine-
deficient animals and their controls consume the same amounts of food. The
effect of pyridoxine on 180, 2 plantable tumor in mice, has
been studied, the removal of pyridoxine from the diet inhibits the growth
of the tumor even though, as in experiments on rats, the caloric intake is
the same. %%

In the human, pyridoxine deficiency has been produced experimentally
and has been observed to occur naturally.

Two infants, age two and eight months, have been maintained on
a vitamin Bedeficient diet for periods of approdmately eighty and 160
days, respectively.?ts The younger infant developed a series of severe
convulsions on the seventy-sixth day of deprivation of the vitamin. Improve:
ment followed the intravenous administration of pyridoxine. The second
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the metabolism of tryptophan, alammne, and urea It is of interest that the
administration of cozymase rebeved the glossitis and that high doses of
Imoleic acid improved the dermatitis, Pyridovme cleared the skin lesions
1n areas where 1t was apphed locally The human requirement for pyridoxme
or its derivatives is estimated to be 2 to 3 agm. per day.

Some indication of the state of vitamin B, concentration in the adult
organism can he obtamed from studzes of the exeretory pattern of trypto-
phan bolites, in p may be observed®*®

A compound, \which is someswhat ssmlar to pyndoxine, is 1somazid, A
number of tuberculous patients treated therapeutically with this materal
have developed sensory neuritis. The administration of pyridovine alleviates
these unfavorable side effects *°

Finally, vitamin B, deficiency may be concerned with anemia in the
human The clinical course of an adult who had hematolagic abnormalities
which were unresponsive to usual therapeutic measures has been de-
seribed. Hypoch anemia, leukacytosis, high serum iron, and lagh per
cent iron binding protemn saturation were present. Yo addition, the metabo-
fism of tryptophan was ab 1. Pyndoune admnd Yed o a rever-
sion of these defects to normal ¢t
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Ficure 100. Pyrmovise DEFICENCY.
Human. Scaling dermatitis, {Courtesy of Dr R, W, Vilter.)

mn man utilizing the anti-metabolite, desovypyridoxine. Fifty mdwiduals
suffering from a vanety of chronic diseases were given either a hospital diet
or one low in B vitamin content; 50 to 400 mgm. of the antagonist were ad-
mimistered daily. Thirty-four of the group showed signs and symptoms of
varying degree. The most striking was a “seborrheic dermatitis,” character-
1zed by erythema of the nasolabial folds which sometimes spread to involve
the periocular tissues, eycbrows, and angles of the mouth. Itching and
burning of the involved areas was noted The tongue, in particular, felt as
if 1t had been scalded; the dorsum became reddened and resembled the
glossitis of nicotinic acid deficiency. There was cheilosis, angular stomatitis,
and some conjunctivitis, no keratitis was ever noted. One patient exhibited
a sensory neuritis characterized by tingling and numbness of the feet, hyper-
esthesias, and impaired position and vibration sense. After therapy the
feet became painful. Common subjective symptoms were anoreva, nausea
and drowsiness A mild normochromic, hypoplastic anemia was observed in
some and was ¥ d by lymphocytopenia. As might have been ex-
pected from obsesvations in animals, abnormalities were demonstrated in




CHOLINE 251

CHOLINE

The nutritional unportance of choline®* first became apparent in 1930
when Hershey fed lecithin to depancreatized dogs which were being main-
tained on insuln ¥ The rationale for this procedure was to determine
whether the fatty liver which was ordinarily encountered in such experi-
mental animals*™* could be prevented by the admimistration of a phospho-
Lipid Lecitlun did just this Furthermore, it prevented the fatty hvers
which resulted from the feeding of diets of high fat content to rats °*** The
active prnaiple of lecithm was soon demonstrated to be choline$3%

The relationship of choline deprivation to hepatic damage was soon
demonstrated 1n several laboratories. At the same time Du Vigneaud had
clanfied the mterrelabionships of choline, metluonine, and cystine, as well
as the phenomenon of transmethylation **

Another area affected by choline deficiency 1s the kidney, m which
changes were first desenibed by Guffith and Wade *°¢ in 1939,

Choline 15, of caurse, an important constituent of the phospholipid, leci-
thm The metabolism of cholme 15 intimately related to that of the indis-
pensable sulfur-containing amino acid, methionine. Although, even when
dietary choline is absent, sufficient quantiies may be formed from methio-
nine 1 vivo to insure life 557 nat enough 1s synthesized to prevent certain
physfol 1 and pathological all mn the anmmal organism. Choline
1s formed in vivo from the combination of ethanclamine and methy! groups
donated by metluonine;*** ethanolamme 1s denved from dietary serine and
glycine?s®

The precise role of choline 1n metabohic processes has not been entirely
worked out At the present time two mam effects have been demonstrated,
The first is based on 1ts relation to phospholipid formation and turnover,
Such a role would seem to be extremely important since 1t has been assumed
that fatty acids must leave the Liver as phospholipids. When chioline is
omitted from the diet, phospholipid tumover is reduced in other tissues, for
instance, radioactive phosphorus {P*?) may be utihzed ta show that clwolime
stimufates phospholipid turnover m the kidney.?®® Chohne enhances the
transportation of fatty acids from the liver to the fat depots, a process which
is slowed down in cholme-deficient ammals #61

Perhaps an even more important role for cholme is based on 1ts influence
on fatty acid oxidation in the liver.?s? It has been shown that the oidation
of Jong chan fatty acids is depressed in vitro when liver preparations from
choline-deficient animals are studied. If choline is admimistered in 1o,
the ability of the liver tissue to oxidize fatty acids is restored. It must be
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time goes on this lipord infiltration extends out to mvolve the mdzonal
portions and thence to the periportal parts of the lobule. The discrete drop-
lets of fat m time coalesce, so that each cell comes to contam one large
globule of neutral fat-staining material At this stage, as Hartroft has
shown, 975 97¢ several cells, engorged with fat, may coalesce to form cyst-like
structures which may rupture nto or, at least, come into communication
with the extracellular space, and even with the bile canaheul or blood
sinusoids Via the latter route emboli of fat may reach the heart, lungs or
kidneys This pattern of deposition of fat i the central cells of the lobule
where 1t begins as small droplets and the extension to mvolve the entre
Tiver lobule, while the droplets conlesce to form large vacuolated cells, is
the hallmark of chole deficiency m the experimental ammal placed on a
low protem and high fat regimen

How may this picture be modified, what is the chemical nature of the
lipid, what 1s the pathogenesis of such fatty infiltration and, finally, what
may be the outcome?

Modifications in the degree of fatty change may be brought about by
altering the protein content of the diet Since methiomine gives nse to
choline, one must, 1f he wishes to produce cholime deficiency, have as little
methionine present in the diet as possible However, the fatty change 1s
dependent on growth, hence, all other ammo acids, particularly cystine must
be present 977 978 Threonine, tryptophan, and lysine appear to have some
hpotrophic activity (page 105) So does vitamm By, 1°"® Of extreme 1m-
portance 1s the kind of Iipid present mn the diet, ie, whether animal or
vegetable, the degree of unsaturation, and the length of the fatty acid
chains Butter fat exerts a greater need for choline than a similar amount of
corn o1l °7° The saturated fatty acids are more conducive to the production
of fatty livers than those which have one or more unsaturated bonds More-
over, the even bered fatty acids twelve or less carbons do
nat gwe nse ta fatty hiver when they are P d mto a choline-defi
cient diet  On the other hand myristic (C-14), palmitic {C-16) and steanc
(C-18) acids do lead to fatty livers, though mn decreasmg degree,?®® Cho-
lesterol feeding increases and alters the pattern of fat deposited in the
lver2®1. 9% Fatty mfiltration may be produced on a low fat diet, although
the lipid may take longer to appear *5*

Another way m which the accumulation of fat in the hver may be modi-
fied is by experimentally affecting thyroid activity When “anti-thyroid”

\ such as th 1, sulf dine or para-: benzoic acid,
are admmistered to rats on a cholne-deficient regimen, less fat accumulates
i the lver cells. On the other hand if thyroid extract is fed, excessive fatty
mfiltration ensues.?®*

The fat content of the normal or diseased hiver may be expressed in vari-
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Ficune: 101. Crouive DEFICIENCY

Laver, rat A Early accumulation of fat about central vein B. More diffuse mvolvement
to show vanations 1n mvolvement of the cells H. and E. (x 100).

postulated, of course, that choline stimulates or participates in the formation
of active substances formed in vico.

The most striking and extensively studied alteration resulting from
choline deficiency 1s found n the liver, where massive fatty infiltration
occurs This change has been observed in rats,®3%963. 964,965,966 mce, 967
rabbits,?®? guinea pigs,?®® hamsters,®”° dogs,*™! calves,®”2 and swine.*™ The
most suttable diet with which to d rate the develop of fatty
liver 15 one low 1n methionne, such as § to 10 per cent casem (which may
be supplemented with cystme), and high in fat (15 to 20 per cent), to-
gether with adequate minerals and all vitamins save cholne. Certamn ways
in which the hepatic alterations may be reduced or aggravated will be men-
tioned below

The imtial change mn the liver may appear early, sometimes after two
days. Small globules of neutral fat are seen m the cytoplasm of the cells of
the central portion of the liver lobule, i e, those about the central vemn  As
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fall back on the two best known, though not as yet, too well-understood
metabolic functions of choline on the hver: to promote phospholipid turn-
over and to enhance oxidation of fatty acids By these two mechanisms the
Twer cells are normally able to clear themselves of fatty acds which are
brought to them by the hlood stream, whether from ingested lipids or from
the breakdown of fat elsewhere, particularly in the depots of the subcuta-
neous tissues and other areas.

Studies of the biochemical activities of the liver in choline—deficient
ammals are of interest, %% 257 Dunng the early stages of fatty infiltration,
chemical evidences of hver cell damage have been demonstrated. Such
changes consist of b Iphithat and
tions of bilirubin 1 the serum Choline supplementation corrects these
alterations. However, such therapy fails to ameliorate other evidences of
hepatic damage, such as elevation of serum alkaline phosphatase actity
and reduction of serum esterase. Though such livers show no alterations
morphologically 1t must be assumed that the low protein diet utilized to
study choline deficiency leads to physiological nlterations mn the hver cells,
possibly related to the necrogenic factors discussed on page 08

In puppies, cholme deficieney may result i death within three wechs #7
258 080 Severe fatty infiltration of the hver 15 the only prominent manifes-
tation of thns deficient state, Livers from such ammals may contam over 50
per cent of ipd on a dry weight basis, this is over twice that of control
ammals When bromsulfalem 1s administered, the dye remains in the plasma
longer than normal. So, too, the prothrombin time is mcreased, and the
Tevel of serum alkaline phospt ises These i of d 4
Tiver function can be reversed in five to ten days if chohine 1s admmistered in
adequate amounts **?

Morphologic observations of the hepatic changes which follow cholne
therapy have been reported #9722 Tn the rat the color of the organ
changes from yellow to dark reddish brown, and the size decreases On
microscopic section a reduction in the amount of fat is observed in the
cells, in add some evid of reg ion of hepatic eells is found
with large, bizarre structures contaming several nuclei

Thus far we have purposely made it appear as though the primary and
only effect of choline deficiency on the liver was to promote extreme fatty
infiltration  Studies of such fatty hivers which have been allowed to persist
for prolonged penods have revealed that scatring is a promment feature.
Hence, such scarnng, or cirrhosis, was mterpreted by many to have a direct
causal relationship  Early studies of cirthosis in rabbits 969 rats, 6 963,908,025
and dogs #*¢ clearly appeared to indicate that fatty change led to scarring,

‘When one studies the livers of rats wlich have been subsisting on hipo-
genic diets for prolonged periods, the eatliest evidence of new connective
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Freure 102, Cronise DEFICIENCY,
Liver, rat. Diffuse mvohement of the entire organ 1s seen m A {x 100). Most of the
cells under higher magnification, B (x450) are distended with fat, 1n a few small
vacuoles are present H and E.

ous ways, the two most common methods of evaluation are to formulate
total hepatic lipid on a wet or dry weight basis. The normal rat liver will be
found to contan 6 3 and 22.7 per cent total fat, respectively.®® Livers from
choline-defictent rats may contain up to 40 and 70 per cent total lipid when
either of these two methods of expression is used. Alterations i the
chemical composition of the liver have been studied. As mught be expected
there is 2 marked ncrease in hepatic weight after three weeks on a hypo-
hipotrophic diet, from 5,15 grams for a group of 100-120 gram anmmals up to
9.2 grams. The percentage increase in the amount of total new material ap-
pearing is as follows: dry fat free tissue, 12.4; water, 40 6, glycerides, 460,
cholesteral, plus ester, 0.8; and phospholipids 0 2.9 Various levels of cho-
lesterol m the diet affect the relative amounts of these constituents,

As for the pathogenesis of the fat accumulation in the liver one must
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fatty cysts and the condensation of their remnants as the precursor of the
fibrous change.®" The problem of the pathogenesis of expenimental cirthosis
15 a knotty one  Unfortunately, we shall have to confront it agamn when
nutritional disease of the liver in man 15 discussed (page 344).

The role of intestinal bacteria in the pathogenesis of experimental cir-
rhosis in rats has assumed great importance as a result of recent data reported
by Ruttenburg et al.'5%5 They placed rats on a diet of chohne-free peanut
meal and casein, lard, minerals and vitamins. To the diets were added ab-
sorbable ot non-absothable antibiotics. The results were dramatic. In the
control group 80 per cent (24 of 27 ammals) developed cirrhosis after
300 days, 73 per cent {8 of 11) of the rats given absorbable antibrotics (tet-
racycline) with the choline-deficient diets showed cirrhosis when hilled after
400 or more days Only 17 per cent (3 of 18 rats) given non-absorbable

Ficure 104 Cuorive Dericiesey

Lier, rat A Diffuse scamng with separation of h:

parenchyma to lobules most of
whose cells contam fat (x 150). B Higher power to sh
e o oy & pow. show great vanation m stze of fat-
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Fioune 103. Cuouine DeFICIENCY

Laver, rat, Chrome deficiency with cirthosts, A The tissue 1s broken up into lobules of
varying sizes  Note some contam fat while others do not (x 100). B Higher power
(x250) shows fatty glabules encased by connective tissue. Masson connective tissue
stain

tissue 15 found about the central vein.9' Here, argyrophilic fibers of retic-
ulum are found in greater numbers than normal, They also come to extend
out farther and farther into the lobule and in time reach the periportal areas.
What is the cause of such scarring? Disturbed sinusoidal blood flow in the
central portion of the lobule because of the central fatty infiltration has
been accused.®®! If there is some collapse or necrosis of central liver cells
this process may be accentuated. It has further been suggested that choline
deficiency may injure the liver cell to the extent that it stops its normal
regenerative pattern 992 Searring could then be looked upon as an ordmary
reparative phenomenon. Another concept looks upon the formation of
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tenial, ceroid has basophilic properties, gives a negative 1ron reachion, is not
dissolved by lipid solvents, and exhibits a positive oxidase reaction. Unlike
vitamin 4, its fluorescence does not fade when tissue sections are viewed un-
der ultraviolet Iight 6 A number of mvestigators have studied the produe-
tion and properties of ceroid, thinking 1t mght be related in some way to
the development of hepatic damage 1t 15 now clear, however, that by a
modification of the diet, cirrhosis may be produced without a
deposition of ceroid #47 Today, there is general agrecment that ceroid 15 a
metabolic artifact, which results from the presence of excesshe amounts of
cod liver ol or other unsaturated lipids i the diet

Renal lesions. first deseribed 1 rats by Grffith and Wade > have now
been extensively studied by other mvestigators 99% 807 1009 taa, 102 Yyhep,
young rats are placed on the usual Jow-protem, chohine-deficient dret, gross
evidence of damage ta the kidneys appears 1n four or five days The organs
are enlarged Inlaterally By the ninth or tenth day they have become ex-

Fioume 106 Croune Dericiency

Kudney, rat 4 Section through cortex which shows disorganzation of tubulir struc-
tares and the thsekening of capsule (x50) B Higher power {x 200) “hr’:dx‘r :l\:\'fs
Tecross of tubular epithehal cells, and red blood cells in Jumens of the tubules
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Ficune 103, CuoLive Derictency

Laver, rat. Ceroid deposition Two fields, A {x 100), and B {x 450), to show deposition
of pigment 1n macrophages and betw een hver cells. Acid fast stam.

antibiotics and killed from the 400th to 750th day showed cirrhosis  Fatty
mfiltration was present in all groups. If such experiments as these can be
readily repeated, they would appear to go a long way toward providing an
answer to the knotty problem of the pathogenes:s of cirrhosis in choline-de-
ficient fatty livers and would, of course, offer a therapeutic approach to
cirrhosts in man

A number of studies have been concerned with the healing sequences
which follow the administration of clholine, protem or methionine.?%% %
994995 Tt appears that protein feeding is more effective in inducing repara-
tive phenomena than is the administration of chohne or methionine alone.
The favorableness of the responses is clearly related to the severity of the
deficient state at the time therapy is mnstituted.

Durnng the development of our knowledge of the relationship which
choline and the sulphur-contamnmg amino acids have to one another and
to morphological changes 1n the liver, several groups of mvestigators de-
seribed and studied a peculiar pigment which occurs in and about the
hepatic cells of rats on cholne-deficient diets. Because of its waxy appear-
ance such pigment was named “ceroid.” #*5 An acid-fast, hyaline-like ma-
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which have an important bearing on the outcome have been studied 1" Be-
sides the amount of metluonne m the ration, the cystme and fat contents
of the diet are important. Cystne has been noted to have a deleterious
effect on chohne-deficient amimals *77 978 The reason 1s not entirely clear,
although 1t has been suggested that the ammo acid promotes better growth
and hence an increased requirement for choline  Because of the relationship
of chol ing phospholipids to fat transport, igh-fat diets and varia-
tuans in the degree of saturation of the fat may have a devastating effect on
choline-deficient animals ®** The protemn content of the diet 1s another 1m-
portant factor when the cystine and fat content do not vary 1°** Protemn
(easemn) levels of 15 per cent are optimal for the production of hemorrhagie
changes in the kidney, when dictary protem 1s reduced, hemorrhages ap-
pear less readily. However, at a protein level of 6 per cent renal lesions do
not appear in the usual time, but may take forty to fifty days to present
themselves The type of dietary carbohydrate 15 also of mportance simce
lesions develop when sucrose, glucose and starch are the source of carho-
hydrate in the diet, wiile when lactose and galactose are substituted the
kidneys remamn normal 1984
Renal lesions have been mentioned 1n swine*” and calves ™ although
m these species they have not been thoroughly studied. In other species,
in which fatty hivers are readily produced, renal changes are not conspicu-
ous
The renal lesions 1 rats are apparently responstble for liypertension
which has been described m this species  Rather extreme alterations have
also been found 1n the heart and blood vessels, and in the myocardium 1004
1005 1006 The pathogenests of these lesions n the heart 15 not clear They
consist of focal areas of necrosts which may then be replaced by connective
tissue. The relation of clioline to cardiovascular lesions produced by large
amounts of vitarn D has been studied 100
Certan ather { of choline deficiency must be noted Rats
develop anemia and edema. The latter 15 related to a decrease in plasma
protemn concentrations This may be raised 1f cholme 15 administered 1997 1008
In addition to the disturbances m plasma protem values hiver disease also
undoubtedly plays a role Anemia and edema has also been described m
dogs. 1009
Muscular dystrophy has been reported m choline-deficient rabbits,10to.
191t Thns change resembles the fesions encountered in vitamin E deficiency.
Further study 15 certanly mdicated.
Finally, neoplasms have been observed in the Iungs, liver, and other
tissues of choline-deficient rats *¢* The pulmonary tissues resemble adeno-
Sold hepatoma-like 1 are found in the liver w associa-
tion with cirrhosis  Other hepatic tumors resemble adenocarcinomas. Sev-
eral different types of connective tissue tumors are described in other areas.
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tremely {argc, comprising almost 3 per cent of the total body weight. As
they begin to enlarge the external surface becomes congested, hemorrhages
appear beneath the eapsule. After the maximum increase in size the organs
gradually decrease so as to reach normal proportions after a few weeks.

Microscopically, the initial alteration is scen by the third or fourth day.
Small droplets of fat appear in the cytoplasm of the cells of the provimal
tubules. These increase in number and size 50 as to increase the total di-
mensions of each cell. In severely affected kidneys many necrotic tubular
cells are seen. The desclopment of necrosis appears to coincide with evi-
dence of stasis, j.e., inter-tubular engorgement and frank hemorrhage. No
red cells are seen in the tubules themselves, though casts which give some
of the staining reactions for hemoglobin derivatives are present in collecting,
as well as the prodimal and distal segments. The glomeruli appear un-
affected  So, too, the blood vessels are nat involved. Specific examination of
the tubular epithelial cells reveals a decrease in mitochondria.

As might be expected, certain physiological and biochemical alterations
result from these anatomic changes. Oliguria develops and is accompanied
by nitrogen r it D in the excretion of sodium, potassium and
creatimne are found, hence, electrolyte levels rise in the serum.

How are the anatomic alterations to be explained? The initial change
appears to be an accumulation of fat in the tubular epithelial cells. This
fatty mfiltration may represent a decreased ability for the cell to turn over
fat just as is occurring in the Jiver at the same time. Phospliolipid metabo-
lism, as measured by P2, is decreased in the choline-deficient kidney (page
251), so, too, oxygen ption is reduced. The most pi change
is vascular stasis, followed by hemorrhage. Such circulatory derangements
appear to be mechanical and are brought on by enlargement of the cells
which make up the tubules. Vascular deficiency together with fatty infiltra-
tion are both responsible for the cellular necrosis already mentijoned. An
attempt has been made to study the distribution of activities of alkaline
and acid phosphatases.?99%.1%2 A decrease in the former enzyme appears
after well-marked necrosis of the tubular epithelial cells has occurred.

The severity of the damage apparently determines whether an animal
will or will not recover, sice many rats do not succumb, even though con-
tinued on the choline-deficient diet. In such animals the tubular epithelium
reg to a low cuboidal type; calcification also occurs and many of
the tubules become dilated. When large areas of necrosis have resulted,
scars may be observed. In such sccovered organs connective tissue prolifera-
tion in the capsule is noted, so that grossly the organs have a “frosted”
appearance.

Attempts to produce renal changes by means of choline deficzency, in
o rat at Jeast, do not yield entirely consistent results. Some of the factors

th
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which have an important bearing on the outcome have been studied %% Be-
sides the amount of methionine in the ration, the cystine and fat contents
of the diet are important. Cystine has been noted to have a deletertous
effect on cholime-deficient animals ®77 *™* The reason is not entirely clear,
although it has been suggested that the amino acid promotes better growth
and hence an mcrcascd rcqmrcmcnt for choline  Because of the relationship
of choli ipids to fat transport, Ingh-fat diets and vara-
tions  the degree o{ s“mahon of the fat may have a devastating effect on
chohine-deficient ammals ®** The protein content of the diet 1s another im-
portant factor when the cystine and fat content do not vary,’™* Protem
(casein) levels of 15 per cent are optimal for the production of hemorrhagie
changes 1n the Lidncy, when dictary protein 1s reduced, hemorthages ap-
pear less reacdiy However, at a protein level of 6 per cent renal lesions do
not appear 1n the usual time, but may take forty to fifty days to present
themselves The type of dietary carhohydrate 15 also of importance since
lestons develop when sucrose, glucose and starch are the source of carbo-
hydrate mn the diet, while when lactose and galactose arc substituted the
kidneys remain normal 198
Renal lesions have been mentioned m swine®™ and calves,?” although
m these species they have not been thoroughly studied In other species,
n which fatty livers are readily produced, renal changes are not conspreu-
ous
The renal lesions m rats are apparently responsible for hypertension
which las been described n this species. Rather extreme alterations have
also been found 1n the heart and blood vessels, and m the myocardium 004
1995.1096 The pathogenesis of these lesions in the heart 1s not clear. They
consist of focal areas of necrosis which may then be replaced by connective
tissue The relation of choline to cardiovascular lesions produced by large
amounts of vitatmn D has been studied 1°¢
Cextain other 13 of chaline defi must be noted  Rats
develop anemia and edema The latter 15 related to a decrease in plasma
protein concentrations ‘This may be raised if choline 15 administered 1007 1008
In addition to the disturbances in plasma protemn values liver disease alsa
undoubtedly plays a role Anemia and edema has also been described in
dogs 19
Muscular dystrophy has been reported i choline-deficient rabbits 1010,
3 This change resembles the lesions encountered in vitamin E deficiency.
Further study 15 certanly ndicated
Finally, neoplasms have been observed n the lungs, liver, and other
tissues of choline-deficient rats.“’”'-‘ The pulmonary tissues resemble adeno-
Solid hep )t are found in the liver in assocra-
tion with eirrhosis  Other hepanc tumors resemble adenocarcinomas Sev-
eral different types of connective tissue tumors are described in other areas.
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BIOTIN

Present knowledge of biotn developed along three mdependent hnes
of research From the begmming of the century on, a number of mvesti-
gators had called attention to the deleterious effects which follow the feed-
ing of unhented egg white to expenimental animals  Boas **'2 postulated
1927 that egg white contams a “toxic” substance, winch 15 vendered -
nocuouts by the inclusion of certam food substances contaming a protective
“x factor” in the diet Rats fed egg winte develop dermantis, an abnormal
Rangaroo-ike posture, and spasticity of the extremities During the ten
years following Boas™ publication, a number of investigators studied the
syndrome of egg white injury. Gyorgy,'®®® in particular, descnibed the histo-
logical changes i the skin and demonstrated the presence of a curative
material in certam foodstuffs, thus factor was designated “vitamm H” In
the meantime, workers 1 other fields were provsding information which
was to claufy the problem A new factor named coenzyme R had been
descnbed as an essential for legume nodule bactena m 1933 19 A Intle
fater a crystalline matenal, Bios II, was shown to be necessary for the
growth of yeast cells 1225 In 1939, the suggestion was made that coenzyme
R and Bios I were dentical 198 and a year later du Vigneaud and Jus asso-
ciates **7 proved that Gyorgy's vitamin H, coenzyme R and Bios Il were
one and the same substance. In 1942, du Vigneaud **' announced the
structure of biotm; an active substance was soon synthesized and found to
eliert the same physiological responses as the natural product Wiile the
structure of this vitamin was bemng elucrdated ap active anti-biotin princt-
ple from egg winte was erystallized, this matenal 1s called avidin 1017 1018

One of the mportant functions of biatm appears to be its rale m carban
dioade fixation  Here 1t 1s part of a coenzyme which affects such reactions
as the decarboxylation of oxalacetate and the synthesis of citrulline from
omithine, 1019

Brotin has been shown to be a dietary essential for the rat,}%0 wz
mouse,%%? 1973 hamster, 192 sablnt,!°% dog, 1% calf, 19?7 pig 08 and the
mankey.??* Skin lesions have been described fn several of these species;
in addition, studies of the nervous tissues and muscles have been made.
The role of biotin 1 tumor formation has alo been mveshgated

When young rats are placed on a diet contaimng 30 per cent dried egg
white, gross and microscopic cutaneous Jesions develop after three to five
weeks 1%0. 2022 The ymtial change is a generalized erythema, the coat be-
comes roughened and loses s luster. Widespread scalng then follows,
wiitch 15 accompanied by a symmetneal alopecia, first developing over the
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Ficure 107. Biotiy DerFiciERCY

Skin, rat A External appearance of a rat which had been placed on a diet contamning
30 per cent egg whnte. There 15 complete absence of hair and the entire body 15 covered
by greasy yellow scales Note also the humped position and gait B Skin from late
stage simlar to that depicted grossly > * ° 1 ¢ YUYV e ar ofule anfineg
of the hair follicles This results m

There 15 relatively httle change 1

Sulhvan and the Archures of Dermatology and Syphlology )

chin, neck, and anterior portion of the venter and spreading to the rest
of the body surface. Such rats, which are covered with brown, greasy
scales, are not particularly pleasant sights.

Microscopically, the skin shows a hyperkeratosis, together with a uni-
form acanthosis or increase in the prickle cell layer. A sparse, but definite,
diffuse cellular infiltration of the corium then appears; the collagenous
fibers are spread apart by edema fluid. The shalts of the hair follicles become
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dilated and their patulous arifices are clogged with hyperkeratotic sudano-
philic material  As the late stage of the disease 15 reached, the epidermis
has become atrophic. The set glands iminish in size and the epider-
ms exhubits small superficial ulcers The meibomsan glands are not affected.
Biotin s pletel i these changes

Biotin-deficient hamsters 13 develop a dermatitis at the corners of
the mouth, such lesions spread more excessively as the defictency progresses
Alopecra oceurs 1 biotin-deficient muce 1922 1923 The hair of black biotin-
deficient mice loses its color and falls out 1 Dermattis and alopecia
have been described in rabbits fed a diet containing excessive amounts of
egg white, 195 In swine 102 the dermatitis and alopecia are prominent when
egg white is fed Such changes are foll d by king and bleeding of the
soles and tops of the hoof heads. Inflammation of the mucous membranes of
the mouth is prominent In calves %27 inhibition of growth and paralysis of
the lind quarters have been described A scaling dermatitis has been de-
scribed in monkeys 192

In mice biotin appears to be a chromotrichia factor, for when black
coated animals are placed on a deficient regimen their hair first becomes
rusty, then gray The admimstration of biotin to such ammals leads to the
resumption of normal color of newly formed hairs.123

The peculiar attitude and gait of biotin-deficient rats have prompted a
study of the nervous tissues and muscles of these ammals 122t Careful exami-
nations of forebrain, hind bram, spmal cord, postenor root gangha and
sciatic nerve have failed to reveal any abnormality On the other hand,
studies of muscle tissues have demonstrated atrophy, necrosis of fibers, and
an increase in sarcolemma nucley, all of which are similar to the changes
which are observed m alpha-tocopherol deficiency Tlus observation has
prompted the addition of large doses of vitamin E to the diet of a second
group of biotin-deficient ammals, only atrophy was found in the muscles at
autopsy It appears that biotin 1s not the etialogical factor responsible for
the changes described 1n the first group of ammals. A single myographic
reading followmg stimulation of the sciatic nene gave no evidence of repeti-
tive discharge, this would indicate that the rigidity which 1s observed 1s
not myotonic in onigin  In view of the physiological changes which appear
m the muscle, 1t 15 of interest to note that higher creatine contents of sciatic
muscle from deficient animals have been noted than mn controls; 1t 15 un-
fortunate, however, that companson was not made with manition controls
Studies of other tissues of biotin-deficient rats have not revealed any other
sigmficant morphologcal changes, some evidence has been presented that
biotin deficiency leads to an anemua m dogs 1°2¢

When biotin 1s added to diets which ordinanly prevent rats from devel-
oping hepatic tumors produced by butter yellow, a decrease in the protec-
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Ficure 107 Broriv DrFiciexey.

Skin, rat A External appearance of a rat wluch had been placed on a diet containing
30 per cent egg whate. There 1s complete absence of har and the entire body is covered
by greasy yellow scales Note also the humped position and gut, B. Shin from late
stage sumilar to that depicted grossly. Note hyperheratosis with dilatation of the onfices
of the hair follicles Thus vesults 1n a peeuhar Anger-Itk of the epithel
There 15 relatively httle change i the underlying corium  (Courtesy of Dy, Maurice
Sullivan and the Arehies of Dermatology and Syphildlogy )

chin, neck, and anterior portion of the venter and spreadng to the sest
of the body surface. Such rats, which are covered with brown, greasy
scales, are not particularly pleasant sights.

Microscopically, the shin shows a hyperkeratosis, together with a uni-
form acanthosis or increase in the prickle cell layer. A spasse, but definite,
diffuse cellular mfiltration of the cormm then appears; the collagenous
fibers are spread apart by edema fluid. The shafts of the hair follicles become
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INOSITOL

Although mosttol was 1solated from living tissues during the last cen-
tury, 1ts designation as an essent:al nutrient did not come until 1940 when
Woolley 199 described alopecia m mice which had been placed on a diet
defictent 1n this substance Since this report, positive and negative expert-
mental results have been recorded At the present time, however, the es-
sential nature of dietary 1nositol seems established The vanations n bio-
logical response, which have been so confusing, appear to have been due
to differences in bacterral synthesis of mositol by the gastromntestinal flora

Inosttol 1s a constituent of a phosphatide dernved from brain and as
such may function in fashion stmlar to choline "3 A relationship to fat
metabolism is shown 1n 1ts action to prevent fatty mfiltration i the ltver,109%
1038 On the other hand, 1t appears to enhance the incidence and severity of
renal lesions on a choline-deficient and low protem diet.***3 Beef heartis a
rich sousce of inositol, contaming 1 6 per cent on a dry weight basis,'®>” The
significance of this remamns to be determmed

No histologreal studies liave been reported on ammals depleted of no-
sitol  Positive effects on growth have heen reported m mice, 1033 rats, 1038

Ficure 108 Inosrron Dericrency

Sk, mouse Anmal which had been placed gn an mowtol defrent dict. Note oss of
e over hody with fur sl remuming over head and extresnities, ;
b e by remities. (Courtesy of D,



266 DEFICIENCY DISEASE

tive value of the diet occurs.!®* In other words, biotin appears to act as
an anti-inlubitor of the growth of this type of necoplasm in rats  As might be
expected, this finding has led to the therapy of Tuman cancer with avidin
but this far the administration of egg white or avidin to humans with malig-
nant tumors has not met with encouraging results.

Biotm deficiency has been studied in four human subjects to whom 200
grams of dehydrated egg-white were fed daily.** After three to four
weeks on such a diet, all four volunteers developed a fine, non-puritie scaling
of the skm. Although this dictary regimen was maintained, the skin lesions
disappeared after a time, One subject developed a muculosquamous derma-
titis of the hands, arms, and legs Al evinced a peculiar grayish color of
the skin and all nlumately showed atrophy of the lingual papillae. Arorevia,
extreme lassitude, sleeplessness, and muscle pain also accompanied the de-
ficient state. Two subjects complained of precordial distress; electrocardio-
graphte alterations were present. Biotin therapy afforded prompt rehef of
these signs and symptoms. Sy ous biotin defici 1N man seems
extremely remote, since balance studies indicate that sufficient amounts of
the vitamin are synthesized by the intestinal flora and are absorbed in
such large quantities that an exogenous source of the vitamin is not neces-
sary.2? Nloreover, it is unlikely that the ordinary diet could ever contam
enough of the anti-biotin, avidin, to lead to biotin deficiency.
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INOSITOL

Although mositol was 1solated from living tissues durmng the last cen-
tury, 1ts designation as an essential nutrient did not come until 1940 when
Woolley 13 described alopecia in mice wliuch had been placed on a diet
deficient in this substance Smce this report, positive and negative experr-
mental results have been recorded At the present time, however, the es-
sential nature of dietary inositol seems established The vanations m bio-
logical response, which have been so confusing, appear to have been due
to differences 1n bacternal synthesis of mositol by the gastrointestinal fora.

Inosttol 1s a constituent of a phosphatide derived from bram and as
such may function mn fashion similar to cholme ¢ A relationship to fat
metabolism 1s shown 1n 1ts action to prevent fatty infiltration i the liver.**%
1036 On the other hand, 1t appears to enhance the merdence and severity of
renal lesions on a choline-deficient and low protein diet 1°°2 Beef heart 1s a
rich source of inositol, contaming 1 6 per cent on a dry werght bass.?*s” The
significance of this remains to be determined

No histological studies have been reported on ammals depleted of mo-
sitol  Positive effects on growth have been reported i mice,1%? rats,10%*

Fictre 108 Inosmor Dericmney
Skn, mouse Animal which
hair over body with fur st
D W. Woolley.)

had been placed on an mositol-deficient diet. Note loss of
| remaining over head and extremities. {Courtesy of Dr.
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cotton rats,®™ hamsters,!°** and strains of human cells in tissue culture.4??

Inositol has been shown to decrease liver fat ordinarily found in human
patients with gastrointestinal carcinomata.'*®® This is the only observation
reported on this material in man.
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PARA-AMINOBENZOIC ACID

Ewvidence that para-anunobenzoic acid is an mdispensable nutrient was
presented by Ansbacher 4% m 1941 The exact role of para-aminobenzoic
aaid in cettular metabolism is not clear save for its presence n the pteryol-
glutamates. %0 ¥ 15 of interest that PABA stimulates folacm production
by certain types of bactena  PABA 15 an anti-thyrond compound 2** though
its precise mechamsm of action 1n this regard has not been elucaidated

Ansbacher 14 has heen able to produce achrematriclua m rats on &
synthetic diet and to restore the color of the fur with para-aminobenzoic
acid. The ach 1chua 15 app ly Tated to pantothemic acid or
copper defictencies {pages 233 and 62}, No microscopic studies have as yet
been reported on the tissues of p t 3-defi anmals

j
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Ficure 109 Pars-anmovenzorc Acm Dericievey

Har rat A Rat which had been on a parsaminobenzoic acid-deficient dhet For four
\;c\;h R‘ Rat :‘:d s:m“}:‘ (g;ﬁcmm diet for four weeks and then twa weeks an the sume
diet supplemen -

g Am\‘;:chcn) wil mg, of para-ammohenzoic acid per dav, {Courtesy of Dr.
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FOLACIN AND FOLINIC ACID

The first expermmental production of experunental macroeyhc anema
was reported by Walls i 1932141 Impressed by the prevalence of macro-
cytic anemia 1 the natwes of Bombay, India, and because the anemts could
be treated folly with yeast 2 es, Wills placed monkeys ona
dietary smilar to that partaken by the natives { pohshed rce, white bread,
wheat chapatty, gln, white pumpkin, and small amounts of meat) The ev-
penmental ammals developed a severe macrocytic anema,

In 1935, Day and his associates ¥ descnibed a syndrome in monkeys
which cousisted of anemsa, leukopenia, necrosis of the gums, and drrrhea,
these signs developed on a diet deficient m the vitamin B-group other than
thiamine Further studies ehmmnated riboflavin and nicotine acsd as possa-
ble causal factors of the changes exlubited by these monkeys,*™* an un-
charactenized substance present m hver and yeast was finally desygnated as
the active prmesple or vitamin M Dosn and his collaborators %¢ then
showed that 5 stmdar anemia and lenkopensa m the monkey conld not be
enved by the addon of pyndovme and caloum pantothenote to the other
crystalline vitamins in the diet, but that the anemsa could be prevented by
a concentrate of matertal derived from lealy vegetables {fohc acid) A hitle
later a new matenal called L caser Factor {see below) was found to be
effective m curing the anepma of deficient monkey's 133

Whale these investigations on primates were heing carried out, Daft and
Sebrell, 248 had shown that “folic acid” cured a granulocytopema which
developed 11t rats whose diets 1 sulfag hine, mcluded to re-
duce the mtestnal flora  Dunng this persod, the factors referred to above
had been 1solated from varous sources and had been shown to be indis-
pensable for the growth of certan micro-organisms, such as Lactobacillns
casot and Streptocaceus fecalis, hence the temm, "L caser Factor” Others
had called a amdar active compound detsved from leafy vegetables, “fohe
acid” 1247 The complicated story of this era has been teviewed elsewhere 29
For several years the nature aodd wterrelationstups of these matenals were

not entirely clear However, m 1845 the synthesis of an active L casel
factor was reported 9% and during the latter part of that year and the early
months of 1846 2 number of cluncal reports appeared, all of which demon-
strated the ymp of this new P 3 1 the b of vanous
types of macrocytic :mf:min in the human, The structure of this synthetie
rr;at;'nﬂ‘. plfroy\g)u\am:c acsd: was finally announced m 1946 19 to consist
ot three sul 2 two-ringed nitrog compound (a pteridine),
i acid and ghitamic acid The latter occurs n varymng




272 DEFICIENCY DISEASE

amounts dependimg on the natural source from which the active compound
is derived. At the present time three pteroylgl ates are ized:
the monoglutamate (folic acid or folacin), the triglutamate (fermentation
factor) and the heptaglutamate (vitamin B, conjugate). In 1949, the
American Institute of Nutrition adopted the name “Folacin” as a synonym
for “folic acid.”

The active form of folacin appears to be reduced folacin or folinic acid
(also called citrovorum factor),19%° Exactly how this transformation is
brought about is not entirely clear, though it has been clumed that ascorbic
acid is concerned in the conversion.'®! The functions already ascribed to
folacin would appear to apply equally well to folinic acid. At the present
time several physiological aspects are being actively investigated: the me-
tabolism of the so-called 1-carbon fragment, formate (HC=:0), the metabo-
lism of tyrosine, and inter hips with ascorbic acid.

Folacin deficiency leads to a variety of disturbances in the handling of
l-carbon compounds, such as methyl synthesis and transfer and the synthesis
of senne, purines and thymine.'**? The nature of an active formyl compound
analogous to acetyleoenzyme A has not been entirely elucidated though
there is some evidence that folinic acid may serve as the coenzyme of trans-
formylation. Folacin deficiency has been shown to lead to an accelerated
conversion of methyl to formate and a decreased synthesis of formate from
glycinel*s?  Folacin-deficient rats cannot methylate nicotonamide effici-
ently; admimistration of folacin leads to a marked increase in urinary excre-
tion of methyl-nicotinamide.!0*

Like ascorbic acid (page 178) folacin appears to be concerned with the
metabohsm of tyrosine 1f ascorbic acid-deficient guinea pigs, in which in-
creased amounts of hydroxphenyl acids are found in the urine, are given
folacin, the abnormal excretions of such compounds are stopped.1?% A simi-
lar suppression has been demonstrated in scorbutic infants, though ex-
tremely large amounts of folacin must be administered to elicit the re-
sponse.’*® Folacm has no action on the excretion of tyrosine products in
the scorbutic monkey.2957

Another relationship between folacin and ascorbic acid is concerned
with red blood cell formation. When monheys are placed on a mtk diet
deficient in ascorbic acid, scurvy develop ied by a megaloblastic
anemia, 1% Monkeys fed the same milk diet supplemented with adequate
amounts of ascorbic acid maintain normal blaod counts and a normal bone
marrow picture. Either folacin, folnic acid or ascorbic acid will cure the
blood changes, vitamin By, will not. Further studies on monkeys %5 have
1ed to the canclusion that in scurvy the metabolism of folic acid is not 'de-
ranged, but apparently the disease syndrome leads to an increased require-
ment for folacin aver that contained in the mlk diet which was employed,
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These experiments are of mterest 1 relation to the megaloblastic anemia
of infancy to be discussed on page 435.

The effectiveness of anti-folacin compounds in studying folacmn defici-
ency must also be mentioned. Such antagonusts as 4-amino-pteroylglutamic
acid (aminopterin} and 4-amimo-10-methylpteroyl glutanic acid (A-metho-
pterin) have yielded valuable mformation Folinic acid will reverse the
untoward effects of these materials 1°%°

The pteroylglutamates have been shown to be dietary essentials for
the rat, 104 guinea pig10®* dog,194 lamb,1967 cat, 1083 mink, 067 pig 1004, 1085
196 and monkey 108 193 As might be expected from the historical develop-
ment of our knowledge of these compounds, most attention has been given
to the blood forming tissues. Other effects will be discussed below

As mentioned above, the first experimental production of macrocytic
anemia 1n monkeys was reported by Wills et al °4* The studies of Day **4%
1945 helped very little to charactenze the blood dyscrasia which appeared in
monkeys The most extensive studies in this species have been reported by
May and his collaborators,1%%* %% particularly with respect to the dual role
of ascorbic acid. When anmals are placed on a diet of milk without added
ascorbic acid and folacin, a macrocytic anema and leukopema occur. The
bone marrow 1s megaloblastic. Such changes are relieved by large amounts
of folacin or fohmic acid but not by ascorbic acid The final conclusion of
these workers 15 that the “stress” of ascorbic acid deficiency increases the
orgamism’s need for folacin and, m order to prevent the hematological
changes, d of the pteroylgl must be admi d
Pathologrcal changes other than those encountered n the blood and bone
marrow have not been described.

The group at the National Institutes of Health10¢® 3968 first reported
severe leukop and a granul m rats when sulfaguanidine or sul-
fasuxadine was mcorporated 1 the dset at a level of 1 per cent. Some of
the anmmals showed reduction in hemoglobin and red blood cell concentra-
tions These adverse hematological responses could be reversed by the ad-
ministration of crystalline folacin  More profound effects m rats have been
produced by the use of the antagomst, 7-methyl fohc acid °¢¢ Such ani-
mals exhibat slowing of growth, normocytic anemia, leukopenia and neu-
tropemia. Studies of bone marrow revealed an increase in erythraid ele-
ments, particularly immature forms and a reduction in myeloid elements
Necrosis of the hning of the oral cavity was also noted.

The most extensive and careful studies of folacin deficiency have been
carried out 1 swine by Cartwright and his collaborators 1065 fose using an
antagomst and sulfasuxadine 1n the punfied diet whose protein quality and
quantity were vanied The hematalogic picture which developed was char-
actenzed by leukopenia with a proportionally greater reduction of myeloid
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cells than in menocytes and Iymphoid elements, by a severe anemia which
was macrocytic m type, by a slight thromboceytopenia, and by bone marrow
hyperplasia with an increase in immature nucl 1 cells which r bled
the loblasts en ered in Addisonian pernicious anemia (page
423). These hematological abnormalities responded to therapy with folacmn.
Purified liver estracts and vitamin B,. were only slightly effective in cor-
recting the abnormal blood picture. Quantitatively the red blood count mn
the ammals fell by 50 per cent or more. The volume of packed red cells
also was reduced, the mean corpuscular volume rose, mn one group from
54 to 84 cubic microns The mean corpuscular hemoglobin concentration
mcreased shghtly. No relationslip was found between folacin deficiency
and the metabolism of ascorbic acid or tyrosine. A decrease in free erytho-
eyte protoporphyrin, an increase in plasma iron, and no particular change
in plasma copper were described. Cartwright and his collaborators Ikened
this anemia observed in swine to the group of non-Addisonian anemias dis-
cussed on pages 433 to 436.
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Because of the adverse q of folacin defi on reproduc-

tion in the rat!°™ particularly m the presence of an antagonist,}*®® the
effects on the young in utero have been most interesting *™ In thus study
pregnant female rats were fed a synthetic diet containing 1 per cent suc-
cinylsulfathiazole and the antagonist x-methylpteroylglutamic plus folacin
A deficient state was then produced in the fetus in utero at different stages
of its development by removing the added folacin for varying intervals dur-
mg gestation Penods such as the seventh to minth day, the tenth to the
twelfth day, et cetera, were studied

Multiple defects were found in virtually all areas- central nervous sys-

Ficvne 111, Fouic Acm Dertcrency.
- A Is recerv-
Wnght's
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tem, eyes, lungs, heart and great vessels, urogenital system, diaphragm and
body walls 17t The type of anomaly and incidence varied with the dura-
tion of the deficiency and the time at which jt was instituted.

In the urogenital area varied changes are found: renal and uretersl
hypoplasiz, hydronephrosis, hydroureter.'*? The cardiovascular systems of
423 fetuses were studied; anomalies were found in 134,19 Since the cardiac
mesoderm does not appear until the eighth day of gestation, changes were
not encountered until the seventh to the nintl day at which time 28 per
cent of the young in utero exhibited alterations. The incidence jumped to
57 per cent m the fetuses examined from the ninth to the eleventh day. This
heightened incidence would appear to coincide with the development of the
first aortic arch on the tenth day of gestation. No alterations in the cardio-
vascular system were 1 if the deficient state was produced n
the mother after the tenth day. The following abnarmalities were found:
interventricular septal defects, persistent truncus arteriosus, double aortic
arch, right aortic arch, absence of ductus arteriosus, absence of the entire
arch, and various abnormal patterns in the origin of the subclavian arteries.
The changes described are interesting and, of course, are similar to those
produced in an analogous fashion by vitamin A deficiency (page 139).

The sheletal systems of these deficient fetal rats exhibit profound ab-
normalities 17 Such include reduction in size of all bones, retardation of
calcification sequences, and malformations reminiscent of those occurring
naturally in the human, The following were found: fusion or lack of difter-
entiation of phalanges, metacarpals, metatarsals and tarsals, disproportion-
ate growth of one bone or group of structures to the skeleton, notchmg of
the r1bs, curvatures of the long bones (radius, ulna, tibia, fibula).
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VITAMIN B (Cobalmin)

The story of the discovery of vitamin By, began in 1926 when Minot
and Murphy demonstrated that liver was efficacious mn the treatment of
pernicious anemia 1408 (page 430) Castle 141 soon showed that the stom-
ach played an important role n the pathogenesis of the disease. The effec-
tiveness of liver was explamed by the presence n it of an erythrocyte
maturation factor (EMF) which was formed from two substances: an ex-
trinsic factor denved from the diet and an intrinsic factor elaborated by the
stomach. Durmg the years, numerous attempts were made to 1solate the
extrinsic and intrinsic factors Progress was slow because 1t was not pos-
sible to produce a permcious anemia-lke syndrome in any species of am-
mals, although experimental macrocytic anema had been studied 1n mon-
keys 1941 Hence all mvestigations, particularly assays of active materials,
had to be carried out on humans having the disease

In 1946, a new dietary factor, which was designated as factor X, was
shown to be an essential nutnent for the rat.***s A particularly rich source
of this factor is liver. When a microbiological test was developed to assay
the amount of active material m the liver 1! the story had almost been
completed. For in the spring of 1948, a crystalline material was obtaned
from hiver; 1** this was soon given to patients wath permicious anemia.
The blood picture returned to normal and the neurological changes were
arrested 141 1417 Finally, cobalt was demonstrated to be an mtegral part
of the new material which had been named vitamin B;»2°> The structure- -
of vitamin By, proved to be so plex that its elucadation “has required
seven years of patient and bulliant work, despite the use of mechanical
and electronic caleulating machines,” 1078

It 15 not possible at this time to specify the precise function or functions
of vitamm By, 1n the organism It would appear to be a fundamental nutr-
ent for all cells, this may be due to 1ts important role m nueleic acid me-
tabolistm in relation to thymidine synthesis, which in turn may be affected
by 1ts role 1n transmethylation 1052 1077

The relation of vitamin B,y to methyl groups has been studied in rats
Briefly, vitamin B, is concerned with the de novo synthesis of labile methyl
groups derived from formate, serme or glycine and the transfer of these
to homocysteme to form methionine. Tt is not concerned with methyl trans-
f'crcfrom meﬂuomn; to clmhng or c'reahl'le. In the presence of vitammn B,y

synthesis is intubited. Hence on a diet low in this
ammo acid protein synthesis is decreased. This will lead to deficits in other
amino acids since they would be excreted in the urine,
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In addition to the transmethylation activity just noted, vitamin By
1s important in the methylation of uracil to form thymine which in tum
may be converted to thymidine which is utilized in the synthesis of desoxy-
nbose nucleic acid. Its role in RNA formation is less clear though the forma-
tion of this type of nucleoprotewn is decreased in vitamin B,y-deficient ani-
mals. Hence, this might affect protein synthesis also.

That vitamin B,, stimulates the conversion of glucose to ribose has been
claimed 107

These metabolic effects of vitamin B,, are reflected in changes in the
structure of tissues of animals deficient in this nutrient. Fatty livers, which
develop 1 rats placed on low protein-low fat diets, are partially corrected
by vitamin B,,.1079 1985 A similar protective effect is scen on the kidneys of
cholwe-deficient rats where the incidence of typical Jesions is Jowered 1%
This evidently reflects the relation of vitamin B,, to choline metabolism
On chemical analysis the livers of Byy-deficient rats contain decreased
amounts of DNA and RNA.'% This is as might have been expected. An-
other effect which has been studied is the relation of vitamin By, to CoA
activity; the latter is reduced in the liver and kidneys of deficient ani-
mnls‘(lﬂ’l

Vitamin By, deficiency has been studied in rats,}*%% 2% guinea pigs,
sWine,1988 1088 yynk 1087 and other species.

The most detailed studies of experimental vitamin B,, deficiency have
been reported by Cartwright ef al'0%.19% in swine. Of the thirty-mne
animals which were studied growth was retarded in all. On the other hand
prominent | logical al i PP 1 in only a quarter. Such
changes consisted of a normocytic anemia which was never particularly
severe The bone marrow exhibited normoblastic hyperplasia. Neutropenia
was present in the animals developing severe anemia and in some othess
in which the anemia was mild. Treatment with vitamin B, elicited a prompt
reticulocyte response.

The absence of any abnormal findings comparable to those seen 1
pernicious anemia led Cartwright and his co-workers to combine deficien-
cies of folic acid and vitamin By, 9% It will be recalled (page 273) that
deficiency of the former leads to a macrocytic anemia and certain other
hematologic abnormalities in swine. In twenty animals subjected to the

1062

double deficiency, macrocytic anemia, leuk ia due to neutropenia, an
erythroid hyperplasia of the bone marrow were found. The cells in the bone
marrow were Jarge and bled the Joblasts of p jous anemia

more than those which had been seen in the previous study of folic acid
deficiency alone. When folic acid was administered to the doubly deficient
swine a prompt returm of the blood to normal took place. The normal state
Sersisted for several months, after which time a partial remission oceurred.
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‘When vitamn B,, was given alone, only a partial return of the hematologic
values to normal was observed. When both folic acid and vitamm B,, were
administered the response was prompt and lasting.

Simular studies of the dual deficiency of folie acid and vitamin B,, have
been reported m guinea pigs 192 This animal 15, of course, eminently suit-
able because of the relation of vitamin C to folic acid {page 272). Megalo-

was produced by a defici of either nutrient alone or both
together. Both macrocytes and microcytes were found m the peripheral
blood, yet anemia was inconstant and cid not become prominent unless
vitarin C was withheld,

Congemtal malformations have been described in the young born to
vitamin B,a-deficient females,10% 1990 Such abnormalities appear to resem-
ble, at least as far as they have been studied, the alterations associated with
folic acid deficiency (page 275). Chemical studies idicate that the cyto-
chrome oxidase content of the tissues of young born to vitamin B,-deficient
females is reduced 1°**
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i INTRODUCTION
Thus far we have been d with the functional and ical
alterations which are associated with deficiencies of single essential nutri-
ents. Such deficiency disease states may be produced in virtually all labora-
tory animals with varymg degrees of success So, too, many sigle de-
fictency syndromes have been produced in man, We must now take up the
group of naturally occurring deficiency diseases, particularly those which
have been observed i man. Here the transition from the cloistered labora-
tory to the world at large makes for all sorts of comphcations which confuse
things no end Can one make any generalization concerning these naturally
occurring disease syndromes?

Perhaps the most important point to realize is that most of these dis-
eases result from 2 lack of multiple nutnents rather than deficit of a single
essential, To be sure, certan diseases, such as scurvy in mfants or iron de-
ficiency anerma, may occur m a “pure” form, that 15, uncomphcated by
other deficiencies On the other hand deficiency states, such as benberi,
pellagra, the hypokalemic syndrome, rickets, et cetera, onginate as a result
of the of multiple defi Sore of these may be dietary in
origin, others may be of the conditioned type, since so many derangements
of and function, produced 1 any number of ways, may operate
More and more attention 1s being given to the multiple nature concept of
most deficiency disease syndromes, this should help to clanfy our under-
standing of them and allow us to wvestigate them more intelligently.

In studying deficiency disease syndromes as they oceur endemcally
or sporadically, onc must take mto account social, economic, geographic
and other factors wluch affect peoples and their environment. Feeding and
weaning customs, the types of foodstuffs ingested, as well as their vaunety
and availability, all are important  So, too, animate agents, water borne,
msect borne, et cetera, may affect man or his livestock and often contribute
to ipitating or ing the el Iy izable defict state,

Many of the syndromes which will be discussed in tlis section have
received much study and publcity, though we are somewhat vague as to
thew pathogenesis. As will be soon powted out, our basie understanding
of what benbers was during the past and may be today is extremely frag-
mentary. So, too, our comprehension of the underlying disturbances m
pellagra is practically nil. Before going on to discuss specific naturally oc-
cumng disease syndromes, some attention must be given to the most im-

1283)
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portant deficiency disease, which until recently had been given only passing
attention; we refer, of course, to starvation or semi-starvation For it is
just as important to understand some of the effects of caloric undernutri-
tion occurring naturally i the human as it was to be familiar with the non-
speaific effects of inanition on the experimental animal, a subject which
was discussed on page 11.
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STARVATION

In this country the ravages brought about by famine and undernutrition
are unfamiliar and seem very far away, though accounts of food shortages
continue to find thewr way into the daly news, such as, for mstance, the
headline, FOOD NOW SCARCE IN INDIA'S NORTH, which appeared
in The New York Times, Apul 21, 1957,

The studies of F G Benedict et al.2**® and of Ancel Keys and his co-
workers 32 on food restnction in experimental human subjects have done
much to elucidate many of the physiological and structural alterations pro-
duced by starvation We shall draw freely on the latter contnbution which
1s already a classic Another survey of human starvation when 1t 1s accom-
panied by edema has been contnbuted by McCance. ! The term starvation
will be used as an all-inclusive one to refer to varying degrees of semi-
starvation up to total food restriction, What are the effects of starvation?

The most outstanding change 1s loss of body weight m relation to a
set of standards for age, height, et cetera. Tt must be emphasized that one’s
standavds for “normal” may be hat diff for individuals 1 North
America as compared with the natives of Africa Weight losses up to 30
per cent of normal may be tolerated without fear since the normal can be
regamned following refeeding The lethal level of weight Joss 1s usually set
at about 40 per cent, although there are cases on record in which a loss of
50 per cent has been followed by recovery

With extreme loss of weight the external appearance takes on a rather
specific character The skin becomes pale, thin, dry, melastic and sometimes
assumes a “grayish” color The face suggests ageing Goosefleshi-like areas
of hyperheratosis may be seen, particularly over the anterior surfaces of
the thighs and upper atms A dirty, brownish pigmentation may appear
aimost anywhere. The hair 1s lusterless and dry The eyes appear dull and
dead Blood vessels are diminished m the sclera,

As mught be expected, marked Joss of fat occurs in the subcutaneous
areas winch are visible externally. At autopsy,’* a similar decrease is
found 1 the internal depots: about the intestine, mesentery, retropentoneal,
et cetera Wasting of the muscles 1s also scen, microscopic exammnation re-
veals atrophy of their fibers

The heart is usually decreased m size, though not many careful studies
have been carned out This atrophy appears to concide with the functional
changes which may be observed: bradycardia, fall in blood pressure with
weak pulse, decreased cardiac output, inereased circulation time, and de-
crease in venous pressure. In German concentration and prison camps the
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average heart weight of starved persons was 200 to 220 grams, a decrease
of 25 to 30 per cent of normal. Studies on 492 individuals dying in the
Warsaw Ghetto revealed heart weights ranging from 220 to 275 grams, or
an average decrease of 20 per cent in size. Histologically, extreme degrees
of “brown atrophy” may be encountered,

In severe starvation the brain and nerves appear to losc very httle
weight Histological al ions of a pecific nature have been de-
scribed, much of such cf may be P d by postmortem auto-
lysis. We cannot go into the alterations of persanality and emation which
have been described. Individuals become apathetic, depressed, and intro-
verted. They lose interest in sex and become precccupied with food and
with eating.

Gastrointestinal disturbances are common, these may be associated with
the presence of ammate disease agents in the host. Moreover, starving per-
sons may eat anything that comes to them, hence irritating, nondigestible
materials may be swallowed. Atrophy of the mucosa of the intestinal tract
1§ common.

In other organs such as the liver, spleen, hidneys, mammary glands,
adrenals and thyroid, atrophy is usually extreme. The adrenal cortex loses
most of its stainable lipid. The sheletal system exhibits osteoporosis. Occa-
sionally osteomalacia has been described. However, in order to have os-
teord tissue, there must be osteoblastic activity. This is absent in starvation,
hence the usual finding is osteoporosis.

Calonie restriction does not lead 1o any very dramatic morphologic
changes other than atrophy. This was strikingly brought out in the prisoner
of war and concentration camp studies carried out after the War in Europe.
This is in contrast to the many syndromes, particularly of neurological in-
terest, which we see among prisoners and internees in the Far East.
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SALT DEFICIENCY AND THE LOW
SODIUM SYNDROME

One of the proneer studies of naturally occurring sodium depletion was
made m 1915 by Holt et al 1% mn infants with drarrhea. In such subjects
the excretion of water increased eight times while the outputs of sodium
and potassium were nine and four times the normal, respectively. This was
one of the important early studies of the loss of salt via the gastrontestinal
tract

A second important contribution to the role of salt in naturally oceurring
disease was the study of Moss in 1923, who Iinked heat cramps with salt
depletion as a result of evcessive sweating 1**% When heavy muscular exer-
cise is carried on at high temperatures, sweating 1s so profuse that much salt
and water are lost. If only water 15 taken in the body sodium is further
diluted and the syndrome of “heat cramps” 1s produced, this can be pre-
vented if added salt 15 taken

A third fund 1 ad m our understanding of the bol
of sodm m disease came as a result of Robert Loeb’s demonstration of
the hyponatrermia which is such a prominent biochemical defect i Addi-
son’s disease.®2 During the past twenty years, a great deal more has been
leamned of the metabolism of sodsum m disease, so that now one speaks ghbly
of “the low salt syndrome,” “the hyponatremic syndrome,” or “the low so-
dium syndrome.” Much that 1s new has been derived from the ease with
which serum sodium and potasstum levels can be measured today by flame
photometry, a far cry from the situation m the summer of 1935 when we
drew blood from patients on Dr Loeb’s service and then waited two days
for serum sodum and potassum values to be determmed

The low sodium syndrome may result from external loss, internal loss,
intemal segregation or deficient mntake of the cation Another form of the
syndrome 1s related to excessive retention of water and hence dilution of
sodium if none accompames the flud Thus the state of the organism's
water metabolism and the distribution of sodium 1n the varions body com-
partments are of importance i assaying the pathogenesis of hyponatremia.
So, too, possible alterations m other electrolytes, particularly potassium,
may be significant. A classification of the causes of certain types of hypona-
tremia is presented m Table VI 2103 1105

What effects are associated with low serum sodium? Some of the promi-
nent symptoms, which ate derived from all of the major body systems are:

} , apathy, semni fusional states, nausea, anorexia, vomiting,
cramps 1n the extremities, evidence of crrenlatory failure and uremia. Such
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TasLe VI
THE PATHOGENSIS OF THE LOW SODIUM SYNDROME
I Decreased Intake

(a} Expenimental restniction

(b} Dilution of extracellolir flud by sodium-low fuids
It Internal Loss

{a) Asaitic and edema fuid

NI Excessive Loss tia the Kidneys

{a) Dwresis

{b) Renal disease

(¢} Hormonal effects

{a1) Adrenal.Addison’s Disease

W Loss from the Castraintestingl Tract

(a) Vomiting, suctional dramage
(b) Diarthea

V' Loss in Perspiration

symptoms as these are not particularly specific and may be much over-
shadowed by the underlying disease which is causing the depletion of
sodium ¥

In the low salt syndrome the serum concentration of sodium is'usually
reduced by 15 to 20 mEq per liter. The seram bicarbonate and/chloride
levels are ordinanly similarly depressed. However, these may be modified
by the primary cause of the hyponatremia; hence the chloride or bicarbon-
ate may be disproporti ly changed. Serum p ium values may be elc.-
vated or depressed, depending on the cause of the hyponatrerma. In addi-
tion, nses m hlood urea mitrogen or nonprotem mtrogen are found. The
urme 15 usually decreased in amount.
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THE HYPOKALEMIC SYNDROME

Reduction m the serum potassium concentration may occur in the hu-
an under a variety of Experf ip defi Y
m man, which has been produced by deliberate dictary restriction, is dis-
cussed on page 31. A number of situations arise m clinical medicine when
the potassium concentrations of the serum may fall to low levels, sometimes
with disastrous results A classification of the ways in which conditioned
potassium deficiency states may come about is presented in Table IX. In

Tase IX
THE PATHOGENESIS OF HYPOKALEMIA

Decreased Intake
(a) Expenimental restnction
{h} Stanvation, followed by inadequate repletion
{c) Dilution of extracellular fund with patassium-free funds
Excessive Loss via the Ridneys
(a) Duwresis
(b) Acidous (diahetes mellitus)
(&) Renal disease
(d) Hormonal cffects
(1) Hypophyss (ACTI) Trauma
(2) Adrenal Cortisone cortisol, aldasterone

Tt Loss from the Gustrointestinal Tract
(a) Vomiting, suctionat dranage
(b) Drarrhea, sprue syndrome
IV Loss in Persprration
V' Excesse Transfer to Cells
(8) Glycogeneus {treatment of ditbetes mellitus)
{b) Famiwil penodhe pasalysss

any d ion of p fum one must ber that the amount of so-
divm which may be fable to replace p ium 1s of importance. In
addition, as Moore has empt d, hypokalemia and tissue i
depletion are not 1 terms %% .

24

Ever since the experiments of Benedict forty years ago,”*™ it has been
well recognized that starvation is accompamed by escessis e losses of nittro-
gen, potassmm, sulfur and phosphorus. The body, in effect, hives on and
“ " its own protop! With repletion, all of these elements must
be supphed if the tissucs are to be rebwilt This necessitates providing an
abundant supply of potassium to the repletion regimen whether this is ad-
maistered orally or intravenously.® Another sitwation is of impartance to
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the surgeon, to whom for many years the customary material for fluid re-
placement, particulatly in dehydrated individuals, was normal sodium
chlaride, with or without glucose. The development of potassinm defi
m individuals so treated, particularly patients subjected to surgical pro-
cedures, las been clearly demonstrated, so that the addition of potassinm
to subeutancous or intravenous solutions js thus indicated.16s
The main route of excretion of potassiom is via the kidneys, A number
of situations may increase the loss of patassium by tus pathway and so
produce hypokalemia and lowered intracellnlar potassium ¢ i
Simple diresis as a result of excessive oral or parenteral fluid administra-
tion is always to be thought of. So, too, acidosis, occurring as a result of
derangement of acid-base balance or associated with renal disease, must
be considered. That intrinsic kidney disease may Jead to derangements in
potassium excretion has been recognized for some time.!''? We are con-
cemed here with loss of potassium rather than retention of this ion. The
varions types of chronic nephritis: glomerulonephritis, vascular nepllrﬂ‘is
or pyclonephnitis may Jead 1o this change. The exact mechanism of Joss in
the urine is not clear. In such cases characteristic effects of potassium de-
pletion on carbohydrate metabohism, protein metabolism, phosphorus ex-
cretion and sodinm conservation may be demonstrated 11" .
Increased renal excretion of potassium is also scen in certain endocrino-
Togical disturbances, mainly those resulting from adrenal cortical hyper-
funchion. The increased unnary concentrations of patassium ebserved post-
operatively is doubtless related to this, ie., the “alarm reaction.”®* The
administration of cortisone, cortisol, and desoxycorticosterone acetate pro-
duce similar effects, though to varying deg Hypokalemia with alkalosis
has been recognized as a promment feature of the Gushing syndrome for
some years.!? To this group has recently been added the syndrome of
“primary aldosteronism” nssociated with adrenal cortical tumors.™*®
Considerable concentrations of potassium are secreted into the stomachi.
Hence, loss of gastric secretions, due to vomiting from various causes or a8
a result of gastro-duodenal suctional drainage, may rapidly deplete the
orgamsm of potassium, particularly if none of this element is replaced S0,
t00. loss of tins cation from the lower intestinal tract as a result of diarrhea
15 of utmost 11141122 jmnartance. This is particularly brought out by Dar-
row's studies 1 of diarshea in infants, Naturally, other elements are fost
as well, but improvernent is far superior in those infants receiving potassium
than 1n those to whom only saline is administered with or without glucose
One of the most significant ad in our und ding of the intfﬂ“
relationships of potassium and glucose metabolism has come from sfmf:ff
on individuals whose diabetic acidosis has been treated W"lth insulin.
1t is clear today that certain of the fajlures of therapy which were unex-

— L
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plamed at the autopsy table over a decade ago were the result of hypo-
kalemia YWhen glucose 1s bemg metabolized to glycogen and so enters the
cell, potasstum must necessanly accompany 1t Hence, if the diabetic or-
ganism has a depleted store of this cation as a result of vomiting or excess
renal excretion associated with acidosis, not enough will be available to
enter the cell, the disastrous effects of hypokalerma will ensue, particularly
when fluids are given which expand plasma volume and mcrease renal
output

The entrance of potassium nto the tissues occurs wn farmilial peniodic
paralysis; hence, serum potasstum concentrations fall None 1s lost from
the orgamism, either 1n the unne or stool 1%

The most it 7 of p leficiency are ia,
nausea, muscular weakness, and mental depression  Frequently present
are mental confusion, shallow respirations and abdominal distention with
parafytic ileus.®* The signs of the hypokalemic state are mawmly referred
to the cardiovascular system. irregular pulse, fall in blood pressure, and

Mevre 112 Mvroraterne Syvonove,

Kidoes, humin Sections from o matune wdn taavo o
death a fow com oo o ,

thelial cells . ‘
B (x240) .
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Ficune 118 HyroxaLEMIC SYNDROVE

Muscle, human A Section of cardsac muscle of patient shown m Figure 112 An area
of necrosis mfiltrated by mnflammatory cells is present {x200), B Section of strated
muscle to show focal necrosis of fiber (x 200).

abnormalities in the electrocardiogram. These EKG changes are not spe-
eific for potassinm deficiency but are of great importance 1n prognosis. They
consist of prolonged QT interval, low T wave, sagged ST segment and de-
pressed ST. With therapy such abnormalities revert to normal.®s Individuals
showing paralysis may have a loss of tendon reflexes.

The effects of hypokalemia on the human organism are difficult to dem-
onstrate at autopsy. However, certain changes have been described in the
heart and hidneys. This is reassuring in view of the alterations wluch appear
1n these organs 1n the expenmental animal depleted of potasstum. It will be
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1

recalled that of desoxy acetate leads to evces-
stve excretion of potassium (page 28). Toxic effects of this hormone have
been noted in man, these are evidenced by EKG changes 1116 Moreover, in
at least one instance, fresh necroses have been found in the myocardium
as a result of D C A admintstration.'**” Thorn’s group has commented on
the presence of myocardial scars at autopsy in present-day cases of Addr
son’s disease, a findmg not noted before the introduction of hormonal ther-
apy.t1?® MeAllen 1222 has reported cardiac lesions m two mdividuals who
had chnically exlubited severc and prolonged potassium depletion as a
result of gastrointestinal disturbances Foct m the myocardim where
fibers had fost their striation or were yvacuolated together with cellular in-
filtrations and scars unrelated to blood vessels were described. The potas-
sium content of the myocardium was assayed to be 15 mg per 100 gm,
normal 1s reported as 300 mg. per cent A few other reports are also avail-
ﬂb)e 1119 1120

Renal changes, accompamed by derangement of kidney function, have
been described in association with hypokalemic states, 112 so that “nephro-
pathy of potasstum depletion” appears to he a valid entity  Chronic diarrhea
from a variety of causes would seem to be of importance in the pathogencsis
of the potassium depletion. Evidences of renal functional nmp:nrmenl are
red 1 cleara of 1nsulim, end i and p
hippunie acid Proteinuna and cylmduria are mconstant ﬁndmgs Blood
non-protem nitrogen values are not particulatly elevated

On biopsy or at autopsy alterations similar to those observed 1n rats
may be encountered fn the tubular epithelial cells Biopsy studies have
shown a restoration of the cells to normal followmg appropnate therapy
with potassiom The potasstum depletion syndrome appears to furnish a
good example of renal disease winch 1s amenable to therapy
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TETANY

e

A syndrome of convulsive serzures, d with fibnllary t
and spasms of the muscles of the extremities and larynx, has been recog-
nized 1n nfants, particularly those exhibiting rickets, for at least two cen-
turies. A smlar condition in adults became prominent during the early
days of surgical ablation of the thyroid gland for toxic goiter. The impor-
tance of the parathyroid glands m the mamtenance of normal serum caleium
concentrations and the role of these 1ons in affecting the irntability of the

far app was rep 1 by MacCailum and Vogteln m
1909 ' Hypocalcemia was shown to be a cause of infantile hyperimta-
ility by Howland and Marmiot in 1918 1146

The increased bility of the lar ap wineh is
evinced by fibnllary muscular twitchings and spasms, 1s called tetany. From
what 1s known of the role of morganic ions in neuromuscular activity one
might expect hypenmtability when imbal m the of the
cations calelm, magnesum, potassm and sodwm, are present, All of
these 1ons are concerned with mantaining what must be cntical levels for
the support of activities of nerves and muscles. In Table X are fisted

Tame X
THE PATHOGENESIS OF TETANY

Calcium Deficiency
(a) Deficrent ntale
{b) Disturbances in absorption including vitamin D deficiency and diarrhea
(C} Excesuve excretiun by hdneys
(d) Forantion of vomplees
{c) Parathyroid Disease
(a1) Maldevelopment
{bb) Removal
(cc) Pseudohypoparsthy rordism
Alkalosts
(a) Hypenentdation
(b} Vomitng, pylosic ebstruction

x
r

1 Magneslum Deficiency
* Potassium Deficlency

the abnormal states which may give rise to the tetany syndrome  Tiypo-

1 was the fiest it to be coupled with the convulsive fibrl-
lary twitchings and spasm which charactenze tetany. This may be brought
about as a result of dietary Iack, poor absorption, parathyroid disease or
renal disturl When calcium-deficient diets are fed to laboratory ani-
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mals, spontancous tetany is ordinarily not encountered. However, hyper-
wrritability may be demonstrated by stimulating the animal by electric shock
or loud noises. Fatal tetany may be induced in this way.

Intestinal dysfunction, such as is seen 1n the malabsorption state (page
437) which characterizes sprue, cehac disease and steatorrhea, may Jead to
hypocalcemia and tetany. This diarrhea compounds things by causing excess
loss of vitamm D, which further effects a reduction in caleium absorption
The formation of insoluble calcfum compounds such as oxalates and phy-
tates may promote calcium deprivation.

Certam renal discases are characterized by hypercaleuria Two of these
may be due to inherent tubular defects: one dealing with the reabsorption
of caleium, the other with acid-base function, These are the syndromes of
idiopathic hypercaleuria *** and renal tubular acidosis.’*** The other situd-
tion is seen when glomerulotubular discase is present, i.e., glomeruloneph-
ritts, vascular nepliritis or pyclonephritis Here the primary derangement
appears to be the phosphate retention which supposedly leads to a re-
ciprocal reduction in serum calcium concentrations. It must be pointed
out, however, that whenever serum phosphorus concentrations rise or fall
an opposite change m caleium is not inevitable So, too, alteration in phos-
phorus concentration does not always follow primary changes in calcium
values

The intravenous or parenteral administration of simple or complex com-
pounds which may combine with calcium will lead to hypocalcemia. Hence,
vascular or intrapentoneal injections of phosphate, oxidate, citrate or che-
lating agents such as EDTA will precipitate tetany in experimental ani-
mals.

Funally, parathyroid hypofunction is an important factor in leading to
reduced concentrations of ionized serum calcium. This may be brought
about as a result of nondevelopment of the parathyroid glands 149 or their
operative removal,*** either purposely or inadvertently, The syndrome of
pseudohypoparathyroidism is charcterized by Jow serum calcium levels
which fail to rise to normal following the administration of parathyroid hor-
mone 1% The basis for this phenomenon is not known.

1t will be noted that situations other than hypocalcemia, viz, alkalosis
and magnesium or potassium defici may lead to tetany, It has Jong
been recogmized that gastric or pylonc obstructions with vomiting and
chloride depletion, lead to increase in serum bicarbeonate concentrations
and tetany.!'*! So, too, the blowing off of carbon dioxide by overbreathing
may lead to alkalosis and tetany.1152 The exact cause of the tetany is not
entwrely settled; it has been assumed that increased hydrogen 10n concen-
tration of the plasma leads to depressed ionization of calcium The entire
problem is 2 most complex one 1266 which cannot be discussed further here
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Two other forms of tetany have been recogmzed The classic observa-
tions of McCollum et al. on animals deprived of magnestum together with
studies of the naturally occurring disease mn calves have been mentioned
on page 35. Cases which have been designated as magnesium tetany have
been reported from time to time m the human For instance, suspected
magnesium defictency has been reported in a child 12 Convulsions were
first observed at seven months of age. These gradually decreased, to be
followed by dizziness at age three years and a tremor which began a httle
Iater and mereased 1n seventy Tetany was noted, serum magnesium values
were low Mag therapy abolished the d and tremor, and
both returned when treatment was discontinued. Magnesium deficiency
has been described 1n an adult,?**% 1n whom confusion, stupor, tremors and
othetoid movements were noted after severe diarrhea, Other electrolyte
disturbances, 1e, caleium and potassium may have been imphcated It 1s
of mterest that neuromuseular abnormahties other than weakness have not
been found 1n experimental subjects who have been subjected to dietary
magnesium restriction 1433

Finally, the role of potassium must be mentioned. A number of years
ago we observed peculiar spontaneous tetanic contractures of the muscles
of the extremities of antmals which had been placed on potassium-low duets
and made to swim for prolonged periods™* When removed from therr
swimming tank and placed on the floor, “they jumped into the air to a height
of about a foot These spasmodic contractures were repeated 10 to 12 times
after which the ammals lay exhausted” Unfortunately no blood studies
were carried out on these rats Recently potassium deficiency tetany has
been discussed by Fourman '3 who studied the experimental depletion of
human subjects and also noted the syndrome 1n naturally occurring hypo-
kalemic states. Increased intability of nerve trunks was noted. Small re-
ductions in serum calerum and mild alkalosis were also noted but were not
deemed sufficient to lead to hypenrmtability In fact, hypokalemia would
have been expected to protect agamnst tetany Here agam nothing is known
of the potasstum content of the int lalar Auid or that diatel
cent to the cells

adja-
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Expenimental iron deficiency leads to striking changes in the red blood
cell count. It is not surpnising, therefore, that fron def anemia raay
be encountered in both elnldren ard adults. The causes of the deficiency
ace many In chddren dietary wtake 15 most aften at fault, particalarly
bottle fed babies since cow's rulk contains so httle sron, This form of nutri-
tional anemia is the most common type of anemmn after early infancy.'?
1n adults inndequate intake may also play a role though increased require-
ments, as in pregnancy ** and, more particularly, excessive loss, are of great
importance, 1

In children and adults, sron y anermta is ol ized by micro-
eytosis and Bypoehromma  Sevesal elimeal types should be mentioned 1182
Chlorosis is an example of anemia which results from 1nadequate intake of
sron, this syndrome, which used to occur prmanly in young women, is now
nncommon  As has already been mentioned (page 64), achlorhydria may
affect the absorption of srom, so that many cases of hypochromic anemia,
especially in women, commanly show a decrease or absence of hydro-
chlorte atud in the gastric contents. So, too, when the passage of ingested
materials through the mtestinal tract 1s vapid, sron may be poorly absorbed,
hypochromie anemia is often encountered in cases of chrome durrhea,
Punng p v, an 1 re t for won develops m arder to
supply the fetns, at this tune, therefore, hypochromic anerma may be ob-
served #22 Chrome blood Joss from any site, sometimes coupled wath i~
sufficient iron intake, 15 the most maportant factor m the production of
twy anerma  H 2 from the 1 tract as a
result of a variety of lestons wneluding heakworm snfestation and loss dur-
mg menstruation play extremely umportant roles m thus connection In all
of the clumcsl syndromes briefly elnded to, freatment with won provohes
a prompt reticulocy te respanse and a retum of the blood picture to normal.
Of course, in order to have the red blood and hemoglobn concentration
remamn at the normal hmit, the underlying causats e mechanism must he
eradicated.

Since virtually no uncomplicated cases of ehineal hypochromic anemsa
come to autopsy, the pathological changes 1 the tissues, if any, are not
clcarly vnderstood  Dunng hie, the bone marrow exhibits normoblastic
byperplasia ¥ In view of the scant pathological changes chsenved in
expenmental antmals a3 2 vesalt of fron deficiency, certain peeular changes
which are seen s jron-deficient anemtas in the human deserve mention.
Sore tongue and sore mouth similar to the changes encountered in -

PN
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compheated meotinic acid, siboflavin and pyridovine deficiencies {pages
220, 218 and 248) have been described, such lesions are said to respond to
thesapy with iron.**** In addition, extreme dysphagia may be present; this
is called the Plummer-Vinson Syndrome.'#® Another interesting finding is
the development of koilonychia or longitadinal ridging and flattening of
the fingernails, which may even change from the normal convex to a con-
cave form.
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Durning the past twenty-five years much effort has been directed to-
ward clarifymg certam diseases of world-wide distsbution in cattle and
sheep, which appear to be related to speeific muneral deficiencies of the
pastarages winch these ammals were utibzing The defictencies of copper
and cobalt may be taken up together, since m early studies confusion often
arose between the two In the following discusston we shall draw freely
on the reviews of tlus subject by Marston *%* and Underhilf 12¢

The story of the of cobalt defi n farm animak 1
one of the truumphs of vetennary medicine The disease syndrome 15 char-
actenzed by progressing and profound wasting, accompanied by a severe
anemw and by a Iack of appetite The sheep exinbit extreme enaciation
with pale skin and mucous membranes Examunation of the blood reveals
2 macrocytic aneama This syndrome was first stuched by Frlmer'® sn
Western Austraba  Here 1t was called “enzootic marasmus ™ Although sron
salts and Iner were at first shown to be effective 1n curmg the disease,

1

worh revealed that m the wo 4
salts were the active agents ©28 Of these cobalt was speaific *%* This le-
ment is found iz i m the p s upon which the

affected anmals feed

While these snvestigations were being cartied out 1n Western Austraha,
sumtlar studies were being pushed m the southern pant of that continent
In 1935 Marston V1% yeported a wastng dhsease s sheep i which there
was an anerma The admmstration of cobalt led to a marked gam m weight,
together with an efevation of hemoglobm concentration and red hlood cell
count.!¥t This malady, “eoast disease,” as 1t was called, was accompanied
m some mstances by ataxia

Utthzang the Marchs method, wineh s an unrebable vae, degeneration
and demyehmzation of certmn tracts m the spmal cord were demon-
strated 1*3¢ In affceted amumals tustologieal examnation of the tisswes re-
vealed mereased deposits of hemosidenn i the hiver, spleen, pancreas, and
Tedney. o chemseal analysis won was found w farge quantsties in these
argans ¥ “Coast disease” was then shawn to be caused by a deficrency
af hatlt cobalt and copper " The rewrologeal lesions appear to be ve-
Tated to those red in uncompheated copper deficienc
which will be desenibed below,

A disease sumlar to “enzootic marasmus” has been reposted in Flor-
wda #* The museles of affected cab es are pale, much body fat is lost. “De-

of sheep,
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generative” changes are found in the heart; the spleen in said to be
shrunken, the liver is fatty.

The initial studies of sheep on cobalt-deficient pasturages indicated that
in order to be effective, the missing cl must be  fre-
quently. Moreover, it was found that cobalt must be ingested, parenteral
administration was valueless."®* The exeiting demonstration that cobalt
15 a part of the vitamin B,, molecule *® has led to a clearer understanding
of the pathogenesis of these enzootic discases in sheep and cattle, Large
amounts of parenteral vitamin B,, were found to be cffective. The entire
story has been clarified by the demonstration that exceedingly large quan-
tities of vitamin By, are synthesized in the rumens of these animals "%
Thus cobalt becomes a Jimiting factor in the synthesis of this vitamm. It
would now appear that, although the needs of sheep and cattle for vita-
min By, are exceedingly large, in the presence of a normal intake of cobalt
their flora can supply the necessary quantity of the vitamin,

The first evidence for the relation of copper deficiency to the health of
grazing animals came from the Netherlands.?""® Since then, copper defi-
ciency disease of cattle has been described from various parts of the world:
Florida, Australia, England, Scotland, Ireland, Norway, Sweden, and New
Zealand. 112 1128 The syndrome of copper deficiency in cattle is character-
ized by changes in the coat; the hair Jacks pigment and becomes harsh nr‘xd
disheveled.!13® The bones may spontancously fracture There is anemia.
Reproductive capacity 1s impaired, as is milk production. Serum copper
concentrations are reduced, At antopsy extensive hemosiderosis of the
spleen, liver, and kidney is found. Lesions have been described in the
kidney and myocardium, In the former tissue, degeneration of glomerali is
said to be prominent, The tubular epithelium shows cloudy swelling wiile
the lumens are filled with detritus. From the available description it is iffi-
cult to come to a decision as to the exact nature or pathogenesis of these
renal changes. The hearts of affected cows show extreme fibrosis, which has
been interpreted to result from atrophy of the muscle fibers due to long-
standing anoxemia (starvation atrophy). Neurological lesions are mot
pr Copper ad ion clears up these various manifestations of
the deficient state.

In sheep, studies of spontaneous or endemic copper deficiency have
been reported from Australia 114 and England. 14 The discase in this species
is called “cnzootic ataxia” or “swayback.” Although the importance of cop-
per in the pathogenesis of this malady may be considered equivocal by some
until specific experimental studies are carried out with purified dhets, 1t
would seem that swayback must be due to a deficiency, a conditioned defi-
ciency, perhaps, of copper. In Australia the syndrome occurs only in lhus'e
pasturages whose copper content is fow, although this important point s
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not confirmed by English mvestigators. Determinations of the blood cop-
per content of pregnant ewes has generally revealed decreased concentra-
tions of this element.)*4? As was first shown by Bennetts and Chapman '
mn Austraha, and subsequently confirmed by Dunlop ef al *¢* in England,
the merdence of swayback can be greatly reduced, or even eliminated, by
the admimistration of copper salts #'# Further studies have shown that
other trace elements, such as tron and cobalt, are meffective, and that treat-
ment with copper raises the concentration of this element n the blood of
pregnant ewes 14> The most marked changes have been found mn the new-
bomn lamb. ‘The chinical signs consist of spastic paralysis, especially of the
hind limbs, severe incoordination, and, m some mstances, blindness The
maladay is seen only m newborn or very young lambs, in some flocks the
incidence has been as high as 90 per cent of all the arumals born The patho-
logteal changes in lambs exlubiting manifestations of swayback were re-
ported by Tnnes 1n 1934,1144 before the relationship of copper deficiency to
the syndrome had been fully elucidated Innes has since extended Ins studies
to the nervous tissues of a large group of lambs affected with the disease and
has carefully described the extraordinary changes '**°

The external appearance of the bram 1s strlung since tlus structure 1s
smaller than that of a normad newborn lamb, Inaddition, there 1s depression

LA,

Ficvre 114 Enzooric Coppen Dt FiciPacy

Brain, sheep. Gross appearance of hram, A from normal newborn laimb, and B fram
an animal dying three davs after bith with signs of “swayback™ Nate collapse of
cerebral heimspheres and shallow convolutions  (Courtesy of Dr J R Af Innes and
The Journal of Comparatine Pathology and Therapeutics )
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generative” changes are found in the heart; the spleen in said to be
shrunken; the lver 1s fatty.

The initzal studies of sheep on cobalt-deficient p indicated that
m order to be effective, the missing element must be administered fre-
quently. Morcover, it was found that cobalt must be ingested, parenteral
admimstration was valueless.!* The exciting demonstration that cobalt
is a part of the vitamin B,, molecule 2% has led to a clearer understanding
of the pathogenesis of these enzootic discases in sheep and cattle. Large
amounts of parenteral vitamin B,. were found to be effective. The entire
story has been clarified by the demonstration that exceedingly large quan-
tities of vitammn B, are synthesized in the rumens of these animals nst
Thus cobalt becomes a limiting factor in the synthesis of this vitamin. 1
would now appear that, although the necds of sheep and cattle for vita-
min By, are exceedingly large, in the presence of a normal intake of cobalt
their flora can supply the necessary quantity of the vitamin.

The first evidence for the relation of copper deficiency to the health of
grazing ammals came from the Netherlands.?'3¢ Smce then, copper def-
ciency disease of cattle has been described from various parts of the world:
Florida, Australia, England, Scotland, Ireland, Norway, Sweden, and New
Zealand.115 1376 The syndrome of copper deficiency in cattle is charact
ized by changes in the coat; the hair lacks pigment and becomes harsh and
disheveled 1 The bones may spontaneously fracture, There is anemia.
Reproductive capacity is impaired, as is milk production. Serum copper
concentrations are reduced. At autopsy cxtensive hemosiderosis of the
spleen, Iiver, and kidney is found Lesions have been described in the
kidney and myocardium. In the former tissue, degeneration of glomeruli is
said to be prominent, The tubular epithelium shows cloudy swelling while
the lumens are filled with detritus. From the available description it is diffi-
cult to come to a decision as to the exact nature or pathogenesis of these
renal changes The hearts of affected cows show extreme fibrosis, which has
been mterpreted to result from atrophy of the muscle fibers due to long-
standing anovemia (starvation atrophy). Neurological lesions are not

p Copper administration clears up these various manifestations of
the deficient state
In sheep, studies of sp or endemic copper deficiency have

been reported from Australia 114 and England.!!*! The disease in this species
is called “enzootic ataxia” or “swayback.” Although the importance of cop-
per in the pathogenesis of this malady may be considered equivocal by some
until specific experimental studies are carried out with punfied diets, it
would seem that swayback must be due to a deBiciency, a conditioned defi-
ciency, perhaps, of copper. In Australia the syndrome occurs only in thus‘e
pasturages whose copper content s low, although this important point is
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descending tracts has been demonstrated m the spmal cord, In those lambs
m which chateal evidence for the presence of the disease is shght, the
newrons usually show no change, wiule m those exlubiting more severe
symptoms, degenerated cells are found, a constant site of damage 1 the
red nucles. No inflammatory reaction 1s evident in the tissues about blood
essels, save the presence of mononuclear phagocytes filled with hpod
funes has cafled attenbion to the similanty of the pathological mantesta-
tions of this condition in Jambs to Schalder’s Drsease in man  His phato-
graphs which he bas so kindly allowed us to seproduce confirm thus sunplar-
ty.

2
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Fievre 116 Enzootic Corren Dariciiney

Brawn, sheep A Section from ocuapital pole to show loss of mychn with cavity forma-
tan at several ponts Weigert-Pal (x4} B Higher power of neurons in red nuclens,
two of whose cells show chramatalyss Nusst-Orange G method (x400)  {Coutesy
of Dr J R N Innes aud Fhe Journal of Comparatie Pathology and Therapeutics
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Ficure 115 EnzooTic CopPER DEFICIENCY.

Bramn, sheep. Coronal sechions A. through bran of normal two-day-ald lamb, and B
animal dying five days after birth with charactenstic signs of “swayback ” Note extreme
destruction of white matter with cavity formation and wasting of the corpus callosum
The gray matter 1s relatyvely well preserved The ventricles of the affected brain appear
to be cilated  (Courtesy of Dr. J, R. M. Innes and The Journal of Comparative Pathol-
ogy and Therapeutics )

of the cerebral hemispheres due to the apparent loss of substance beneath.
On section, the gross lesions vary from small foci of porencephaly in the
white matter of the central hemispheres to areas n which the central white
matter is restricted to a “grossly degenerated centrum ovale, to a wasted
corpus collosum and septum pellucidum and to the interal capsule.” In
contrast, the cerebral gray matter 1s relatively well-preserved and forms a
thin shell around the degenerated white matter of the cavity.
Microscopically, symmetric diffuse demyelimzation is found in the white
matter of the cerebral hemisphere. In areas of demyelimzation the avis
cylinders disappear, moderate ghal prohiferation is found m and about such
areas. Destruction of myelin has not been encountered m the midbramn,
cerebellum or brain stem, but, as might be expected, degeneration of the
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Swelling of the neck, or goiter, has been recagnized from eatliest tunes.
Its geographic distnbution and 1ts relation to the 1ode content of the soil
and dnnkwng water have been commented upon at length during the Jast
century. I’mph) tavis watly fochine compounds, changes in dietary habats, and
the mul B that go to g te “enhizatian,” all appear te
have changed the patiem of distrdbution of goster m the world today. Be
s as it may, the Study-Group on Endemuc Gouter, which was convened by
the World Health Orgamzation m London mn 1852 154 pomted out that
“recent surveys have shown that the merdence of endemuc gonter is far
more extensive than was formerly reahzed” and further that i certam
oreas “the disease comstitules a social, econome, ang health problem of
great magmiude ” Hence, 1t 1s of the utmost wnportance to discuss endemic
gorter and to take stock of the present state of our ignorance concerning this
problem. We should Like to answer as best we can the followmng questions:
(1) What is the pathalogy of endemsc gorter, and (2) What is the patho-
genesss of ths change?

Iu recent years pathelogists appear to have duected thew attenton ta
turmors to the exclusion of ather chianges mn the thymxd gland With certam
exceptions very fittle ] has been pubhsh the status of
normal or diseased non-neoplastic ﬂ))mxd tissue  Hence, 3t 15 necessary
to go back several decades and review Manne's, 3 MeCarnison's, ™97 and
AschafPs 1134 k ta the goiter problem w arder that certaw funda-
mental principles may be understood

Before dong thus, the striking geographue distssbution of gorter needs
to be mentioned It 15 now well d that gonter 15 d with
those mountamous resgons whose sois were deposited dunng the last great
glacal pened  Such areas melude the Alps, Pyrenees, Carpatluans, Hima-
layas, Andes and Rockies Other locales, such as the Thames Valley in Eng-
land, certain regions of Africa, New Zealand and Australia, and the Great
Lakes banin, have also been associated with a high inedence of gater We
cannat hope to designate specifically those areas i vanous countries where
gotter has been found to be most prevalent The following bst with refer-
ences may be helpful Umted States,''s> 1190 Mevie, %63 Bl Salvador, 1162
Venezuela,1#? Argenting, '™ Switzerland,'*$5 Hungary, 8¢ Yugostavaa,11e?
Nigenia, "' Sjerra Leone, "'t Umon of South Afnca, V% Indm,1% Austra.
ha 3173 and New Zeﬂlﬂﬂ 1192, 1173

We can now turn to the fund hol § jons which
have been described n the thyrend gl:mds uf mdmduals lnmg n areas
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pavently most frequently seen In spech & at operation or at

autopsy in cluldren dying of natural causes in gotter areas.

1€ tissue from a duffuse goter removed from an adult is studied, the
only difference which may be found 15 & reduction in the size of the follcles.
This goster Aschoff called the diffuse microfotheular colloid type. The epi-
thelum remams hyperplastic in appearance.

Fma“), the \axm\)ie p\cmre af classical colloid gouer, with all degrees
of § ion, with or without adenomatous nodules,
cysts, hemorxhage, sc:m'mg, and calefication, is seen in the adult and be-
comes more mnxked in the older age groups. Aschoff Jooked npon these
stages m the evol of end gorter as of the normal
physiological responses of the gland- hy peractivity in the newborn, regres-
son dunng mfancy, enlargement during pre-puberty and puberty, vegres-
sion m post-puberty, normal gland of the adult and atrophy w the dechne
of hfe.

As already noted, it 1 unfortunate that dusing the 30 or more years
since the publications of Marmne,!**s Aschoff 1198 and MeCarmson 1157 rela-
tively hitle attention has heen gnen to the morphologic aspects of en-
demic goiter Do the alterations which have just been mentioned in the
newborn, adolescent, and adult glands contsmue to be found in areas where
gotter 15 endemic? Numerous questions might be ashed concerning the
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Graphs modified from Aschoff 1 to show dfferences i weiglt, thyro
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A and B, (x60) and (x 235}, respectively, to show size and shape of follicles and ap-
pearance of kning epthelal cells

where gouter is prevalent. The deviations from the normal which may be
observed in the thyroid gland at autopsy on newboms from goxter districts
are definite though not great. Ordinarily the gland weighs 5 to 6 grams
more than normal; oceasionally st may reach a total weight of 100 grams.
Microscopte examination reseals diffuse hyperplasia; that is the cells are
mcereased 1 number and size, while the follicles contain a scanty amount
of colloid. This anatomical picture is that of diffusely hyperplastic goiter of
the newborn.

Duning the period of adolescence to puberty the g!and may conhnue
to enlarge visibly. M. , it shows cf istic
The main alteration is an increase in size of the follicles; these 1 may be vist-
ble to the naked-eye and hence may be termed macrofollicles. The epi-
thelium lning such follicles is flattened. Only oceasionally are foci of papil-
famatous hyperplastic cells found growing into the colloid space, This type
of goites, which Aschoff called diffuse macrofollicular colloid goiter, is ap-
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deficiency, This obscrvation 1s m keeping with present-day knowledge of
thyrord physiology and the results of experimental sodine deficiency studies
which lhave been discussed on page 78 From this morpohologie state
Manne postulated two courses which were open to the thyroid gland The
hyperplasia might continue, ultimately to be followed by “exhaustion
atrophy ™ Exactly what the picture of “exhaustion atrophy” is has never
been entirely clear Nor has anything approaching this been observed sn
expenmental animals which have been placed on 1odine-deficrent rations
The second course mught be followed if 1odme became avalable to the
gland, then the follicles Bl up with collord material This state, or collosd
goiter, Marme considered to be the closest one to normal which the gland
could reach, he regarded 1t as a quuescent stage The gland might remain
1 this phase unless fodine deficiency recurred, or some other stimulus to
hyperplasia returned. The same cham of events mght then be repeated
Such is the “Marne cycle”. normal glind-shyperplasia—scollosd gotter This
has been a most stimulating hy pothesis, although these sequences have not
been d d mn the exp 2l animal  Nevertheless the observa-
tions and this hypothests of Manine have led to a number of expernmental,
epsdemictogical and prophylactic mvestigations which have been of utmost
importance

The expenmental production of hyperplastic goiter i animals has been
mentwoned elsewhere {page 78) Since, as 15 clear today, the thyrad
gland is under the coutrol of the hypophysis, anythmg which will lower
the plasma concentraton of active principle of the thyrowd will lead to ex-
cessive TSH production and so result 1 thyroid cell hyperplasia Of these
factors iodme lack 1s cestamnly of wmportance Others such as evcessive w-
take of calerums have been mentioned *** A possible role of fuonde has
recently been proposed #7° The sigmficance of anti-thyrond goterogens will
be discussed below

Over 100 years ago, m 1820, Cowdet suggested that goiter in the
human mught be related to wdine deficiency  In 1850 Chatin found a Jow
tadime content 1 the soil and water of areas where goster was prevalent
This study was disregarded untit Manne’s observations redirected attention
to the possible role of iodine defiency m the production of gotter. A num-
ber of mvestigations have shown the relationship of low content of fodme
m water and sof to goiter in the United States and other areas These studies
have been summanzed by McClendon, ' who appears to conclude that
the cause and effect have been conclusively shown  Most recent surveys
bear this out {page 307)

Fually, the studies of Manne led to the ntroduction of 1odine as a pro-
phylactic agent in the prevention of goster Jodine will not, of course, de-
crease the size of a large colloid goiter once it has formed The prevalence
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morphologic appearance, iodine content, ¢t cetera, of present-day goiters.
Should not studies, such as those performed by Aschoff and others, be re-
peated, particularly before the salt everywhere is fodimated? A striking
example of the neglect of morphologic studies is found in the report of the
Mendoza expedition 1% Not a single piece of tissue from any patient who
was chimeally and biochemically studied was examined under the micro-
scope.

Clhinieally, goiter manifests itself as a swelling of the neck.'7* This may
become estreme, the gland reaching many pounds in weight. Aside from
cosmetic effects, which many individuals do not appear to mind, the gotters
lead to httle discomfort. There is one discase which is closely associated
with endemic goiter, this is cretinism The number of cretins in such an
area as Switzerland, where goiters liave been so prevalent, is high. This
form of hypothyroidism in children appears ta be associated with goiter and
well it might be if jodine deficiency is the cause of thyroid enlargement.
The prophylass of goiter with 10dine appears to have reduced the incidence
of endemic cretmism

How are we to explain the pathogenesis of the changes which have been
described? Numerous picces of evidence pont to fodine deficiency as 3
promment cause of goiter, yet as a single etiological factor this cannot an-
swer all of the complex questions which arise.

Much of today's und ling and teaching of the path is of
endemic goiter stems from the observations of David Marmne and his co-
workers, 255 1175 1376, 1172, 1178 \V]other the goiter hypothesis of Marine will
stand up remams to be scen. However, he has done much to stimulate
study and to clarify many facets of the goiter problem .

It will be recalled (page 77) that Halsted ** noted hyperplastic goiter
in pups born to dogs from which he had removed the thyroid gland: Marine
and Lenhart 255 demonstrated that such goiters m the pups could be pre-
vented by admimstering 10dine to the bitch during the course of her preg-
nancy. Marine and Ius co-workers then went on to show a close relation-
ship of jodne concentration in thyroid tissue to the anatomical structure
of the gland in fish, swine, dogs and man. One fact was clearly demon-
strated. when the jodme content of the thyroid gland falls below a critical
level of approximately 1 mg. per gram of dried gland, hyperplasia is to be
expected. Such an hyperplastic change consists of enlargement and pro-
Lferation of the epitheltal cells Iining the follicles and a decrease in stain-
able collord. Moreover, the gland becomes more vascular. This c]mnge is
not ordmanly associated with evidences of chnical hyperfuncli(zn. Histo-
logical study of large numbers of thyroid glands from dogs, swine, cattle
and man convinced Marine that the thyroid resp?nded to iodine l:{c};.b)'
hyperplasia. Such a change was felt to be the primary response to fodine

~
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of gonter has statistically been reduced in areas where iodine has been added
to the dietanes via salt, water, et cetera. This evidence would appear to be
important 1n relating 10dine deficiency to the pathogenesis of gorter.

The introduction of radioactive 1odme (I*31) as a tool with which to
mvestigate the physiology of the thyroid gland has also contrbuted to our
understanding of endemic goiter. A study which was carried out in Men-
doza province of Argentina on goiterous mndwiduals who were subsisting
on a diet inadequate in jodine has shown that the thyroid glands of such
an 10dine-deficient group cleared jodine more rapdly from the blood than
did the normal. Moreover, those who had a high uptake of jodine hy the
thyroid gland exhibited a low urinary excretion of this element. Thesc re-
sults led the group to state that “any remaining doubt that iodide deficiency
can be a cause of endemic goiter has been erased by the present studies
This is not to say that jodide deficiency is the cause of all endemic goiter,
for it is quite possible that ized goiterogeni may cause
goiter by creating a block of utilization of iodide for hormone production.”

t-d d

In view of p y knowl of ic agents and because
of certam discrepancies in the iodine-goiter 1elationship the above state-
ment would appear to be a most sensible one The whole question of the
production of endemic goiter m man by mechantsms other than 10dme de-
ficrency has taken on new significance since the discovery of antithyroid
agents such as cyanate, thiourea and amnobenzene compounds. At least
one goi 1-s-vinyl-2 thi lidone has been isolated from naturally *

g foodstuffs bel g to the cabbage family and has been shown
to affect uptake of I'** by the human thyroid gland "'7® Recent studies 115¢
appear to mmplicate a thyroid blocking agent in the production of goiter
m Tasmama Future mvestigations here and elsewhere are certainly indi-
cated

Another group of goiters have recently received attention and deserve
mention These are instances of goiter associated with sporadic cretinism

-
Ficure 119 Gorrer, Humaw

A and B, low (x60) and higher magmfication (x 235), from hyperplastic gorter re-
moved from a thirtyseven year old woman because of choking sensation, swelling of
the neck, nervousness and bulging of the eves BMR, +60 Treatment, with KI re-
duced BMR to -+13 at which time gland was subtotally removed Note wfolding of
epithelum which is columnar. Collowd 15 scanty. This 15, of course, an example of

hth goter The h l would be ind shable from that seen 1f

hyperfunction were not present Cor
(i’peo‘ nction were not present Compare with normal, Figure 117. € and D Low
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PROTEIN DEPLETION SYNDROMES

INTRODUCTION

in Part I we briefly alluded to the many rales of protemn in the organ-
1sm Now we should Ike to diseuss certam naturally occusring disease syn-
dromes wlich may be associated with a decrease or even absence of one or
more of the proteins which are so necessary for the integnity of the organism

The mdispensability of certam ammo acids for the synthesis of protein
1s well-recognized  Hence deetary satake of these essentials 15 of the wtmost
importance Just as vital is the proper absorption of amino acsds if protesn
is to be synthesized Hence, \arious gastrointestinal disturbances may lead
to protem depletion, Protein may be lost by bleeding and by excesste ex-
cretion m the unne

We cannot go mto the many genetic proten disturbances wiich center
on the gene-enzyme hypothesis. All such stuations can, of course, be

garded as ples of specific end protein defiel states in
the sense that lack of an enzyme 15 responsible for a disturbance m the me-
tabohism of an element, of an amno acd or other nitrogenous matenal, or
of a hpsd or carbohydrate.

We shall be concerned here with certain protem disequilibrium states.
Some are clearcut enaugh to warrant bewng called diseases or syndsomes.
Such snclude pellagra, blacktongue and kwashiorkor Others are more
nebulous or actually comprise speaific parts of certaw disease syndromes
such as the depletion states which accompany the sprue syndrome or the
nephrotic state One 15 closcly associated with general undemutntion, ie.,
starvabion, yet s lustorically of great importence znd has done atuch to
focus attention on the problems of protetn malnutettion, This entity is, of
course, nutitional edema or hunger edema

HUNGER EDEMA

War, pestilence, and famine have always gone hand in hand. The ravages
of the former two have always overshadowed the latter, As a matter of fact,
de Castro**** pomnts out in Ins Geagraphy of Hunger that famme has been a
routie matter in many areas for centurtes  He cites the fact that, durmg a
2000 year persod, 1820 famines were recorded 1 Clena—an average of almost
a famsne a year The subject of hunger ederua 1s intimately a past of calore
undernutrition and its pathagenesis s far more complex than swapte hypo-
protememia. Yet lowermg of plasma protein concentrations 1s one mmportant
factar and justifies mclusion at this pomt,

MeCance 1 has presented an admirable sccount of nutritsonal or
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which have been studied by Stanbury 43¢ and others. Such goiter may re-
sult from blocks 1 the metabolism of iodine in the thyroid gland itself. If
one reviews the schematic representation of the pathways of fodine in the
thyroid gland (Figure 38, page 75), he may guess that defects in the
enzymes controlling the vanous reactions might occur. So they do  Already
several such defects have been encountered such as inability to oxidize
iodide to 1odine or to couple jodotyrosines to iodothyronine. A third defect
deals with loss of mono- and diiodotyrosine due to defect of the enzyme,
deshalogenase. Hence excess jodine is lost in this way.

Many questions remain to be answered. First and foremost 1s the valid-
ity of Marine’s hypothesis of the cycle: normal-hyperplasia~scolloid
gorter. Although there can be no doubt that jodine deficiency may lead to
hyperplastic goiter, the production of colloid goiter has yet to be achieved
m the laboratory. This is of paramount importance, One would like to know
whether the morphologic alterations descnbed so well by Aschoff continue
to be encountered in endemic areas. In other words, what is the pathologic
anatomy of endemic goiter today? The problem is certainly not as simple
as the magic words “iodine deficiency” lead one to suspect. We have been
too complacent about accepting theories concerning iodine deficiency and
endemic goiter. It is therefore refreshing to read Greenwald's contribu-
tions 81 1122 and hecome aware that the story is not as simple as one may
have thought.
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problem The Public Health Service estimated a total of 25,000 cases for
the year 1911. Because of the seriousness of the problem several special
conferences were called The toxic theory was discussed and ehminated by
the majority of observers sn favor of the hypothesis that the disease was
caused by & microorgauism. Joseph Goldherger, wha had & rich back-
graund in bacterology and eprdemclogy as a result of hus studies on yellow
feves, typhad, dengue, diphtheria, and typhus, was directed to undertake
an mvestigation of pellagra. The story of pellagra from 1914 to 1929 is the
biography of Joseph Goldberger

It did not take long for Goldberger to conclude that pellagra was not an
infectious disease.’® He needed anly to note that, although all the inmates
of a Mississippi orphanage which he visited had pellagra, the employees
never contracted the disease So he wrote at that early date, “the explana~
nion of the peeular exemption under discussion will be found in the optuon
of the wnter 1n a difference 1 diet of the two groups of residents.” Gold-
berger, therefore, added meat and mulk to the diets of the mmates of state
mstitutions m Mississipps and Georggia 4 Within a few weeks pellagra dis-
appeared, not to show wtself agam

Galdberger's next step was te produce pellagra in healthy subjects by
feeding them 2 deficient dset 1#* He persnaded the Governor of Mississippt
to allow hum to ask for volunteers from among the convicts at the State
Pemtentiary, Twelve agreed to submit to the test s return for thew pardons.
Eighty comnets served as controls, pesiorming the same work but receaving
a different diet The expernment lasted from Apnl 19 to October 81, 1915
The dietary regumen was monotonous, though sumlar to that which was
comzaon all over the south a1 the time A typical day’s menn {August €,
1915) was as follows

BAEANFAST  Buscuits, fed mush, gnts,
oun gravy, coffee and sugar

DINNER Combread, cabbage, sweet
potatoes, gnty 20d syrup

SUPPER Fried mush, biscuits, nes,
gravy, cane syrup, roffee and
sugar

Fave of the eleven men who completed the experment deyeloped what
was considered to be pellagra The first cutaneous Jesions were found on
the serotom Dermatitis of the expased postions of the skin then appeared

Despite these exp in human volunteess many students of the
disease ined 1 and d to look upon it as an infec-
tion, Goldberger **7 was forced to go to what today seem hke needless
extrernes 1 osder to convince all the doubtful that the disease was nuts-
tronal m ongin and not nfectsous in nature He attempted to transmit the




316 DEFICIENCY DISEASE

hunger edema in its historical perspective and points out that, although
some good descriptions can be found in the literature of the 19th century
and before, there are not many in all, especially when one considers the
great wealth of information available concemning famines in general. To
explain this McCance suggests that the metabolic effects of food shortages
were masked by the more dramatic ravages of the great epidemic diseases
which always accompanied famines until the first decades of this century.

Following the first world war, edema became prevalent in Central Eu-
rope where undernutrition was widespread and prolonged. A good deal
of attention was focused on this subject. Many clinical obscrvations were
reported and some attempts were made to produce the syndrome experi-
mentally duting the ensuing decade. By the 1930's it was elear that hypo-
proteinerma, or, more precisely, hypoalbursinemia, could result from poor
nutrition and, 1 turn, could give nse to edema, In fact, up until the early
1940, 1t was believed that the greatest contributory factor to nutritional or
hunger edema was reduction in plasma proteins. A number of studies
ated by McCance, ' Gounelle '7 and Keys et al.!? served to indicate
that the problem was far more complex than had been believed and that 2
number of variables had to be considered: (1) generalized increase in body
fluid which in part replaces lost fat and cells; (2) salt intake; (3) posture,
(4) tissue tension, (5) vascular factors; (6) renal function, and (7) hor-
monal effects. We cannot discuss all of these in detail. Listing them serves
to indicate that the problem of the pathogenesis of hunger edema in a given
case is a formidable one and is not simply the result of hypoproteinema.
For 1t 15 now clear enough that, though plasma proteins may be decreased,
edema may not necessarily be present; so, too, serum albumin concentrations
may be within normal himits, and edema can be well-marked.

THE PELLAGRA SYNDROME

The first accurate description of the disease, “mal de la Rosa,” was writ-
ten by Casal in 1735 1183 though his work was not published for some years.
In lus Historia natural, y Medica del principado de Asturias, the dermatitis,
with its prominent distribution about the neck, the sore mouth, the gastro-
intestinal disturbances, and the mania, which may terminate the disease, all
are described Frapoll introduced the name pellagra (pelic agra, rough
skin) in 177103 Even at that time and dunng the ensuing years, the
prevalence of the diseasc in such countries as Spain, Ttaly, Roumania and
France, where maize formed a considerable part of the diet, made certain

. - trore € T on swhich some tovic material

ith explosive violence in the

southem part of the United States and mmmediately became a national
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cured for & time by the administration of saline solution alone.** Further
studies m dogs,** rats,*?** and swine ™% % indicated that on a com or
low-protem diet nicotinic acid was necessary to promote weight gam Ona
Iugh-protein (casem) diet the meotinic acid requirement is reduced to
nothing  Fmally, twenty-three years after Tanner’s clmcal ebservation
noted above, tryptophan was shown to be a precursor of nicotime acid

As a further compheation, the possible presence of a pellagragemic
factor m com ™ must continue to be considered, having not been entirely
proved or disproved

Chmcally, pellagra manifests tself by shin lesions, by functronal and
anatomical changes m the ahmentary tract and by vaned disturbances of
the nenous system 1%

The skm changes have been classified by Snuth and Ruffn 1% as. (1)
those on the cxposed surfaces of the body wiich ave preaypitated by ev-
posure to sunhght, (2) “dyssebaca” or plugging of the sebaceous glands
about the alae nasi, {3} hyperheratosis over the bony prominences, {4)
exconitated lesions of the shin about the pennenm, scrotum and female
gemtaha, {5) fissures of the lips {cherlosts} and ernchs at the angles of
the mouth (angular stomatitis), and {6} lesions of the external portions
of the gy es,

The shin changes begm as areas of erythema which may burn or itch
As the Jesions progress the skin becomes swollen, tender and mote wflam-
med Vesscles and bullae form and then usually rupture  Desquamation be-
gins m the central portion of the Jeston which by this time has become
darkened and scalmp  Hyperg may be y p
Lestons about the genitabia and m the vagma have the same evolution
Scahng lesions may develop without erythma and vesienlation

Microscopically 1188 4188 the earhest change 15 ravefaction of the super-
fieral portion of the conum with dilitation of the blood vessels and prolifera-
tian of therr endothehal hung cells This external portion of the conum
seems to have a spongy appearance Next, the epsthehim, winch has be-
gun to show hyperkeratosss, separates from the corim with the formation
of sesicles filled with flmd contaiming fibrm, ved blood cells, and melanm
prgment Veswculation may begin intraepsdermally or subepidermally Wiath
rupture of the vesicles capillary prohferation accurs  Ulcerated areas are
usually covered with Sbnn and leuhocytes  Relatvely lttle secondary -
fection 1s found, however Healmg takes place m the wsual fastuon, Micro
scopieally, the shin over the bony p shows hy with
perhaps some inerease n nfl y cells i the ficial portions of
the conum

As already noted, snsolverment of the hips 1 common. 19 The chedosis
consists of reddening and thinning of the expased surfaces, Glossstis and
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disease to himself, to his wife and to his fellow workers by injecting them
with the blood from pellagrous patients, by swabbing their nasopharyngeal
tissues with secretions from pellagrins, and by innoculating them with
skin scales and excreta from the patients. All such attempts failed

During this period Goldberger and his collaborators had begun to col-
lect data concerning the typical dictaries of the south, seasonal vanations
in the disease, and other factors It was clear to lim that meat and milk
were preventive or curative; yet these were expensive foodstuffs. Something
cheaper had to be found. In 1922, he 1'% suggested that amino acid defi-
ciency was “probably the etiological factor in pellagra,” having excluded
minerals and the then known vitanns, His associate, Tanner, had noted the
dramatic changes produced in a pellagrin following the administration of
tryptophan which “surpassed anything I have ever seen in a case of pellagra
in an equal period of time,” 11#

Goldberger had also become impressed with the similarity of the black-
tongue syndrome in dogs (page 329) to pellagra.!2™ %0 An experimental
animal for the study of pellagra appeared to be at hand. Shortly thereafter,
when yeast was found to be effective in cuning or preventing blacktongue,
Goldberger went on to show that the pellagra preventive or P-P factor was
heat stable and different from the heat sensitive portion of vitamin B
Large numbers of foodstuffs such as liver, yeast, et cetera, had been tested
for therr pellagra preventive value.

By 1930, a year after Goldberger’s untimely deatls, the problem of pre-
vention and cure of pellagra was m theory, at least, settled. A few years
more were to elapse until the efficacy of nicotinic acid m the treatment of
blacktongue was reported.®*® Late in 1937 and early in the following year
the effectiveness of nicotinic acid in the treatment of pellagra was clearly
demonstrated t190. 1191

For a while the case seemed closed. Yet, for serious students of pellagra
certain questions had not been answered. So, too, studies of nicotinic actd-
deficient diets in expenimental animals raised other perplexing problems
(page 331). The role of sunlight in precipitating the naturally occurrng
disease had been insisted upon by Frapolli from the very beginning %
This phenomenon was studied in some detail by Smith and Ruffin %% in
pellagrins who were first observed on the ward under controlled conditions
and then exposed to the direct rays of the sun for varying periods of time.
Not all the patients reacted but some (15 out of 35) developed dermatitis
and constitutional symptoms, or even glossitis, diarrhea and dementia. At
the present time the role of radiation in the pathogenesis of pellagra is
recognized but not well-understood.

When dogs were placed on a nicotinic acid-deficient diet, the black-
tongue syndrome (page 329) promptly appeared, but the disease could be
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Tongue {JHH 8847) A and B, Jow {x14) and higher {x33), magnifications of
hingual epithehum to show atrophy and chromse mflammatory reaction beveath Com-
pate with pormal, same magmficsians, Figure 174

stomatitis appear early m the cowrse of the disease, manfesting themselves
first by pain and redness The process begws on the mner aspect of the
fips and along the latesal margins of the tongue Such areas may ulcerate
and become mfected, parbicatarly with Vincent's orgamisms, a phenomenon
which s espeesally hikely to happen as the lestons are spreading to imvohe
the dorsum of the tongue I the disease 1 m a chrone stage, the fliform
and fungiform papiilae beeome atroplue, hence, the tongue assumes a
smoath app Pains 1 the esoph and the stomach are common
Drarrhea 1s usually present  So, too, nausea an<l vormting may be promnent
Microseopte examnation of the tongue reveals atrophy of the epithehial

papillae with a superficial acate and subacute inflammatory reaction Ul
cerations of the esophagus and stomach are non-specific, though i the
former area secondary mvohement by Vincent's organisms mey be prom-
nent The small mtestine rarely shows very much grossly or microscopically
Qn the other hand m the colon, “changes are remarkably constant and are
all but speatfie,” according to Denton 1** Numerous small uleers are found,
covered by a fibrnous i Larger uk have hangi
margins  Small abscesses are seen in the submucesa  Cystic dilatations of
the mucous glands are p i these are i of what has been
lescrnbed m pantoth. acd defi in swine {page 228) Fatty bver,
usually peniportal m nature, 15 seen,
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Ficure 120 PELLAGRA

Tougue. A. Smooth “magenta” tongue B Skin Hyperkeratosss, elbow In addi-
tion, some excess pigmentation 1g present. C. Classical, scaling, hyperpigmented,
dermatitts of forearms and hands. (Courtesy of Dr. T. D, Spies )
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Ficure 123 PELLAGRA

Skin (JHH 8847) A Low power (x7%) of vesicular lesion found at autopsy which
shows separation of epithehum from conum B and C (v85) Edges of vesicle to -
dicate plane of scparation A thirty-three-vear-old female who was admitted to the
hospital with soreness and burning of arms, hwving eaten poorly for several months
She died m 1928 without anv speaific therapy

P

nausea, vomiting and anorexia  Dict had been madequate Lesions on the hands
followed prolonged exposure to a baking oven. He was given fluids and a basal diet
contaming no B witamins for eight days without improvement  On the mnth day 90
mgm of mcotmc acid were admmistered intravenously There was a steady mmprove-
ment of the tongue within twenty-four hours, two weeks later the hands appeared as
m B and exposure to a heat lamp failed to provoke a relapse  (Courtesy of Dr D T.
Smuth and The Southern Medical Journal )
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year-old white male was admitted to the hosps
thematous scaling over the dorsum of the hands, diarrhea,

Skin A This fifty-four-
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W
Ficure 126 PELLAGRA.
Liver. (JHH 12860) Fatty infil in an alcohohe who had developed pellagra.

Virtually no treatment had been admlmsu‘re(l before denh (1931) The hu) change
1s predommately periportal (x35),

Chnically symptoms and signs of involvement of the nervous system in
pellagra are extremely variable,199% 1952199 A]] types of mental abnormal-
ity may be encountered: melancholia with suicidal tendencies, excitement,
stupor, mutism, and delerium. Epilipsy and severe headaches are de-
scribed  Dimunition in thermal, tactile and painful sensibility is seen. So,
too, ataxia, tremor, sometimes of the intention type, dysphaga, dysarthra
and reflex changes occur.

At autopsy, there is cvidence of damage to many neurons, to the
peripheral nerves and to the fibers in the spinal cord and, to a lesser extent,
those in the bran  In addition, changes in the small vessels of the bram are
found Thus, the entire nervous system appears to suffer a diffuse insult.}**
1197, 1198, 1287 1288

The neurons show an increase in pigment and in the fat content of their
cytoplasm. These materials tend to accumulate in the central part of the
cell, displacing the nucleus to the periphery The basophihc, metachromatic
Nissl substance is also displaced toward the cell membrane In severely
damaged cells this nbonucleoprotein undergoes lysis The pattermn of in-
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volvement of the neurons is variable Usually, however, the sensory graups
are more seserely affected than the motor cells Particularly susceptible are
the dorsal root neurons and the cells of Clarke’s columns

Lesions m the pertpheral nerves and spinal nerve roots are evidenced by
the presence of free fat as a result of myelin degeneration  Similar focy are
found in the white matter of the spmal cord where both lateral and dorsal
columns may be mvolved. The early changes are patchy and focal. Chronic
progressive changes give nse to tract degenerations Neutral fat may be
found wm phagoeytes about blood vessels i the white matter of the bram
Large lesions in this region are uncoramon  in the areas where nerve fiber
degeneration has occurred, ghosss 1s found Vascular changes also appear
to be part of the changes in the nervous tissues, thongh they have nat been
abserved in all eases of pellagra When present they consist of hpoid mfiltra-
tion and mgmentation of the small cerebral arteroles and capsllanies with
hyahne deposits m the walls of the latter

The fact that classtcal pellagra has eccurred endemically in areas where

Ficune 137, Prieacna

Spmal cord (JHH. 11663 ) This autapsy has beeas reported by Langworthy 1
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Ficure 128. PELLAGRA.

Spinal cord, human A Areas of demyehimzation of spinal cord of individual dying of
pellagra (J. H H, 11663). B and C. Changes in neurons from same case to show chro-
matolytic ;\Ilemhons
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corn forms a large part of the diet has made 1t clear to many that the disease
must be looked upon as a iple d d The def

of comn have been discussed elsewhere (page 15). It 1s only necessary to
pont out here that a number of the pathologic changes which go to make
up the pellagea synd are not necessanly praduced excl ly by nico-
timie acid (tryptophan) deficiency. For typical glossitis has been
observed i the human as a result of a lack of the following nutrients 1ron
(page 229), pyridoxme (page 248), nboflavin (page 218) and biotin (page
266). Scrotal dermatitis may be related to riboflavin deficiency (page 218).
Cheilosis may respond to pyrnidovine therapy.'!t Scaling dermanhtis has
been seen 1 patients subjected to pyndowime deficiency (page 248). It

is virtually mpossible today to cl 1ze fically the exact defici

which may eust in a given case of pellagra in a particular part of the world
This 15 a serious defect 1n our understanding of deficiency disease that should
be remedied 1f one asks the questions: to what biochemical defects are
the tongue, hp, alimentary, skin, neurological, and other lesions due, the
answer 15, “we don’t know " Perhaps some day we shall, though 1t 1s likely
that the syndrome will have to be studied m the expenmental animal more
extensively than it has in the past.

THE BLACKTONGUE SYNDROME

11 1

A disease in dogs, wluch cl y 15 1zed by v loss
of appetite, and diarrhea, and m winch at autopsy congestion and ul-
ceration of the gastromtestmal tract are found, was first recognized in
Germany during the latter part of the last century *%° In Amenca tlus
canme malady was called blacktongue and was regarded as infectious m
nature, although attempts at demonstrating an etiologic agent were un-
successful. According to Joseph Goldberger,** blacktongue was well-
recogmzed by veterinanans in the southern part of this country during the
early part of the century Since pellagra was so prevalent i the same area
at this time, the close resemblance of the two diseases was striking. Gold-
berger 129 quoted Dr. Spector of Concord, N C, who stated 1n 2 brief note,
“so-called blacktongue 1s canine pellagra™

The first expersmental evidence for the nutntional engm of blacktongue
appeared 1n 1917, when Cluttenden and Underlull 2°2 desenbed a syndrome
which they hiad observed in dogs winch were placed on a diet of dried peas,
cracker meal, and cotton seed oil or lard, with or wathout the addition of
small amounts of meat They wrote, “The onset of pathological symptoms is
generally very sudden. Usually the first abnormal manifestation 15 a refusal
to eat, and exammnation will reveal nothing to account for the loss of ap-
petite. The animal hes quietly 1n sts pen and is apathetie. After continned
refusal to eat for a day or two, the mouth of the dog will present a peculiar
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and characteristic appearance. The inner surface of the cheeks and lips
and the edges of the tongue arc so covered with pustules as to give the im-
pression of a mass of rotten flesh. The odor from these tissues is foul and
almost unbearable. When stroked with absorbent cotton the mucous Jining
of the mouth comes away in shreds. Intense salivation is present. The teeth
appear to be solid and normal. A bloody diarrhea is present, attempts at
defecation bemng very frequent and resulting in the passage of little more
than a bleody fluid of foul odor. In some cases, the thorax and upper part
of the abdomen may contain many pustules half an inch in diameter which
are filled with pus orgamsms. No other skin lesions arc prominent. Death
usually results without any particularly striking features.

“At autopsy two types of conditions are recognizable. In the animals
presenting foul mouth and bloody diarrhiea the chief interest centers in the
lower bowel and rectum which exhibit an intense hemorrhagic appearance.
With those animals dying rapidly from convulsions the only visible ab-
normality of the alimentary tract is the presence in the duodenum of one or
more large ulcers ™

It was concluded- “In the essential features, the pathological manifes-
tations described m this mvestigation closely resemble those which may be
observed in human pellagra.”

At the time that this report of Cluttenden and Underbill appeared,
Goldberger had already succeeded in producing experimental pellagra in
the human 11%¢ He and Wheeler modified their human diet to one consist-
mg ot cornmeal, peas, casemn, cod liver ail, cottonseed oil and salts = By
this means a chintcal syndrome was produced in dogs wlich appeared identt-
cal with that which the New Haven investigators had described. However,
mieat or yeast wis found to be effective m preventing the disease. This was,
of course, not consistent with the results of meat feeding by Chittenden
and Underhill.

The pathologic changes occurring in the tissues of Goldberger’s dogs
were studied by Denton, 1293 who found mycroscopic lesions in the mucous
membranes of the mouth, pharynx, esophagus, and mtestines, and the skint
of the scrotum The underlying change was interpreted as a “degenerative
process affecting the superficial connective tissue of the mucous and dermal
membranes Changes in the supporting tissues of these mucoid membranes
are followed by secondary ones 1n the epithelium. The lestons tend to termi-
nate n an extensively necrotic and diphtheritic mflammation of the upper
alumentary tract.” Denton hikened the changes in the dogs to similar lesions
which he had deseribed previously in autopsies on pellagnns.*1%¢

Soon, a second report, which was an extension of the earlier e'(perimf;lat‘,
appeared from the Yale Iaboratory, this time by Undeshill and Mendel."
They confirmed that the diet of peas, cracker meal and cotton seed ot
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3 3, 1

would prod the s } 10 years before. Tissues of ther
anfmals were stadied 1 some detatt by R A Lambert, who called attention,
m particular, to “hyalne d and thng of the subepithelat
connective tissue” of the buceal lesions The fnal conclusions of the New
Haven laboratory were that the most effective protective substances ap-
peared to reside m fresh pag hnver, butter fat and, i partienlar “erystalhized
carotin

These studies by the Yale mvestgators and by Goldberger and hus co-
worhers at the U § Hy gienie Laboratory nere confusing smee an rdentical
syndrome appeared to have been produced m dogs whch would respond
on the one hand to ltver or carotm and on the other to meat or yeast

Simtlar studies w which a Goldberger-type dhet was ntihized were camned
forward at the Rochefeller Institute, where Rloads, ef af 1% %% ghowed
that severe anemm might accompany the chrome stomatitis, sainatwon,
glassttss, loss of weight, and darrhea which clharactenize the blacktongue

i At er, lerkoy and a m the bone marrow which
were remuuscent of those seen 1 the sprue syndrome or permicious anemua
were observed  Lestons m the nervous ussues were also desenbed

At the same time, South and his assocuates were studying the black-
tongue syndrome at Duke Umversity 2% They were able to reproduce both
types of blacktongue and to cure the Cluttenden-Underlull form with cod
hver ail, probably due to tts vitamin A content, and the Goldberger type
with meat or yeast The buccal ora was studied by these miestigators
In both types of blacktongue, the oral lesions appeared to be the result of

{ with the fusospeachetal group aof orgamsms, which were con-

sidered secondary 1mvaders as a result of fowered tisue resstance

Tunally, impartant observations of the Wisconsin group seemed to con-
clude the blacktongue story, though, as will be seen, not for long Eh ehjem
and his co-workers had been studying the effects of certain Iver fractions
on black bt 1 by a dified Goldberger diet 2% They were
soon able to show that the factor necessary to cute and prevent blacktongue
was meotmic zad amude They found that dogs conld be mawtained m
health on the basal blacktongue-producing diet with added nicotime aerd or
its anmde for seseral mouths 250 1277

The matter was not so easily settled, however, smce several facts led
Handler and s o and properly so, the role of mico-
time acid m the blacktongue syndrome  In the Rrst place, no sigmficant
differences could be detected between the cozymase content of certain
tissues of normal dogs and ammals bing with the fe of
blacktongue ** Furthermore, anwmals which were about to dse of typical
blacktongue counld be saved by the parenteral admmistration of salt sofu-
tion. Thus effect did not appear to result fram & veplacement of fluid which
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had been lost from the gastro-intestinal tract as a result of diarthea, since
some ammals never exhibited frequent stools,'®1® The administration of
salt solution prolonged life in some of the animals for as long as 180 days
However, though all dogs finally succumbed, the clinical course was some-
what different from that of typical blacktongue. Furthermore, Handler
demonstrated that, although the blacktongue syndrome can be produced
with ease when the classical Goldberger commeal diet is fed, purified ra-
tions which contain even less nicotinic acid might not provoke the dis-
ease 1211

At the same time, workers at Wiscansin %12 had been feeding purified
diets contaming 19 per cent protein to weanling puppies and had observed
extensive loss of weight, anorexia, inflammation of the gums, and erythema
of the palate after fourteen to eighteen days Similar changes could be pro-
duced 1n adult dogs after thirty to forty-five days; however, the alterations
were not entircly characteristic of blacktongue. Inasmuch as such deficient
animals would not consistently respond to nicotinic acid therapy, the ration
was supplemented with a folic acid concentrate, derived from solublized
lver extract. The dogs were then found to respond unitformly to nicotinic
acid therapy; furthermore, they did not relapse. Dogs deficient in nicotmic
acid but receiving adeqnate folic acid appeared to have a Jower incidence
of buccal lesions; such might indicate that this part of the blacktongue syn-
drome is not due to nicotmnic acid deficiency.* Inconclusive studies of the
blood were reported in these two groups of experiments; this is unfortunate
since Handler had shown that dogs on a commeal ration deeloped a pro-
gressive anemia which in some animals was macrocytic in character.’? He
proposed the hypothesis that decreased red blood cell formation results
from an inadequate supply of cozymase, which is needed for the respiration
of the immature erythrocyte.

Finally, the importance of com in the pathogenesis of blacktongue .b?-
cause of its low tryptophan content and hence its insufficiency as a nicotinic
acid p has been well-established.!t4 1215 On the other hand evi-
dence for a “pellagragenic factor” in corn has been presented * but needs
further investigation.

At the present time the patl is of the black nd has
not been further clarified. A good deal more needs to be learned of the bio-
chemical as well as the anatomical alterations which give nse to this entity:
From the brief history which has just been related, it appears that the Gold-
berger-type diet 1s deficient in tryptophan, and hence in nicotinic agld~
What effect lysine supplements to the corn might have is something which
remains to be studied. So, too, additions of vitamm B,, and other nutrients
to the diet should be evalnated. It may be sigmfi that the intestlfla]
changes described in blacktongue resemble those which are found in swine
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which have been made deficient in pantothenic acid The role of folic acid
in curing the granulocytopena ts mmportant to evaluate, since a reduction
m white blood cells might be responsible for the invasion of the buccal
tisues by microorganisms. Moreover, the therapeutic effects of salme are
most puzzling, The ongmal blacktongue syndrome, which was first de-
scnbed by Chittenden and Underhill, needs to be clanfied. Although vita-
min A deficiency appears to be the most likely explanation, such may not
be the entire story The response of both types of blachtongne to antibiotics
would seem worthy of nvestigation Al in all, after reviewing the fascinat-
mg story of twenty-five years research on blacktongue, 1917-42, 1t 15 per-
fectly obvious that much mught be Jearned if all was to be repeated by one
laboratory, employmg both natural and synthetic diets, study mg biochemical
and structural alterations, and mvestigating the effects of vartous therapeu-
tic agents

KWASHIORKOR

The title of this section is hwashiorkor, but could just as well be, nutri-
tional edema of infancy, syndrome of malignant malnuirition, sindrome
poli ial infantd, infantile pellagra, MehInahrschaden, fatty ler dis-
ease, or a host of other names. Today, most workers mn the field of protem
malnutrition appear to favor the term kwashiorkor What does thus word
mean and how may one define this climeal and pathologteal entity?

The first description of the promment features of the disease appeared
m 1933 when Cicely Williams seported a seres of cases from the Children’s
Hospital at Accra 1218 The syndrome consists of oedema, chiefly of the
hands and feet, followed by wasting, diarrhoea; intability, sores, chiefly of
the mucous membranes, and desquamation of areas of the skin in a manner
and distnbution which 15 constant and unique, The disease attacks children
of erther sex, between one and four years old It appears to be due to some
dietetic deficriency and to be uniformly fatal unless treated early. In all cases
seen there was a history of an abnormal diet Breast feeding had been
given by an old or else a pregnant woman, and the only supplementary
food consisted of a preparation of maize Three post-mortem exarmnations
have been held. All three have been exactly like those quoted at Jength in
case 2, the only thing of note bemng a pale, fatty, almost difffuent Tiver ”

Two years later Wathams contnibuted a second paper, Kwashiorhor A
nutritional disease of children associated with a maize diet.1217 This 1s the
first time that the word kwashiorkor was used Wilhams indicated that this
term was mn use on the Gold Coast to refer to the altered physiological
state of a child, usually the first, which developed after weamng, because of
the expectation of a new baby In other words Jkwashiorkor ndicates the
disease the deposed baby gets when the next one 15 born,” It would not
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had been lost from the gastro-intestinal tract as a result of diarrhes, since
some ammals never exhibited frequent stools.!?® The admmistration of
salt solution prolonged life in some of the animals for as long as 180 days.
However, though all dogs finally succumbed, the clinical course was some-
what different from that of typical blacktongue. Furthermore, Handler
demonstrated that, although the blacktongue syndrome can be produced
with ease when the classical Goldberger cornmeal dict is fed, punfied ra-
tions which contain even less nicotinic acid might not provohe the dis-
ease.lﬂl t

. At the same time, workers at Wisconsin 1212 had been feeding punfied
diets containing 19 per cent protein to weanling puppies and had observed
extensive loss of weight, anorevia, mflammation of the gums, and erythema
of the palate after fourteen to cighteen days. Similar changes could be pro-
duced 1n adult dogs after thirty to forty-five days; however, the alterations
were not entirely characteristic of blacktongue. Inasmuch as such deficient
animals would not consistently respond to nicotinic acid therapy, the ration
was supplemented with a folic acid concentrate, derived from solublized
liver extract. The dogs were then found to respond uniformly to nicotmic
acid therapy; furthermore, they did not relapse. Dogs deficient in nicotinic
acid but recewmg adequate folic acid appeared to have a lower incidence
of buccal lestons; such might indicate that this part of the blacktongue syn-
drome is not due to micotinic acid deficiency.*>* Inconclusive studies of the
blood were reported in these two groups of experiments, this is unfortunate
since Handler had shown that dogs on a cornmeal ration des eloped 2 pro-
gressive anemia which n some Is was ytic in cl 1213 He
proposed the hypothesis that decreased red blood cell formation results
from an inadeq supply of cozy , which is needed for the respiration
of the immature erythrocyte.

Fmally, the importance of com in the pathogenesis of blachtongue be-
cause of its low tryptophan content and hence its insufficiency as a nicotinic
acid precursor has been well-established 12141215 On the other hand evi-
dence for a “pellagragenic factor” in com has been presented #5¢ but needs
further mvestigation.

At the present time the pathogenesis of the blacktongue syndrome has
not been further clarificd. A good deal morc needs to be learned of the bio-
chemical as well as the anatomical alterations which give nse to this entity.
From the brief history which has just been related, 1t appears that the Gold-
berger-type dhet is deficient in tryptophan, and hence in nicotinic acid
. = N o +<vete. oo —emething which

sther nutrients
. the intestinal
changes described in blacktongue resemble those which are found in swine
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which have been made deficient in pantothenic acid The role of folic acid
in curing the granulocytopenta 1s mportant to evaluate, since a reduction
m white blood cells mght be responsible for the mvasion of the buccal
tisues by microorganisms. Moreover, the therapeutic effects of saline are
most puzzling. The original blacktongue syndrome, which was first de-
scribed by Chittenden and Underhill, needs to be clarified Although wita-
min A deficiency appears to be the most ltkely explanation, such may not
he the entire story The response of both types of blacktongue to antibiotics
would seem worthy of mvestigation All m all, after reviewing the fascmat-
g story of twenty-five years research on blacktongue, 1917-42, 1t is per-
fectly obvious that much might be learned 1f all was to be repeated by one
laboratory, employing both natural and synthetic diets, studying biochemical
and structural alterations, and mvestigating the effects of vanous therapeu-
tic agents

KWASHIORKOR

The title of this section 1s kwashiorkor, but could just as well be, nutri-
tional edema of infancy, syndrome of malgnant malnutrition, sindrome
li ial nfantil, infantile pellagra, Mehlnahrschaden, fatty hoer dis-
ease, or a host of other names Today, most workers mn the field of protein
malnutnition appear to favor the term kwashiorkor What does this word
mean and how may one define this clinieal and pathological entity?
The first description of the promment features of the disease appeared
m 1933 when Cicely Williams reported a seres of cases from the Children’s
Hospital at Accra 218 [‘The syndrome consists of oedema, chiefly of the
hands and feet, followed by wasting, diarrhoea; irntability, sores, chiefly of
the mucous membranes, and desquamation of areas of the skin in a manner
and distribution which 15 constant and unique The disease attacks children
of either sex, between one and four years old It appears to be due to some
dietetic deficrency and to be uniformly fatal unless treated early In all cases
seen there was a history of an abnormal diet Breast feedmg had been
given by an old or else a pregnant woman, and the only supplementary
food consisted of a preparation of maize Three post-mortem examinations
have been held. All three have been exactly like those quoted at length in
case 2, the only thing of note bemng a pale, fatty, almost difffuent ltver ™
Two years later Williams contributed a second paper, Kwashiorkor. A
nutritional disease of children associated with a maize diet.*!" This 1s the
first time that the word kwashiorkor was used. Williams indicated that this
term was in use on the Gold Coast to refer to the altered physiological
state of a child, usually the first, which developed after weaning, because of
the expectation of a new baby. In other words kwashiorkor indicates the
disease the deposed baby gets when the next one 1s born.” It would not
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appear to he correct to translate hwashiorhor to mean “red boy” or some
other term.

At the same time the disease had begun to be recognized and wntten
about in many other arcas: Latin America, Mevico, South America, Jamaica,
southern India, and Africa from the southern border of the Sahara desert
to the northern boundaries of the Union of South Africa. Moreover, 1t
hecame clear that kwwashiorkor is related to the starch dystrophy syndrome
or Mechinahrschaden '*%* described in Europe during the Frst part of this
century

In her initial deseription of the syndrome, Williams 12! pointed out the
curious tribal customs of the natives of the Gold Coast, where babues are
fed on the breast until the next child is bom. The breast feeding period is
rarely less than two years and may last longer. After weaning, which may
be intermittent as a result of foster breast fecding, the child receives a diet
consisting almost exclusively of corn in the form of a paste or gruel. The
adult dict is poor, too, composed mainly of maize supplemented by yams
and cassava, with only small amounts of fish and meat. No milk or butter
15 used. Oceasional fruit is available and tomatoes, onions, eggplant and
okra are fairly widely consumed. Thus, the infant, or more usually the two
to three year old clild, is weaned from a diet of milk, which comes from a
poorly nourished real or foster mother, to a diet which consists virtually ex-
clusively of corn

Since kwashiorhor is found in so many arcas one might cxpect its clinical
and pathological manifestations to vary somewhat from place to place de-
pending on differences in local customs and in diets. This is true. The
following general account is derived from a group of well-documented
studies which deal with the disease in Africa,!?!% 1218 Central Ameriea,'?**
1221 Brazil122* Jamaica,?® India,'2** and certain other tropical and sub-
tropical areas 1225 1228

here would appear to be agreement that the clmical syndrome usu-
ally consists of the following: (1) Retardation of growth; (2) Weight loss
with muscular wasting; (3) Apathy and other psychic changes, (4) Derma-
titis, (5) Changes in the hair; (6) Edema of variable degree; (7) Diarthea,
and (8) Enlargement of the liver.

Soon after weaning the child who may be expected to develop kwashi-
orkor evinces retardation in growth This failure is manifested specifically
by decrease in length with respect to age and by a reduction in body
weight, provided, of course, that excessive amounts of water are not being
retained. When edema is present, appearances may be extremely decep-
tive. Among patients n some areas, such as Jamaica, the amount of snl?-
cutaneous fat may not be decreased, presumably as a result of the child's
high carbohydrate intake 1222 Wlen x-ray studies of the sheleton are car-

-~
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ried out, several ah lities may be 12227 A definite decrease

m bone age is found, that is the number of centers of ossification, for in-
stance in the hand, 1s lower than ane would expect to find in a well-nour-
1shed child the same age. This would mndicate that the deficient state has
been in progress for some time, In addition, dramatic effects of more
severe episodes of growth arrest are seen m the form of transverse strata
m the metaphyses of long bones. These alterations may be interpreted to
arise because growth of epiphyseal cartilages has virtually ceased for mter-
vals during which osteoblasts continued to deposit bone on therr under
surfaces 1228 With vesumption of the growth of cartilage these strata, or
transverse lines, are left as markers as the epiphyses move away from them

The psychologme aspect of the chmeal pattern of kwashiorkor has aptly
been summarized as a state of “pecvish mental apathy,” 222% which has been
deseribed more fully as follows “A chuld with hwashiorhar 1s dull, apathetic,
and muserable® It rarely screams or cries, a low miserable whimper 1s the
only vocal sign of its wretchedness. We are all famihar with the African
child who, terrified by the European doctor, fights and ressts exammation
to the frut of ats strength. Not so the kwashiorkor c¢inld, it will rarely of
ever resist examination in the least degree, and will never fight and scream,
its apathy is too great Chuildren with kwashiorkor are so dull and apathetic
that 1f put to sit m one place they will remam sitting there until Lfted up
again. They never, as do so many other children, go wanderng off down
the ward to igate matters for th 1 1t one can get a stmle out
of a cluld with kwashiorkor, one can assume 1t is well on the way to beng
cured 7 1220

Changes in the skin and at least one of its appendages. the i, have
recerved a prominent place m clinjcal deseriptions of kwashiorkor. The skin
changes include atrophy and areas of hyperkeratosts with excessive pigment
formation. On the other hand, generahzed loss of pigment may be seen
So, too, following healing of skin lesions, localized foc1 of hypop tion
may be encountered The skin lesions appear to have somewhat the same
evolution as those of pellagra erythema, vesiculation, scaling, hyperpigmen-
tation. They differ, however, from pellagra 1o that they do not appear to
be affected by sunlight and consequently do not have the same distribution
The dermatitis of kwaslnorkor 1s seen most promunently over the trunk,
thighs, buttocks, ingwnal regions and popliteal spaces. Sometimes the skin
lesions have the appearance of second degree burns Hyperkeratotic
changes give a flaky appearance to the skn, this has been called the “Baky-
pant” dermatosis,

When changes are seen in the harr, they are strkang, thongh other causes
of hypach ichia must be excluded, If the hair 1s black it may become
hgliter in color, often acqunng a reddish tint. A dramatic characteristic is

 r—
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Hair. Zone of loss of pigment of hair in child who has recovered from kwashjorker
Tlus 1s the signo de bandera. (Courtesy of Dr, Amold Schaefer )

that the loss of color may be sharply d ted, hence, a ck band
of depigmentation is seen (signo de bandera). This may be even more dra-
matically brought out following therapy. The hair may be thin, dry and
sparse and may be readily pulled out, In African infants the hair may be
straight, distinctly an abnormal feature.

Lesions of the ) and the junctions are
common The glossitis, cheilosis, and angular stomatis are similar to these
changes seen in other deficiency disease syndromes (page 452).

Edema is usually noted first 1n the feet and lower legs. Swelling then
appears in the hands, thighs, sacral region, back, upper extremities and face,
Ascites 1s a late manifestation of the disease.

Among the evidences of gastrointestinal disturbance anorexia and vom-
iting are common. Diarrhea is usual. The stools contain an excessive amount
of fat. The diarrhea appears to have several causes: (a) diminution of pan-
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creatic secretions; (b) loss of absorption of intestinal contents due to
changes in the mucosal cells (see below), (c) bacterial infection,***® and
(d) parasitic infestations.’** More will be said later about the relation of
animate agents to the exacerbations of the disease

On palpation the liver 15 usually found to be enlarged and may extend
several fingers breadth below the costal margin The spleen 1s ordinarly
not enlarged.

Anemia 222 15 commonly, though not mvanably, present. Tlis may be
related to deficiencies of nutnients such as iron or to intestinal parasites

A large number of biochemmeal studies have been carried out on blood,
mtestinal contents, urine and tissues of children n vanous stages of kwash-
orkor as 1t progresses to death or during the recovery peniod following treat-
ment.1238 1234

The most consistent alteration mn the blood, one of the changes upon
which the dragnosis of the disease rests, 1s hypoprotemnemia The fall m
serum protemn level 1s due to a reduction in the albumimn concentration which
may be extreme Generally a nse mn the total globulin is observed, of the
globuhns, the alpha 1 and gamma fractions are increased,

Alterations 1 the muneral constituents of serum have been inconspic-
uous 124 However, decreases 1n certain vitamins have been observed, these
mclude vitamin A (and carotene), vitamn E, thiamine and nboflavin A
decrease 1 serum cholesterol levels has been reported. The values of cer-
tan enzymes m the blood are reduced, alkaline phosphatase, amylase, lip-
ase, and esterase are all low and nse following therapy

The concentrations of certamn enzymes n duodenal secretions have been
studied Low values have been found for lipase, esterase and trypsin The
fat content of the mtestmal contents 1s elevated Fat balance studies have
revealed a marked deficit 1255

The unnary excretion of ammno acids has been reported on 12%¢ Pre-
liminary studies would mdicate that free ammoactduna is absent and may
appear during the “recovery syndrome” Certam abnormalities are seen
m the ammo acid excretion pattern, a ngh ratio of 1soleucine to leucine,
a high ratio of phenylalanime to tyrosine, and a low excretion of threonine.
Whether future studies will continue to confirm these abnormalities re-
mains to be seen.

Chemical analyses of tissues removed by biopsy have revealed a num-
ber of changes. The fat content of the liver 1s mcreased This nse 1s due
to neutral fat as well as to cholesterol For instance, m a series of Jamaican
infants the total fat content on a wet weight basis was found to be 338
per cent, after therapy the fall to the normal of 3 1 per cent.’?*? A decrease
m cytoplasmic protem has also been noted since the RNA content 1s low
n relation to DNA; the former nises following therapy.i2st
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Ficure 130, Kwasiiorkon

Lner A (x100), and B (x430). Diffuse fatty nfiltration of the hner in child dying
of kwashiorkor. (Courtesy of Dr. J. N, P. Davses.)

The actwities of certain enzymes in tissues have kkewsse been studied.
Pseudo-cholimesterase activity of liver biopsy tissue is reduced. So, too,
the vitamin content of liver tissue may be reduced; particularly depressed
are vitamm A and niacin levels.

The findings which have been deseribed in autopsies on children dying
of kwashiorhor are rather charactenstic and help corroborate as well as
amplify the clinical findings which have already been described. Edema
may be variable and will, of course, depend to some extent on precedmg
treatment Anasarca is the rule, however, the classical case has much fluid
in the subcutaneous tissues, perttoneal, pleural and pericardial cavities and
in the retroperitoneal area. Ascites 15 particularly prominent 1f vascular
disease is present in the liver.
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“The hver may appear markedly enlarged or may not be particularly
changed in volume. ™™ The color vanes depending on the amount of fat
present, Those with the most hpd have an ochre or canary-yellow appear-
ance, The capsule 15 shiny and tense, pasticularly when a Jarge amount of
fipsd 15 present. On mi P fon, varying of fat are
found in the liver lobules From studies at autopsy mn Africa and biopsy
observations durmg the return of the hver to normal after the mststution of
appropriate therapeutic measures it would appear that fatty mfiltration
begms in the penportal areas  Here fine droplets are found m the cyto-
plasm, These droplets distend 1he cell so that the simusods appear to be
compressed. As the process contuwes the fat begins to accumulate i the
cells of the mad-zonal portion of the lobule and finally comes to occupy
all of the cells about the central vein By this time the organ has become so
infiltrated with fat that it 1s sometimes difficult to recogmize as liver tissue,
this can only be determmed by the presence of the penportal trad of
artery, vem, and bile duct, In the peniportal areas vanable numbers of
cells are found mfltrating the connective tissues, these are preponderantly
mononuclear elements Followmg therapy, fat first disappears from the
central part of the lobule, then the mid-zonal, and finally the penportal
cells are restored to normal

Most pathalogists who have studted the hvers of cluldren dying from
kwashiotkor have found httle else In Afnca ome may find malanal pig-
ment and the p of certain such as anhyl and
schustosomes  Parasites may also be found when the hver is examined
other geograplucal areas In general st can be stated that relatively hittle
wcrease m connective tssue 1s found m the fatty hver Such a finding 18
to be expected when it 1s realzed that kwashiorkor 15 ordinanly an acute
disease and of treatment 1s nat instituted the chidd will die Hence of fibrosis
mught be anticipated there 1 not much time for prohiferation of excessive
collagen fibers to occur. Davies 2 has desctibed an merease 1n reticulum
fibers 10 the penportal areas, Tepada *#* has pictured simlar alterations
Unless some compheating factor is introduced no further cosnective tssue
prohferation appears dunng the penod the disease runs ats cousse m the
ardmary, untreated case

The chemical evidence of inereased fat content in the Iwer has already
been mentioned. Histochemical studies of liver tissue obtasned at biopsy
have revealed an increase 1 alkaline phosphatase activty,i#3¢

In addition to the fatty mfiltration another alteration has been observed
m the hver of mfants dying in Jamaica 1323 1240 and Tnds. This change
consists grossty of a gelatinous thickening of the portal vem radicles mn the
hver. On microscopic exammation extensise mtimal prolsferation s found
in the Jarge and small portal vems, so that eventually many of these vessels
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Figure 131, KwAasHIORKOR.

Pancreas. A Normal (x 250). B Ascinst bissue from child dyving of kwashiorkor, Note
extreme atrophy (x 230), (Courtesy of Dr. J. N. P. Davies )

become occluded. This alteration, which has been called venous occlusive
disease (V.0.D.), gives rise to a scarred liver; ulimately death occurs from
Diver failure The alteration has been shown to be due to the practice of
gaving infants infusions of bush tea contaimng the senecio leafi122¢ Such
lesions are seen in adults*$! and have been well-authenticated in the ex-
perimental animal.}242

A good deal has been made of pancreatic changes in kwashiorkor, par-
ticularly by Davies.?*® The earliest alteration is a reduction in size of the
ascinar cells with a corresponding diminution in the number of secretory
granules. This is followed by hyalmization of the cells and dilatation of the
small ducts Coincident with these lesions new connective tissue begins
to appear about groups of ascinar cells and around the ducts. Alterations
of the islets of Langerhans are not striking until the connective tissue be-

comes excesstve. An important question, which has been raised concern-
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Stomach 4 {x55), B (s145} and C (x400) Atrophy and cystie dilatetion of ghands
w chuld dving with kwastiorkar (Caurtesy of Dr J N P Diies )

can be settled only m the expermental ammal, since virtually all eases of
kwashiorhor now coming to autopsy have been treated

Renal lesions, consisting of hyahnzation of glomeruk and proliferation
of the capsular epithelial cells have been descnbed at autopsy on snfants

dymg of kwashiorkoer 1% Whether these represent spearfic alterations or
not remaans to be settled '3
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Changes which have been observed in other organs are: atrophy of the
glands of the intestinal mucosa, atrophy with decrease in colloid and Sbrosis
of the thyroid tissue and atrophy and loss of lipid from the adrenal cortex
and atrophy of the salivary glands.

How may one reconstruct the natural history of kwashiorkor? To do
so one must examine the background, nutritional and other, of both mother
and infant There can be no doubt that the maternal organism is poorly
nourished; frequently calories are deficient but more important the pro-
temn content of the diet is poor, quantitatively and quahtatively. Moreover,
the amounts of certain inorganic elements such as iron and jodine may be
low. In addition, the presence of intestinal parasites may tend to reduce
the well-being of the mother. So, too, the demands of multiple chuldbear-
g are an added factor. All in all, it is clear enough that the infant who is
a potential subject to develop kwashiorkor comes from matemal stock
which is as poor nutritionally as one could expect to find.

That the infant is poorly prepared is shown by analysis of his food, i e,
mother’s milk, and the content of certain nutrients in his own organism at
birth. Analyses of human milk for certain vitamuns, mmerals and proteins
have shown decreases. So, too, analyses of the serum levels of certain of
these matenals in the newborn have indicated reductions from the accepted
standards for well-nourished infants at birth

Be this as jt may, no chnical disease is particularly evident while the
mfant is nursing, even if lie is put to the breast of a foster mother, The
nursing period, which varies in different areas of the world, has been sur-
veyed by Jelliffe.'>>* During this time the infant is exposed to any num-
ber of insect and water-bome diseases, particularly malana in certain areas
The role of such infections has not yet been closely delineated nor have
the protective effects of antibody derived from the mother in utero or in
the maternal milk been assayed. It is this preweaning, incipient hwashiorhor
period of which we have least information, either from clmical or patho-
logical studies, since most observations until recently have been restricted
to severely ill infants and children requiring hospitahzation.

At any rate, weaning, which may be at six months or as late as three
years, brings about ration consisting of a porridge of maize or some other
grain  From now on, though growth may have been proceeding at a slow
rate, the growth curve may flatten out or may even drop in comparison
with what should be expected. In sucl children one may begin to find
periportal fatty mfiltration of the lver at autopsy if they die of some in-
fectious or other disease, or edema of the dorsal portion of the feet may
be detected; or anorexia and hstlessness may become apparent. Examina-
tion of the blood constituents before florid kwashiorkor manifests itself
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may reveal anemsa and d " of alt hol 1
certain vitaromns and nunesals  Skin lesions may also develop

The stage appears to be set for chmcal kwashiorkor, which so frequently
15 ushered i by dsanrhea The mfant overmght becomes severely i Edema
mereases, diazrhea 15 excessive, the cinld becomes more apathetic and skin
changes becosme more severe Thus 1s the flond clmical prcture wihteh Cicely
Williaras described for us at the beguming of tns section.

Vanous forms of treatment have been tned  Most successful have been
midk supplements Vitammns and mmerals are not effective  Protemn appears
1o be the dersive factor and recently Brock 244 has adminsstered erystaline
ammo acds with success

Several questions sematn to be asked and discussed. First, what 15 the
refation of kwashtorkor to marasmus® By the latter term one means starva-
tion m wmfancy. The group at INCAP m G la City has d
on this 122 and have sck dly rep L the two synd as form-
g the base of a pyramid with the various mamfestations of each varymg
m degree so as to make up the full-blown syndiome of one or the other
This s a most satistactory way to regard the sitvation chnrcally and empha-

SCHEMATIC REPRESENTATION OF THE TYPES
OF MALNUTRITION IN CHILDREN

HORMAL

GHOWTH RETARDATION
WEIGHT LOSS
PIYCHIC CHANGES
MUSCULAR ATROPAY
PELLAGROID DERMATOSIS
HAIR CHANGES
EDEMA
HYPOPROTEINEMIA
FATTY LIVER
©F DISTURBANCES
o
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M
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Frevre 133 Tie Pyeawo oF Matvurarnon.

Developed by the prafessnnal staff of the Institute of Nutriion of Central Amenca and
;a;::;:" (‘ 1&’%), with the assistance of Dr. J M. Bengota, Inter-Regional Adwiser in
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sizes, too, the importance of caloric intake, growth, et cetera, on the two
dseases.

Another question which needs comment is, what is the relation of
kwashiorkor to pellagra? Is kwashiorhor the infantile form of pellagra?
The answer to this is not clear. Many of the manifestations of the two
syndromes are the same  Both are related to similar dietaries. The lesions
are ahke, save that the dermattis in children does not appear to be affected
by sunhght It is of interest that so little attention appears to have heen
given this possible relationship in past years. Part of this would appear to
be due to the general loss of interest in pellagra. This is evinced by the
decrease in publications dealing with the syndrome. The situation for
kwashiorkor is quite the reverse It is significant that at a recent confer-
ence held 1 Jamaica on the subject of protein malnutrition*® pellagra
was hardly mentioned.

Finally, it is pertinent to ask, since the history of deficiency disease
teaches us that much is to be gained from studies of human-like syndromes
n experimental animals, what has been done to reproduce a kwashiorkor-
like disease in animals? One might suppose that the most obvious way to
attack this problem would he to feed animals diets comparable to those
taken by infants who develop kwashiorkor, This is just what was done dur-
ing the quarter century {1917-42) when blacktongue in dogs was being
studied. Kwashiorkor, however, had hardly appeared on the scenc at the
time swhen interest in pellagra and blacktongue began to wane.

The problem has been pointedly studied in rats. Fatty liver followed
by cirrhosis hias been observed in rats fed 2 maize meal diet, supplemented
with fermented milk.'? Periportal fat infiltration has been observed in rats
fed corn meal, supplemented with salts and vitamins 1216 We have studied
rats which were fed exclusively on corn meal.**! Nothing resembling &
kwashiorkor-like syndrome can be produced in this species, however. One
finds retardation of growth, alopecia, hyperplastic goiter, changes m hypo-
physis, and rickets. On the other hand, a syndrome rather similar to Kwashi-
arkor has been observed in monkeys.!>” This is characterized by growth
failure, apathy, fatty liver, and hypop ia due to hypoalbuminemi
Much more needs to be donc to delineate the pathogenesis of this syndrome

NUTRITIONAL LIVER DISEASE IN MAN

Durng recent years clinical and pathologic studies of hver disease in
man have focused attention on the role of nutrition in the causation of sev-
eral syndromes which are primarily hepatic in origin. As might be expeckel?,
experiments designed to produce necrosis and cirrhosis in experimental ani-
mals which were discussed on pages 98 and 255 have simulated studies
in the human. Naturally, too, since certain obvious deficiency disease syn-
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dromes, such as pellagre and bnashionhor, are featured, in part, by m-
volvement of the Yiver, investigations dealing with the relation of diet to
other types of hepatic disease were clearly indicated, During the past
fifteen yoars groat strsdes have bzen made in our understanding and recog-
nition of cestan nutntonal duease syndvomes which ave charcterzed
by severe hepatic ivohement, though as will shontly become apparent,
1be precise pathogencesis of each w the hamun subject 18 stlf far from
Chaf 1249 3250

As it oecurs in the human, nutntional fiver disease ean be convenently
sepaxated into three faurly distinctrve syndromes (1) Simple fatty heer.
{2} Fatty boer with msufficiency, and {3) Cirhosis With few exceptions,
i all of these syndromes the primary defect, which may be encountered
on biopsy ot at autopay, 15 2 fatty liver The most commen underlying fac-
tor leading to dietary wsufficiency 15 aleofiohsm  ¥f one biopsies the liver
m a group of alcoholes, 70 per cent are found to have fatty infltration 252
Fatty hver and alechol ingestion go hand i hand 1 each of the three syne
dromes wiuch we shall discuss

Frourg 181 Nurpmovas Lives Dogass
Wopsy Human  Fathy mflraton
tive of biapsy  Dretotherapy Jed to seduction wn size of fner.

s aa atcohnlic who had an enlasged hver o1 the
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The first entity, simple fatty liver, manifests itself in a patient, usually
a male, who has an enlarged liver, which biopsy reveals to be filled with
lipid. Relatively little else may be found on clinical examination. A history
of excessive alcohol consumption may usually be ehcited, The individual
appears well-nourished and may have few, if any complaints. The spleen
1s not enlarged. Chemical tests of liver function are not abnormal unless
the fatty change has been present for some time; then there may be brom-
sulphalein retention. So, too, some degree of hypoalbuminemia may be
present, usually not enough to lead to edema.

Ordinarily such a patient does not come to autopsy unless an accident
has occurred, or some infection brings him to the hospital. If one is able
to examine such a liver under the microscope, he will find varying degrees
of fatty infiltration which bear [ittle relation to the liver lobule, though
sometimes there may be more about the central vein than elsewhere So
many other factors such as anemia, cardiac failure, et cetera, affect the lobu-
lar distribution of lipid usually onc hesitates to assign much importance to
its variations.

The pathogenesis of this change is, as noted above, to be ascribed to
the notoriously poor diet of the alcoholic. If an individual is consuming
one fifth of whiskey or gin a day, he is perfectly able to maintamn his caloric
requirements, particularly if he is not working. Since his diet usually
lacks protein and sources of vitamins, particularly of the B-group, deficien-
cies of these materials lead to the fatty infiltration. If diet therapy is insti-
tuted, a prompt decrease in the size of the liver occurs; biopsy reveals a ds-
appearance of lipid. Any liepatic tests that were abnormal will revert t0
the normal range.

The second syndrome, fatty liver with insufficiency, is a much more
dramatic and serious one.?*® The basic defect in the liver is the same a5
in the first syndrome; however, as chemical studies will show, things have
progressed much further. A prominent feature of this syndrome is its sud-
den onset. An individual who may or may not have been known to have
fatty liver disease suddenly b jaundiced. Frequently the precipi-
tating factor is an infection Sometimes acute nutritional deficiency asso-
crated with an alcoholic spree may initiate the syndrome.

Clinically, such a patient has an enlarged, sometimes tender hiver. He
1s jaundiced. Serum bilirubin is elevated; other liver function tests: ce-
phalin floculation, thymol turbidity, bromsulphalemn retention, prothrombin
time, serum alkaline phosphatase, are all abnormal. Hypoproteinemia may
be marked and is accompanied by edema, Hemorrhage in various areas
may be prominent, Death may occur in coma, seemingly unaffected by

therapy. . R
At autopsy, the liver 1s large and greasy. It tumns green in formalin and
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may even float m the fixative. Under the microscope, fatty change 15 ev-
treme. This 1s corroborated by chemical analysis 125 Usually an increased
amount of connective tissue is found about the central veins, but relatively
Little other increase )s seen in other areas Bile plugs are frequently found
m small duets  Focal necroses are usually present,

The rapid progress of this syndrome 15 related to acute hver farlure.
The presence of necroses mdicates that hepatie damage has gone further
than simple fatty change. As noted above, the commonest precipitating
Tactor seems to be infection, though sudden and increasingly severe dietary

d with alecholism may be equally wnportant.

The third syndrome 15 cssshosis Thus term, which Laennece mtroduced
to desersbe the color of the hver, has now come to mean scarmng  Hence,
1t vefers to any condition i which hver cells are destrayed and replaced
by connective bissue fibers The syndrome of Laennec's portal cirhosis
presents definite clinical and pathologie pictures 1258 1256 YWe shall not go
mto aif of these aspects wn any detad here since the disease 1s so well-known,
Certamn considerattons are umportant, however  As n the two preceding
syndromes, diet and alcohol appear te form the foundation for the develop-
ment of the disease Hence, the early stages are characterized by fatty
fiver 1t 15 therefore not surprising that each of the syndromes already

Lo :zx.\s,,. oy
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mentioned may progress slowly or rapidly into the syndrome of full-blown
cirrhosis,

The major clinical signs of the disease are; ascites, peripheral edema;
jaundice, though not always; enlargement of the liver and spleen; telangiec-
tases, and } is. Less promi signs are dermatitis, gynecomastia,
hypotrichosis, spider nevi, and palmar erythema. Laboratory tests reveals
anemia, sometimes macrocytic in character; hypoproteinemia with hypo-
albuminemia and reduction in fibrinogen; increased non-protein nitrogen
of serum; and increased serum bilirubin. A number of other routine liver
funetion tests indicate hepatic dysfunction,

At autopsy the liver characteristically shows diffuse coarse or fine scar-
ring or varying degrees of both. Microscopic evamination reveals that the
tissue is broken up by coarse or fine bundles of connective tissue in which
there are variable numbers of inflammatory cells and proliferating bile
ducts. The liver cells themselves may show necroses, fatty infiltration and
other evidence of damage. Many nodules of hyperplastic liver cells may
be found The spleen is usually enlarged. Other findings, such as ascites,
varices, et cetera, are related to the effects of circulatory obstruction in the
hver.

In contrast to the second syndrome, death in this third type of Iner
disease does not ordinarily result from hepatic insufficiency, but usually
occurs from complications ansing from obstruction to the flow of blood
through the liver.

The foundation for these three situations is fatty infiltration of the liver.
In the first type the beneficial effects of diet are well-recognized. A similar
response is found when fatty liver with insufficiency is present and has not
progressed far enough. This is a difficult point to determine with certainty.
Sometimes the patient who does not appear too severely ill goes on to exitus
despite therapy, while individuals who clnically appear more ill recover. !t
may be that the determining factor is not fatty infiltration but actual necrosis
of the hepatic cells. It is ikely that death of liver cells may be a link be-
tween less severe types of the second syndrome and cirrhosis. Much has
been written concerning the pathogenesis of cirrhosis, which in many in-
stances clearly appears to have a nutritional background, 1254 1257 Some are
content to liken the disease in man to what is seen in the experimental ani-
mal Recent studies of experimental cirrhosis in rats in which antibiotics
have been administcred would appear to make the transition of fatty liver to
cirrhosis 1n the rat more complicated than was originally believed. Others
feel that the pathogenesis of currhosis 1s more complex and the progression is
mfluenced by infections in particular but also by anemia, cardiac failure and
otlier adverse condijtions. An important consideration is the inabihty of
the cells to regenerate on the one hand which leads to their replacement
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Human A and B (x250) Early scanng, fatty mfliration and hydropie change n
liver shown in Figure 135,

by connective tissue and the presence of hyperplastic nodules which com-
press neighboring areas and help to produce the arculatory disturbances
which are such a dramatic part of cirrhosis 1258 The consequences of these
circulatory disturbances within the hver are more foc1 of necrosis which
make matters even worse Nutntional hver disease of wlnch cirrhosis 15
the most important type exemplifies all of the complevities of naturally oc-
curmng disease and should teach us that it 1s unwase to transfer relatively
simple entities which may be produced 1n the experimental animal to such a
complex organism as man 1 his natural environment.
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THE HYPOGLYCEMIC SYNDROME

Elsewhere (page 117}, the dispensabulity of preformed carbohydrate in
the diet of the rat has been noted Whether a simufar situation might apply
to man is not clear and deserves further study. For mstance, von Chwale-
bowski 2% reared a child from birth on a diet said to be “practically carbo-
hydrate-free” At ten months of age, when the mfant evinced Letosis, the
experiment was stopped.

Both protein and Iipid 1 the diet give nse to carbohydrate which is
transformed into glycogen in the liver 1n order to mamtain a constant serum
glucose level The cells of certain tissues, particularly neurons, are almost
exclusively dependent on glucose for their energy requirements, Hence
the level of glucose m the circulating blood 1s of great importance to these
structures. A drop m glucose concentration naturally leads to deficiency
disense as far as such tissues are concerned How may the levels of serum
glucose be depressed in the hiuman and so bring about the hypoglycemic
syndrome?

As in the experimental anmmal, 1)} g hypog! ia results
fmm dlse'lse in two mamn areas !l\e Tiver and certain endocrine organs. A

hfi is p in Table XI

Taste X1

SOME ETIOLOGIC FACTORS PRODUCING THE NYPOGLYCEMIC
SYNDROME
I Dusease of the Liver

(1} Massive necrosis (acute yellow atrophy)

(2) Tnfectious hepatitis

(3) Cholangohtis

(4) Dnffuse fatty infiltration

(3) Clycogen storage diease

(6) Diffuse replacement by tumor cells

Il Endocrine Disease

(1) Hypennsubmsm
(a} Excess admmisteation of insulin
{b) Insuloma, benign or malignant
() Hyperplasia, 1slet cells

(2} Pitwitary hypofanction

(3) Adrenal cortical hypotunction

T Miscellancous

(1) Starvation

{2) Severe, continuous muscular work

(3) Pregnancy in ruminants
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Since the liver is the primary site of glycogen storage and release, this
type will be mentioned first although hypoglycemia resulting from hepatic
discase is not common, When such docs occur it can he assumed that in-
volvement of the liver is extreme; lience, other more serious cffects of liver
dysfunction may mask the manifestations of hypoglycemia.

It would not appear necessary to discuss each type of liver disease in
turn Those listed in Table XI are now well-recognized. 1263 1268

The first disturbance m the endocrine group (Table XI) stems from
liypermsulimsm, The symptoms of excess insulin administration, which were
described shortly after the discovery of the hormone in 1924,125% 1262 will he
mentioned below. The most interesting group of cases is that in which one
or more wsubn-formng tumors of the islets of Langerhans are present.
Such tumors are not common, up to 1919, 25§ cases had been reported in
the literature 126%

Patients wath hypopituitarism, whether due to circulatory disturbances,
tumor imvolvement, or “idiepathic atrophy,” may evidence hypoglycemia.
A complicating factor in such cases may be the presence of hypothyroid-
ism All patients in this group are abnormally susceptible to insulin.

Finally, one may encounter the hypoglycemia syndrome when there is
disease of the adrenal cartex due ta destruction hy some inflammatory
process, replacement by tumor, or idiopathic atrophy. The degree of hypo-
glycemia would appear to be related to the extent of destruction of the
adrenal cortices.

The muscellaneous group listed in Table XI could be expanded, particu-
larly to include the somewhat poorly-und 1 and overly-di d
cases of functional hypoglycemia, It is recommended that such a diagnosis
should be made with great care.!?s?

What are the signs and symptoms of the hypoglycemia syndrome? They
can best be described by drawing on the group of “pure” hypoglycemics,
that is individuals having hyperinsulinism resulting from adenomas of the
1slets of Langerhans.'205 The symptoms can be separated as to whether
they are produced by excess insulin, by excess epinephrine or by hypo-
corticism The primary effects of hyperinsulinism, i e, hypogly , axe
mainly neurological and are, in order of decreasing frequency, as follows.
loss of i fusional state, Istons, loss of continence, am-
nesia, posttive Babinski, transient plegia, and paresthesias.

Since a low blood sugar level stimulates the release of epmephrine, some
of the effects of an excess of this hormone may be prominent; these are
sweating, tremor, pallor, coldness, palpitation and procordial oppression.
Finally, the effects of hypoad lism may be comt 1 with those of hypo-

1 these are \! fatigue, light-headed and visual dis-

&Y
turbances.
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1

Ordmanly, these ife i of hypogl make th
known so that diagnosis 1s not too difficult; hence the degree and duration
of the low blood sugar 1s not overly prolonged. If the hypoglycemic episode
15 severe and of some duration, actual damage to neurons may be found at
autopsy (page 118) Such changes resemble those which may be seen
following severe hypoxia and other non-specific metabohe defects As might
be expected, the earliest morphological change 1s an alteration m the Nissl
substance of neurons, this 1s reversible As time goes on, however, the

1 damage | 1 ible and necrosis occurs  Such dead neu-
rons are taken up by phagocytes. There 1s some ghal reaction Petechral
hemorrhages may be promiment in the brains of indrviduals dying as a result
of acute hypoglycemia,

Hypoglycemia may be seen in farm ammals,!*® %2 particularly ewes
and cows during the last months of pregnancy Hence, the term “pregnancy
toxerma” has been given to this disturbance The signs are those of hypo-
glycemia. It has been assumed that they are due to a hypoglycemic en-
cephalopathy. As mught be expected, hetosis 1s also a prominent part of
this syndrome
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XEROPHTHALMIA

an.
OTHER MANIFESTATIONS OF
HYPOVITAMINOSIS A

One might suspect that the alterations, which have already been de-
seribed 1n the expertmental ammal deprived of vitamin A, mght also be
found in the human. Such 1s the case. However, the multiple lesions which
may result from vitamin A deficiency, together with therr effects, are usu-
ally overshadowed by the symptoms and signs of the disease process which
15 responslble for the deficient state Hence, with a smgle exception, a

! d of hy i A cannot be descnibed We shall
comment below on the alter:mons which may be encountered mn various
epithelial tissues So, too, the questionable position of the skin lesions, i.e.,
the papulofollicular eruption or phrynoderma, as part of the vitamin A
deficiency state will be discussed Here, however, 1t 1s necessary to de-
scribe what to our mind is the only precise climcal and pathologie syn-
drome which can be ascribed to vitanun A defictency Thus 1s xerophthalmia
and 1ts associated ocular changes.

Historically, xerophthalmia has been recogmzed for centunes  But until
100 years ago the discase did not gam such promnence that its possible
relation to improper diet could begin to be appreciated and anatomical
alterations 1 the eye could be closely d with night blind,
or hemeralopra Tlus condition occurs 1n various diseases and manifests
itself by an mability to see i dim light The comeident occurrence of
hemeralopia and a lesion of the connctiva was d to the
Imperial Academy of Medtcine in Parts on April 28, 1862, by Prerre Bitot 127
The lesion, which he had observed among the cluldren m a Bordeaux hos-
pital, was described as follows:

“It 15 tnangular, its tip external, its base adjacent to the cornea is a
little concave In some cases 1t 15 circular or oval, i others, smply hinear,
Most often the particles which compose 1t are agglomerated 1n a way to

produce a punctate, ganular surface, at other times these particles are
arranged 1n sentes of wavy parallel lines, which give the ]eslon the appear-

arman of moamdnlabing ac mnalad ceefans? Gaane o

(O

epithelm ™
Dunng the ensuing years, others deseribed ths association of hemera-
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Frovne 137, XEROPHTHALMIA,

Conjunctnna, human. A Area of conjunctiva which has “wlitish soapy” appearance
conforming sith modern day description of “Butot spot.” (Courtesy of Dr H. A P.
C. Domen.) B (x200). Microscomc section of hyperkeratotic lesion which might be
expected to conform to pathologic appearance of “Tutot spot,” (A.F.I P, 308895). There
was no reason to suspect vitarmun A defictency in this instance, however

Jopia and verosis conjunctivac, Such cases were seen in indwviduals with
malnutntion resulting from periods of fasting or with faulty dietary intake
in vanous areas By the turn of the century the causal relation of faulty
nutrition to the eye changes seemed clear enough for Mor 1272 to suggest
that the ocular lesions which he had observed m a large number of Japanese
children were due to a lack of fat in the dict. He was clearly aware of the
virtual absence of fat from the children’s daily foodstuffs, particularly
prominent was the low-fat content of rice. Moreover, he mdicated that the
Japanese failed to receive any milk after weanmg.

In the next decade the prevalence of xerosis and keratomalacia in poorly
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nourished children was commented upon time and tume agam The syn-
drame of Mehlnalirschaden, which had come into prominence at this time,
was accompanied by keratomalacia.

By 1914, the stage was set for the pathogenesis of xeros:s to be clarified
A fat-soluble active material {vitamin A) which 15 present m certain food-
stuffs had been shown to enhance the growth of rats on a semi-purified diet.
Both Osborne and Mende! and McCollum and Davies, who had discovered
vitamin A, had noted changes in the eyes of the deficient rats. Such lesions
were cured by feeding, the new fat-soluble factor. In 1815, Goldschmidt 7
studied the ocular tissues of rats wiich he had placed on a semi-pusified
diet without the protective matesial He found the lemons of human
xerosis.

The final proof came during the ensuing few years when Bloch ¢ and
Blegvad 127 correlated the prevalence of xerophthalmia and Leratomalacia
in Denmark with the availability of vitamm A foodstuffs. These
studhes, which are of evtraprdinary interest, dealt with cases of xerophithalmia
which had resulted from a fall m vitamm A consumption, then & rise, fol-
lowed by another reduction, all of which clearly showed the relation of
vitamin A to ocular disease During the same period, tests for hemeralopia
were beginning to be utibzed mn an attempt to detect vitamin A de-
fieiency. 1278

What are the climeal and pathologic manifestations of these ocular
changes? The mutial disturbance s night blmdness, a defect, physiologic in
origin, which renders an individual unable to see m dim light The sttuation
was described i Chita by Pillat 12773278 a5 follows, “m muld cases the pa-
tients are unable to read or do any fine work in the evenings, in severe
cases, patients lose their orientation on the street after sunset and cannot
find thewr way home.” No eyeground changes are present. The disturbance
15 usually the first ifestation of vitamin A defi , hence no other
signs or symptoms need be present

Xerosis follows hemeralopia as the second stage of vitamin A deficiency
This conjunctival change may appear in several forms. (1) As Betot's spots,
wilich are foxm-bke and intensely white, and are found on the temporal
side, extending from the limbus to the lens angle. Tear Buid does not adhere
1o these spots. (2) Larger and fregular areas, which progress to eveessive
wrinkhing of the bulbar conjunctiva which loses its fustre. (3) Corneal
involverment, as mamfested by loss of lustre, reduced seasibibity and the
presence of desquamated debris This may be followed by (4} the end
stage, keratomatacia This leads to perforation with resulting hemniation of
vatious internal stmctures. Other charactenstic changes which have been
descnbed are of the conjunctiva, bomitis, blephariti

comedones, and edema of the lids
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Certain disturbances accompany these alterations: photophobia, burn-
ing and dryness of the eyes.

The pathologic alterations on the human eye are similar to those already
described in the experimental animal (page 128). Such include hyperkera-
tinization of the comcal epithelium, cellular infiltration, and vascular
growth into the substantia propria. Similar hyperkeratotic changes are
found 1 the conjunctiva and the ducts of the pamocular glands. The latter
may then become atrophic.

As already noted, these ocular changes comprise the most specific syn-
drome of vitamin A deficiency in the human. Certain other tissues may be
found to be affected at autopsy. This is particularly true in several series
of cases which have been reported from Boston 27 and from China.'**
Before discussing these alterations it might be well to mention briefly how
the orgarism comes to be deprived of vitamin A. Three main factors appear
to operate In the first place dietary intale may be reduced. This is true of
the deficient state associated with Mehlnahrschaden *7* and the “epidemics”
which have been described, such as the well-known one in Denmark, 1274 127
Secondly, any disturbance of the gastrointestinal tract and its associated
structures, particularly pancreas and biliary system, may interfere with
the absorption of vitamin A.**** Such disturbances include diarrhea, celiae
disease, spruc and steatorrhea, as well as cystic fibrosis of the pancreas
and biliary atresia. Finally, excessive needs, such as those during active
growth or as a result of heightened metabolism, may play a role.

At autopsy children may exhibit typical keratinizing metaplasia in the
kidney pelves, the bladder, the lining of the nasal sinuses, the respiratory
tract and in other tissues similar to those affected in experimental animals.
Of particular mterest are the pulmonary lesions which consist of bronchitis,
bronchiolitis and lobular preumonta, all of which may be extreme. In the
absence of normal ciliated epithelium, bacteria are not disposed of in the
usual fashion and are able to grow, invade the bronchial walls, and produce
infi ion of the sur ding structures.

Changes similar to those ohserved in the enamel organ of the rat have
been descrnibed in this structure of an infant exhibiting other manifestations
of vitamin A deficiency, but since the general incidence of vitamin A depr-
vation in children is so low, it is unlikely that a deficicney of this nutnent is
ever a common cause of enamel hypoplasia in the human 2¢t

At autopsy, morphological evidence of vitamin A deficiency i the
adult is much more uncommon than in cluldren, In fact, aside from the
clinical manifestations referred to above, i of ¢l t ples of
keratinizing metaplasia in the adult are virtually non-existent except for
the occurrence of xerosis in the eye It should be pointed out that several
years ago, based upon observations in animals and httle else, vitanun A de-
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fietency was introduced as a promnent cause of urmary calculi in man
Studies by Jewett et al 1?52 who utihzed the dark adaptation technique and
whose materfal was examined by the present wnter, would seem to show
conclusively that vitamin A deficiency is a rare cause of urinary calcult in
wman, in this country at least

Finally, mention must be made of the skin lesions which have been
assumed by many to be specific for vitamin A deficiency. Frazier and Hu #%¢
m 1931 called attention to dryness and roughness of the skin in mdividuals
who might have been deficient in vitamin A Particularly prominent were
spinous papules at the sites of hair follicles Tlus change was seen first over
the antenor and lateral aspects of the thighs and posterolateral surfaces
of the upper forearms Spread took place to the exterior surfaces and over
the shoulders and trunk, back and buttocks The skin might have a dull
slate color The follicular papules measured up to 5 mm. n diameter, each
had an hyperkeratotic plug n the apex Frazier and Hu*%® were aware
that similar changes might occur m scurvy As time went on the relation
of the change to vitamm A deficiency was taken for granted The term
phrynoderma (toad skin) was comed

However, others doubted the relation of the dermal changes to vitarmin
A deficiency For nstance, no correlation could be found with mecidence
of eye change and shin Jestons  Moreover, the experimental study carried
out by the Bntish Medical Research Council 3¢ failed to reveal any specific
follicular changes Hence, at the present time this aspect of vitamin A de-
ficiency must be looked upon with some question The possibility that phry-
noderma may be refated to some other deficient state, such as that produced
by a lack of essential fatty acids, must be considered, tins has been dis-
cussed recently,4s

The exact incidence of hypovitaminosis A 1 the world today is not
precisely known  Studies in Chma a decade and a half ago would indicate
that vitamin A defi was widely prevalent 433 It has been seen more
recently m association with kwashiorkor *#> A eritical apprasal of vita.
mmn A deficiency to naturally occurning eye lesions and the effects of other
deficiency states thereto 1s certawnly indicated.'?® Much now would appear
to lunge on the defimtion of vitamm A deﬁcncncy, on the meaning of Bitot's
spots,’%%2 on the fi of follicular hyper} is, and on the possi-
ble value of tests for dark adaptation
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RICKETS AND OSTEOMALACIA

Rickets may be defined as a disease of the growmg sheleton which is
characterized by a decreased concentration of hydroxyapatite in the orgamic
matrices of cartilage and bone. Osteomalacia is nickets in the adult and,
since cartilage growth has ceased, is to be defined as a skeletal disease m
adults which is charactenized by a decreased content of hydroxyapatite n
bone matrix (osteoid) Rickets can be diagnosed on chemical grounds or,
if one can demonstrate areas of matrix devord of mineral m cartilage or
bone under the microscope, on anatomical grounds The normal morganic
content (ash) of dried, fat and marrow-free bone is about 60 to 65 per cent
A level of ash content at which nckets or osteomalacia might be said to
et has never been definitely stipulated Values below 50 per cent might
be taken to indicate that rickets or osteomalacia is present

In the discussion to follow we shall take up briefly the lustorical develop-
ment of our knowledge of nickets and osteomalacia, then discuss m some
detail the pathogenesis of the two diseases, and finally indrecate the patho-
logical, chnteal, and roentgenological changes which may be encountered

From the time of Glisson!*3 1n the seventeenth century, the skeletal
deformuties of rickets have attracted great interest However, the chermcal
basis for the softening of the bones was not shown cIearIy until nlmost the
mddle of the nineteenth century, when Marct 29
analyses of the skeletal tissues from rachitic children, such studies revealed
a decrease 1n the total ash content, which m large part was due to a reduc-
tion 1 concentrations of caleium and phosphorus. Shortly thereafter the
results of other analyses appeared So, too, the first chemical determina-
tions were reported on the bones from cases of osteomalicia. 29t These
demonstrated reductions m calelum and phosphorus concentrations, Wiile
thus cb 1 basis for an und; ding of nichets was being developed,
histological studies of the deformed bones were also being carried out. The
first microscopic report 1s that of Rufz in 1834 %% A clear understanding
of the disease was not provided, however, until 18581298 \when H Muller
clearly described osteoid 1n the shaft, defective caleification of the cartilage,
and the healing phenomenon which now bears his name. The pathologte
anatomy of rickets was so thoroughly eluctdated by Pommer in 1885527
that very hitle has remained to be added Tn 1909, Schmor] 1% presented
lus classte studies on the mcidence of nckets i Dresden dunng the years
1502 07 During this period Schabad 1% pointed out that losses of caleium
and phorus may be d d m children with rickets A httle
over 10 years later came the end of the story., Howland and Kramer '™
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Ficure 138 RioaeTs

Cartilage-shaft junctions, human Vanous patterns of defective calaification mn cartilage
A HLH, 947 (x75), B HLH, 1174 (x65), C HLH, 917 (x75), D HLH,
1015 (x 100)
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TanLe XIT
THE PATHOGENESIS OF RICKETS AND OSTEOMALACIA
I Disturbance in Balance of Matrix Production and Depasition of Hydroxyapatite
(1) Rapul matrix formation, particularly in the premature mfant
(2) Healing fractures

{3) Heahng scunvy
{4) Healing bone follow ing removal of parathvroud tumor
Il Distusbance in Intestinal Absorption of Calcfum amd/vr Phosphorus
{1) Calerum
{2) Dretary lack
{b) Change in pH of intestinal contents
{e} Formation of insoluble complexes oxafate, phytun
(d) Protein content of det
(&) Steatorchea, sprue
{f) Vitamun 3 lack
(aa) Dictary
(bb) Steatorrhea
Lee) Absence of bile
(dd} Abscnce of pancreatic juice
{ec) Imparred formation in skin
{2) FPhosphorus
la) Dietary Jack
{b) Change in pH of Intestinal contents
(e) Steatorthea
{d} Formation of insoluble complexes
I Excess Excretion of Calcium and/or Phasphorus
{1} Renal Discase
(z) Clomerulo-tubular
{b) Tubular {frequently hereditary )
{aa) Phosphate dhabetes
tbb) Phosphate diabetes with glunsuria
{cc) Tancom syndrome (phosphaturia, plocosuma, amise mc-
durla
(dd) Renal tubulwr acidosis
(<) Wopathic hypercalcuna
(2) Fregnancy, lactation

pointed out the importance of the product of the serum calerum and phos-
phorus levels mn relation to the pathogenesis of rickets in children, and Park
and Howland 7 desenbed the curative effects of vitamin D by x-ray
study of the skeleton, The production of rickels in cvperimental animals
and the interrelations of calcium, phosphorus and vitamin D are discussed
on page 141, Such are the highlights of the story of rickets. From the
number of contnbutions which were made and continve to appear tqday
the problem is far more complex than this brief historical review might

indicate, )
From what has already been said concerning the definition of nckets
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and osteomalacia and of the studies of Howland and Kramer 12 which
were just so briefly alluded to, 1t should be clear that any factors which may
lower the concentrations or availability of serum calcium and/or phos-
phorus may effectively prevent the deposition of hydroxyapatite crystals in
the organic matrices of cartilage and bone What factors are able to do this
and how may they operate? A summary of the pathogenesss of naturally
occurring rickets and osteomalacia 1s presented m Table XII The condi-
tions which operate are somewhat similar to those which have been shown
to lead to experimental rickets (Table VII, page 000). Tt will be noted
that four mam possibihties exist, decreased mtestinal absorption of caleium,
mmpairment of intestnal absorption of phosphorus, increased urinary excre-
tion of calctum and increased renal loss of phosphorus In addition, though
optimal humoral concentrations of calerum and phosphorus may be pres-
ent, bone and/or cartilage matrix production may be excessive, the matrx
may be immature, or some defect may be present to block the caleification
mechamsm
Ordmanly when the orgamc portion of bone, 1€, osteoid, 15 formed,
hydrotyapatite crystals deposit in 1t immediately, sice the balance between
matrix production and the deposition of morganic elements 1s such a delicate
one Under certain ci matrix production may be ive, then
even though the concentrations of calcium and phosphorus, as mirrored by
serum Jevels, are seemmngly optimal, deposition of morganic salts does not
keep pace Rickets or osteomalacia 15 then to be found For mstance, the
rapudly growing premature baby exlubits zones of osteord which may be n
excess of what one would wish to call “physiological” in the full-term in-
fant 12%¢ So, too, the callus of healing fractures shows similar areas of un-
caleified, newly-formed matrix 1292 In this situation the matrix itself may
not be “mature” enongh for caleification to take place. A similar situation
is seen in healing scurvy where incipient nchets may be brought out as a
result of excessive osteord formation 13" The bones of mdviduals from
whom a parathyroid tumor has recently been removed may show an over-
abundance of new bone matnx.!®* Here, of coursc, the serum levels may
reflect not entirely optimal interstitial fluid concentrations of calerum and
phosphorus for hme salt deposition to take place The last example to
deserve mention is osteopetrosis or matble bone disease, Here, normal
bane destruction is tmpaired or completely lacking Hence, farge amounts
of erdinanly available calcium and phosphorus are “locked up” in the skele-
ton and are not available for their usual normal redistribution In our
expenence marble bone disease 15 usually accompamied by nchets 144
A large number of factors may affect the absorption of caleium and/or
phosphorus from the intestinal tract. With respect to calcium, dictary re-
striction 15 of importance, 31 2449 though in man uncomplicated calcium de-
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Ficure 139 RickeTs,

Costochondral junctions, human A, HLH, 1363 (x75), B HLH, 981 (x75).
Defects i calefication of cartiduge, K
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ficrlency must be most uncommon  this 15 not true m ammals 1n which natur-
ally occurring osteomalacia has been described 1442 1413 1344 1445 Calejum
absorption 1s affected by the pH of the intestinal contents, acidity facihtates,
whle alkalimty mlubts calcium uptake 23°° Any number of acidic radicles
may form insoluble complexes with caleium, such nclude, oxalate (spin-
ach)!*°t and, particularly, phytate %2 The latter s of importance with
respect to cereal grains m wlich 1t is found 1n large amounts, The protein
content of the dret affects the absorption of calcium, a high mtake promotes
an inerease and conversely low ntakes of protein dimnish calerum absorp-
tion 13%2 Large losses of caleim from the intestine may result from diarrhea,
particularly m the syndromes associated with steatorrhea 1304 1305 1396 These
disease states may be present 1n the absence of any chinical evidence of
deranged ntestmal function

The dietary mtake of vitamn D 1s of the utmost importance to the
growmg child as far as calcium uptake 15 concerned 2'° The absorption of
vitamin D may be impaired by a variety of circumstances Syndromes such
as sprue and steatorrhea, which mterfere with the absorption of Iipids,

Fievre 141, Rickers

Costochondral junction, himan A seven months old chidd dving of lamed
fever and durthea H and E. (x15). s snexgn
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Frgune 140. Rickers

Sheleton, human  Gross deformities of femurs produced by rickets
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usu:l“y explained as follows.!s* Tubular disease leads to acidosis which is

d by hypercalcuria and hypocal The latter gives nise to para-
thyroid hypexplasm which 15 meﬂechve as far as phosphate excretion is
concerned, Hypocal and hyperp 1 are the rule, the latter
is due to tubular dysfunction Even thongh the product of the serum con-
centrations of caleium and phosphorus 1s high, excess osteoid is frequently
seen. The reason for this 1s not entirely clear. The excess destruction {os-
teitss fibrasa), whech 15 observed, 1s usually ascribed to parathyroid strmula-
tion by depressed serum calcium levels.

In recent years an increasing number of 1solated renal tubular defects
have come to be 1. These are d with an mability to resorb
certain metabolites, such as water, phosphate, glucose, cystine and other
amino acids, caleium, bicarbonate, potassium and sodium, from the glo-
merular fltrate*! Certain of these defects may lead to nckets or osteo-
malacia.

Fioure 143 RickeTs

S(hal't Osteord borders about trabeculae from section shown i Figure 142 H and E
x60).
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Ficuze 142 RickeTs

C junction  C hondral junction from a seven months old male dywg
acutely of lobar pneumonia. H. and E. (x 15).

Hondral

depress the uptake of vitamin D. Since bile and pancreatic secretions are
also of importance in this respect, rickets is seen in chnldren with congenital
atresia of the bile ducts 137 and in cystic fibrosis of the pancreas.'?® The
effect of sunlight is important, too 1308

Of the disturbances in excretory function which may affect the metabo-
lism of calcium and/or phosphorus, those which are associated with the
three most prevalent forms of chronic nephritis: vascular, glomerular and
pyelonepliritis, are the most 1446 1447 Tyo ch in the bones
are prominent: excessive destructive activity (osteitis fibrosa) and the
presence of excess osteoid (rickets or osteomalacia). These alterations are
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prefer the term, phosphate diabetes, as do others, and look at the disease
as a specific tubular defect unrelated to vitamin D “resistance ”

Several other syndromes closely allied to the above are seen, 1n all of
which nickets or osteomalacia 1s present  Phospl 12 may be anied
by glucosuna. Other cases may show ammo aciduna with or without loss
of potassum and, in addition, defective acidification of the urme, these fall
mto the designation of “Fancom Syndrome.”

The renal actdosis syndrome 1314 must be looked upon as another primary
disturbance of the renal tubule, Tlus is seen m mfants, adolescents or adults
and may have a familial mexdence The primary disturbance appears to be
an inability to produce a unne of normal acidity The urine, which 1s of 1n-
creased volume, 15 alkaline with fived speaific gravity Acid metabolites are
excreted with fived base so that a constant loss of sedium, potassium and
caleium occurs The acidos:s 1s charactenzed by low plasma bicarhonate,
mereased plasma chloride and decreased plasma morgamc phusplmrus
levels, There 1s frequently nepl Ruckets or 15
present Weakness as a result of hypokalemia may be prominent

XS S
Y

o

Fioure 145 Rickers
Shaft of nb A (x65) Low power * N
and large numbers of osteoclasts Thi
poser (x120) of another field to show
osteoxd on opposite side of trabeculae
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Ficunr 144, RicaeTs.

Cartilage shaft junction, nb This shows irregular zone betw een cartilage and shaft (x5).

The most important 1s a syndrome which usually has a hereditary back-
ground and makes its appearance in cluldhood, or in carly adulthood.!**®
131121313 T)js disease has received a number of names, “vitamun D
resistant richets” and “phosphate diabetes” have been the most widely
used. As might be expected, rickets ar osteomalacia are present, Serum
caleium values are usually normal; hypophosphatemia is the rule Hy-
perphosphaturia 1s present in those cases in which this aspect has been
studied. Large amounts of vitamin D, large enough to be in the toxic
category, are usually, though not always, effective. This response has led
to the term, “vitamin D vesistant nickets.” It is not entirely clear, however,
how the vitamin acts when it is effective. If one believes, as some do,**
that vitamin D has a specific effect on the vesorption of phosphate, the
observed therapeutic response makes some sense On the other hand if one
does not accept the evidence for a primary action of vitamin D on the
function of the kidney tubule, he is left with the feeling that the phos-
phate diabetes 1s being helped, though, of course, not always, by toxic
amounts of vitamin D, operating m an unexplained fashion, We would
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Frovre 147 Heaunc Ricets

Costochondral yunction from a twelve months old child. No vitamin D had been ad-
mnistered prior to hospitalization 1600 U. were given for thirty-two days, followed by
8660 U. to exitus, thirty-seven days later  Healing has occurred yet much of the raclitic
cartilage 1s free of inorgamic matenal,
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Ficune 146, Heatrsc Ricxers

Rib from a mnetcen months old baby who had received vitamin D previowsly, Note
dark-staineng matenial (orgame salis) m cartilige which represents a resumption of
the depositrion of hme salts at the place they should have been Liid down had nckets

not been present

The syndrome of “idiopathic hypercaleuria™ 2 js poorly understood. It
is separated from the above by the absence of acidosis. These indwiduals
have osteomalacia, their main difficulty, however, stems from the presence
of renal caleuli.

Another extremely interesting syndrome has recently come to light.
This is the disease, hypopl ia, which is ¢! ized by low serum alka-
lne phosphatase levels, hiypescaleemia and rickets Exactly how this syn-
drome 1s to be so regarded is not clear at this time.}4%

Excessive losses of calcium may result from profuse perspiration 118

The manifestations of rickets as it oceurs naturally jn man or in animals
is no different from what has been described on page 149 the experimental
animal. The intial alteration is a failure of inorganic materials to deposit in
the matrix of the costal or epiphyscal cartilages between the rows of hyper-
trophic cartilage cells #¢ This may be a spotty change or may be a diffuse
one as if one had rubbed away all of the blue staining material with an
eraser. For some as yet unknown reason when hydroxyapatite crystals are
not deposited 10 cartilage matrix something happens to the cells. They are
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Ficune 148. HeaLnc Rickers
Roentgenograms of knees taken on admission (A), eleven days (B), and thirty-two

days (C). Therapy wath vitamin D had been instituted after A~ Note flling w of carti-
lage closing of gap betwcen center of ossification and shaft in C.

not destroyed or do not die. At any rate they pile up to many times their
normal thickness. Then in time one finds sporadic invasion of the cartilage
by “bushes”™ of capillaries in the vicmity of which calcification may oceur.
This gives the characteristic stippled appearance in the x-ray.

In the shaft the changes are also as might be expected. Borders of
osteord of varying width arc found. The amount of uncalcified bone matrix
usually parallels the degree of change at the cartilage-shaft junction. This
1s not invariable, however. For, if there has been dissociation of activity of
cartilage, and of the osteoblast, relatively slight changes may be found 1n
one with pronounced evidence of rickets in the other. Another characteris-
tic of certain cases of rickets is the presence of osteitis fibrosa. By this term
we mean excessive bone destruction as evinced by osteoclastic resorption.
This is usually an indication of excessive parathyroid activity and may be

Ficure 149, Heatep RickeTs

(HLJH. 1049) (x7), This thirteen month old child had been seen in the hospital
three months before death at which time large amounts of vitammm D had been ad-
mumstered because rickets was diagnosed. He returned, dying of lobular pneumonia
Costachondeal junction is normal. Deep in shaft 1s an island of cartilage shown in

Fugure 150
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Fraune 150,

This 35 interpreted to represent eartslage matdx preseat at the time therapy was insti
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tuted three months befare which has not been Jdestrayed or ealofied.

cam Syndeozns, Costochoudral junchon of ehld dymng with syrdrome chasacterized
Fan.smmay:ndum, phosphatuna, and glucosursa, together wath chrical nchets. The

Fioums 151, Facxers

skeletal changes are typreal of nckets, H and B, {x7).
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Fiotre 133 Osteovatacna

Note

fRciney
of trabeculy from

(x120). C. \i

Osteand 15
& with chronie diarrhea Note zane of uncalcified matns (osteard) (< 75)

broad borders of osteord (x120), B. Vertebral bodv from adult dving of chromc renal
Y

Renal disease A Shaft from nib of duld dsing of chrome renal msuf

adult dyin
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Fieure 152, RickeTs,

Fancont Syndrome Trabeculae from shaft of nb shown in Figure 151. Note broad
borders of osteoid H. and E. (x90).

related to the hypocalcemia which may be present. Bone is most usually
destroyed but one may also find borders of osteoid which are actively under-
gomg removal The mechanism for this osteolysis is, of course, not known.

If vitamin D 1s admimstered, healing takes place, just as it does in the
experimental animal. The site for the deposition of inorganic matenals is
m the matnix adjacent to the most recently matured cartilage cells. It then
spreads to involve portions of the rest of the cartilage. However, much of
the hypertropluc region 1s never caleified and large islands of uncalcified
matrix remam and are slowly destrayed.

In the older child, in whom cartilage growth has slowed and in the
adult in whom 1t has ceased altogether, the only manifestation of disease
15 the presence of osteord borders about the trabeculae Ths is, of course,
osteomalacia. Lattle further needs to be said about this.

It would not seem necessary to detail the clinical, biochemical and roent-
genological aspects at this time, They are well-covered elsewhere.}*!’

What can be said concerning the incidence of nickets? The geographic
distnbution of rickets was pointed out years ago by Palm.!31 When the
role of sunlight effecting the transformation of a provitamm m the skin
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One may ask, what is the situation today? Since the entire pattemn of
disease in childhood has changed, we shall not again have an opportunity
to carry out studies, 1n this country at least, similar to those which were made
in Baltimore during the 1930's. Rickets appears to be a disease which is still
prevalent n certain parts of the world, for instance Egypt, Turkey and
India Studies in other arcas are indicated. Moreover, autopsy studies of
children dying of aceidents would be most valuable to determine what the
skeleton shows m a so-called “normal” group. In this coun(ry, osleomal:mm
on a dietary basis must be very rare. M
with renal disease or i inal dysfi fon is enough. 1.

m other parts of the world doubtless continues to be of importance, 116 yet
its true incidence at this writing is unknown.

Naturafly-occurring rickets and osteomalacia in ammals, particularly
farm species and certain domestic breeds, are common enough, as a few
recent teferences will indicate 1442, 1443 141€ 1005
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PREVALENCE OF RIGKETS IN [533
AUTOPSIES BY AGE
JOHNS HOPKINS HOSPITAL, 1926-1942
—MONTHS —
47

Ficune 154,

A chart showing the combimed prevalence of nckets at autopsy in the Johns Hophins
Hospital senies, 1926-1912.

to vitamin D was discovered (page 142}, the geographical distribution in
relation to ultra-violet radiation was readily explained A number of surveys
of the prevalence of nichets have been reported. The classic study is that of
Schmorl 1 which was carried out 1 Dresden during the period 1901-1908
Schmorl compiled his data from ive psies on child: aged
from one month to four years. As is well-known the over-all incidence was
found to be high, 94 1 per cent in the 287 children whom he examined from
the second to the twenty-fourth month. The difficulties which arise in
translating Schmorl’s findings to recent studies have been discussed else-
where. 1416 A summary of the findings in a series of 1533 children studied
at The Johns Hopkins Hospital during the penod 1928-1942 is presented
n Figure 154 The high prevalence is obvious enough.1315. 1348
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TOCOPHEROL DEFICIENCY

The prominent effects of dietary vitamin E defictency in the various
spectes, which were discussed on pages 159 to 170, have led to a search
for similar changes 1 the human  So, too, lesions which may be produced
1n expenimental animals have prompted therapeutic trials in similar natu-
rally occurning diseases in man This is particularly true of the muscular
dystrophies. Unfortunately, all such therapeutic attempts have been -
formly negative and until very recently all efforts to demonstrate tocopherot
deficiency 1n the human have failed.

To Gordon and his associates 131321 1322 must go credit for fumishing
data which clearly indicate that in newborn babres and mn chuldren suffering
from certain disease states, the tocopherol content of the plasma may be
reduced, Two mellmdt have been utilized to demonstrate this- hemolysis of
red blood cells in hydrog: ide and cl 1 determination of toco-
pherol in plasma These sludlcs have ind d that in both and
fullterin newbom nfants the plasma tocopherol lesels are low (.26 and

23 mg/100 cc). Following feeding with breast or cow’s milk the levels nse.
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SCURVY IN ADULTS

Famihanty with scurvy goes back many hundreds of years We cannot
take up the fascinating nstory of this disease which made so many men
miserable on land and on the sea ¥ Scurvy was deserthed among the
Crusaders, duning the sieges of numerous European cities, such as
Breda (1625) and Pans (1870), and as a result of faming, as in Ireland
during the Tast century, With the increasingly long sea voyages heginning
at the end of the fifteenth century scurvy came to be the most feared malady
of the manner, The voyages of Vasco Da Gama, Magellan and many others
were endangered by outbreaks of scurvy. So, too, explorers of the Arctic
and Antaretic suffered grievously from the discase.

How did scurvy mamfest itsell? The most sensttive area appears to have
been the gums. Time and time agamn one reads of swollen, malodorous gams,
which seemed to grow up about the teeth, 1f such were stili present. Even
during the present century explorers such as Scott ¥**7 used the gums as an
index to gauge the development of scurvy. Durng lus first Antarctic jours
ney Scott became distinetly alarmed when lie learned that his fellow ex-
plorer, Shackleton, had “decidedly angry looking gums ” T

The next important sign of scurvy was pain in the legs, particularly the
ankles, though other areas might be involed. The third sign was the ap-
pearance of cutaueous hemorrhages, sometimes related to trauma, though
on many pearing sp ly. These hemorrhages mght be
spotty and located about harr follicles or coalesee to form large eechymoses.
The gngival changes, the pains i the extremities, and the hemorrhagic
mamlestations were the hallmarks of seurvy. In Cartier's voyage to New-
foundland 1n 1535 the disease 15 described as follows, “some did lose all their
strength and could not stand on their fecte, then did their legges swel, their
sinnowes shrinke as black as any cole  Others also had all their skins spotted
with spots of hlood of a purple calour, then did it ascend up to their ankels,
knees, thighes, shoulders, armes and necke, their mouth became stinching,
their gummes so rotten that all the flesh did fall off, even ta the rootes of
the teeth, which did also almost all fall out " U#1 Lind, humself, though not
so graphic, deseribes the “putnid gums, the spats and lassitude, with weak-
ness of their knees.” 118

flow might such signs of scurvy in adults be explained? At the end of
the seventeenth century two French surgeons desenibed antopsies on soldiers
dying with scurvy.!> Jean Lows Petit has left the following. “On the
bodies of those on whom I caried out a post-mortem examination, I noticed
Elm the periosteum in many places no longer adhered to the bone and that,
in several cases, the periosteum was detached from most of the bones, to
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The adult level (of healthy hospital personnel) was found to be a con-
venient means for separating patients with levels above and below .5 mg
per 100 cc.

Studies have also been carried out in patients with cystic fibrosis of the
pancreas and biliary atresia, two discases in which faulty absorption of
lipids are found In five children with the first discase the plasma levels of
tocopherol were low and could be raised by large doses of tocopherol ace-
tate So, too, in two patients with congenital biliary atresia w ith Jevels of
09 and zero, respectively, therapy was followed by a rise in tocopherol
levels. Hence, it would appear that Jesions might be expected to he found,
if they were carefully searched for, in children dying from cystic fibrosis
of the pancreas or congenital hiliary atresia, provided they had not been
treated.

Dr. Ella Oppenheimer has allowed us ta study such a case which she
has recently reported,1* This was a twenty-four month old child dyingasa
result of respiratory infection, associated with eystic fibrosis of the pancreas
Evidence was presented for vitamin D deficiency in the form of rickets and
for vitamm A deficiency by the presence of metaplasia of the bronchial epi-
thelial cells. Foci of hyaline necrosis of striated muscle fibers with asso-
ciated mflammatory changes and proliferation of the sarcolemma nuclei
were also seen. These alterations are certainly identical with those seen 11
vitamin E deficiency in experimental animals. Unfortunately, in this case
no plasma tocopherol determinations were performed. It is hoped that in
the future the skeletal muscles will be diligently examined, particularly
when poor fat absorption 1s to be expected.



SCURVY IN INFANTS 357

SCURVY IN INFANTS

The clinteal and pathologic manifestations of scurvy result from w de-
ficieney of ascorbic acid, but, as has been indieated on page 195, the terms
ascorbic acid deficency and scurvy am not neccssanly synl)n)mm\s A
number of derang m physiologrcal and biocl winch
are not part of the classical scurvy syndrome in hum’m infants or adults,
result from ascorbic acid deficiency. Scurvy, as 1t 15 seen chimeally or at
autopsy, results from a derangement of certam cells fibroblasts, osteoblasts,
and odontoblasts, wn that they lose their capacity to promote the formation
of the fibrous protein, collagen, whether tiis be 1 the form of ordinary
connective tissue, osteord or dentine. So, too, abnormalities occur n the
hlood vessels, which lead to locahzed hemorrhages,

To Thomas Barlow 3¢ must go the credit for making infantite scurvy a
clear-cut clinical entity  Although others, mcluding Ghsson hirsclf, were
familiar with scurvy, 1t remamed for Barlow i 1883 to delineate the chimcal
course of the disease n 32 wfants and to descnbe the gross pathiological
changes encountered at autopsy These are (1) generalized or localized
fiemorrhages, particularly subperiosteal, (2) separation of the epiphyseal
cartilages from the shafts of the long bones, and (3) swollen bleeding gums,
if the teeth have errupted

After Batlow’s mitial desctiption m 1853 the disease became extremely
prevalent 1n Europe and m the United States Tlis mcrease appeared to be
related to the newly-introduced practice of the pasteunzation of milk and
to the use of propnietary haby foods A number of able descriptions were
presented from the 1890's on by Gesman pathologists  Naegel,'2* Schmorl,
1928 Schoedel 77 and Fraenkel.72 ™ Attention centered on the sheletal sys-
tem, which as a result of sts vigorous growth in infancy, exlubits the most
marked changes. We shall draw on these earlier abservations, as well as on
our own material "7 in the deseniptions wineh follow  After taking up the
pathologic changes, certain features of the clinteal peture will be discussed,
followed by a brief résumé of the wray findmgs. Scurvy 15 frequently asso-
ciated with nickets; in fact, most of the cases studied by the German patholo-
gists had rickets of varying deggree, sometimes extreme We shall comment
on the probfem of the association of scurvy and nickets at the end of ths
section

The - » " " . T 7 of the orgamsm to form con-
nective ' miancy the growing skeleton
sthem - mco\d) formation is gowyg on

most briskly, Thus, changes 1 the sheleton provide the most tellng char-
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such an extent that, on making a longitudinal incision of the ribs, 1 found
the latter to be bare, rough and uneven and loose from the cartilage and
scarcely attached to the higaments and tendons of the back part. In some I
pulled the bones entirely out of their epiphyses which were hept in place
by the higaments and tendons. This was possible only in the bodies of young
reeruits, of whom we had a fairly large number at the time.” M. Poupart in
1699 describes the clinical picture of scurvy in patients scen in Paris and
goes on to say, “On moving these patients to and fro one could hear a
shghtly grating sound produced by the bones, which was mentioned by
Mr N. V., a physician in La Rochelle in his Traite du Scorbut, but of which
he admitted not to know the real cause. The cause was this: On making
dissections of all the corpses in which the sound was heard, T noticed that
the epiphyses were completely separated from the bones so that the latter
on being rubbed against each other, caused the grating noise.” ¥***

Thus the stage was set for the classic descriptions of scurvy in wfants
which were to come 200 years later, as well as the best modern-day descrip-
tion of scurvy in 23 adults, which was contributed by Aschoff and Koch ™
n 1919 Grossly, the nbs evinced thickening at the costochrondal junctions;
in many the cartilage was sep 1 from the sp i The adjacent bone
marrow showed hemorrhagic foci. On microscopic examination the cellular
marrow was replaced by a loose, mucous-like tissue. In other areas it was
more cellular so as to resemble granulation tissue. In the spongiosa the
trabeculae lay in all directions, The cortices of the nibs were greatly rare-
fied In contrast to the nbs, the long bones examined showed very Lttle
Aschoff and Koch illustrated a section of the gum. This revealed hemor-
rhage beneath the epithellum together with lLiemosiderin-laden cells In
this series described by Aschofl and Koch, the subjects, who were soldiers
dying 1 Roumama, appeared well-nourished, so that it would appear that
the cases are examples of uncomplicated scurvy.

Securvy continues to be reported in adults, although the manifestations
are not as dramatic as those described in earlier times. A good deal of
imterest has centered on the role of ascorbic acid deficieney in the deselop-
ment of anemia This had been pomted out by Vilter 32 some years ago and
was recently restudied by Bronte-Stewart.!'52 The anemia which 1s seen
in scurvy appears to be a definite entity which responds to ascorbic acid
when no other changes are made in the nutntion of the patient.

Studies of tyrosme metabolism have also been reported in adults with
scurvy #%¢ When tyrosine was admmistered, large amounts of tyrosyl de-
rivatives were found in the urine of individuals with scurvy to whom no
vitamin C had been administered Capillary alterations secmed to become
worse while tyrosine was bemng administered.




SCURVY IN INFANTS 359

actenistics of scurvy lly and geno! 1ly. So, too, scurvy is

most easily recogmzed at autopsy by its tell-tale marks on the skeleton. The
diagnosis can be made grossly by testing the skelcton, so to speak How
easily may the costal cartilage be separated from the shaft and how reahly
may the periosteum be strpped from the cortex of the nh? These same
criteria apply as well to the long bones. If these two features of generalized
decreased resistance to mechanical force may he demonstrated, scurvy 1s
almost certainly present. The disease may be more obvious if there is swell-
ing of the costal cartilages, evidence of premortem epiplyseal separations,
or subperiosteal hemorrhages of varying degree. How may these gross
changes be explained when the bone is examined under the microscope® The
picture is simlar to that which has already been desenibed in the ginea pig
(page 178).

Freuwr 157 Sctuny

Costachondel pmction (FELEL 13510 A and B Latcral margn and cartilige shaft
punchion shown i Tigrre 158 A Shows [rirtures of Ittice B Nate hittice desord of
bone upon which spindle shaped asteoblists are hang
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Ficung 136, Scunvy,

Costechondral yunction, human (HIL 1751), A mme month old bottle-fed snfant
dymg of memngococeus sepuis. The cartilage shaft junchion is slightly wregular, por-
ticularly Iaterally
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bone by the deposition of inorganic caleium and phosphorus in the form «
liydroxyapatite. The scorbutic state 1s characterized by failure of inte
cellular substances to be elaborated Osteoid, the organic matnx of bon
ke collagen and dentine, 1s an mtercellular substance In scurvy there
a fatlure of the osteoblasts to promote the formation of osteoid If th
single pomnt is understood the morphologic changes 1n the skeleton ar
therr clinical and x-ray mamfestations should be clear enongh.
As the scorbutsc state develops in the mfant, the cartilage cells of th
piphyseal plate to prohif and arrange tl hes in rows i
normal fashion. So, too, lume salts are deposited m the cartdaginaus matr
substance between the columns of hypertrophic cartilage cells, Howeve
the next step in the orderly sequence of bone growths deficient, osteoblas
fail to form osteord on the sprcules of calerfied cartilage matnx, In additio
these spicules are not destroyed Consequently, a wide zone of lare, cale

Tictae 159 Scimna

Shaft, human (HTLH 1161} A Celluhwr marton from deep i shaft B Fibrou wa
tow 1o show spindie shaped nnpotent osteoblasts swhich are found about tnicules o
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Ficune 158 Scunva,

Costochondral yunction (H.L H, 1161}, From a five month old ¢huld dying of bactllary
dysentery Note convex cartilage on concave shaft and disorgamzed metaphy sis

1t will be recalled from the discussion of normal osteogenesis on page
145 that growth of the long bones, including the ribs, takes place by a
continuous multiplication and piling up of the cartilage cells which form
the epiphyseal plates. A deposition of ime salts occurs in the matrix sub-
stance in the interstices of the hypertrophic cells at the cartilage-shaft
junction. Osteoid tissue 1s deposited on this frame work of matrix impreg-
nated with lime salts; such bone matrix 1s immediately converted into true
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Ficere 181 Scemyy, Hearrn

Costochondral junction (11 LTi, 1432) Twin of child shown n Figure 160 after treat-
ment for one month Scurvy 15 healed  nckets 1s present

motion and weight bearing, thus, they are especially hable to fracture The
changes which accompany such breaks lead to the charactenstic lesions of
scurvy m the skeleton

‘The first site of the appearance of fractures 15 usually at the penphiery
of the bone where the cortex and the cartilage are i fustaposition Tt s
obvious that the most displicement would be present here  As the lattice
develops 1n width, an mereasmgly fragile zone 1 formed, It is mevitable
that partial or complete fractures of the spicules of latiee will oceur and
that separation and deformity of the cartilage-shaft junction will soon
follow. Such fractures of the calafied matnx matenal lead to a feature of
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Ficure 160. Scumvy,

Costochondral junction (H.LH. 1441) Severe scurvy m child dying of burns. Little
evidence of healing 1s present,

fied cartilage matric is found just beneath the actively growmg cartilage
plate. Park#** has aptly called this formation the “scorbutic Iattice,”
since 1t is a “lattice” of calcified cartilaginous matrix material devoid of
bone. The development of this zone determines the resultant pathologie
picture. It must already be obvious that such spicules of calcified matrix
material, unencased by bone, are unresistant to the stresses and strains of
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Fieune 161, Scr

Castochondrib unction (TLIT 1132) Tax
ment for one manth Scmsas healed ke
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Ficure 162 Scunvy.

Effect of treatment, human A, HLH, 1441. B HLH. 1452, Higher powers of
preceding figures to show effects of therapy.

the classical textbook picture of scurvy, which Fraenkel 725 72¢ called the
“Trummerfeld” or area of debris. Here, beneath the cartilage and its provi-
mal caleified portion, are found spicules of calcified matrix in considerable
disarray, lying horizontally and in every other direction About the fractures
and m clefts n the matrix a pinkish staining hyaline material is present
Large numbers of erythrocytes are also found, together with many cells
which can be regarded as impotent osteoblasts; such cells have a stellate
appearance and resemble fibroblasts Macroph ing 1 idenin
may also be 1dentified.

Unlike the experimental disease in the guinea pig (page 145), absolute
scurvy in the human is very rare, so that evidences of healing are usually
encountered. Osteoid and bone are found about some of the fractures; the
amount of healng varies from case to case, dependmg no doubt on the
degree and duration of the deficiency state. Beneath the Trummerfeldzone
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is found an area where there are no hematopoietic cells, thus the marrow
appears to be made up of loosely arranged connective tissue cells without
many fbers which Schoedel 7?7 called the Gerustmark, The reason for the
disappearance of marrow cells, leaving only connective tissue elements,
is not clear,

From what has been said it 1s apparent that the fractures, presence of
pink-staining matenal, hemorrhage, and cellular proliferation are dependent
on the development of a structurally inferior zone yust heneath the epiphy-
seal cartilaginous plate That the stresses and strams resultng from muscle
pull and motion are responsible for these classical signs of scurvy at the
growing ends of the bone was expermmentally shown some years ago in
gumea pigs (page 178).

As already noted, evidences of healing are, tn our own experience at
least, always present in the infant. Such foer of new matnx production and
its subsequent caleification about spicules of fractured “lattice” indicate
what might be expected 1f one were to examme the bone from an ade-
quately treated infant some days after the imstitution of therapy. Some years
ago Dr. Park and 1 had an opportunity to observe a well-controlled expen-
ment of this type in the human The infants were twins, aged eleven months,
who were badly burned when they pulled a kerosene stove over upon them-
selves One child died shortly after bemg admitted to the hospital. At
autopsy the costochondral junctions were enlarged, the cartilage and shaft
were frecly movable upon one another and the periosteum was casily
stripped from the cortex. Postmortem x-ray examtnation of the skeleton
corrohorated the gross diagnosis of scurvy On the basis of this the second
twin was intensively treated with ascotbic acid  She died a month later of
sepsis. At autopsy there was no gross evidence of scurvy  Sections of the
costochondral junctions are shown n Figures 160 and 161 Figure 160
shows classical full-blown scurvy In Figure 161 the discase has healed
In the metaphysis beneath the shalt one finds formations of bone containing
wregularly arranged cores of caleified cartilage matnx These idicate the
fracture patterns which were present on admission one month before The
hone about them has been formed dunng the penod of treatment  Inci-
dentally, vitamin D was not admuustered  Evidence of nichets 15 present,
brought out m part by the vigorous new formation of esteoid followmg
vitamin C therapy (see below).

The salient chinical feature of scurvy 1s pam in the extremities, particn-
Tarly the legs  Park 12 epitomizes this m the words of a mother, “Anyway
you lay lum 1s the way he lays. If you lay lum on Ins side e makes no
effort to mosc or nothing It looks like most of his trouble is from the Inps
down.” In Park’s series ¥2* and 1n the group reported by Meclntosh 1122 pan-
ful extremuties were found m over 90 per cent of the cases ohsen ed, Hemor-
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Ficune 163, Scuawvy, Hearep

Costochondral junction {H.L H. 244). Costochondral junction from a seven month
old white male infant who died as a result of diarrhea and dehydration This was 2
purely acadental finding at autepsy (see Figure 164).

rhages in the gums were present in a smaller number, but were not found
1 the absence of teeth, When gingival hemorrhages were present the signs
of scurvy were well-developed. Petechial hemorrhages were infrequent in
the Baltumore group, 15 per cent of the infants at the Babies Hospital showed
ecchymoses  Enlarged costochrondral junctions, as well as swelling of the
ankles or wrists, may be present but the differentiation of scurvy and rickets
in these areas is difficult. One point which has been brought out by Park!?**
and which impressed us even more forcibly in our more recent study ***
was the large number of cases of scurvy found at autopsy in which the dis-
ease had not at all been suspected during Iife. To be sure, a certain number
(six) of the sixty-nine infants reported were dead on arrival or dead shortly
thereafter.}33* So, too, a high proportion were extremely ill and attention
was directed at combating the disease, so that the manifestations of scurvy

were doubtless ignored In only six of the sixty-nine cases showing post-
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mortem anatormical stigmata of scurvy was a defimite diagnosis of the dis-
case made clinically., One must continue to wonder 1f cases of scurvy are
missed 1n the clinie today.

It 1s apparent that anatomical evidence 1s present before the disease
may be recognized by symptoms or on chimeal examination  Are any other
diagnostic tests available? A good deal has been written on the use of
ascorbic acid concentrations in blood plasma or wlite blood cells, 1t 15
pretty well agreed that such determmations are of more use m excluding
scurvy than in making a defimte diagnosis Load tests such as the one de-
veloped by Kajdis3% would appear to offer more promuse, unfortunately
this particular procedure, as well as stmlar ones, does not appear to have
gamed very wide application  Alkaline phosphatase values 1 the serum are
dectreased m scurvy %% The excretion of hydrocyacids 1s icreased 710 134

The increasing climeal recognition of scurvy 1 nfants and studies of
such cases at autopsy coincided with the advent of the roentgenogram.
Thus, this new tool was apphed to the disease at an early date  In 1903,
Cassel 133 described sheletal clianges associated with subperiosteal hema-
tomata, Fraenkel ™5 ¢ correlated the anatomical and v-ray changes m
scurvy and called attention to the bright zone beneath the cartilage and
the area of rarefaction beneath this  His task was difficult because of the
concomitant presence of nichets In 1912, Reyher '™ desenbed the sign
m the epiphyses which bears lus name  Park and his associates 12¢ have

.:' A3 rtas
S N

Ficerr 1684 Scurvy, Hearen

Costochondral junction, humin & and B (TCLFL 211)  Tghier powers of costo
chondeal junctions shown n Fuoure 163 Note fracture pattems of trabeculie.
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Fieure 163 Scurvy, HeaLeD

Costochondsal yunction (H L.JI 244). Costochondral junction from a sesen month
old white male snfant who cied as a result of diarrhea and dehydration This was @
purely accidental finding at autepsy (sce Figure 161).

rhages in the gums were present in a smaller number, but were not found
m the absence of tecth, When gingival hemorrhages were present the signs
of scurvy were well-developed. Petechial hemorrhages were infrequent in
the Baltimore group, 15 per cent of the mfants at the Babies Hospital showed
ecchymoses. Enlarged costochrondral junctions, as well as swelling of the
ankles or wrists, may be present but the differentiation of scurvy and richets
in these areas is difficult. One pomnt which has been brought out by Park**
and which mmpressed us even more forcibly in our more recent study '*'
was the large number of cases of scurvy found at autopsy in which the dis-
ease had not at all been suspected during Life. To be sure, a certain number
(six) of the sixty-nine infants reported were dead on arrival or dead shor‘tly
thereafter.’’?* So, too, a high proportion were extremely 1ll and attention
was directed at combating the disease, so that the mamfestations of scurvy
were doubtless ignored. In only six of the sixty-nine cases showing post-
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Fiarre 163 Sctmy

Upper tibua (HLH 1155). Lesion at lteral margin which shows low outer cortex
and lattice have rubbed away



398 DEFICIENCY DISEASE

added much by pointing out some of the earliest signs of scurvy in the
skeleton and correlating these with the histolagical alterations which have
been described above. In the x-ray one may expect to find changes at the
cartilage shaft junction, in the shaft itself and in and about the periosteum,
though Park is carefal to point out that, “therc are no early signs of
seunvy” i the x-ray. The history is the most reliable diagnostic point
“Every infant, known not to hasve reccived antiscorbutic substances over a
period of two months, should be held under suspicion.” 1327

The earliest clinical x-ray signs contributed by Park et al.**** consist of
defects at the corners of the ends of the long bones (Anees, wrists, ankles).
In microscopic sections one can see fractures here when the Iattice has been
pulled away as well as rarefaction of the cortey, which mn some instances
may be fragmented.

The question, “How jmportant a discase is infantile scuny today?”, must
be ashed. One can only cite some of the reports which has e been presented
in the past from several large pediatric clnics. During the period 1908
to 1934 the total number of cases scen cach year in the outpatient efinic
of the Babies Hospital in New York City fluctuated from one ar two to an
all ugh of over twenty in 1925.1%° During the deeade, 1936-45, forty-one
cases of chmcally mamfest scurvy were observed in every 100,000 out-
patient visits to the Cluldren's Hospital in Boston 299 This was in contrast
to an incidence of fifty-cight cases per 100,000 visits during the preceding
ten year period. From what has already been said scurvy must be well-
advanced before it mamfests itsclf clinically. This was the experience of
Park in a study published in 1935.1*% Further data were presented in
1950 127 from an examination of the bones at autopsy of a series of 1,303
children dying m the period 1926-1942. The incidence by month during the
two years is shown in Figure 168. 1F the period from the third through the
eleventh month is specifically examined, it 15 found that, of the 487 cases
falling into this age group, sixty-three, or almost 13 per cent, had anatomical
evidence of scurvy. In only a few of these, as already noted, was the clinical
dwagnasis of seurvy entertaned, thaugh as fae as the clmician is concerned
certain extenuating circumstances are obvious: scurvy not far enough ad-
vanced, confusion by rickets, severe illness mashing pain, clild dead on
arrival, or all attention given to treating the disease from which the child
died.

In this series 137 a special analysis was made of the feeding history. No
cases of scurvy were found in those children wha had been breast fed their
entire lives ot a greater part, even though they had recetved no supplemental
vitamin C. This is in conformity with the observations of Barlow 172 who
stated, “In no single case at the time of onset of the malady has the chid
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been breast fed” Any correlation of the feeding of cow’s milk with the
bone lesions at autopsy is difficult because of so many variables

In Table XIIT are presented the chief causes of death in the Johns Hop-
kans Hospital series. %" This 1s of mterest in pomting out the toll of in-
fectious disease m this preantibiotic period The number of nstances of
scurvy, ie, two-thirds of the total, which were associated with a disease of
short duration 1e, fourteen days or less, would indicate that the disease
may have had httle to do with the dexelopment of scurvy, since i a num-
ber skeletal changes were well-marked

The problem of the association of nckets and scurvy has plagued the
chnieran and pathologist since the very begmming  Moller, m 1859, refer-
red to the case he desenibed as one of acute rickets  Barlow,'# 1t will be

Fictre 167 Scvhvy

Roentgenogram, tibu, x-ray of bone shown on section 1 Figares 163 and 166, This
comer lesion 15 charactenstic
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Ficure 168. Scumyy,

Corner, upper tibua, human Iigher power of Figure 163,

Tasre NI

CAUSES OF DEATH IN 89 CASES OF SCURVY
PROVED AT AUTOPSY

Duration

Acute® Subacute
or

Cause of Death Number Chronic*®
Lobular Pnenmoma 22 13 9
Entents 19 14 5
Purulent Memgitis 10 7 3
Tubsreulous 3 0 3
[} 0

Sudden, With or Without Ceneralized Hemorrhages 6
(Pylone OF pharyngeal
Abscess, ete,) 6

Total
* Duration 0-14 Days
% Duration 14 Days or More
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been breast fed” Any correlation of the feeding of cow’s milk with the
bone lesions at autopsy is chfficult because of so many varables

In Table XIII are presented the chief causes of death m the Jolins Hop-
Lins Hospital series *27 This 15 of interest in pomting out the toll of n-
fectious disease n this preantibiotic period The number of mstances of
seurvy, i e, two-thirds of the total, which were associated with a disease of
short duration 1e, fourteen days or less, would indicate that the disease
may have had Iittle to do with the development of scurvy, since m a num-
ber skeletal changes were well-marked

The problem of the association of nchets and scunvy las plagued the
chinician and pathologist since the very beginning  Moller, in 1859, refer-
red to the case he desenibed as one of acute nickets. Barlow,’#24 1t will he

Frcvnr 167, Scunvy

Rocntgenogram, tibsa, x rav of Lone shown on section 1 Figures 163 ahd 168, This
comner lesion is charactenstic
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PREVALENCE OF SCURVY AT AUTOPSY

% BY AGE [N MONTHS
30 JOHNS HOPKINS HOSPITAL, 1926 - 42

NUMBER OF CASES

FiGure 168. PREVALENCE oF SCURyY AT AuToPSY.

recalled, was able to sey the twa di: on clinical g ds and to
point out certain characteristics of scurvy, such as subperiosteal hemor-
rhages and epiphyseal separation, which set it apart from rickets. However,
the pathologists of that time: Naegeli,’*> Schodel,™? Schmorl '8 and
Fraenkel 7% 72¢ studied and reported cases of scurvy in which rickets was 2
complicating factor. We have had the same difficulties**** and have indr
cated elsewhere 1327 that the prevalence of scurvy in the Johns Hopkms
series might have been greater had not rickets been present in so many to
obscure the picture. Perhaps we are in a better position today than were
the pathologists at the turn of the century, since there is a better undes-
standing of the 2 diseases as a result of experimental studies Both scurvy
and rickets are alike in that bone growth must take place if they are to
manifest themselves, Thus, they are seen in the same places: middle ribs,
knees, wrists, et cetera, those areas where growth 1s going on most raprdly.
But the prumary defect in each is entirely different In scurvy the osteoblast
becomes impatent to form bone matrix (osteold); while in rickets the
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deposition of inorganic materials in the matrices of cartilage and bone is
defective In a group of sixty-nine cases of seurvy which we have studied
the absence or presence of rickets was as follows: none, twenty-three,
richets, shght, seven, moderate, thirty-six, and severe, three The small
number of jnstances of severe nckets in thns group of cases definitely proved
to have scurvy bears out what was mentioned above,

Briefly, it will be recalled that in scurvy growth of the cartilage is not
impaired unt) late m the disease Hence, unless nichets is present and
provided the lage cells to proliferate, inorg ials may
be expected to deposit in the cartilage to produce the telltale scorbutic
“lattice.” But if inorgame matenals do not deposit at all or do so m a spotty
fashion no fathee will form. Naturally no fractures will be seen af no lattice
is present! Hence, it is easy to see how the presence of nchets can com-
pletely mask the development of scurvy. One has to find a few fractures of
an incompletely formed lattice or the presence of extensne hemorrhages.
Treatment of rickets mght be expected to bring out the picture of scurvy
of the latter disease had been obscured by the presence of nchets We have
not encauttered this situation  However, the opposite has been obsenved,
1e, the unmasking of richets or an mncrease m its sevenity by treatment of
seurvy, In such a situation much new bone matnx wall suddenly appear
and, 1f inorganic matenals to deposit in it are at 2 premmim, such matnx
will be defictent in them In the three mstances of severe nickets obsened
s owr studhes the divease was brought out by the treatment of the senrvy.
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THE BERIBERT SYNDROME

‘The syndrome, which is called benberi, has been recognized for cen-
turies The dernation of the term benben comes from the Swihalese, mean-
g “cannot.”

A most grapluc “general account of the symptoms” is that by Malcalm-
son which was publishied 1n Madras in 1835 Y% “The discase presents such
a varicty of symptoms that 1t will be more instructive to consider them n
detail, than to attempt any elaborate general desenption Tt will be suffi-
cient to deseribe the most remarkable characters

“It uswally commences gradually, with a feeling of numbmess, sense of
weight and shght weakness and stiffness below the middie of the thighs,
sometimes preceded by muscular pams There is shight oedema of the feet
and legs, especially along the tibsae, often found to come on after the other
symptoms The walk is unsteady and tottering even when the patient s
not aware of weakness in the Junbs, wlich are occasionally tremulous,
spasms oceur in the calves and soles of the feet, sometimies becommg general
and oceasonally shooting to the chest and laryny, obstructing respiration
and speech The want of power often rapidly increases to almost total palsy,
especially of the extensor muscles, and m a few cases, the patient after
shight indisposition suddenly loses the use of lus legs. Rigadity and various
affectians of the nerves accompany the paralytic symptoms, and there
sometimes pain along the spine, commonly at the two last lumbar sertebrac.
In some cases the disease goes no further and a cure 15 elfected; but more
frequently, the numbness extends upwards towards the abdomen, there is
general sense of lassitude and aversion to motion, and the hands, arms, and
chest (and in a few cases even the neck and ips) are gradually benumbed
There 1s oppression and weight at praccordia, dyspnoca on slight exertion,
diffused and irregular pulsation in the eardhac region, and the face and
hands are puffy and oedematous, The patient 15 often found dead in bed,
ar sinks after several fainting fits or throbbings at the heart, or the ocdema
rapidly mereases and extends up the trunk, violent dyspioea and inabulity

to he down in bed comes on, with anuety, cold sweats, cold extremutics,
rapid feeble pulse, urgent thurst and partial suppression of unne. At the
commencement the urne is always seanty, of a deep red colour without
cloud or sediment and possessing very pecubiar propettics, in some old
eases 1t becomes coprous, turhid, and pale with a large white deposit, and is
passed with main, from an iritable Bladder, The stomach is imtable in
many had cases, and piin and tendemess in the epigastrinm fs sometimes
comphined of; there is in a few, pain in the abdomen, or a sense of hieat is
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diffused over it and the chest. Effusion takes place into the chest and more
rarely 1nto the abdomen, and there are now and then some signs of inflam-
mation of the pleura or bronchi. In the early stage, the pulse may be full,
hard and frequent or little altered; when the face is pufly and there is
weight and oppression at the praccordia it is quick, often irregular and usu-
ally small, althougl it is occasionally strong. Vartous dyspeptic symptoms
oceur, the bowels are often costive, the stools green and variously dis-
ordered and the eyes often tinged yellow. The skin is rather cold, unless
there is pyrexia wlieh is often present n the evening, The discase is some-
times fatal in a few hours, but is often chronic, and in these, the patient is
liable to sudden death, to rapid aggravation of the symptoms, or superien-
tion of new and more formidable ones, by which he is soon carried off; and
if he survives these, he may live for a long time bedridden, dropsical, and a
true paralytic,”

Just as pellagra is prevalent in areas where the main dietary staple is
corn, so benberi is encountered where another cereal grain, rice, fumishes
the main proportion of calories to the diet. Thus, beriberi has a definite
environmental distribution in relation to rice eating. The endemic center
has classically been Eastern Asia: Japan, China, the Philippines, Ind?-
China, Malaya and Java. The disease has also been encountered in certain
parts of Africa and South America. In receat years the syndrome has been
seen m association with aleohohsm in North Ameriea,

The history of benberi provides one of the first clear-cut examples of
disease produced by nutritional deficiency. As has occurred in the evolu-
tion of our knowledge of other deficiency discases, such as pellagra, and
even pemicious anemia, many theories were postulated concerming the
ctiology before the correct one was aceepted. If one scans the references
1 the Index Catalog of the Library of the Surgeon General's Office, U §.
Army, he may get some insight as to the varied ideas which were advanced
concerning the etiology of beriben. Particularly prominent were: chemical
causes (arsenic, oxalate, phosphorus, carbon dioxide, food poisoning) and
animate agents (protozoa, helminths, bacteria, fungi). The latter were
indicted, as was the trend towards the latter part of the nineteenth century
and the first part of this one, when the revolutionary discoveries of Pasteur
and others were so much n the forefront.

Certamn fundamental observations which were made from the 1870s
on, focused attention on the relationship of rice to beriberi. It should be
pointed aut that in the rice eating cauntries, beriber: had oceurred only
sporadically until the latter part of the ninetcenth century. Then, with the
advent of steam-powered mills, which ground the husks from rice so
efficiently, the prevalence of the disease rose rapidly, particularly in prisons
and military establishments, The Dutch and Japanese were especially inter~
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ested m the latter arcas: quently the mamn ad came from in-
vestigators from Holland and Japan.

In 1873, Van Leent, a Dutch naval doctor, noted a difference in mor-
bidity and mortahity from beriber: among the Indian and European sailors
of the Dutch navy He asenbed tins to differences in diet. That of the
fndians consisted mainly of nice; the Europeans partook of a more varied
fare, particularly with respect to protein and fat 14

By the 1880's, Takakt,'*! a Japanese medical officer, had begun to
study henberi which had come to be recognized as a semous problem
the navy Takaki had only to compare the Japanese sailors who had de-
veloped benberi with the men of the British Navy who did not suffer from
the disease. The reason for the difference was clear: a diet in which nce
predormated versus a diet in winch there was plenty of meat and vege-
tables So, too, Takaki noted a dispanty hetween Japanese officers and
the common sailors, the rice diet of the former group was supplemented
with meat and vegetables Takaki in a fashuion similar to that of Lind over
a hundred years earlier was able to convince Ins supeniors that meat, vege-
tables and condensed mmik should be ntroduced to spplement the nice.
When tins was accomplished henberi became virtually extinet 1 the Jap-
anese Navy

At the same time Chnstian Enkman,™™® who was working m Batavia,
was able to produce a “berberi-like” discase in fowl by feeding a diet of
polished vice (page 197) He found, too, that the feeding of unpalished
rice failed to reproduce the duecase. He further suggested that a similar
relationslup of polished rice consumption to berben might eust in the
prisons; it did  Enkman solated from rice polislings a water or alcahol
sotuble extract which cured the disease in chickens He thought, however,
that he was deabng with an mtovication, s e, that nice produced in the
intestine 2 poisonous substance to which the outer layers of the grain were
an antidote

It was for Grius?**2 to postulate that bertben was the result of a dietary
deficiency  From here on the story 1s familar enough. The 1solation by
Funk from nice polishings of a potent extract which chemically had the
properties of a pynmidine base Jed to the introduction of the term “vita-
mne” During the ensumg years, extracts of increasing potency were pre-
pared, until n 1926, Jansen and Donath 1solated a crystalline matenal, The
story reachied its climax i 1636 when Walliams and fus associates announced
the structural formula and synthesis of thiamme.

Thus the disease, benberi, came to be intimately connected with a single
essentral nutrient, thumme  So much so, that m the text books of bio-
chemstry and of medicue 1t has been customary to discuss heribert under
the headings, “Thiamine” or “Thiamine Deficrency.” We feel such an ap-
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diffused over it and the chest. Effusion takes place into the chest and more
rarely nto the abdomen, and thiere are now and then some signs of mflam-
mation of the pleura or hronchi. In the carly stage, the pulse may be full,
hard and frequent or little altered; when the face is puffy and there is
weight and appression at the praecordia it is quick, often irregular and usu-
ally small, although it is occasionally strong Various dyspeptic symptoms
occur, the bowels are often costive, the stools green and variously dis-
ordered and the eyes often tinged yellow, The skin is rather cold, unless
there is pyrexia which is often present in the evening, The discase is some-
tumes fatal i a few hours, but is often chronic, and in these, the patient 15
lable to sudden death, to rapid aggravation of the symptoms, or superven-
tion of new and more formidable ones, by which lie 1s soon carried off; and
if he survives these, hie may live for a long time bedridden, dropsical, and 2
true paralytic.”

Just as pellagra is prevalent in areas where the main dictary staple is
corn, so beriberi is encountered where another cereal grain, rice, furnishes
the mamn proportion of calories to the diet. Thus, beriberi has a defimte
environmental distnbution in relation to rice eating. The endemic center
has classically been Eastern Asia: Japan, China, the Philippines, Indo-
China, Malaya and Java The disease has also been encountered in certam
parts of Afnica and South America. In recent years the syndrome has been
secn m assoctation with aleoholism in North America.

The history of berberi provides one of the first clear-cut examples of
disease produced by nutritional deficiency, As has occurred in the evolu-
tion of our knowledge of other deficiency diseases, such as pellagra, and
even pernicious anemia, many theories were postulated concerning the
etiology before the correct one was accepted. If one scans the references
in the Index Catalog of the Library of the Surgeon General's Office, U.S.
Army, lie may get some insight as to the varied ideas which were advanced
concerning the etiology of beriberi. Particularly prominent were: chemical
causes (arsenic, oxalate, phosphorus, carbon dioxide, food poisoning) and
animate agents {protozoa, helminths, bactena, fungi). The latter were
indicted, as was the trend towards the latter part of the ninetcenth century
and the first part of this one, when the revolutionary discoveries of Pasteur
and others were so much in the forefront.

Certain fundamental observations which were made from the 1870
on, focused attention on the relationship of rice to beriberi It should be
pointed out that in the rice eating countries, beriberi had occurred only
sporadically until the Jatter part of the nineteenth century, Then, with the
advent of steam-powered mulls, which ground the husks from rice so
efficiently, the prevalence of the disease rose rapidly, particularly in prisons
and military establishments The Dutch and Japanese were especially inter-

~
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has never deserved the title of ‘antimeuntic vitsmm,” mnd has not yet shown
itself capable of flling completely the role that was formerly assigned to
the hypothetical antibenbers vitamin ”

1t is important to realize that even today we rely on the pathologe
studies which were made during the eatly years of this century for an

d ding of the pathol of benberl. It is further impor-
tant to understand that berbers m those days was looked upon as an in-
toucation or an infection These 1leas may bave colored the interpretas
tion of the lesions by the pathologists of that era Unfortunately, no recent
studies of the neurological changes in cases of endemic benberi have been
carried out. A number of questions remain unanswered. Do specific lesions
occur in the peripheral nerves which are unassociated wath inanihion? 124
What are the Iestons of eerebral beriben? If such are present, are they sim-
ilar to those chavacteristic of the Werniche syndrome {page 415)? What,
if any, is the rclationship of other deficiencies to benben? Do the lesions
which are associated with pantothenic acid and pyndoune deficiencies of
swine have any counterpart in human benben? What is the reponse of the
neurological changes to therapy?

As already noted, one of the cardina) mamifestations of the beriher syn-
drome has been heart failure.t3st13% In the Onent evidences of hertben
heart disease have included palpitation, pain, dyspnea, dependent edema,
and increasing signs of cardiac enlargement  Farlure of the nght ventricle
1s manifested by an enfarged and tender hiver wath increasing ascites, hydrao-
thorax and hydropericardium  Definite, though non-speaifie, electrocardio-
graphuc changes were also found This picture was described in Lierthert all
through the eatly part of this century, More modern deseriptions of Orien-
tal benben such as those by Wenchebach %3 %3¢ qud Keefer#ss have
tended to draw attention to the possibulity that beribers heart disease might
be found in this country. Weiss ¢ 1n Boston was Jargely responsible for
populanzing Ocerdental beriben heart disease  In 1940, one case was found
for every 160 admissions to the Boston City Hospital Most of the mdwid-
uals displaymg this form of heart disease were alcobolics, The cardiovascular
abnormalities were ascribed to thiamine defi y Varous festations
were observed, such as: orthopnea, asthma, pulmonary edema, reduced
wital capacity, gallop rhythm, and mcreased venous pressure. The cardiac
autput was raised, Thiamine was cffective m therapy only in some of these
cases At autopsy, “hydropic change” was found m the myocardial fibers

Further study of benben heart discase by Blankenhorn '35 has led
to the followmg dgnoshie criteria (1) enlarged heart with normal sino-
avncular thythm, (2) dependent edema, (3) elevated venous pressure,
(4) peripheral neuntis or pellagra; (5) non-specific changes i the electro-
cardhogram, (6) lack of other recogmzed cause af heart failure, (7) grossly
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proach places undue emphasis on thiamine deficiency in the path

of this discase and fails to stress that beriberi is a multiple deficiency syn-
drome We have deliberately chosen as the title for this section, “The
Benben Syndrome,” in order to call attention to this important fact.

Hence, mn the present state of our ignorance concerning the pathogenesis
of benberi, definitions such as the following are not satisfactory. “Beniberi
may be defined as a nutritional discase due primarily to a deficiency of
thiamine (vitamin B,) and charactenzed by peripheral neuritis, myocardial
changes with congestive failure and edema,”™*4* or “Beniberi is a deficiency
disease characterized by multiple neuritis, of in the cardi i
system and, frequently, edema. The primary manifestations are attributable
to thiamine lack.” 1214

Benberi, as scen clinieally, has been divided into three main types:
(1) the dry or typical form; (2) the cardiac or acute pernicious form, and
(3) the wet or edematous form. As might be expected there may be mix-
ture of these three main types.'3s1 1352

The first form, dry benberi, mamfests itself primarily as a nervous sys-
tem disturbance with hyperesthesia. There is loss of various reflexes and
finally paralysis Tenderness and cramps of the muscles of the extremities
are prominent There may be numbness of the lips and tremor of the tongue
As the disease progresses, marked atrophy of the muculature, particularly
that of the extremuties, is found. Contractures occur in the end stage.

Cardiac beriberi, or the acute pernicious form, is characterized by sud-
den and devastating heart failure which may have  fatal course in a matter
of hours, or it may be more slowly progressing, giving rise to classical signs
of congestive hieart failure.

The third classical form, wet beriberi, is characterized by extensive
anasarca This may in part be the result of cardiac failure and in part due
to hypoproteinema,

From these clinical manifestations of the disease one might expect to
encounter profound changes in certam areas, e g., the nervous tissues and
heart, at autopsy. The earlier studies of Baelz,!?5 Scheube,!48 Wright,7
and Durck *# revealed degeneration of the peripheral nerve fibers exem-
plified by various stages of loss of myelin and axoplasm. Changes of the
dorsal root ganglion cells and tract degeneration of the columns of Goll in
the spinal cord were also observed To what can such changes be aseribed?
Unfortunately the answers to these questions are not known. Hence it is
impossible to do more than point out our ignorance with a plea for fresh
studies on climical cases and autopsy material. As far as the relation of
thiamine to polyneuritis is concerned a statement made by Meiklijohn 135
in 1940 is perfectly valid today. “When the hterature of the last ten years
idered in ive, the Tusion is i ble that thi

is co P



THE BERIBER! SYNDROME 411

12ed at autopsy by scarnag of the maral endocardium and the my it

of the nght and/or left ventnicles with fatlure of erther/or both chambers
A further compheation is adherence of either or both atrioventricular
valves to the ventneular walls, thus producing incompetency. The reason
for this peeuhar inedence in Uganda is not clear At the present time nu-
tntional deficiency can be regarded as only one possible etiological fac-
tor, anemta, animate agents, et cetera, may be implicated.

Exact fignres as to the prevalence of berberi i vanous areas today are
few. However, the Pha: 1363 1384 d the £ }?
tion of a base hne of morbulxty and mortalty statistics which are of m-
terest In 1947, before the nice ennchment program began, the disease
clamed 24,296 hves with a rate of 132 per 100,000, The year before the
death rate was 148, while that of tuberculosis, the Jeadng cause, was 170
per 100,000 Chumcally, in the Bataan survey, of 12,384 persons examined,
1,580 cases of “frank” or “suspected” beribens (12,7 per cent) were found

The prevalence of benber: today among the rice eating population of
the world 1s not known, Since one-half of the world lives on rice, henberi
may be of great importance, though how important we may not know until
pointed surveys are carried out,
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deficrent dict for at least three months, and (8) clinical improvement with
reduction of heart size after specific treatment, i ¢., thiamine,

From the above one is struck most by criterion number 6, “lack of other
recognized cause of heart failure.” It would appear this has opened the
door to the use of beriberi heart discase as a sort of catch-all in which to
throw non-diagnosable types of heart disease, doubtless of varying ctiology.

It 15 unfortunate that the anatomica) alterations in the heart accompany+
mg the benberi syndrome are so equivocal. Earlier observers, such as
Durck,'** noted inflammatory foci and scarring. Wenckebach 133 described
edema. Weiss 1*%* thought that “hydropic degeneration” was a part of the
pathologic picture. It is apparent that there is complete Jack of any con-
sistent pathognomonic lesion at autopsy. This is disappointing in view of the
constant and easily reproducible changes which may be found {n the thia-
mine-deficient animal whether it be rat, mouse, dog, swine, or monhey
(page 198). We have been on the lookout for changes for some years but
have seen no material that is acceptable. Beriberi heart disease continues
to be described.?*™ A recent series of cases was characterized by byper-
tension, 1357

To further complicate the status of the myocardium in relation to nu-
tritional factors certain syndromes and autopsy findings therem must be
mentioned. For instance, a type of “nutritional heart discase” has been
described in the malnourished Bantu of South Africa.!3% These individuals
partake of a dict consisting almost exclusively of a porridge of highly re-
fined maize, white bread, tea, and sugar. The syndrome is characterized by
a generalized edema, enlargement of the heart, o hypolinetic circulation,
and gallop rhythm. Electrocardiographic changes of a non-specific type are
present, Plasma protein concentrations are only shghtly reduced (7.1 gm
per cent to 61 gm. per cent) and no relation of their levels was found to
the anasarca When the patients were placed on an adequate diet, the ab-
normal signs and symptoms cleared up unless the disease had progressed
mto an jrreversible stage.

At autopsy ' the heart was hypertrophied, weighing as much as 750
grams. Nare of the usual causes for such enlargement were found. In five
of the twelve reported autopsies fresh mural thrombi were observed. Intra-
cellular edema was present though no hydropic change was seen. Shght
fibrosis with cellular infiltrations was found in a few of the hearts but such
changes were not particularly pronounced. Evidence of liver disease, such
as fibrosis and hemosiderosis, was found in most of the cases. The exact
etiology is totally obscure, though there appears to be little doubt that
faulty nutrition plays a role

Another form of heart disease, “endomyocardial fibrosis,” has been re-
ported from Uganda in central Africa.’®** This group of cases is character-
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INFANTILE BERIBERI

yndi % ized by dyspuoes, cardiae disturbance,
gastromtestinal derangement, ohguna and aphonia was first deseribed
wm Japan by Hirota in 16983 The cases which he observed ocenrred m
infants who wete being nursed by mothers wha had sysnptoms of benben.
He found that such children recovered when they were talen from the
breast and concluded that the disease was cansed by an intoxication

The syndrotme was studied extensively in the Philippines, where Ved-
der %5 and others observed 1t and where st accounted for a Jarge number
of deaths dunmg the first year of fife Vedder describes the tymcal acute
case as follows- “A young mfant of from one to three months of age who
has always apparently been healthy and well nounshed is svddenly scized
with paroxysms of pamn  During such a paroxysm the chill strasghtens out
his body and becomes guite ngid, the abdominal walls and ep i
are tense and hard, He cries constantly, and gradually the face becomes
cyanotic and the veins of the neck are engorged. The child acts as if m
great pain The pulse 1s very small and rapid, and the heart flutters. This
attack passes off only to be repeated by others of a simular character at
intervals of greater or less length and the cluld dies anywhere from a few
miutes after the beginning of the seizure to ten to twelve hours.”

A more chrone form was less common This was characterized by gastro-
intestinal disturbances such as constipation and vomting, by anemia, dysp-
noea, oliguria and aphonia. The latter sign wust be most extraordimary to
witness It has been deseribed vindly as follows. “The baby seems to be
crying, but because of the loss of voice no sound comes from hm, and
only his grimaces and twitching of Ius face offer evidence of the sufferngs
he 15 undergoing” Relatively ittle mdicabion of neurological myolvement
15 seen 1 exther the acute or more chrome forms.

At autopsy, cardiae hypertrophy has been the most prominent finding,
with congestion of the viscera Microscopic studies have been few and

i3

Vedder noted a dramatsc response o rice bran extract, this further con
vinced bim that the disease was truly berberi,

In recent years this syndrome has continued to be olserved in those
parts of the world where polished nce is the mamn dretary staple.177% 1378
314 wsea 58t Taele fs known of the biochemieal and anatomical alterations
whach accompany the chinical manifestation just mentioned Further studies
in areas where the disease continues to be endemic are much needed
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THE WERNICKE SYNDROME

In 1881, Wernicke 1365 del, d a synd “acute } hapch
Pohoencephalitis superior,” which was ¢l terized climcally by cloud
of consciousness, ophthalmoplegia and atavia, At awtopsy, symmetrical
fesions were found 1n the gray matter of certain areas of the brain, being
particularly promment m the region of the third ventricle and corpora
guadngemina Two of the three cases Wermeke desenbed were associated
with alcohotism; the third followed gastric disturbances wluch developed
after the mgestion of sulfuric acid.

n the enswing seventy-five years the chintcal aspects of this syndrome
have been redescribed and elaborated upon many times  So, tog, extensne
correlative pathologic studses have appeared As a result of these clinico-
pathologic mvestigations and of experimental observations already men-
tioned (page 201), the Werntcke syndrome, or Wernicke's encephalopatliy,
is now considered to result from nutntional deficiency.

As more cases have been observed certain chnical aspects of the syn-
drome have been amplified, 3% 91 though clouding of consciousness, oph-
thalmoplega and ataxia remoain the foundation Drowstiess may usher in
the disease, and 15 then followed by coma The latter may alternate with
stages of excitement and dehirium When these are not too marked one may
observe symptoms of the Korsakoff type: disonentation m space and time,
confabulation, visual and aural haltucinations, et cetera, In fatal cases of
the Korsakoff syndrome 1t is unusual not to find the pathologic lesions de-
sctibed by Wernicke 3% at autopsy  Impairment of vision 1s usually promi-
nent, fundal hemorrhage may be present  Evidences of oculomotor disturb-
ances are most frequent and 1mportant. Such consmist of irregulanty and
inequality of the pupnls, Argyil-Robertson pupils, pavalysis of conjugate eye
movements, diplopia, strabismus and nystagmus  Polynenntis may be
present, The total protem content of the cerebrospinal find may be elevated

At autopsy, changes m the bran are particularly interesting because of
their sel and hilateral distnb 132 Vascular alterations are prami-
nent, these consist of dilatation of small vessels with proliferation of ther
endothelal cells  Penvascular hemorthages may or may not be prominent.
The parenchyma shows necrosis of neurons and degeneration of therr proc-
esses In time a reaction of ghal elements is found The microgha swell and
acqutre fat droplets, the astrocytes proliferate. Otherwise, hitle inflamma-
tory reaction 15 found. The commonest sites of damage are the mammillary
‘bodres. Changes are 1 though less in other hypothal-
e nucles, the nuclens parafascicularis and in the medial porhion of the
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is probably a combination of severa) nutritional deficiencies affectmg the
nervaus system and need not necessarily be complete in any case ™ Swee
the ophthalmoplegia responded to thiamine, a deficiency of tins vitammn
was thought to be the cause of such paralysis The admimstration of thia-
mine improved the poly neuritss, 1f present, The Korsahoff syndrome did not
respond to thiamme, Of Jollifie’s series of twenty-seven cases one-third
exhibited evidences of “micotimic acid deficiency encephalopathy” (see
page 326), others had stomatitis and dermatitis thonght to be assoctated
with nicotimie acid deficrency  Jolliffe 72 and others, for mstance Ruiggs
and Boles,’*™* have mdicated that nutntional deficiency forms the hasic
background for Wemicke’s Disease. Thus, a multiple deficiency state rather
than a Jack of thiamine alone 15 Iikely responsible Tt 15, therefore, to be de-
plored that the hypothesis that 1 d thiamme defi is the
cause of Wermicke's Disease has been rather widely accepted without a full
evaluation of the expenimental data npon which such a supposition is based

In the pigeons, which were reported by Alexander et al ™7 lesions ate
said ta occur tn the bram and to consist of symmetrical foci of damage in
the gray matter together with hemorrhages and changes in the blood ves-
sels Because of the similantv of these alterations to the pathological man-
festations of Wermcke's disease 1 man, Alevander has concluded that the

8t

Ficune 170 Wernice's Disgase

Bran A, and B Higher powers of secion shown in Figare 168 Prohferation of ghat
and endathehal cells together with alterations of neurons are shown
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Frevne 169 Wenaae’s Dissase,

Hmm" Low power through mammullary bodies from aleohelie dyng m coma {A FLP.
97952).

thabue nuclei. In the widbrain the follewing may be fmolved: periagua-
ductal gray-matter, oculomotor nuclei, posterior colliculi and central gray
matter at the junction of phalon aud di halon. In the hind-
bram the gray matter of the floor of the fourth ventricle may be mvohed.
The optic nenve also can evinee damage. So, too, changes lave been de~
sersbed m the spmal cord, % Yesions of the cerebral cortex are tncommon

Early descriptions of this syndrome stressed the role of alcohal in its
pathogenesis, though it may be recalled that one of Wemicke's onginal
three cases was nat an alcoholie. A significant advance sas made when
several publications pomted out the occussence of the disease i non-alco-
holics, 3387 ¥ swhose nutritional status had heen terfered with by clhirome
gastrie ulcer, gastritis, carciwoma of the stomach, enteritis, et cetera, Af
the same time, too, the observations of Alexander ™ in birds {page 206)
and of others wm rats,”® cats, "% 7% and foxes 77 focused attention on the
possible nuintonal etiology of the disease. All of this led Jolliffe ef af 337
to review twenty-seven cases of Wernicke's syndrome which had been ob-
served at Bellevue Hospital during the period 1035-1940. Since various
methods of treatment had been employed, Jolliffe and his co-norkers were
able to conclude that “the syndrome as onginally described by Wernicke
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PERNICIOUS ANEMIA

In the years precedmg the publication of dus classic On the Constitu-
tional and Local Effects of Disease of the Suprarenal Capsules, Thomas
Addison had already noted (1649} a “remarkable form of general anemia,
ocewrring without any discermible cause whateser "1%2 Later he was to
describe the chnical course of this disease as follows.

“It makes sts approack m so slow and msidious a manner that the pa-
tient can liardly fix a date to the earhest feeling of that languor which 1s
shortly to become so extreme. The countenance gets pale, the whites of
the eyes become pearly, the general frame flabby rather than wasted, the
pulse perhiaps large, but remarkably soft and compressible, and occasion-
ally with a slight jerk, espectally under the shghtest excitement, there 15
an mereasing indisposition to exertion, with an tncomfortable feelng of
fad of ! wm D i, the heart s readily made to
palpitate; the whole surface of the body presents a blanched, smooth, and
waty appearance, the hips, gums, and tongue seem bloodless, the fabbmess
of the sohds increases, the appetste fails, extreme langnor and fantness
supervene, breathlessness and palpitations bemg prodnced by the most
trifling exertion or emotion, some shight oedema 1s probably perceived about
the ankles, the delanlity becomes extreme, the patient can no longer rise from
his bed, the mind occasionally wanders, he falls 1nto a prostrate and halfe
torpud state, and at length espires. nevertheless, to the very last, and alter
a sichness of several months” duration, the bulkusess of the general frame
and the amaunt of obesity often present a most stnking contrast to the fal
ure and exhaustion observable m every otlier respect 1369

At antopsy, Addison found virtually nothing, save extreme fatty changes
in the heart

After the pubbcation of Addison’s first contribution i 1848, the sym-
drome had begun to be further delineated, for m 1851 Barclay 5% (desenbed
twa cases of “Death from anaemia,” m one of winch glossins was present,
In 1872, quite of Addison’s publ , Biermer V%3 reported from
Zurich a senies of fifteen cases of “progressive perniciuse Anacrme,” which
chnically appeared to correspond to the ease lustortes detaled by Addison.
In 1676, the appeacance of the hone marrow at autopsy was reported on
by Cohnlieim, 3¢ who, because of the hyperplasia and presence of many
nucleated red cells, felt that this tissue was the pnmary site of the dis-
turhance, A year later Sammel Fenwich 87 delivered three Jectures, “On
Atrophy of the Stomach ” He clearly appears to have grasped the ns;ocia-
tion of gastric atrophy and that form of anemia desenbed by Addison. Fen-
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twa diseases are identical and further inferred that the latter syndrome
results from thiamine deficieney. 1t will be recalled {page 206) that the
diet employed by Alevander consisted of rice, fostified only with siboflavin,
ascorhic acid, and sources of vitamin A and D, a ration grossly deficient
in cectain elements and vitamins, especially those of the B comples and
fat-soluble group, pacticularly vitamin K, It is unfortunate, therefore, that
thiamume has been indicted as the sole cause of such lesiony in man and
pigeons. Alterations of the brain in Chastek paralysts of foxes have also
been ealled a “counterpart™ of Wernicke's discasc in the human, 7 Thianrine
cures the fox syndrome, though it will be secalled that animals which die
provide at autopsy some evidence that deficiencies in other nutrients are
present as well, Studies m the monkey, ™ which has e been desesibed clse-
where (page 206}, have failed ta reveal the vascular lesions, particularly
the hemorrhiages, which are so prominent in man. Howerver, it would
appear that such differences may not be without explanation. One has
only to recall the oceurrence of Iiver disease m alcohahes and the relation
of this organ to the production of prothrombin to wonder whether the
hemorrhages which are said to be pathognomie of Wernicke's Discase may
m any way be related to vitamin K deficiency.™* It should further be
pointed out that the prothrombin time is increased in cholime-deficient dogs,
whose lners contain karge amounts of fat>*

From the data so far accumulated in human cases which have been
treated with thiamine hittle doubt exists that the ophthalmoplegia is related
ta a specific lack of this vitamin ™ So, too, the nystagmus and ataxia may
be related to thiamine deficiency, though the evidence for tus is less con-
clusive. The cause or course of the mental disturbances are nat at all clear
at the present time. It is important to realize that those patients, wha clin-
ically evince the disease, and are treated and respond rapidly, must not
have the anatomical lesions shown in Figures 169 and 170. Rather one
must assume that they have “a biochemical lesion” similar to that described
by Peters in the experimental animal. "7

Finally, a recent contribution of Neubuerger calls attention to the de-
creasing incidence of lestons of the Wernicke type in the ehronic alco-
holic.¥¥7% More isa pecific d ion of the granular layer
of the cerebellum.
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Ficvre 171 PErICIOus ANEMIA

Stomach A Normnl, B (JHN 6793). C (JHII 8339); D (AF.LP 693355)
All x85 The decrease in width of the glandular fayers 15 clearly seen, as are mflamma-
torv cells in mucosa,
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“'lC)\" antiespated the importance of the stomach in the pathogenesis of
pernicious anemia by fifty years. He deseribed the absence of digestive
ferments as follows. “I scraped off the 1 of the stomach
and made an infusion of it with distilled water. To two ounces of this in-
fuslon.w:ls added half drachm of hydrochloric acid A cube of hard boiled
albumin of egg was suspended in this mivture and was digested in a water
bath at blood heat for nine hours. At the end of this period the albumin
was slightly softencd on the surface, but its w cight was not lessened ™ More-
over, finding no cause for anemia developing in a physician, Fenwick con-
fidently made the diagnosis of atrophy of the stomach before death; au-
topsy confirmed this! The picture of pernicious anemia as we know it today
was completed by Lichtheim %% ir; 1887 when the spinal cord changes were
descrsbed,

During the period 1855 to 1900 a number of theories concerning the
pathogenesis of pernicious anemia were introduced. Not much attention
was paid to the primary role of the stonmeh as proposed by Fenwick. ¥4
The two main schools, German and British, looked upon the pathogenesis
of pernicious anemia in different ways. The first group thought it was due
primarily to a disturbance in the function of the bone marrow with a re-
version of this tissue to an embryonal type (Cobnheim 3%}, Ehrlich %
had already called attention to the megaloblasts. On the other hand the
English climeians favored the digestive system as the important factor in
the development of the disease This hypothesis was championed by Hun-
ter ¥*% s ha made much of the evidence of hemalysis which scemed to be
present in some cases of pernicious anemiz, i e., the jaundice and the pres-
ence of iron pigment in the Iner. He postulated that the bacteria and their
products 1n the intestinal tract Jed to an hemolytic anemia

These controversies cannot detain ns here.2® For the current thought
at the tum of the century Hunter's monagraph 3% will be interesting to
consult. Before contmuing, however, a most prophetic statement made
m 1878 by Wernich 1392 should be quoted: “Like benberi, scarbutus, chlo-
Yosts, etc , it { pernicious anernia) belongs to a class of constitutional diseases
brought about by disturbances of nutrition.”

Today, as a result of hver and other therapy, the natural history of the
disease has been completely changed Therefore, we should like to present
the clmical and morphological manifestations as they were pror to 1926
We have been fortunate in having for study cases dying of pemicious anemia
at the Johns Hopkins Hospital before the mtroduction of liver.

The clinical picture of pemicious anemia is wsually clear-cut. The pre-
senting symptoms may be related to the glossitis, to the general effects of
the anemia or to the nervous system. Either one of these mamfestations
may come Frst and not be followed by the others for some time. Certain
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Ficure 171 PERNICIOUS ANEMIA

Stomach A Nomal, B (JHH, 6795), € (JHH 8339), D (AFIP 693355
All x35 The decrease m width of the glandular layers 15 clearly seen, as are ifamma-
torv cells 1 mucosa
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Stomach. A Normal (x125), B (] H.H 8939). Note difference in type of eprthelial
cells € Normal (x300}, D (JH H. 6795). Epithelial cells do not resemble those of
normal gastne mucosa.
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examinations, particnlarly the blood and gastric contents, are of utmost
importance in making the diagnosis. The periplieral blood shows a macro-
eytic hyperchromic type of anemta with marked poikilocytosis and aniso-
cytasts. Nucleated red blood cells and even megaloblasts may be present

{see below), There is leukop and usnally thrombocytoy . Examma-
tion of the bone marrow 1393 1394 reveals an increase in the percentage of
erythropoestic e} with 1 A forms, partscularly prom-

nent are large cells with reticular nucler and basophulic cytoplasm  Such
cells are called megaloblasts and today are comsidered by the majonity of
hematologists to be abnormal forms The gastnc contents almost always
show no free hydrochloric acid. As has been stressed many times, 1295 1396
when free acid 1s present, the diagnosis of Addisoman permeions anemta
should be seriously questioned. As has already been noted, pepsin activity
is usnally lacking

Besides the glossitis, which 15 such a promment part of the disease syn-
drome, other symptoms relative to the gastromtestinal tract may be present.
Diarthea is a common complamt and may be severe This, of course, may
lead to a loss of other essential nutnients No evidence of impaired hepatic
function can usually be detected even though climeal or serum jaundice
may be present Such pigment 1s related to mereased blood destruction

of b

Further evid lysis 1s the p of d unnary and
fecal urobilinogen concentrations. It mght further be mentioned that the
of e of the st h s lugher in indiduals suffermg

from pernicious anemia than m simlar age groups 1*

The hiereditary nature of pernicious anemua appears to be well-estab-
Tished. So, too, are the racial predilictions The disease 1s rare m the negro
and 1 certain other races

The carliest chmeal mamfestations of nervous system volsement re-
late to sensory disturbances paresthesias and loss of deep sensation, These
symptoms and signs begin 1 the lower extremities, as time goes on the
hands are hikewise affected Later, enid of motor 1ol make
themselves apparent [n some cases the neurological 1nvolvement mimies
a true peripheral polyneuntis In nddltmn to such evidence of penpheral
and spinal cord 1 of cerebral d ndi-
cate that the bram iself may be affected,

The impressive observanons which Fenwick** made on the stomach
eighty years ago have already been ioned. The gross app of
the fundus of the stomach, flattening of the rugae witl thinning and trans-
parency of the mucosa, belies its mcroscopic appearance The latter 15 usu-~
ally fauly well-preserved as a result of the anacidity and absence of gastric
enzyme activity

M pically, the epithel is posed of mucous glands, rather
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Ficung 178. PERNSCIOUS ANEMIA.

rrow. Series of megaloblastic cells From sternal marsow of patient with pernt-
Dr. R. J. Lukes).

Bone ma
ia who has not received any therapy (courtesy of

clous anem
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resembling those present in the small intestine. In the severe case no trace
of chief or panetal cells can be found, In what represents the submucosa,
aggregakmns of small glands, some of which contam mucvs, can be found.

difated bling the glands seen 1n cystic gastritis
may be present. From case to case one finds varymg degrees of cellular
infiltration, usually of the lymphoeyte and plasma cell varieties. It 1s felt
by some 1398 that this appearance of the stomach is specific, however, we
would find it difficult to make the diagnosis of permeions anemia on the
gastric changes alone.

Grossly, the glossibs observed in pernicions anemia 1s no different from
that observed in iron deficiency (page 299), pellagra (page 319) or expen-
mentally-produced meotinic acxd (page 220), pyndoune {page 248) or
biotn (page 266) deficiencies in the human The end result 1s a smooth
shiny tongue whose papillae all appear to have disappeared Microscopic
examination confirms thus. The epithelmm 15 greatly reduced m thickness
‘The prnimary and secondary components of both the filiform and fungform
papillae virtually disappear, so that instead of an epithelal surface with
undulating waves, the dorsum of the tongue presents an entirely flattened

Pegs of helinm may project down into the underlymg
tissue  Such t} of the epithelim may Jead to secondary
infection, so that a layer of leukocytes and Bbrin 15 found adherent to ul-

Fioure 174 Norman Tovovs, Huvaw,

4 (x11), B (x35) Epithehal bnung of dorsum of tangue to show width of papillar.
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Tong , w2 st H 8391}, C (x 14}, and D. (x 55} (J.H.H. 7818}
Epat} & vt tongue from two ndiiduals dying of permcious anemiz wathout

specihe therapy (befare 1926}, Compare with normal, Figure 174

cerated foos, m such areas mononuclear Jeukocytes may be encountered
sfiltratmg the subepithelial connective hssue and muscle.

In association with the chmeal evidence of intestinal mvolvement there
may be uleeratrve lesions of the colon; these are entirely non-specsfic 1
appearance,

Of the nervous tissues the spinal cord, particularly the thoracic portion,
appears to bear the mam brunt of the mijury 199° 1100, 181 T esions of Jesser
degree have been desertbed in the peripheral nerves 342 34 So, too, the
bran may occasionally show maorphologie alterations 1803 3405 The earliest
change in the cord develops as a focus of demyehnization, frequently about
a blood vessel. Such for are found first in the postersor columns and masi-
fest themselves by the presence of neutral fat, lying free and 1 phagocytes.
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The latter reaction, however, 15 not conspicuous  Disappearance of the
pl the myelm d Cunonsly enough, and
unique for pernicions anemia, virtually no ghal reaction appears As tune
goes on, the areas of degeneration in the white matter coalesce, so that more
or less diffuse mvolvement of the posterior columus of Goll and Burdach 1s
found. The absence of ghal reaction gives the tissue a foamy appearance, the
Hed, status sp The pathol process which, as already noted,
tends to begin in the thoracic segments spreads upwards mto the cervical
cord and downwards into the Jumbar area In time, foci of degeneration
begin to appear i the lateral tracts When an entire cord 1s studied, the
affernt tracts are found to he more mvolved mn the cervical region winle
the efferent paths show the most change m the Jumbar portion. Nowhere
daes the gray matter appear to be mvolved. The antenor and postenor roots
show relatively lutle change, though they do not appear to have been ex-

Ficune 176 PERNICIOUS AnEMIA

Tongue Highet power of normal, & {x265) and B (x 2653} (J U H 7816}, tssue from
mdndual dving of pesmcous anerma Note mflsmmatary reactson and difference n
epithehal celly
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Ficure 178 Pernicious ANEmIA

Spimal cord. & (JHL.H 7816) Higher power of tracts shawn m Figure {77 B Ihgher
power of section shown 1 Figure 179 (JHH 8939)

amined as carefully as one would wish Nor are the dorsal root ganghon
cells affected.

‘The peripheral nerves have heen studied at autopsy *** and on bi-
opsy.H* The myelm sheaths are said to be reduced m number, though
there is no change m the axoplasm Counts have been necessary to bring
out this change, an ndication that 3t cannot be very marked The most
penpheral portions of the nerve are smd to be most severely affected Thus,
though on clmical grounds the peripheral nerves have often been said to
be involved, their damage may be difficult to demonstrate under the micro-
scope.

That anatormcal changes in the brain may occur m permeious anema
has been recogmized for some time 104 145 Such foer begin and progress
1ust as they do in the spmal cord. the white matter being affected, the
gray matter spared Large foct of destruction of nerve fibers are sometimes
found. Agamn, as in the spmal cord, there 15 virtually no ghal reaction

Foure 177 Peavicious ANEMa

Spimal cord  Sections from thoracic and lumbar cord from patient dying before 1926
A0 shaw widespread lestons 1 ding and @ ding tracts {JHH 7816).
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five hered rings isting of dunethylbenzimidazole nucleotide and
l-aming-2 propanal 1976 Steucturally, it is the most complex of all the known
vitamns

That vitamin By, represents the extrinsic and erythroeyte maturation
factors seems already estabhshed #49 £42¢ When large amounts of the crys-
talline matertal are admmistered orally to patients with pernicious anemia
virtually il may be recovered m the stool. Nor 1s there any physiological
evidence of absorption, i, a reticulocyte response. On the other hand,
minute (3 to 10 micrograms) are effective when ad d
parenterally, Ths difference 1n activity shows conclusively that the primary
defect in the cansation of the pernseious anemia syndrome is in the stomach
The precise nature of this defect, that is the chemical substance or sub-
stances lacking, has not been as yet determmed, thongh there is evidence
that the intrinsie factor 1s & mucepolysaccharide. 424

o)
A ﬁ?y

Ficvne 179

‘Sxﬁ;;‘r; :t[ ‘s}m}:}a;lcosrg}g;‘xn patient dying of permcious anemis who had never recened
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Optic atsophy has bLeen observed, though not often, in pemicious
anemma M U9 It is impartant to realize, however, that on rare occastons
disturbance iy vision may be & presenting symptom.

Other less important findings at autopsy on untreated cases of per-
nicots anemia are pigmentation (hemosiderin) of the liver, spleen and
bone marrow and fatty infiltration of the heart.

During the fiest twenty-five years of this century patients continued to
die of pernicious anemvia. To be sure remissions oceurred in many, but once
the diagnosis was made, the disease invariably progressed to a fatal termi-
nation The whole picture was dramatically changed in the spring of 1926
when Minot and Murphy announced the efficacy of liver in the treatment
of forty-five eases of pernicious anemia ¥ Particularly striking was the
effect on the red blood cells as evidenced by a prompt rise in reticulocytes
The initsal report was further amplified."** Nor did it take long for this
important obsesvation to be confirmed all over the world, Minot tells in
Ins Nobel lecture #41° that he was prompted 1o use liver beeause of sts proven
superiority 1n the studies of blood regencration by Whipple 1! and becanse
of uts effectiveness in the treatment of pellagra and sprue, Thce years after
the mtroduction of hiver, Castle **2 demonstrated the importance of the
stomach and 1ts secretions in the pathogenesis of pemicions anerma and
clearly dicated that the syndrome must be regarded as a conditioned
nutntional disease. When beef musele was incubated with normal gastric
uice and this mixture was administered to patients with pemicious anemia,
a prompt remission oceurred, as evidenced by a rise m reticulocytes. Shortly
thereafter, Sturgis and ¥saacs *** found that dessicated hog stomach was
effective as a therapentic agent in the presence of a normal dict.

Thus, in a few years” time these therapentic studies led to a scemingly
clearcut evposition of the pathogenesis of perni the
of an intrinsic factor in gastric secretions led to an inability to form an
erythrocyte maturation factor by combination with extrinsic factor fur-
mshed by the diet. This combination of intrinsic and extrinsic factors, 1.,
maturation factor, was stored in the liver. During the next hwenty years
attempts were made in many laboratories to identify the chemical nature
of the intrinsic and extrinsic factors. Work was slow because of the Jack
of an expenmental ammal in which to study the disease Not until 1848
did the final solution unfold, based on the development of a suitable as-
say method—the use of the microorganism lactobacillus lactis Dorner. I
The isolation of a crystallne material {vitamn B,;) came soon after.*** The
Jdemonstration of its effectiveness in the treatment of pernicious anemia
and m the arrest of spinal cord Jesions 1417 followed immediately. The story
was recently brought almost to its c lusion by flle s fon of the
probable stracture of vitamin By, a cobalt containing porplynn lnked to
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THE NON-ADDISONIAN MEGALOBLASTIC
ANEMIAS

In addition to classical pericious anema, a group of blood dyserasias
characterszed by macrocytic anemia with megaloblasts m the bone marrow
have come to be recogmzed 1473 14%¢ These anenuas are associated with a
number of conditions which may fead to disturbances i nutrition  Folacin
and/or vitamin By, are usually eﬁechve in therapv Table MV 1s presented
without any attempt at since our knowledge of
the pathogenests of each type of anemua 15 s0 vague at the present time.
Measurements of vitamun By, levels of serum and unmary excretion studres
of folacin have begun to help clanfy this group of anemtas. 3

Tasie XIV
NON-ADDISONIAN MECALOBLASTIC ANEMIAS

{1} Tapeworm Aneta
(2) Nutrtional Macrocytic Anemia
{3} Anemis Associated with Intestinal Dysfunchion

(a) Tromeal sprue

(b} Idiopathic steatorthea

{¢) Coehac disease

{2} Tutestinal strictures and angstomases
{4} Anemia Associated with Pregnancy and the Puerpenum
(3} Megatoblasti Anenma of Infancy
(6) Macrocyhe Anemia Associated with Cirthass of the Lnver
{7) Megaloblashic Anemia Flluming Tota) Gastrectomy
{8Y Muscellaneous Types

{1} TAPE WORM ANEMIA

The presence of the fatworm, Diphyllobothrium latwn, in the upper
intestinal tract leads to macrocytic anemia associated with megaloblastosis
of the bone IANTOW. If c“cnswe blood loss has been sustained as a result
of the p bl anemia may be en-
countered, The mvcshgahons nf Bonsdotff 425 429 gappear to indicate that
the worm produces a megalablastic type of anemia m healthy individuals
by interfering with the absorption of sitamun By, from the intestal tract
The parasite takes up considerable amounts of vitamm Bys, thus depriving
the host of this essential nutnient Neurological chianges similar to those
seen 1n permcious anenma are found in some cases of this form of anema,

{2) NUTRITIONAL MACROCYTIC ANEMIA

The studies of nutntional anerma m monkeys, wiich were mitiated in
Tndia by Lucy Wills 1 the early 1930's, have been mentioned elsewhere
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That vitamin By, affects the erythropoeitic elements locally has been
shown; **2 for when small amounts of the vitamin are injected into the
marrow space of the erest of the ilium of a patient with pernicious anemia
m relapse, a local reversion of the cells from the megaloblastic to the normo-
Dlastic type takes place. On the aother hand, free vitamin By, does not ap-
pear to effect this reversion to normal in tissue cultures. “Bound” vitamin
B,. is necessary. This discrepancy between the in civo and in vitro effects
is as yet not clear.2420

At the present wniting vitamin B,, has been available for study for eight
years; during that period a great deal has been learned about its metabo-
lism in the normal subject and in the patient with pernicious anetnia, ¥ 142
Yet there are many perplexing questions related to pernicious anemia which
have yet to be answered, Such are: the mechanism of combination of vita-
min By, with the intrinsic factor, the mechanism of absorption of this com-
bination, the fate of ingested vitamin By, the significance of bound forms
of the vitamn, its combination with other materials, such as bacteria in the
gastrointestinal tract. Lastly, one must ask the guestion: can all the fea-
tures of pernicious anemia be explained on a nutrtional basis, i.c., the fack
of vitamin By,? Some feel the answer is “no” and postulate that a “toxic”
factor is present, perhaps elaborated by bacteria in the gastrointestinal tract
since megaloblastic anemia is iated with intestinal stenosis, blind loops
of intestine, et cetera. It might be suggested that certain detoxifying mecha-
nisms fail in the absence of vitamin B,,. Why is there no glial response in
tlie spinal cord and brain? Now that the structural formula of vitamin B,.
1s known perhaps some of the answers to these questions will be forth-
coming.
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THE NON-ADDISONIAN MEGALOBLASTIC
ANEMIAS

In addition to classical pernicrous anemia, a group of blood dyscrasias
characterized by macrocytic anera with megaloblasts in the hone marrow
have come to be recognized 2% 1434 These anemias are associated with a
number of conditions which may lead to disturbances i nutrition  Folacin
and/or vitamin B,, are usually effective 1n therapy. Table XIV 1s presented
without any attempt at systematic classification, since our knowledge of
the pathogenesis of each type of anemma 1s sa vague at the present time
Measurements of vitamin By, levels of serum and unnary excretion studies
of folacin have begun to help clanfy this group of anemias 4%

TaeLe X1V
NON-ADDISONIAN MEGALOBLASTIC ANEMIAS

(1) Tapeworm Apemua
(2} Nutritonal Macrocytic Anena
(3) Anema Associated wath Intestinal Dysfunction

{2) Tropical sprue

(b) Idiopathuc steatorrhea

(&) Coehac diseace

{d) Tatestinal stnetures and anastomases
{4} Anemma Assocvated vath Pregnancy and the Puerpenum
{5) Megaloblashie Anerma of Infancy
{8) Macrocytic Anenua Associated with Cirrhows of the Liver
(7) Megaloblastic Anemia Following Total Castrectomy
(8) Miscellaneous Types

(1) TAPE WORM ANEMIA

The presence of the flatworm, Diphyllobothritm latum, m the upper
intestinal tract leads to macrocytic anemia assocfated with megaloblastosis
of the bone marrow I exlenswe blood loss has been sustained as a result
of the i blastic anemia may be en-
countered The mveshganons of Bonsdorff 1425 1428 appear to indicate that
the worm produces 3 megaloblastic type of anerma in healthy individuals
by mterfering with the absorption of vitamin By, from the intestinal tract
The parasite takes up considerable amounts of vitamin By, thus depriving
the host of this 1 nutnent. Neurol 1 changes similar to those
seen m permicious anemia are found in some cases of this form of anemia

{2} NUTRITIONAL MACROCYTIC ANEMIA

The studies of nutntional anemi in monkeys, which were mitiated in
India by Lucy Wills m the early 1930', have been mentioned elsewhere
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(page 271). These investigations indicated that in tropical and sub-tropical
areas a macrocytic type of anemia with megaloblastic bone marrow may
be encountered. Other forms of nutritional anemia may, of course, be found
in these areas, particularly the microcytic type of jron deficiency. The
anemia associated with the Kwashiorkor Syndrome was thought to be pri-
manly macrocytic until it was realized that this feature must be ascribed
to the presence of excessive numbers of reticulocytes which tend to be larger
than norma), the bone marrow is normoblastic.)?* The subject of nu-
tritional macrocytic anemia is a confused one since deficiencies of other
essential nutrients are almost invariably present. The real test is, of course,
the therapeutic response to either folacin and/or vitamin By,. The fiest suc-
cessful demonstration of the cffectiveness of folacin was carried out in
patients with nutritional macrocytic anemia by Spies, et al.'27 in 1945,

{3) ANEMIA ASSOCIATED WITH INTESTINAL DYSFUNCTION

(a) Tropical Sprue, (b) Idiopathic Steatorrhea, (c) Celiac Discase

The interrelationships of these three syndromes are not at all clear,
though many workers 125 feel that they represent variants of one funda-
mental disease rather than distinct entities The glossitis, flatulence, diarrhea
without or with varying degrees of steatorrhea, and the anemia are familiar
enough. The disease begms insidiously and may take years to develop. Suc-
cess i therapy has been obtained by the administration of folacin and more
recently of vitamin By, In a given case the response to cither of these
nutrients cannot be predicted with certainty, so that much remams to be
learned of the pathogenesis of the various chnical entities which make up
this group

The pathologie findings are not specific. The glossitis will resemble that
found n other nutritional deficiency states. The stomach may show evidence
of chronic inflammation. Recently, attention ltas been drawn to changes
in the upper jejunum, which have been seen in biopsy specimens. Such
alterations consist of atrophy of the hining epithelial cells with some cellular
mfiltration of the underlying submucosa %> The liver may show varying
degrees of fatty infiltration.

{d) Intestinal Strictures and Anastomoses

That naturally occurring or surgically produced abnormalities of the
ntestinal tract can be associated with macrocytic, megaloblastic anemia was
forcibly brought to our attention when we witnessed such an autopsy at
the Jolins Hopkins Hospital in 1938 Barker and Hummel 24*¢ have dis-
cussed the variable clinical picture in such cases, the symptoms and signs
may be those occurring in the “sprue group.” Again the effects of therapy,
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ande from correcting the anatormeal defeet surgically, cannot be predicted
with certainty,

At operation or at autopsy, strictures may be encountered. The etiology
of these may nat be evident, though tuberculosis has been d, so,
too, benign or slowly growmng malignant tumors, have been described. As
to the surgically produced lesions one may expect to find most anything.
In the case referred to above there had been three separate operations be~
ginning with an appendectomy. The end result was an anastamosis between
the jejunum and mud-colon produemg two blind loops consistmng of termunal
fleum and proximnal colon

{4) MEGALOBLASTIC ANEMIA OF PREGNANCY AND THE
PUERPERIUM

This cond imes called “p anera of pregnancy,” ap-
pears to be a clear-cut chmeal entity 1427 1432 The onset is usually insidious:
anemia 1s ordmarily not noted until the third trimester or even until the
puerperium  Glossitis and gastrointestinal disturbances may be marked, A
macrocytic anemia s found The leukacyte count 1s vanable. The bone
marrow smear shows megalobl eryth fesis, provided t has
not been mtiated  Folacin 1s more effective therapeutically than is vitamun
B, or punfied hver preparations The pathogenesis of this form of megalo-
blastic anerma 1s obscure, all causes have been advanced. mtrinsic factor
deficiency, defective diet, defective absorption or endocrine dysfunction 1420

(5) MEGALOBLASTIC ANEMIA OF INFANCY

Cases of anemia with megaloblastic hone marrow m infants have been
carefully studied and reported in recent years ©* The disease develops
meaidiously with mereasing anerma and anarenia The peripheral blood may
or may not exlibit macrocytosis, hence bone marrow aspiration studies are
extremely important The presence of seurvy in certain cases has raised the
question that ascorhbie acid deficiency might be playing a role. This possi-
Inlity led May and Jus collaborators to study the effect of ascorlue acid
deficrency ta monkeys fed mulk diets % The conclusion reached s that
ascorbic acid deficiency appears to mcrease the requirements for folacin
but 15 not a direct cause of the anemia, which responds to folacin therapy

(6) MACROCYTIC ANEMIA ASSOCIATED WITH CIRRHOSIS
OF THE LIVER
Some years ago Wintrobe 1432 galled attention to the presence of macra-
cytic anemua i mdividuals with cirrhosis At autopsy foci of erythroporetic
cells were found in the spleen Subseq; studes have corrol 1 the
presence of macroeytic anemia in lver disease, the bone marrow may show
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a megaloblastic picture. The pathogenesis of this type of anemia is not en-
tirely clear. Whether the liver disease is the direct cause or whether the
blood pictuse results from dictary faults are questions which remaia to be
answered.

(7) MEGALOBLASTIC ANEMIA AFTER TOTAL GASTRECTOMY

One would suppose that, since the gastric mucosa is the source of in-
trmsic factor, 1 of the st h would be followed by megaloblastic
anemia This does oceur, provided the individual Lves lang enough./** The
important point to remember is that most gastric resections are performed
for carcinoma; the five year survival rate after such operations is abysmally
low As one might expect, when anemia of 2 megaloblastic type does oceur,
vitammn B, is effective.

(8) MISCELLANEQUS MEGALOBLASTIC ANEMIAS

Certain totally unrelated conditions may occasionally be associated with
megaloblastic anemia.*** Such are Jeukemia, carcinomatons involvement
of the bone marrow and endocrine discase, i.e., hypapituitarism.

All of the above types of non-addisonian megaloblastic anemia are of
particular interest since their response to therapy is not uniform, that is in
some the response to folacin is more satisfactory than to vitamin By and
vice versa Such variations in response would indicate that the underlying
deficiency in each must be worked out by careful studies of the mcm'boli.sm
of vitamin By, and/or fofacin. Studies employing vitamin B,,-Clmm’:""fg

joactive cobalt or microbiological assays of vitamin By, and folacin in
blood and arine should provide an answer to these most interesting prob-
lems.
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THE MALABSORPTION SYNDROME

In & the path of defici disease an page 7, it was
noted that interference with the absorphon of essential nutrients was one
of the mnportant general factors giving rise to conditioned deficiency syn-
dromes This has been brought out in the disenssions of the pathogenesis of
disease states such ns the } di ynd; . the hypokalemi s)‘ndmme,
tetany, pellagea, black kwashuork nchts, 1
and some of the megaloblastic anemias. Diatrhen, with or withont dlsmrb—
ance in the metabolism of lipids and other nutnents, may be an meitmg or
contnibutory factor in any one of these syndromes On the other hand a
group of discase entrties has been recognized for over fifty years and has
achieved the status of syndromes in their own night  In the continuing state
of our rgnorance it appears best to designate them under a single rerm, the
malabsorption syndrome.'%% The syndromes to which we refer are tropical
and non-tropical sprue, cehac disease and idiopathic steatarrhea !4 3437 Iy
all of them gastromtestinal disturbance dominates the chinical picture Since
the pathologic findings 1n the mtestnal tract are meagre, and our under-
standmg of the pathogenesis leaves much to be desized, they have usually
been designated as idiopathic  Diseases, in which hepatic, pancreatic or
wiestinal lesions are present, must be excladed.,

Clinically these diseases occur at all ages. Celiac disease is the term
given to the syndrome occurnng in infancy and chifdhood, while nontrapreat
sprue and wdopatiue steatosshea are synonymous terms referring to the
aduit synd They are ck d by- growth falure m cinldren,
marked weight loss; severe diarthea with gross or chemucal evidence of
excessive lipid in the stool, disturbed mntestinal motility by v-ray, a flat glu-
cose tolerance curve, anemia which is frequently macrocytie m character;
hypoproteinerma with edema; hypocalcerma wath tetany, rickets or osteo-
malacia, bleeding tendencies and electrolyte disturbances

The place of trapical sprue m the chimeal picture 15 Jess clear  Ongmally
ths entity was described hefore pical sprue was gnzed Today
there are few if any diffe save that the d accurring m the
tropies tends to be more severe and to respond more satisfactonly to therapy

The conditioned deficiencies which may be oliserved i the malabsorp-
tion syndrome are often severe As was already mentioned steatorrhea js
marked Tlis 15 found in the presence of pancreatic enzymes 1n the mtestinal
contents  As a result of poor absorption of hpids there may be exidences of

defi of the fat-salnble vitamins, ¢ farly A, D, and K. Hence, the
dusturbances whicli chasacterize deficiencies of thase nutrients may be pres-
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ent. Mincral absorption is diminished: sodium, P ium, calcium, phos-
phorus and iron have all been shown to be affected. Nitrogen balance is
usually negative. So, too, glucose absorption is depressed. Fructose uptake
appears to be unaffected.

As has already been noted, other causes of diarrhea or steatorrhea must
be excluded. These include hepatic or pancreatic deficiency, intrinsic dis-
ease of the stomach, intestine and colon, disturbances in lymphatics and the
diarrheas caused by animate agents. Pathological examination reveals very
little save atrophy of the cells of the intestinal mucosa, It is apparent to most
gastroenterologists that this group of diseases may have no single etiology.
Several causes are currently in favor. The first relates the disease to a fa-
mihal or constitutional background 14331437 If the siblings of severely af-
fected children are examined, evidences of discase may be found. So, too,
the disease may be seen in several members of a famuly of adults. The
second clue concerning the etiology las assumed prominence since 1950,
this is based on observations that remussions and improved fat absorption
could be attaned if wheat and rye gluten were removed from the diet.
These have been corroborated in several clinics where children 124% 143 and
adults 1% have been observed. Such studies indicate that the basic dis-
turbance may be looked upon as due to an effect of the glutamin bound to
ghadin of the wheat or rye gluten. The underlying biochemical disturb,lnc:e
has not yet been clucidated. Cortisone therapy is also effective; the basis
for thus 1s entirely obscure, 140 )

Finally, the role of specific nutrients themselves in causing certain por-
tions of these synd must be idered. Certain ifestations such
as megaloblastic anemia are clearly related to deficiency of folic acid or
vitamin B,e. At least these nutrients lead to a prompt repair of the hemato-
logical picture. Hence, it is difficult to decide which comes first and at t‘he
moment one must wait until more is known of the pathogenesis of the entire

group.
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DENTAL CARIES

During the past decade, dental caties, which has been called America’s
most expensive disease, bas recetved the attention 1t deserved. Among the
many factors which may affect the integrity of the tooth and alter its sus-
ceptibility to decay, 1ts nutrition is of importance, first during the formative
stage, then while erupting and maturing, and finally for the rest of its adult
lfe Hence, a brief discussion of the dental canes problem is warranted,
although we cannot review m any detail the many contributions which have
appeated dunng the past ten years or more, The AAAS Symposium, “Ad-
vances in Experimental Canes R h,” 15 an excellen! il to
the whole problem.!45

What 15 dental caries and how does 1t develop? Tlie lesion can be de-
fined 1 terms of its evolution 149 145 The initial change, whether in man
or the experimental ammal, begins on the surface of the tooth, hence the
earliest alterations to be found in the enamel are of importance Here histo-
chemical studies and observations utihzing the electron microscope have
been rewarding.*® The first change 15 the formation of a tmy plague on the
surface of the enamel This plaque 15 composed of hacteria and debns Tf
1t is gently removed small pits and accentuations of the ends of the enamel
prisms can be d d. As this alteration prog; the enamel inter-
prismatic matrix material begins to disappear. At this stage one can sec
a lesion with the light microscope, such consists of a small focus of destruc-
tron of the enamel which nvolves partial or complete removal of the in-
organic matenals as well as the organic matrix. Large numbers of bactera
of vanous types are found 1n such foci. They grow down nto the dental
canals and continue on to involve the side branches of these structures In
time, as more enamel 1s destroyed, the dent ] junction is breached
Here the process continues, destruction of the morganic and organic con-
stituents of the dentine occurs  Finally, when the dentine 15 destroyed the
pulp cavity naturally becomes mvolved

The location of the lesions just descnbed varies, at least in the expen-
mental animal, with respect to type of diet, particle mize, carbohydrate
content, et cetera Howerer, the enamel defects begin most frequently 1
fissures They are remarkably symmetrical Sometimes one can observe
grossly the lesions spreading and see the tooth substance of the cuspal walls
beginning to break down wlile the lesion spreads farther Speemal studies,
such as examination of the jaws after removal and dnying, show up the
carious lesions as small foct of brownish discoloration on the enamel surface
‘These areas are softer than the surrounding enamel when they are tested
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ent. Mineral absorption is diminished: sodium, p jum, caleium, phos-
phorus and iron have all been shown to be affected. Nitrogen balance is
usually negative. So, too, glucose absorption is depressed. Fructose uptake
appears to be unaffected,

As has already been noted, other causes of diarrhea or steatorrhea must
be excluded. These include hepatic or panereatic deficiency, inteinsic dis-
ease of the stomach, intestine and colon, disturbances in lymphaties and the
drarrheas cansed by anil agents. Pathological ination reveals very
little save atrophy of the cells of the intestinal mucosa, It is apparent to most
gastroenterologists that this group of diseases may have no single etiology.
Several causes are currently in favor. The first relates the disease to a fa-
milial or constitutional background #3538 1 the siblings of severely af-
fected children are examined, evidences of disease may be found. So, too,
the disease may be seen in several members of a family of adults. The
second clue conceming the etiology has assumed prominence since 1950,
this is based on observations that remissions and improved fat absorption
could be attained if wheat and rye gluten were removed from the diet.
These have been corroborated in several clinics wherc children 2% 145 and
adults 2 have been observed. Such studies mdicate that the basic dis-
turbance may be looked upon as due to an effect of the glutamin bound to
ghadin of the wheat or rye gluten, The underlying biochemical disturbance
has not yet been elucidated. Cortisone therapy is also effective; the basis
for this 15 entirely obscure.}¢'®

Finally, the role of specific nutrients themselves in causing certain por-
tions of these syndromes must he considered, Certain mamfestations such
as megaloblastic anemia are clearly related to deficiency of folic acid or
vitamin B,.. At Jeast these nutrients lead to a prompt repair of the hemato-
logical picture, Hence, it is difficult to decide which comes first and at t‘he
moment one must wait until more is known of the pathogenesis of the entire
group.
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examined, the odontoblasts, as well as their respectise matrices of dentine
and enamel, were normal, save for hemorrhage and cysts in the enamel
organ of the younger child. It is bhely that growth of the human tooth s
100 slow for this structure to exhibit morphological changes.

It will be recalled that witamin A deficiency leads to disturbances in
enamel formation (page 137). No evperimental evidence is available that
vitamin A defioiency affects the preval of dental cavies in expernmental
anmals

On the other hand the early observations of Mellanby on tooth changes
in rachitic dogs®® and the canes observed by McCollum ***2 in rats on
calerum-deficient diets directly implicated vatamin D, calcm, and phos-
phorus in the formation of poorly mmeralized enamel matrix and dentine
The role of p rachitic all in lity to tooth decay has
been much debated, There 15 some evidence that a positive relationship
exists. 18t

The possible roles of pratemn and magnesium deficiences {(pages 56
and 40) in affecting the development of dental caries have not been
studied to any extent, this problem must be investigated in the future.

Of the greatest imp among the Y natri whose specific
relation 1o the teeth places it m the mdispensable class, is Suorine (page
81). Ths is particularly true as far as human disease is concerned and is,
of course, the foundation of the fleoridation program It is not necessary
to discuss this subject here save to reiterate that fluoride must be admin-
istered during the formative and eruptive stages if it 15 ta be effective

As yet, unidentified factors, probably nutritional, have been found to
affect cartes susceptibility When punfied diets, complete m all known es-
sentials, are fed to rodents (rats, hamsters and mice) caries inaidence is
increased over that observed when a non-punified stock diet ts employ ed.****
Hence, there is more than suggestive evidence that other factors are neces-
sary than those ordinanly dered to be indusy ble P ion against
dental canes thus hecomes another index of indispensability.

After the teeth have been formed and bepin to erupt, a certain degree
of maturation oceurs until these stractores yeach folt development and the
third stage, that of mantenance, is reached There 15 evidence fram studies
with radoactive caleram, phosphorns, and jodine that exchanges are higher
between the external or internal envi and the i
of the enamel and dentine n a young than m an older tooth 1 'D\m’ng
these periods the profound eflects of the type of dict, the salwa and bac-
tersal flora begin to make their contributions to carics production

The importance of the safiva 1 maintaining the integnty of the teeth 1
welldnown For instance, caries tends to increase 1n the Jnman when dis-
turbances assoctated with absence of salvary secretions are present, Hence
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with a sharp instrument. Dullness of the surface and changes in translucency
are then apparent

In summary, the develapment of the cariaus lesion may he delineated
as follows. plaque formation, destruction of superficial ename), enamel
penetration, dentine invasion, and pulp involvement.

In considering the pat} Ji is of these ch two areas mast be ex-
amined. (1} the basic structure of the tooth itself and how it may be
modified, and (2) the external or eral environment of the tooth, with par-
treular respect to saliva, foodstuffs and bacteria.

It is obvious that there is not one but many causes of dental caries. Such
factors can be divided, as is usual in any di ion of the pat! of
discase, into three categories: (1) Genetic, (2) Internal environment, par-
ticularly during growth and develapment, and (3) External ar oral environ-
ment. Some important aspects of these factors may now briefly be men-
tioned.

The first question which cames to mind is, “Do genetic factars play 2 role
m caries susceptible organisms? The answer is “yes.” Y Strains of rats
have been bred, some are extremely caries-resistant, while in others on
similar diets tooth destruction may be excessive. Genetic factors appear
to be related to differences in sev, to the age at which lesions develop, to
the ease with which enamel fractures, and to the presence and size of
fissures, all of which affect the development of carions lesions.

The structure of the developing tooth can be modified in utero by 2
uwwnber of nutritional factors. A similar situation may operate at birth, since
the teeth, particularly the permanent ones of man, are still developing in
their bony environment and erupting for many years. Hence, the adequacy
of essentral nutrients, whether they be inorganic elements, amino acids, or
vitamins, are undeniably important. The role of such essential nutrients on
the integrity of the tooth has been noted in 2 number of places in this mono-
graph, minerals, such as magnesium (page 40) or Huorine (page 81);
vitamin D, ealewm and phosphorus (page 156); protein depletion (page
86), vitamin A deficiency (page 137); and ascorbic acid deficiency (page
191). The relation of cach of these materials to the dental caries problem
maust be considered during the three eras in the Ife-history of a single tooth,
ie., during development, maturation, and mamtenance.

During the first or developmental period, the effect of vitamin C defi-
ciency on dentine formation makes itself felt in the experimental animat
{page 181). Alterations m the ameloblasts and enamel are secondary, prob-
ably the result of lack of support by the underlying dentine. No evidence to
indicate a relationship of vitamin C deficiency to dental caries has been
’hen the tooth germs of two infants, aged eight and eleven

presented, W e ¢
months, respectively, whose bones exhibited classic signs of scurvy, were
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NUTRITIONAL MELALGIA
(THE BURNING FEET SYNDROME)

One of the most ing and as yet unexplained \ of
nutritional deficiency is the so-called “burning {eet syndrome” or, a more
pprogriatel d name, 1 melalgia” 1455 This syndrome
has been described t ewilian populations subsisting on pasboiled rice but
assumed prominence as a major malady among American Forees and those
of other nations mterned in Japanese prsoner of war camps.

Hustorically, shooting pains ot burning sensations w the feet have long
been recogmized w tropical areas. The followmy description is taken from
the reports of Cruichshank 157 and Glusman 453 The onset 15 gradual, the
Brst subys complaints are b o pws and needles and tinglngs
of the Yoes and fest  After a few weeks the parasthesias changes to burnng
pams m the toes and soles of the feet This pam is usually of 2 dult bormg
type. In mare severe cases periodic shooting pams seem to otiginate from
between the first and second toes and extend along the dorsum of the foot
and up the legs in a severe shock-like fashion The pmn 1s worse at night.
A few indwidnals also have similar though not such severe pawms m the
palms of the hands $weating may accompany the pans  Rehef is obtamed
by placmg the extremities m cold water, an the cold ground, or in snow.
Esven when the disturbance becomes chronie, the reflexes are preserved and
no P daf tract invol t nor any 15 evident The affected
mdividuals have a pecuhar gatt, walking cautiously and gingerly with a flat-
footed base  Careful examimation of the skin may teveal patches of dilated
capillanies Loss of posterior tibial and dorsal pedis arterial pulsations have
been observed, followed by gangrene, Many of the prisoner of war subjects
had stomatitis and/or scrotal dermatitis In some of the cases observed
by Cruickshank 7 there was spastic paraplegia.

The pathogenesis of this syndrome is not clear, 1.e,, whether nen ous or
areudatory in odgin  Gopalan 2¢** found hittle or no improvement with
thiarmme, oboftavin or micotmic acid  However, he reports dramate im-

provement following the ad of calerum pantot} Confirma-
tion of this most interesting and umportant obsen ation has been provided,
i part at least, by the devell of pamnful ies in subjects made
deficent i p ! acid hy the ist o methy! it

yi-p
acid > On the other hand, polyneuntis has also been obsenved ina patient
wm whom pyndovine defi had been produced by the admi of
the antagonist, desoxypyridoxine 74




442 DEFICIENCY DISEASE

studies of animals, whose salivary glands have been removed, are of inter-
est.147 Salivary adenectomy in white rats, hamsters and cotton rats leads
to marked ncreases in the incidence of caries. Uni I removal leads to
an increased incidence on the operated side. The secretions of the parotid
and submaxillary glands appear to be of greater importance than those of
the sublingual or extraorbital lacrimal glands. When the oral washings of
adencctomized animals are compared with those of controls, a larger amount
of protemn and alpha amino acid nitrogen is found in the former groups
Flow of saliva thus appears to clear the mouth of such materials. Doubtless
other factors, such as enzymes, inorganic components, et cetera, in salva
seriously affect the integrity of teeth; these remain to be more fully eluci-
dated,

It will be recalled that the initial change observed under the electron
microscope 1s the formation of bacterial plaques. The role of bacteria in the
development of caries in the experimental animal has been studied in a
variety of ways. For nstance, when germ-free animals are utilized no carses
develops. Hence the conclusion has been drawn that dental caries in the rat
15 not possible in the absence of microorganisms 148 Antibiotics which mod-
ify the oral flora will in turn decrease the incidence of caries. The synergistic
actions of food and bacteria are also of importance. When animals are fed
by stomach tube, the incidence of caries is dimmished or prevented.**
Moreover, the actions of bacterial enzymes on food, particularly carbohy-
drate, in the production of lactic and other acids, would appear to be of
importance in leading to localized foci of destruction of the inorganic com-
ponents of enamel.!47° Caries is virtually nonexistent in diets deficient in
carbohydrate,*”* Changes in pH may affect the integrity of dentine after
the enamel break-through has been consummated

The type of food, particularly with respect to particle size has been
shown to be important in canes development. Large insoluble masses of
debris, as well as particles which mechanically mar the enamel, may be par-
ticularly detrimental.

In recent years the caries problem has obviously become more complex
yet the realization of its complex nature has served to delineate more clearly
pathways for future attack, One of these deals with deficiency states How
important this phase 1s remains to be determined
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MISCELLANEOUS SYNDROMES

When one surveys from a distence the Iterature of the past quarter
century, which 1s not too difficult an operation if one consults the indis-
pensable Nutrition Abstracts and Reviews, he is impressed by the large
number of natural disease syndromes wluch have been ascribed to faulty
nutrition, This 15 particularly true of the diseases in farm ammals which
have a most p logy, which should take the time
to assemble in one p!ace Another group is that which was desenbed among
the fhuman occupants of concentration and prisoner of war camps duning
World War IL

Such a suney is rather exasperatimg to one who has been bronght up to
try to obtan some und: ling of the path is of disease by its
study after death. In most instances of the diseases which one can read
about this hias not been done. That is, of course, why they must be lamped
mio a 1 group. S ions, dunng hfe or post-
mortem, could not be accomphshed This is par!xcuhrl} true of the human
syndromes which were observed in World War IL Fortunately, tao, such
diseases were not necessanily fatal. As far as the naturally ocenrring diseases
n farm aumals are concerned, advances are betng made today as a result
of the careful investigations being carned out at Experimental Stations and
Institutes throughout the world

For those who may msh to h:ue an mtmduchcn to the hterature deal-
mg with the ! of defici disease, to parotsd
enlargement, to effects on the endocrne systems, et cetera, some references
wlich we have found imteresting are appended 1457 3496 1497, 3495, 1459 1700
1301 1308, 1508 1894 Contributions such as these, though they may be mter-
esting, are disquietig, for they 1t par excellence how httle we knaw
concerning the pathogeness of so many of the abnormal states which we
call deficiency disease.
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INTRODUCTION

Many of the preceding sections of this monograph hme been econ-
cerned with changes resulting from deficsencies of single essential nutrients
Most of these deficient states bave heen studied under controlied conditons
and hence have been clearly defined Disease syndromes, particulasly those
swhich are observed under natural conditions m the human and which result
from deficiencies of multiple nutrients, have also been described. In all of
these deficient states a large number af physiclogical and anatormcal altera-
tions have been cited and classified, whenever possible, on an etiological
basis At this pomt it may be of wterest to summarize or recapitulate these
alterations on a morphological basis. We beg pardon for such an approach
to the nosography of discase, for at iy one winch to our mind has been out-
dated for some time Here, however, st enables us to compare and to am-
phfy some of the data which have been reporied n the preceding pages

Summanes of this section are presented m a serses of tables. Virtually
every tissue 1n the organism, which has been at all carefully studied, has
heen found 1o be the site of physiologic or anaterme disturhances as a result
of or endog Jefi states It will be necessary in the
case of some 1nstances of naturally occunng disease to discuss them sep-
arately from those which may be studied tn the laboratory

EPITHELIAL TISSUES

SKIN

The skin is composed of three parts () epudermus, (b} corium or
dermis, and {c) subcutaneous tissue The eprdesmis consists of a saper-
Bl epithebal cell Iayer and two types of appendages. {a) sweat and
sehaceons glands, and {b) hair folhcles with hair

The skin has been studied extensnnely sn expenimental deficiency states
and, of course, provides an excellent index of the state of nutrition under
natural conditions, Lesions which have been reported thus far in the epi-
dermus and its appendages, particularly in the rat, fuenish eamples of the
many dnergent alterations w hich may be found. All of the common changes
seen Hhy 4 logie disease may be preduced in the

T ? animal Such al as: {a)} hyperheratosis (increase m
[EEY]
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Tamer b
FATHOLOGIG ALTERATIONS 1N 8N A% CeuNDA IS AN A
RESULT OF EAFERIMFNIAL V1Y INTASRIRA
b Epdermes
(a) Aoghs Calone, pretem, siboflavn PR
{b) Hyperkerstoss:  Mignewam, zitk 70 o d e e bintm Ve
o 4 (if previowdy atrophic) ewend ¢ W
(e} Parakeratons  Zarnc
{d} Acamthos  Zinc, pantothesse aad 2ty n caod Faty auds
(e} Fizment: Copper, evitize, pantothuras e v v
2. e Folicles { Alopecia)
Zine, Biotin, nboflwin
3. Sebaceoua glands
Zne, oko, nbofam
$ Comum
Ribofiavia {atroph ), vitwmia C Hahee to eepas
3 Blood Veuels

Magneswni, pridoune, sxcorbic ad

The large amounts of keatin which are ket trom the human each day
indicate the great proliferatise activity of the epdernal cefls
All of the chemical transformations concerned with the phenomencs
of keratinization are mot known One abwerie the appearance and
growth of the sulfur contammg heratohyalie granules epithehal cells
The production of etcess et or interference wath tty noral mataration
pracesses obsiously indicates some dusturbance a2 the metabolism of this
scleroprotemn and the epithelial cells which fomt ¥ Esactly how the nu-
tnents hited in Table XV fit mto v orderly scheme of these processes await
plete hiock 1 und Aune of all the steps i heratin production.
Only then will the sigmficance of the hyperherrtosts seen n starvation ov
semi-starsation m man, 1 the pellagea syndrome of i1 Lwashiothor be un-
derstood  This knowledge, too, must precede our interpretation of the
hypesheratosis seen m scurvy and evpenmental ascorbie acid deficiency, in
the expenmental human syndrome produced by viamin B, deficiency and
i the lesions which develop on 2 tryptophan-macin low diet.

Pigment: Much has been learned 0 recent years conceming the bio-
chemistry of melamin formation and its refation to tyrosine metabolism 1***
Currently 3t is behes ed that the oudation of tyroswe to melann is catalyzed
¥ 3 copper contammy enzyme, £Fosinase and that ths zeaction is activated
by certam dehydrowvphenyl componnds such a3 daps  Other agents may
inlubit the renction The cell ,c,,m;,mc for the pigmentation of skin and
haw is the melanoblast  Most of the studies dealing with alterations in
pigment production by deficiency tate have been restricted to alterations
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heratinized fibers on the surface); (b) parakeratosis (incomplete keratiniza-
tion), (c) acanthosis (increasc in thickness of middle skin layers); (d)
metaplasia (change from one cell type to anather); {e) seborhea {exces-
sive activity of sehacecous glands with collection of their secretion on the
surface), (£} alopecia (loss of hair}, and (g} pigment changes have been
described. Under the microscope alterations observed in the experimental
annmal may not be too specific. This is also true of naturally occurring der-
matologreal disease in man. IHowever, when one also takes into considera-
tion the individual peculiarities of distribution over the body surface and
the sequences in progression, rather specific syndromes may be defined,
which Sullivan and his co-workers have done mucl to develop. Our knowl-
edge of skin lesions in species other than the rat is fragmentary; hence, much
needs to be done, This is especially true for skin lesions which are associated
with deficiency states in the human.

So far as it has been studied, the skin appears to be no diffesent from
other tissues in its general metabalic processes. Hence, it is reasonable to
conclude that the energy metabolismt of the skin is derived from phos-
phorylative glycolysis, the citnic acid cycle, and dehydrogenase activity
through to the cytochrome system. One would therefore suppose that
certain fnorganic el such as zine, g iron and
copper might he necessary for the activity or structure of its enzymes. More-
over, certain vitamins such as nicotinic acid amide, riboflavin, thiamine,
lipoe acid, and pantathenic acid would be necessary to fumish DPN, TPN,
flavoproteins, co-carbovylase, et cetera. Furthermore, since the metabolism
of the eprdermis is so concerned with protein synthesis, particularly keratin
produchon, pyridoxine might also be of importance. All of these supposi-
tions turn out to be the case, though we do nat know how each of the
essential nutrients fits as an individual link in the entire chain of events.

fn order to discuss changes in the skin we shall take up varlous ana-
tomical parts and indicate some of the alterations which have been en-

d. These are ized in Table XV.

Atrophy of the epidermis and its append: is seen ns a specific
sesponse to malnutnition, i e, as a result of caloric restriction {page 12),
protein deprivation (page 86) and multiple vitamin deficiencies (page
15). This is, of course, responsible for much of the change which has been
described in instances of human starvation.

Hyperkeratosis, accompamed by acanthosis and less frequently by para-
keratosis, is the most commonly encountered change in the epiderms, par-
ticularly in natarally occurring syndromes in the human; though as wilt
he noted in Table XY many sigle doficiency states are chatacterized by
hyperkeratosis. Under normal cireumstances the epithelial c'ells undergo
cestain structural changes as they are transformed to keratin and shed.
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Tanee XVI
EPITHELIAL LESIONS IN THE HUMAN ASSOCIATED WITH EXPERIMENTAL
OR NATURALLY OCCURRING DEFICIENCY STATES
Erythrmataus or Scalng Dermonns  Tryptophan-nsuacmn, pyndoune, bistm, pellaga, kwa-
shiorker
Sebarrhiea Raboflavin, ttyptophan-mactn, pvmdoune, peiera
Hyperkeratosts Ascotbic actd, scurvy
Scrotof Dermantss Biboflavin, pellagra
Vagintis Tryptophan-macun, pellagra
Chedosis Riboflnin, trvptophanasom, pyndoune, pellagra, ds whiatdor
Closstss Tron, tryptophn-niacin, pyndoune, folscis, vitansn Bu, botin, pellagra, pernscious
anemt1, non-Addisnman megalgblastic anemias

EYE AND PARAOCULAR TISSUES

Cornea: One of the earhest and wost dramatic effects of nutntional de-
fictency to be descrsbed was vasenlarization of the cornea, this was attribu-
ted to be a specific effect of a lack of ribioflavin. Smce that tine, mgrowth
of capillartes into the normal avascular comea has become commonplace
and has been observed m deficiencies of elements {sodium, zine), amino
aeids and @ aumber of vitamms  Hence, corneal vasculanization has come
to be regarded as one of the more evamples of pectfic change
resulting from dietary deficiency, What this means 1s nat entirely clear The
metabolism of the cornea has been and contimues to be studied mtensn ely
It §s a wnique tssue smee it contams no blood vessels and must ebtain
its nutrients by diffusion from the pencorneal vessels, from the tears, and
from the aqueous The vascular change must be mterpreted as a response
to injury. just as blood vessels mas be made to grow into the cornea if the
tissue 1 tramnatized m a vanety of ways  Not enough attention has been
faven to the intimate alterations which are present s the epithebal cells,
in their regenerative activity which, of course, is great, and w the physical
characteristics of the corneal collagenous fhers and assncrated murcopaly-

Tave \VH

PATHOLOGIC ALTERATIONS IN TUHE EYF AND PARAOCELAR GLANDS
AS A RESULT OF SINGLE DEFICIENGY STATES

) Camea, Sodum, zoc, essentsal aouma acsds many vitamins
2} Companctiva Sodsam, vataana A
{3} Lens Calenym, essential amino acsds, nboBavin
4] Intesocular structures Ascorbic acid (wqueous)
Vitsmin A {retina)

(%} Paraocular glonds

{8) Lacnmal. sodim, vitamin A

{b) Taesal sndum

{c} Hardenan, pantathenic ret
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in the color of hair. Graying or achromotrichia has heen observed on nu-
merous oceasions. Copper-deficient animals, as might be expected show
loss of hair color. So, too, do lysine-deficient rats, Two vitamins, panto-
thenic acid and para-aminobenzoic acid, exhibit an effect on hair pigmen-
tation.

Alapecia: A most abvious manifestation of deficiency disease, one which
has been recognized for some time, is lass of hair. Hair, which is a complex
Leratin-containing material is formed by the cpithelial cells which make
up the hair follicles. Hence, any alteration in hair or wool of animals or
the hair of man must be related to the integrity of the cells of the follicles.
Much is now known of the various biochemical and histochemical transfor-
mations which take place as the cells of the follicles grow, differentiate and
form the first hairs 2% The growth of halr in certain species has cyclic ae-
tivity. Three main stages have been delineated: (1) Anagen or growing
period, (2) Catagen or transition from growing to resting period, and (3)
Telogen or resting stage, The anagen stage has been divided into as many
as six sub-stages This eyclic activity of hair will, of course, affect the de-
velopment of alterations produced by deficiency states depending upon
when the subject becomes deficient with respect to the cycle.

It would not appear necessary to indicate the various deficient states
shich are associated with alopecia. Thesc are listed in Table XV,

Sebaceous Glands: The scbaccous glands have not been carefully
studied in expenmental ammals, Curious alterations consisting of increase
1 size of the cells have been described in zine deficiency (page 71), while
necrosis has been observed in riboflavin-deficiesit rats (page 210).

Corium: Whenever there is failure to grow the collagenous fibers of the
corntm may be atrophic This is most distinctly seen as a result of riboflavin
deficiency (page 210). Perhaps the most d ic change is tered
in ascorbic acid deficiency. Here the fibroblasts are unable to promote the
formation of new collagenous fibers (page 188).

Blood Vesscls: The physiological response of the blood vessels has been
imperfectly studied in defictency states. It would appear from the few iso-
lated observations which have been published that here would be a fruitful
field for research. For instance, the dilatation which is seen in magnesium
or pyridoxme-deficient rats needs to be further investigated, particularly
with respect to their response to pharmacologic agents such as those which
have been used to explore the vascular defect in vitamin C deficiency.

Deficiency of a number of essential nutrients may lead to alterations
1n the skin and its appendages 1n the human. These changes are summarized

in Table XVL
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Lens: Cataract is also 1} iated with defi ies and it is
Yikely that this structure may have been oveslooked m experiments dealmg
with nutritional deficiencies m the past. The avascular lens would seem to
respond to somewhat the same deficiencies as does the comea, The meta.
bolic needs of the lens are related to its abilty to mamtam 1ts hydration
and hence 1ts transparency, so that any deviations in the former may be
expected to lead to cataracts.

Intrgocular Structures: Ascorbic acid 1s necessary for the secretion of
the aqueous Differences mn tension have not been described as a result of
othier deficient states. Both vitamin A and nboflavin are found in the retina.
Changes have only been noted as a result of deficiency of the former These
are hemeralopa and changes i the ganghon cells. The latter may be due
to pressure effects on the optic nerve by bony overgrowth or increased
intracranial pressure

Lacrimal Glands: The most extensive changes occur i the ducts of the
penocular glands as a result of vitamin A deficiency. Hyperkeratosts feads
to obstruction of the ducts which results in atrophy of the glandular epi.
thelium and absence of secretion, The tarsal glands of sodium-depleted rats
are obstructed, apparently by a caking of secretion along the hid margins
In rats deficient m pantothenic acid the Harderian gland secretes an ex-
cessive amaunt of pigment which has been demonstrated ta be carprapor-
phynn,

THE GASTROINTESTINAL TRACT

Lips: Labial lesions have nat been pronunent m single deficsency states
which have been studied 1in experimental animals However, 1n the human
chetlosis has been a common sign of nutntional deficiency 1% Studies of
single deficiency states in luman subjects have resealed that several essen-
tials may be implicated, These are nboflavin (page 217), tryptophan-
niacin (page 220), and pyridoxine (page 248).

Tongue: The prominence of tongue lesions in human deficiency states
such as peliagra and permerous anemia has focused attention on this struc.

TasLe AVIIL
TATHOLOGIC ALTERATIONS IN THE GASTROINTESTINAL TRACT AS 4
RESULT OF SINGLE DEFICIENCY STATES
{1} Ligt Radoflaan, tryptophanenfacte, pytidovoe.
(2) Tongue lron, zine, nboBlavin, tryptophan-niacin, pyridovne, biotin, Ppantotherue acid, folic
scsd and vitanu B '

3} Saluary Gland  Vitamin A
1) Esophagus Zine
(5) Stomach  Caldium
{6) Small fatestine  Potaswnm {motdity}
(7} Large Intestine Pantuthenic acid
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Ficure 180,

A, Follicular hyperheratosis, noaspecific. B. Hyperkeratosis, nonspecifie. C. Tongue,
prominence of follicles. D). Tougue, atrophy of papillae. These four photographs m-
dicate certatn lesions which are commonly seen in deficiency states  (Courtesy of Dr
A Schaeffer )

saccharide It is hkely that m some mstances the vascular change may be
secondary to gross epithelal alterations, such as occurs in vitamin A de-
ficiency, while in others the alteration may be a subtle biochemieal lesion.

Confunctiva: Here alterations such as those associated with vitamin A
deficiency are clear enough, though how much of a role disturbances in
the secretion of the lacnmal and other glands play is difficult to say at this

time,
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LIVER

As might be expected, the hver has been stadied most extensively from
the biochemical standpomnt, Much s known, too, of the morphologic altera-
tions which result from deficiency states. In recent years a good deal of
attention has been given to two profound alterations in the liver winch re-
sult fram defi ies of i i These are the acute necrosis
syndrome and the fatty mbiltration-cirthosis complex. The main similarities
and differences and the nutnents wiuch pertam thereto have been sum-
manzed 1 Table XIX.

Tasre XIX
DIETARY FACTORS ASSOCIATED WITH LIVER INJURY

Necross Fatty Lyver—Girshosiy
Cystine +
Methuonine +
Protein +
Choline 0,
Tocopherol +
Factor 3 (selemum) +
Threonine
Lysine
“Tryptophan
Essential fatty scids
Lipd Q, ~
Vitamin Bs
Raboflavin
Pyridoxine
Pantothentc acid
Anttioues

R & LY S

4 = Beneficlal

~ = Harmfit

G = Noeflect
Smee the dehmeation of the acute necrosis syndrome w1935 our under-
standing of it hos undevgone 2 slow evohation 3o that now three and per-
haps four factors may be indicted These are cystime (page 98), alpha-
tocophierol (page 168) and Factor 3 (page 101}, in which selenum has
recently heen postulated to be the my P In addition, the
possible role of extraneous positive factors, partienlarly in the form of bac-
tenat products absorbed from the gastrointestatal tract must not be lost
sight of {page 257). Cystine debi way be medified, & ding on how
much methionine and protein are wcluded in the diet. The destmction of
alpha-tocopherol by unsaturated fatty acids, such as are found in cod liver
oil, Jeads to more extensive necrosis. The role of excess yeast and the
protective effects of selenium have just been reported. Deselopments here

will be awaited with great interest.
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ture as an index of nutrition for some time. The Jack of specificity of lingual
changes has become only too apparent in recent years. In the human sub-
ject tongue lesions may follow deficiencies of iron (page 299), riboflavin
(page 218), tryptophan-niacin (page 220), pyridovine (page 248), biotn
{page 266), folic acid (page 436), and vitamin B,, (page 425), (sce Table
XVI).

The tongue of dogs deficient in various members of the yvitamin B com-
plex has been specifically studied by Afonsky.1%2 Deficiencics of niacin,
nboflavin, pyridovine, folic acid and pantothenic acid were found to be
associated with lingual changes. These alterations varied according to the
type, duration and severity of the deficient state. As might have been ex-
pected the microscopic cl were not pathog ic, The changes
common to all were papillary atrophy and changes in the epithelal cells
The lesions did not appear to be related to alterations in other areas of
the gastrointestinal tract.

The explanation for the prominent imvolvement of the tongue in human
and canine deficiencies is not clear, though doubtless the extraordmary
normal regenerative activity must be of significance.

Salivary Glands: These structures are invoh ed as a result of vitamin A
deficiency (page 126). The role of dictary deficiency in cases of parotid
enlargement which have been observed in malnourished humans is not
clear.llﬂﬂ. 1497

Esophagus: A most unique alteration has been reported in the esopha-
gus of zinc-deficient rats in which there is thickening of the cpithelium due
to the presence of partially heratinized cell layers (page 72). Similar
changes have not been described in other deficiency syndromes, though it
is nnusual to find experiments in which this structure is said to have been
examined.

Stomach: Ulcers of the stomach have been reported to result from =
number of deficiencies of necessary nutrients, in many instances such diets
have lacked ather essentials so that the specificity of the lesions must be
questioned. Caleium deficient rations, however, lead to ulceration of the
gastric antrum 1n rats and to gastric lesions in dogs (page 48).

Intestine: The motility of the small intestine appears to be affected in
potasstum-deficient animals (page 25). Epithelial changes occur in 2 non-
specific alteration in response to caloric restriction and 2 number of vita-
mins.}! The presence of intestinal lesions in certain of the natunally occur-
ring syndromes in man such as pellagra (page 316) and kwashiorkor (page
333} and blacktongue m dogs (page 329) makes careful investigation of
the colon an important part of any pathologic study. So far the most con-
spicuous changes have been found in pantothenic acid-deficient animals

(page 228).
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of other essential nutrients have not been shown to affect these structures,
though it 15 certain that hiochemical observations conld be detected with
ease,
Orary: 1t 1s difficult to separate the two stages in the deselopment of
the ova, that is pre- and postdertilization  As far as the frst is concemned,
maturation of the ovum is particularly susceptible to inanition. So far no
specific alterations have been desenbed to occur as a result of deficiency of
single essential nutrients 1f adequate pared-weight gain controls have been
studied. Unfortunately, far too few investigations have been reported which
have employed this technique,

During the past decade the effects of intrantenine defictency states on
the embryo have d great ymy So far deficlencies of vitamin
A, alphatocopherol, niboflavin, folic acid and vitamin By, have been studied.
Alterations in a number of areas: cardiovascular system, skeleton, genito-
urinary system, et cetera, have been descuibed Therr meidence and severity
are dependent on the stage of development of the embryo that the deficient
state is mstituted It i hikely that all of these may follow somewhat sim-
ar patterns though already modificabions may be produced from one to
another  For nstance, nboflavin seems to affect the skeleton 1 particular
and such changes may be modified by calcium and phosphorus deficiency.

Aecessoryy Female Sexual Organs: The uterus, vagina and vulva of vita-
min A-deficient ammals extubit the heratimzing metaplasia seen elsewhere.
Other changes such as atrophy and alterations i pattems of Leratinization
of the epitheliaf cells have been desenbed m any number of deficient states
but s far as can he determned all of those nre mesely the non-spearfe effects
of tnanitian

RESPIRATORY TRACT

Trachen and Bronchi: A ct istic of the epithelia lining the
frachea and bronchi 1s the presence of alia These haw-hke structures are
an important defensive mechiamism with respect to manmmate foreign par-
ticles and ammate agents of disease The replacement of the ciliated ool
nar cells in the trachea and bronch of the vitemin A-deficient arumal 1s
fambar enough (page 198} It would he interesting ta study the physio-
fogeal actnaty of cihia from ammals deficient m other nutrients in witro
smee vartations m thewr mosement might very well be encountered.

Lungs: No alterations fiave been encountered in the lungs save thase
related to mechameal effects locally. Atelectasss as a result of collapse of
the thomae cage is seen m nchets Branchial obsteuction and secondary
pulmonary infection follow the \eratinizing metaplasia of vitammn A defie
ciency.




458 DEFICIENCY DISEASE

Fatty liver results from choline deficiency, which is in turn related to
methionine (protein) delici y. Cystine makes for increased fat acenmu-
lation. So, too, excess fat and cholestero! accentuate fat accumulation. Cer-
tan amino acids (threonine, lysine, tryptophan) decrease fat accumulation
as does vitamin B,:. The whole problem of the relation of fat accumulation
to cirrhosis would appear to have been clarified by the recent demonstration
that, if the bacterial lora of the intestine is decreased, cirrhosis will not
oceur. Tlus indicates that all of the various factors will have to be restudied
in relation to the presence or absence of a normal bacterial fora,

PANCREAS

Metaplastic alterations in the duct epithelium as a result of vitamin A
deficiency oceurs in the pancreas (page 126). Experimental inanition and
protein deficiency lead to a decrease in the size of the ascinar cells and
dimunition in the number of zymogen granules. Similar atrophic changes
have been described m naturally occurring disease in man, in particular,
Awashiorkor (page 340).

GENITO-URINARY TRACT

Kidneys: Clearcut lesions in the nephron have been descnbed by de-
ficiency of each of the following essential nutrients: potassitim, magnesium,
chlorine, essential fatty acids, and cholne. Questionable alterations have
been reported as 2 result of riboflavin and pyridoxine deficiencies. In all of
these the tubular portion of the nephron is most seriously affected. The
pathogenesis of each is so obscure that little is to be gained hy speculating
concermng their biochemical backgrounds.

Renal Pelves, Ureter, and Bladder: The epithehal lining of these struc-
tures undergoes keratinizing metaplasia as a result of vitamin A deficiency.
No alterations have been described in other deficiency states

Testis: The male germinal epithelium is extremely sensitive to ina-
nition. Consequently, whenever growth in general 1s altered, the testes
evince alterations. In some cases this change may be primary; in others it
may be modified by administering gonadotrophic hormones. The only de-
ficient state in which specific and irreversible alterations occur is that pro-
duced by vitamin E deficiency, though here only the rat and guinea pig are
affected. The paired-weight gain technique could profitably be apphed to
studies of the testis in other deficient states. Most often the paired-feeding
procedure has been employed and specific differences have been claimed
When such could be just as well ascribed to differences in weight gain.

Accessory Male Sexual Organs: Charactenstic metaplasia oceurs in tl}e
epididyms, prostate, seminal vesicles and coagulating glands in vitamin
A-deficient animals. When the effects of inanition are ruled out deficiency
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found changes to take place in the adrenal glands as a res“l( of deficiency
of any of the nutricnts, To date, 1 ., the only vit: fi state
to result in changes is that produced by pantoth acid, Here

nectosis of the cortical cells is seen, this may be made warse by ACTH ad-
nunstration and is retarded or prevented by cortisone.

MESENCHYMAL TISSUES

Cannective Tissues. Today there 15 a grawimg interest m normal and
diseased connective tissues, whether they be ordinary fibrous tissue, carti-
lage or bose In screral places we have noted certam facts concerning the
chemical nature of these structures, 1 ¢, that they consist of cells surrounded
by a matrix whose promment c!nmctcnsilc 15 the prosence of the fibrous
protemn, collagen and vanous 5, dmg on the tissue
under dscussion ? 42

In order to bave connective tissue, at least collagen, it 15 necessary to
have tts aming acid building blochs  Protesn deficienicy certamly imterferes
with certamn aspects of collagen formation, as exemphified by wound heal-
g A more dramatic effect 15 seen when ascorbie acid ss Jaching from the
diet of man, primate or gumea pig  Evidence begins to point to a role of
this vitammn m hydravyproline synthesis (page 189}

Carfilage and Bone: The growth of carttlage 1s easily affected by a lach
of any one of the essential nutnients Thus s a nan-spectfic effect, we know
of no specific alteration m cartilage swhich one might ek out and say, “this
ts due 1o 2 deficrency of such and such a nutrient,” excepting, of course,
the charctenstic alterations whieh arce encountered m nickets  No deficient
state with which we are famahar 15 assoctated with mereased grawth of
cartitage cells

Osteoblastic activity may be mpawred m an entirely sumslar manner
to that i which cartilage s affected  Here, however, two nutnents affect
osteablustic actinity far ont of proportion to their mfluence on cartilage
cells These are copper and ascorbie acid whose mterrelanions, of any, wounld
be of mterest to eluadate In the classification of bone disease presented
m Table XX st will be noted that there s one mstance of evcessive osteo-
Blastic actiaty, se, vitamun A deficiency This 13 the Jocal bony overgrowth
which may lead to certam neuralogical akerations No examples of de-
creased destruction are mvardable  Hawerer, excess destruction may be en-
comntered as a resnlt of defica of mlclum and phosphiorus, mmculnrl)
the former. This 1s not necessanly a parathyroid effect since it 1s seen in
the absence of the parathyroid ghnds The various causes of rickets in
relation to deficiency of ealem, phospharus and sitamin D lase been
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ENDOCRINE GLANDS

Hypophysis: Most reports dealing with the response of tissues to nu-
tritional deficiency fail to mention the pituitary gland. The presence of
different cell types and the claboration of a number of trophic hormones
nught lead one to expect that changes in the hypophysis might be common.
So they are as a result of the non-specific effects of caloric restriction, ie.,
general inanition. When it comes to more specific alterations very little has
been reported. “Thyroidectomy cells,” i.¢., large vacuolated basophils, are
seen in animals in which goiter has been produced by iodine deficiency
(page 79) One might expect alterations associated with disturbances in
function of other endocrine under pituitary control. Such has not yet been
reported.

A secondary manifestation of disease is secn in the hypophysis of vita-
min A-deficient animals; increased intracranial pressure leads to cysts in
the pituitary gland of calves deficient in this vitamin (page 136).

Thyroid: The thyroid gland exhibits hyperplastic changes affected by
TSH stimulation whenever the quantity of its own active principle is de-
creased in circulation. Such situations are summarized in Table IV (page
76) The most important deficicney state is that produced by iodine
(page 74) One wonders also if just the right degree of tyrosine deficiency
might not be effected by withholding phenylalanine and so lead to insuffi-
cient tyrosine with which to form tetra- or tri-iodotyrosine; hence decreased
formation of active principle might occur and would be followed by hyper-
plasia. As has been indicated (page 78), another type of thyroid gland
change, colloid goiter, which is such an important form of natural disease,
has not been produced in the laboratory.

Parathyroid: The activity of the parathyroid appears to be controlled
by the concentrations of calcium in the plasma. Hence, any mechanisms
which tend to lower serum calcium, particularly its jonized portion, will
lead to parathyroid hyperplasia. Such is seen in caleium deficiency states
whether produced by dietary lack, lack of absorption from any means, par-
ticularly vitamin D deficiency, and rises in serum phosphorus concentra-
tions. As far as has been determined to date, phosphorus deficiency has not
been shown to affect the activity of the parathyroid cells.

Adrenals: Studies of the adrenals have been of particular interest dur-
ing the past decade since the advent of cortisone and related substances
The response of the adrenal cortex to acute caloric deprivation, lack of
proten, deficiency of and other nutrients is hyperplasia. This is the “alarm
reaction.” Changes in the adrenal cells as a result of potassinm or sedium
deficiencies are of particular interest because of the control of this gland’s

excretion of the latter cation (pages 31 and 34). One might espect pro-
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is not surprising that ron deficiency leads to its disappearance. The re-
fations of tryptophan to the pigment 15 Jess clear although this amino acid
15, of course, intimately alhed to hemoglobn formation. Vitamin A de-
ficiency, of course, leads to changes m the ameloblasts winch would explam
the dental achromia i this deficiency Absence of the pigment in vitawin
E-deficient 7ats cannot be explowmed at present. 1t s of wierest that when
certain elements, such as cadmium and fuonne, are mcluded m the diet
of rats, the yellow pgment does not appear

1t was noted above (page 138) that the odontoblasts are organized by
the enamel epithelium so that vanous secondary changes are scen i the
dentne as a result of damage to the emamel organ  Certam deficrencies,
however, prumanly affect the physwology of dentine, for mstance, vitanun
C depnvation leads to a cessation of formation of dentine m conformity
with its hzed on the elal of int 'l 1
of which dentine 15 ane Defects i the formation of dentine and of the
tooth supporting structures are charactersstic of the scorbutic state A some-
what different situation prevails m nickets, here the odontoblastic activity
1s not impasred, but the dentine winch 15 formed 15 not caleified, because
of the disturbance i calcm and phosphorus metabolism  Although enamel
hypoplasia has not been observed on low phosphorus diets, it has been
noted when the caleum intake 15 restncted

BLOOD-FORMING TISSUES, VESSELS,
AND THE COAGULATION MECHANISM

The cells wiich form the freely arculating red and white blood cells
are dependent on a number of nutrents for therr mtegnty  Much s known
about certam details of erythrogenesis, Tt less data are avadable on the
mechamsms concerned with the formation of myeloid elements and plate

lets
.

Erythrop In the embryo the earhest stage of red
blood cell formation 15 found 1 the blood stands of the yolk sac  Fere,
mesenchymal cells give nise to the most pnmitive erythrogeme cells, to
which a vanety of names hase been apphied (hematoeytoblast, proery thro-
blast, et cetern.} Charactenstic nuclear and eytoplasmue changes appear
tn such cells as they develop inta aduft non-nucleated forms This “first
generation” or megaloblastic senes of cells are encountered w the bone
marfow in cuses of megaloblastic anemia, whether produced expenmentatly
in ammals or eceurnng naturally m the human

A hitle later n the deselopment of the embryo, foet of eny thrapoiesis
appear in the Iner and, as the cartilagenous sheleton 1s transformed 1nto
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TanLe XX

PATHOLOGIC ALTERATIONS IN CARTILAGE AND BONE AS A
RESULT OI' DEFICIENCY STATES *»
I Disturbance in Growth of Cartilage
{1) Increaved Actnity
(2) Decreased Activity
(a} Calone restection
(b) Deficiencies of clements, amine acids or vitamins
Il Disturbances in Osteogenic-Osteolytic Balance
(1) Decreased osteoblastic acthaty
(a) Lack of alt essential nutnents, hut in particulr copper and ascorbic
aad and posubly manganese
(2) locreased osteoblastic activity
(a) Vitammn A ieficiency
{3} Decteased osteolytic activity
(4) Increased osteolytic activity
(a} Severc fnantion, espectafly loss of calerm and phosphorus
ur b bances in the Deposition of Hydy in Matrices of Cartilage and/or Bone
(1) See Tables VIf and N1

covered in Tables VII and XII; hence, further discussion is not necessary
here.

Teeth: The teeth have not been studied in each of the diseased states
which may be produced by deficiency of single essentinl nutrients. The teeth
are more complex than carttlage and bone since they are composed of epi-
thelial cells as well as connective tissue. Hence, they may be discussed from
two standpoints depending on which of these two components js initially af-
fected The enamel organ is primarily damaged in both magnesium and
vitamin A deficiencies. It is unfortunate that this structure has not been
stucdhed more fully in other deficiencies in which ectodermal structures,
particularly the skin, are severely involved In magnesium-deficient ani-
mals ameloblasts atrophy with the result that the emamel is hypoplastic.
Secondary changes occur in the formation of dentine. The enamel organ
acts as an orgamzer of the odontoblasts, and 1n vitamm A deficiency a lack
of this organizing influence is strikingly seen. Because of physiclogical ab-
normalitics m the ameloblasts, the odontoblasts do not differentiate with
a result that the formation of dentine is irregular or absent. The enamel
organ in this instance seems to have the same effect on the organization of
odontoblasts as does vitamin C.

Interest has also been aroused in teeth because of another functional
activity of the ameloblasts: the formation of the familiar yellow, iron con-
taining pigment of the rat’s incisor. Failure of this pigment 1o be deposited
has been noted to result from deficiency of several nutrients iron, trypto-
phan, vitamin A, and alpha-tocopherol. Since this material contains iron it
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type of megaloblastic red blood cell formation has not been satisfactorily
expluned. Copper 15 3 factor 1 erythropotesis, as has been indicated on
page 57.

The basaphihe ascribed to nucleaprotein i the eytoplasm of the erythro-
blast diminishes as the cells mature, philic, ind! e of lobin
formation, appears. A good deal is known of many of the mechanisms con-
cerming the synthesis of the pagment, heme, and the protemn, globin Heme
15 2 combnation of protoporphyrin and won The former 15 denved from
glycine via an ntecmediate, amino-devulinic acid  Since the Krebs eycle
is mvolved m this transformation, one would expect pantotheme acid to
play an smportant role, anemya has been observed as a result of a deficiency
of this vitamin. So, too, folecn appears to be impheated i protoporphyrn
synthesis. Pyndovne affects protoporphyrin bot since a d
in erythrocyte free protoporphyrm s found in ammals deficient in thie
vitamin  Copper appears to be necessary for the mcorporation of won into
the protoporphyrin molecule to form heme (page 59) The mmportance of
copper for sron absorpution wmust also be recalled {page 59)

Many smino actds are necessary for the synthesis of globie  Further-
mare, hustidine appears to be unportant tn the combination of globin with
heme, Some ammno acuds are more potent than others w correctmg the
hemaglobun deficit following blood loss.?t®

Another factor which must be considered in any discussion of crythea-
poens and nutntional anemsa 15 the bfe span of the red blood cell Cells
which are formed under adserse cwenmstances and which might be ex-
pected to have a ved of cortamn mtracellular essential might
be expected to be more rable to destruction Such is the case with respect
to the microcytes which appear 1n the aireulation of copper-deficient swime
{page 58) In permicious anenma the hfe span of the orculating celfly
alsa decveased 112

Cestamn aspects of the role of essential nutaaents 1 red bloed cell forma-
tion are summarized in Table XXI and in Figure 181

Myclopofesiss Nat much has been dwected at disturd

3 with the locytse sestes which may result from defioency
states  Leuhopensa was descnbed m the panmyelocytopenin syndrowme
which led to the discovesy of folic sed The other changes which have
been desenbed are less spectaestar and need further study.

Lymphopoiesis: The speafic tissue of fymph nodes and spleen which
forms the lymphosd cells 1s very susceptible to {namtion and protemn de-
ficlency. A relation of lymphad tissue tor pyrud 1ias been suggested
(page 245).

Blood Vessels: Whether any nutrient specifically allects the prohifer.
ation of endathelial colls has not been defimtely shawn. Dr. Wollach
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ESSENTIAL NUTRIENTS AND RED BLOOD CELL FORMATION

MEGALOBLAST

ABSENCE OF,
——FOLIC ACID
B1z

HEMATOCYTOBLAST — BASOPHILIC — POLYCHROMATIC ___ ORTHOCHROMATIC — NORMOCYTE
LAST

\ NOMO!LMI[ NORMORLAST NORMOR!
ERYTHROPOIES! HEMOGLOAIN FORMATION

caper T. PROTOPORPHYRIN  ERYTHROCYTE
:ouc ACID® PRECURSORS PROTOPORPHYRIN
12 (GLYCINE, ETC.) +
IRON™~COPPiR
* NUCLEIC ACID COPPER HEME
SYNTHESIS FYRIDOXIN
PANTOTHENIC +

2, AMING ACIDS —————+ GLOBIN
(TRYPTOPHAN, LYSINE
HISTIDINE, ETC,)
HEMOGLOBIN

Ficune 181,

a bony one with marrow spaces, similar changes here occur also The pro-
Iferation of erythroid elements at these sites represents the “second gener-
ation,” or the normoblastic phase of differentiation which is scen normally
throughaut the remainder of the life of the organism. Many important
biochemical transformations occur in cells exhibiting the various stages of

galoblastic or erythroblastic erythropoiesis Of these, the most important
deal with nucleoprotein and lobin synthesis, though the formation of
complex polysaccharides and lipids must not be forgotten, even though
less is known about them from the nutritional standpomt.t5*?

Of the leop ins, desoxyrl leic acids are found in the nu-
cleus; nbosenucleic acids are restricted to the nucleolus and cytoplasm.
One of the recent contributions to nutritional biochemistry is evidence
showing the relation of folacin and vitamin B;, to nucleic acid synthesis
We cannot go into the details of the classical transformations: purines and
pyrinid ] leotid leoprote; However, it will
be recalled (page 272) that folacin has been shown to effect the incorpora-
tion of l-carbon fragments nto the purine rmg. So, too, vitamin By, ap-
pears to influence the transformation of purines and pyrinidines into nucleo-
sides. The “maturation effect” of folacin and vitamin B, is obscure. Why
blastic phase of erythropoiesis reverts back to the embryonic

1

the nsual nor
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type of megaloblastic red blood cell formation has not been satisfactonly
exphined Copper is a factor m erythropoiess, as has been wdicated on

page 57.
The b Lyil thed to nucl m the cytop
)

1

n n of the erythro-
blast dimmnishes as the cells mature, of b Tot
formation, appears A good desl s known of many of the mechamsms con-
cemsng the synthesis af the pigment, Jieme, and the protemn, globin Heme
15 a combmation of protoporphynn and wron The former 1 denved from
glyane via an mtermediate, ammno-levulmic acid  Smee the Krebs eycle
S lved in this £ one would expect pantothente acid to
play an important rele, anemsa has been observed as & result of a deficiency
of this witamn, So, too, folacin appenars 10 be impheated in protoporphynn

ynthesis. Pyrid affects g hyrn bol since a decrease
i erythrocyte free protoporphyrin s found m anunsls deficeent m this
vitamun, Copper appears to be necessary for the mcorporation of won mto
the pratoporphynn molecule to form heme (page 59} The mportance of
copper for jron absorpution must ako be recalled {page 59)

Mauy amino acids are necessary for the synthenss of globin Further-
more, hustiding appears to be important in the combmation of globm with
heme  Some amino acids are more potent than others in correcting the
hemoglobin deficit following blood loss 3¢

Ancther factor shich must be considered n any discussion of erytheo-
polesis and nutntional anema 1w the hife span of the red blood cell Cells
which are formed under adverse circumstances and winch mght be e
pected to have a reduction of certamn mtracellular essential nutrients myght
be evpected ta be more hable to destrnction, Such 15 the case with respeet
to the microcy tes which appear 10 the aireulation of copper-deficient swine
{page 58). In permcious anemia the hfe span of the uraddatng cell w
also decreased 419

Certain aspects of the role of essential nutnients i red bload celf forma-
hon‘:rm'summsnled w Table XXI and 12 Figure 181

"

poi Not much has been directed at disturbances
associated wath the granuloeyte series wlieh may result from deficiency
states  Leul was described i the p locytapema syndrome

which led to the discovery of folic acd. The other changes which have
been deseribed are less spectacular and need further study

Lymphopoiesis: The speeific tissue of Jymph nodes and spleen shich
forms the lymphoid cells 1s very ble to ition and protein de-

fieleney. A selation of Jymphond tisse to pyadoune has been suggested
{page 25},

_Blnod Vessels: Whether any nutrient specifically affects the peoliler-
ation of endothelial cells has not been defintely shown. Dr. Wolback



466 DEFICIENCY DISEASE

BLOOD AND TISSUE CHANGES IN NUTRITIONAL ANEMIAS

8 B2 Es s 5

iz 25 Bf < <x £ 8
COPPER i + 1o s | eow| tow fwos | +
IRON M aoeCe # 1o dw L] Ll o
TRYPYOPHAN :gg:gggfm + o | w{n ves | 0
PROTEIN ﬁgﬁ:g%.‘i}{,‘..,c + [} N N Qtow]Kko | 0
RIBOFLAYIN oo 1+ | o x|+
PYRIDOXINE - + |+ [row |mon ¥ | +
roien | e, | | ¥ [ [ 5
B1 Wvincmone | v, | HIcH il I
P | e |+ | ©

matntained that capillaries cannot form, j.e., organizing a hematoma, when
ascorbic acid is lacking. Our own studies of scorbutic animals in which the
invasion of cartilage was ummpaired seemed to controvert this. A pointed
study of this needs to be undertaken, The studies which relate the capillary
bleeding m scurvy to alterations m the precapillary vessels are most inter-
esting (page 193). The whole problem of the maintenance of the integrity
of the capillary wall 1s most complex and until more is known of the normal
state advances will be slow in understanding the abnormal. -

Coagulation Mechanisn: The subject of the clotting of blood becomes
more complex each year and, hence, more difficult for the bystander to
comprehend. It is sigmificant that deficiency states, that 1s inborn defects,
have been responsible for bringing at least some complex order out of chaos
A simplified scheme of the coagulation hanism is p: d in Figure
182 where the factors which may affect the various steps are indicated **%°
1521, 1522

Here it will be seen that calcium assumes great importance, 1323 1524, 1525
o, too, vitamin K is responsible for the formation of at least three factors
which have to do with coagulation. Anything which may interfere with
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ASIMPLIFIED SCHEME OF BLOOD COAGULATION

AH globulin + Platelets

(C)(x:ﬂnmus facter)
+
= Factor ¥ (Serum accelerator)
|
Viramin K mmmese P Tisyues
Thromboplowtin
Prothromb Theombin
[
tiver Torinog: = Fibrin monomer
Fibirln polymer
Sokebte fibela
Ca
Stable Fibrin
Ficone 182

protem synthesis such as amino amd deficieney or hver disease will lead
to defects m the coagulation mechamstm

Climeal aspects of the zelavien of vitatmm K to eoagulanion have been
discussed by Dam 2920

Funally, although the platelets are of importance in coagulation, no de-
ficteney states are charactenized hy extensive chiangies m thromboey tes, save
perhaps 1won deficiency in which the platelets are merezsed {page 65).

AMUSCLE TISSUES

Heart, The myocardim is dependent on an abundant supply of oxy gen
which must be furmished by an adequate flow of red blood cells contaimng
2 pormat quantity of | Jobi fdition, certain substrates are neces-
sary ta furnish energy, partioulardy that for muscular contraction, Studies
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on the human, utihzing techniques to obtain blood samples from the coro-
nary vein, femoral artery, pulmonary artery, et ceter, have shown that
the myocardium yemoves appreciable amounts of lactate, pyruvate, and
glucose.15*% Narmally, tao, though to a lesset degree, nitrogenous sources
such as amino acids, fatty acids and ketones may be used as substrates,
as may be evinced by their extraction from arterial blood supplying the
myocardium,

Certam of the elements: sedium (page 32); potassium (page 24) and
caleinm (page 43) were shown by Sidney Ringer many years ago to be
mdispensable for the normal functional activity of the heart, Magnesium
does not appear to be so important. The role of many indispensable jons
as integral parts of certain enzymes and as activators of certain enzymes
has been mentioned elsewhere {page 19). The importance of magnesium
1 this respect has heen commented upon (page 35). So, too, the possible
role of copper in affecting the cytochrome ovidase activity of the myo-

las been ioned (page 61). The cffects of deficiency of the
ather essential inorganic elements on the myocardial fibers are not clear.
One might theorize that iodine deficiency might ultimately lead to the
production of a myxedematous change in the heart such as is seen in the
human hypothyroid state. Such has not been produced experimentally.
So, too, wron deficiency might be expected to produce myocardial changes
because of the presence of this element in the myoglobin molecule. This
does not appear to happen because myoglobin gets the “first call” on the
won. The effects of anemia on the heart are well-recognized.

Of all the inorganic elements, a deficiency of only one, potassium, 1s
assoctated with structural defects in the myocardium. Such alterations con-
sist of necrosis of individual fibers The mechanism underlying this alter-
ation is unknown.

Some evidence has been presented that a deficiency in at Jeast one
amino acid, tryptophan, may lead to changes in the myocardium (page
91).

In view of the constant contraction of the myocardium, for mstance,
112,320 times each twenty-four hours, the energy needs of the heart are
great. The myocardium is dependent on a large number of enzymes for its
aerobic metaboltc requirements Many of these enzyme systems require
coenzymes contaming certain vitamins for their activity, Physiological
alterations which have been observed in vitamin deficiency states are sum-
marized in Table XXIL'$2? From what has been noted elsewhere concern-
ing the normal functions of the vitamins (Figure 45, page 124), these de-
ranged functions in the myocardinm are what mght be expected.

So far only two vi thiamine and alpha-tocopherol, have been
shown to lead in morphological changes when their intake or utilization
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Tasee XAH

BIOCHEAMICAL ALTERATIONS YN THE MYQCARDIUM 1N
VITAMIN DEFICIENCY STATES

Vitamin Biochemcal Defect
Thizsune Decreased cocarbonylase content, Increased pyrusate content
Pantothenic Acid Redaced Cob, oxygen uptale, snd pyravate ntilization
Pyndoxine Decreased fransamunase activity
Niacin Decreased wtilization of lactate
Fotin Decreased uvygen aptake

13 mtesfered with The lesions, which consist of necrosis of the myocardit
fibiers, are wentical smve that cerod s seen n the latter group. More
pomted study of the heart muscle in other deficient states may lead to an
uncarthing of morphological alterations o these also The rale of choline
defisency needs further study {page 261)

An extremely interesting group of anatomical defects las bren produced
m the cardhovascular system of the rat as a result of mtrauterme vitamin
deficiency, Four nutnents have so far been impheated: nboflivin (page
316}, folacin (page 275), vitamun B,y (page 278) and svitamin A {page
139} The fesions, which can be made to appear dunng certam ymportant
stages of develapment of the cardiovascular sy stem, affect the myocardm
and, m particular, (he hrgc arterial trunks ansing from the heart The e
perimental prod: 1 cardrac malf would appear
to be a fertile feld for futurc development. Whether mare thar one bane
pattern of derangements may be producerd remains to be determmned

Striated Muscle: Unlike the heott, stnated muscle may metabohze
acrobically and anaerobncally  Hence, s biochemical transformations are
more compley  Most of the basie reqinrements for enesgy are furmshed by
glucose and lactic actd  For their metabolism 1t needs certam clements,
ammno acids and vitamins  Defects in the contractile mechamsm of strated
muscle have been desenbed as a result of decreased serum concentrations
of three inorgamic clements. potassaum, caleivm and magnesm, which
play such an important role m the tetany syndrome (page 293). In onI)
one of these defi states, that produced by g are
defects encountered. Necroses lmw heen absersed in several species defi-
crent an thas cation

Despite the undoubted need for other nutrients i the normal metabalic
(umuons uf strated musclc, relatinely few data are available to mdicate

3 al or 1 changes Tting from defici s of mare than
afew Dysteophic alterations Liave been obsen o4 to result from deficiency
of the amno aeids, tryptophan and isoleveme {pages 81 and 85}, and
from lack of sstamin E (page 161).

Stuches of nutritiona} musevlar Qystrophy v, of course, of great in-
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terest because the lesions are identical with those which are seen in many
instances of human disease. Unfortunately no relationship to dictary fac-
tors has been shown in the human muscular dystrophies.

Incoluntary Muscle: In Mammalia, lesions have been desenbed, though
inadequately, in the smooth muscle of rats deficient in tryptophan, Pig-
ment, of course, occurs in smooth muscle of vitamin E-deficient animals,
the significance of this deposit is not clear even at this time,

NERVOUS TISSUES

In the discussions of alterations resulting from deficiencies of single
or multiple nutrients, disturbances in the central and peripheral nerous
systems have figured prominently. Moreover, it is Iiely that, if more care-
ful studies were made, further physiological and anatomical defects might
be uncovered.

In discussing the nervous tissues we are, of course, concerned with the
metabolism of carboliydrate, protein and hpid.'** The first two materials
doubtless are of most importance to the activity of neurons while the latter
is concerned in the formation of myelin, which is a complex lipid material.
Hence, this brief résumé of the nervous tissues might most advantageously
be directed towards a y of the d which accompany
defective metabolism of carbohydrates, proteins and fats.

The importance of adequate glucose for the normal activity of nervous
tissue is clearly shown by the physiological effects of hypoglycemia, how-
ever produced (page 118). If the hypoglycemia is prolonged, structural
defects may be found in addition to the functional alterations which pre-
cede them. Since nervous tissue is so dependent on carbohydrate for its
integnty, essential nutrients which have to do with the metabolism of
glucose and its transformation to pyruvate and acetate would be expected
to lead to similar cl The most promi; ample of this is, of course,
thiamne deficiency. Here in vitro studies of respiring brain tissue led
Peters to the description of a biochemical lesion which he showed to be
an inability to metabolize pyruvate *7 When thiamine was added to the
in vitro system, the pyruvate content fell, Thcse c'(pcnments aided greatly
in clarifying the der in thiami Is in which
structural Iesions are frequently conspicuous by their absence. It is likely
that, when the deficiency of thiamine has continued for some time, morpho-
logic defects will appear in the form of necrosis of neurons followed by
reparative proliferation of glial cells and blood vessels. Whether this repre-
sents the pathogenesis of the Wernicke syndrome remains to be determined.
An important point to settle is the primary or secondary status of the vas-
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cular system m thiamine-deficient animals {and Wermche's disease).
One suspects that the capillary change is a secondary phenomenon. Lapoie
acid defimency, if it tan be produced, shovld Jead to the same alterations
as does deprvation of thuamune {page 203}
Vs 1 damage s 1 when the nicotine acd antagonist,

3 acetyl-pyridine, 15 admis i Although mag is extremely im-
portant m the metabohsm of carbohydrate, it appears that lesels low enough
for it to interfere with the breakdown of glucose and sts varous mter-
mediates cannot be attamed {page 413 Other vitamsns which nught be
cxpeeted 10 be nvolved in carbohydrat bolsm are pantath acxd
and riboth i al have been described in pantotheme
acid-deficient swine and otlier species  In the pig only the sensory neuron
has been shown definstely to be wvohed. Our own mterpretation of ths
alteration ss that the neuron body 1s darnaged first, followed by secondary
changes 5 s avoplasm and myehn sheath This conclusion was drwn
because the fisst alteration which could be detected was chromatolysis, a
change which preceded any myehn d Riboflavin defici
leads to alterations i the nervous tisswes of some ammals. The data are
too fragmentary at the present time to warrant further diseussion

The precise role of vitamn By, in the pathogenesis of the alterations i
the nervous fissues i permcois anermia s not yet satisfactondy settled
That 15, what is the phase of bolism which s b Hy d 3 that
Yeads to the functional and structural cisturbances? It is not clear whether
the structura] alteratwns n permetous anemua fall mto the poliochstic or
myelmoctastie group of diseases Is the primary disturbance one of carbo-
Iydrate metabohism, nuclese nexd synthesis or myeln synthesis and mam-
tenance? After al] these years the pronary or mtal venvologieal disturh-
ance m permeious anema s sull & mvstery Perbaps future expenments
with vitamin By antagonists may throsy some fight on this subject. In this
respect some epenments recently reported in prebummary form by Vaged o
are estremely smportant When the peripheral nerves of ammals on varous

a

deficient dicts were d, the regeneratine cap was affected
partienlarly by lack of pyndowne and vitamm B, In the latter groups
of the ataplasm was not smpaed, while myehn production

faled to beep pace On the other hand, pyndoune deficiency led to a de-
erease of bath as oy dmader wnd mychn repare These data begm 1o indhieate
that vttanun By: defictency leads pnmanly to a disturbanee s el me-
tabohsm and, henee, the Schwann cells, which appear to be r('sm;’m!yle for
myelin formation, are pamanly defectine We shall have to awast further
studics in order to hase the entire story

With sespeet to myehn metabolism, some years ago we suggested that
the specific defect m pyudaddne deficieney might be a disturha

m the
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terest because the lesions are identical with those which are seen in many
instances of human disease. Unfortunately no relationship to dietary fac-
tors has been shown in the human muscular dystrophies.

Incoluntary Muscle: In Mammalia, lesions have been deseribed, though
inadequately, in the smooth muscle of rats deficient in tryptophan, Pig-
ment, of course, occurs in smooth muscle of vitamin E-deficient animals;
the significance of this deposit is not clear even at this time.

NERVOUS TISSUES

In the discussions of alterations resulting from deficiencies of single
or multiple nutrients, disturbances in the central and peripheral nervous
systems have figured prominently. Moreover, it is likely that, if more care-
ful studics were made, further physiological and anatomical defects might
be uncovered,

In discussing the nervous tissues we are, of course, concerned with the
metabolism of earbohydrate, protein and lipid.*** The first two materials
doubtless are of most importance to the activity of neurons while the latter
is concerned in the formation of myelin, which is a complex lipid material.
Hence, this brief résumé of the nervous tissues might most advantageously
be directed towards a y of the der which ny
defective metabolism of carbohydrates, proteins and fats.

The importance of adequate glucose for the normal activity of nervous
tissue 15 clearly shown by the physiological effects of hypoglycemia, how-
ever produced (page 118). If the hypoglycemia is prolonged, structural
defects may be found in addition to the functional alterations which pre-
cede them. Since nervous tissue is so dependent on carbohydrate for its
Itegrity, essential nutrients which have to do with the metabolism of
glucose and its transformation to pyruvate and acetate would be expected
to lead to similar changes. The most prominent example of this is, of course,
thiamine deficiency. ere in vitro studies of respiring brain tissue led
Peters to the description of a biochemical lesion which he showed to be
an inability to metabolize pyruvate.” When thiamine was added to the
in vitro system, the pyruvate content fell, These experiments aided greatly
in clarifying the d ts in thiamine-defici imals in which
structural Jesions are freguently pi by ther al It js likely
that, when the deficiency of thiamine has continued for some time, morpho-
logic defects will appear in the form of necrosis of neurons followed by
reparative proliferation of glial cells and blood vessels. Whetler this repre-
sents the pathogenesis of the Wemicke syndrome remains to be determined.
An important point 1o settle is the primary or secondary status of the vas-
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cular system m thiamme-deficient ammals (and m Wermcke's disease)
One suspects that the capillary change 15 a secondary phenomenon Lipoic
acd deficiency, 1f 1t can be produced, should lead to the same alterations
as does deprivation of thiamine (page 203)

1 damage 1s ed when the nicotmic acid antagomst,
3 acetyl-pynidme, is ad d  Although 1s extremely 1m-
portant in the metabolism of carbohydrate, 1t appears that levels low enough
for 1t to mterfere with the breakdown of glucose and 1ts varous mnter-
mediates cannot be attamned (page 41) Other vitamns which might be
expected to be mvolved in carbohydrate metabolism ase pantothenic acid
and nboflavin, Structural alterations have been described m pantothentc
acid-deficient swine and other species In the pig only the sensory neuron
has been shown definitely to be mvolved. Our own mterpretation of tlis
alteration is that the neuron body 1s d d first, followed by dary
changes 1n 1ts axoplasm and myehn sheath This conclusion was drawn
because the first alteration which could be detected was chromntulysls,
change which preceded any myeln d 1on  Riboflavin defi
leads to alterations i the nervous tissues of some ammals. The data are
too fragmentary at the present time to warrant further discussion,

The precise role of vitamimn By, m the pathogenesis of the alterations m
the nervous tissues 1n pernicious anemua 1s not yet satisfactonly settled
That 15, what 15 the phase of metabolism which 15 basieally deranged that
leads to the functional and structural disturbances? It 1s not clear whether
the structural alterations m permicious anema fall into the polioclastic or
myehmoclastic group of diseases Is the primary disturbance one of carbo-
hydrate metabolism, nucleic acid synthesis or myelin synthesis and main-
tenance® After all these years the primary or imtial neurologrcal disturb-
ance m permcions anema 1s stll a mystery, Perhaps future expenments
with vitamin B,, antagomsts may throw some hght on this subject. In this
respect some experiments recently reported mn preliminary form by Vogel 109
are extremely important When the peripheral nerves of animals on vartous
deficient diets were traumatized, the regenerative capacity was affected
particularly by lack of pyridovine and vitamin B, In the latter groups
regeneration of the axoplasm was not mmpaired, while myeln production
falled to keep pace On the other hand, pyridoxine deficiency led to a de-
crease of both axis eylinder and myelm repair These data begin to indicate
that vitammn By, deficiency leads pnmanly to a disturbance in myeln me-
tabolism and, hence, the Schwann cells, which appear to be responsible for
myeln formation, are pnmanly defective. We shall have to await further
studies m order to have the entire story.

With respect to myeln metabolism, some years ago we suggested that
the specific defect in pyndoxine deficiency might be a disturbance in the
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metabolism of this material. This was based on a comparison of the le-
stons due to single deficiencies of pantothenie acid or pyridotine. The pri-
mary alteration associated with the latter deficiency was myelin degenera-
tion which occurred in the absence of ncuronal change which is such a
prominent reaction to pantothenic acid deficiency. These studies have never
been continued and certainly should. Fhe studies reported by Swank and
Adams '3 on matenal from the Merck Institute are not comparable since
they did not have an opportunity to investigate changes in animals dying
early in the course of the two deficiencies

Pyndoxine deficiency leads to convulsions in various species including
man. Exactly what metabolic disturbance is responsible for these fits is
not clear. The role of pyridosine in protein metabolism might indicate a
disturbance in ghitamic acid metabolism or in the conversion of tryptophan
to serotonin 1508

The participation of at least two el Icium and magnesium, in
cerebral neurological activity would appear to be demonstrated by the fits
which occur when either one of these cations is removed from the diet of
experimental animals. Similar convulsive seizures are seen in pyridoxine-
deficient animals and have also been encountered clinically in infancy.

The story of endemic copper defi y and the damage to the brain
which ensues has been told. It is unfortunate that similar neurological le-
sions have not been produced with ease so that they could be intensively
studied in the laboratory. A similar gap is present in our understanding of
the preeise pathogenesis of the neurological alterations in pernicious anemia
Here, perhaps, the synthesis of an anti-vitamin B,; may allow us to pro-
duce lesions in spinal cord and brain similar to those seen in clinical de-
ficiency states.

Two other basic pathologic alterations deserve mention. The first con-
cemns blood vessels and is, of course, concemned with their integrity. These
are the hemorrhages encountered in vitamin K-deficient animals. The sec-
ond invalves the dissimilarity in growth of the brain and spinal cord and
their bony coverings which is seen in the presence of deficiency of vitamin A.
As a result of slowing of development of the latter tissue the brain and
cord hemiate through various foramina and mechanical defects are pro-
duced.

The cxact pathogenesis of the naturally occurring neurological syn-
dromes which have been described in association with dietary deficiencies
will doubtless never be worked out. The many variable factors other than
those imposed by lack of nutrients themselves make clarification a near

sk, The reader wll find an abundance of material in the biblt-
inanly

impossible ta
ography, and he will daubtless agree that the situation is extraord

confused 1287, 1288 1451, 3400
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The fully developed concept that disease could result from deficiency
of certain essential nutnents had to await the discovery of the nutrients
[ 1 Lind's™ ot ions on the role of fruit yuces in the pre-
vention of scurvy and Magendi€’s experi s on the inadeq of certam
foodstuffs were a beginming Not until the latter half of the 19th century
did the relationship of nutntion to disease begin to assume any importance
Tn 1878 Wermch wrote concerning permicious anemia, “Like benberd, scor-
butus, chlorosis, etc., 1t belongs to a class of constitutional diseases brought
about by disturbances in nutrition ”1%%? Just at this time, however, which
swas also when Lunm had begun his experiments with simple diets, all atten-
tion was centered on the role of animate agents mn the causation of disease.
Bacteria and their poisons were indicted m the pathogenesis of many human
diseases; this detracted from studies relating certain syndromes to deficrency
states  Even by 1913, when Funk had elaborated hus thesis concerning the
importance of certain dietary factors which he called “vitamines” ** and
Vedder had published his monograph on benberi,’? the concept of def-
clency disease was too new for most to grasp This was clearly brought
out by an often-quoted statement in the British Medical Research Council’s
1924 Report on the Present State of Knowledge of Accessory Food Factors
(Vitamumns) “Disease 15 so generally associated with positive agents—the
parasite, the toun, the materies morbi—that the thought of the pathologist

L U A

11c}

d. So, too, a prophesy which Dr. Wolbach made in his DeLamar
Lecture of 1937 has begun to reach frution. He said, “The steady progress
n und ding of the biock ies of the vitamins now obtamable in
pure form is a challenge to the cytologist because in some instances it should
be possible to determine the loct, within cells, of vitamin activities. The
PP ity of 3 1 or § 1 roles within
nuclear and cytoplasmic structures appears to be at hand ” 1494
At the same time, others had also realized that a new era in biochemistry
had been reached For mnstance, Peters stated in 1936, “We are so accus-
tomed to the detailed analysis upon the fixed tissue which is made possible
by refined histological methods that we do not readily adjust to the idea
that 2 new type of analysis is being steadily perfected by modern biochemi-
cal research. So far as the separation of one cell from another is concerned
and the elucidation of differences i its pathological state, biochemistry 15
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still very crude. We cannot work upon much less than 50 mg. of wet tissue,
but we can obtain information from this of changes too subtle to be revealed
upon the fixed histological specimen, changes in the beliavior of essential
enzymes systems present. It really constitutes a new approach to patho-
logical analysis.” 147

As the above words were spoken, Bensley and Hoerr iad already begun
therr studies en the fractional centnifugalization of cellular constituents,
which Claude, Schneider and Hogeboom were to develop and which have
50 profoundly inft ip t-day biochemistry,?0s
Now the clectron microscope has been added to other tools with which
one can study the structure of cells. This permuts the biochemist to be even
more precise in his understanding of the fine structure of the materials which
lie is mnvestigating, and has opened up an entirely new area in morphology.

The present situation can be summarized in part by the following sen-
tences “The listory of medicine teaches s, if we will only take a somewhat
comprehensive survey of it, that at all times permanent advances have been
marked by anatomical innovations, and that every more important epoch
has been directly ushered in by a serics of important discoverjes concerning
the structure of the body. So it was in those old times when the observa-
tions of the Alexandrian school, based for the first time upon the anatomy
of man, prepared the way for system of Galen; so it was, too, in the Middle
Ages, when Vesalius laid the foundations of anatomy, and therewith began
the real reformation of medicine; so lastly, was it at the commencement of
this century when Bichat developed the principles of general anatomy.”

These words were spoken 100 years ago by Rudolph Virchow in the
first of his lectures on Cellular Pathology which were deli 1 duning the
winter of 1858,%% If we were to add a brief summary of the knowledge
which was gained durmg the past century, together with the current ad-
vances which have been made in eytochemistry and submicroscopic anat«
omy, Virchow's words would be entirely appheable now. Moreover, path-
ologists are in the same position today as he indicated them to be in 1658,
“what Schwann, however, has done for histology, has as yet but in a very
slight degree bwlt up for pathology.” 349¢

Pathologists are once more the recipients of “anatomical innovations.”
The use of these techniques for the study of notmal structure and function
should allow us to proceed to unravel further some of the complexities of
abnormal states, one of which {s deficiency disease.

From the material which has been presented in the preceding sections
it must be obvious that much infa fon ing the path is of
deficiency disease has already been collected. In the process new facts
have been obtained which contribute to our understanding of the normal
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structure and function of tissues. One cannot ever study disease without
leaming something of the normal. Yet all we have related, freguently too
briefly, 15 only a beginning There 15 now need for those tramed in other
disciplines to direct their attentions to the many unanswered problems
which confront the student of deficiency disease Such an interdisciplinary
approach should be fairly obvious Yet it might not be amiss to mention
same of the specialties which might be implicated and to point out m gen-
eral paths wluch further mvestigations might take
The general histologist has already profited greatly from the studies of
Ned collagen formation, sper erythropotesss, et cetera He
15 now 1n a position to apply an mereasing number of lustochemical reac-
tions to normal and diseased tissues  Moreover, he has at hus command tech-
mques which have been developed by the biophysicist, such as electron
Py, M diography, i hy, phase contrast techniques,
polanzation optics, and mterference microscopy
New methods such as those developed by Eagle for growing cells n
chemically defined media, should aliow the cytologist to study intimate
changes lting from defi of smgle el 1% amino acids 4%
and vitamns. 1507
The embryologist and obstetrician have already obtained important
data on reproductive performance and the meidence of congemtal mal-
fi as {nfl d by defici of various nutrients
The geneticist has had httle to do with deficiency disease yet here much
can be done. Already two diseases, rickets and dental canes, have been
shown to be modified by hereditary factors, Other deficiency states may
doubtless be shown to exlubit similar patterns
‘The endocrinalogist has already benefited from studies of the effects of
deficiencies on each of the endocrme organs. The relations of iodine to
gotter, of calcum deprivabon to the parathyroid, of sodwum and potassium
deficienicres to the adrenal, et cetera, are Just beginings and should lead ta
more information n the future
The wmicrobiologist has studied the reactions of the deficient host to
vanous animate agents of disease for many years So, too, vrrologsts and
parasitologists have taken up this phase of investigation The intimate rela-
tionships between parasite and host cell, which can now be visualized with
the electron microscope, should stmulate studies utlhizmg deficient states.
The use of germ-free amimals 1s another extremely important techmque to
cultivate.”* The role of the i I flora 1 and non-
has received much attention 515 Will not all of the studies of essential
nutnents have to be repeated on germ-free gmnea pigs, rats, and other
species?
The tmmunologist has already utilized and shonld contmue to employ
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still very crude. We eannot work upon much less than 50 mg. of wet tissue,
but we can obtain information from this of changes teo subtle to be revealed
upon the fixed histological specimen, changes in the behavior of essential
enzymes systems present. It really constitutes a new approach to patho-
logical analysis.” 751

As the above words were spoken, Bensley and Hoerr had already begun
their studies on the fractional centrifugalization of cellular constituents,
which Claude, Selincider and Hogeboom were to develop and which have
s0 prof T il 1 1yr t-day biochemistry.149%

Now the electron microscope has been added to other tools with winch
one can study the structure of cells, This permits the biochemist to be even
more precise in his understanding of the fine steucture of the materials which
hie is investigating, and has opened up an entirely new area in morphalogy.

The present situation can be summarized in part by the foliowing sen-
tences. “The history of medicine teaches us, if we will only take a somewhat
comprehensive survey of it, that at all times permanent advances have been
marked by anatomical innovations, and that every more important epoch
has been directly ushered in by a series of important discoveries concerning
the structure of the body. So it was in those old times when the observa-
tions of the Alexandrian schaol, based for the first time upon the anatomy
of man, prepared the way for system of Galen; so it was, too, in the Middle
Ages, when Vesalius laid the foundations of anatomy, and therewith began
the real reformation of medicine; so lastly, was it at the commencement of
this century when Bichat developed the principles of general anatomy.”

These words were spoken 100 years ago by Rudolph Virchow in the
first of his lectures on Celfular Pathology which were delivered during the
winter of 1858.149 If we were to add a brief summary of the knowledge
which was gained during the past century, together with the current ad-
vances wlhich have been made in cytochemistry and submi pic anat-
omy, Virchow’s words would be entirely applicable now. Moreover, path-
ologsts are in the same position today as he indicated them to be in 1858,
“what Schwann, however, has done for histology, has as yet but in a very
shght degree bwit up for pathology.” 1498

Pathologists are once more the recipients of “anatomical fnnovations.”
The use of these techniques for the study of normal structute and function
should allow us to proceed to unravel further some of the complexities of
abnormal states, one of which is deficiency disease

From the material which has been p d in the p
it must be obvious that much information concerning the pathogenesis of
deficiency disease bas already been collected. In the process new facts

have been obtained which contribute to our understanding of the normal
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structure and function of tissues. One cannot ever study disease without
learmung something of the normal. Yet all we have related, frequently too
briefly, is only a beginning There 15 now need for those trawed m other
disciplines to direct their attentions to the many unanswered problems
which confront the student of deficiency disease Snuch an interdiscipbnary
approach should be fairly obvious. Yet 1t mght not be amss to mention
some of the specralties which might be imphcated and to pomt out in gen-
eral paths which further investigations mighit take.
The general fustalogst bas already profited greatly from the studies of
fled collagen formation, sp nesss, erythrop et cetera e
is now in a position to apply an increasing number of tustocheneal reac-
tions to normal and di d tissues. M , he bas at hus d tech-
niques which have been developed by the biophysicist, such as electron
i Py, i it pt d phy, phase contrast techniques,
polarization optics, and mterference microscopy
New methods such as those developed by Eagle for growmg cells in
chemically defined media, should allow the cytologist 1o study mtmate
changes fting from defici of single el * ammo acids 4
and vitamuns 2507
The embryologist and obstetnician have already obtamed important
data on reprod perf and the meid of 1 mal-
f ions as mff 1 by defi jes of vanous
The geneticist has had 1ttle to do with deficrency disease yet here much
can be done  Already two diseases, rickets and dental caries, have been
shown to be modified by hereditary factors Other defimency states may
doubtless be shawn to exlubit stmlar patterns
The endocrinologst has already benefited from studies of the effects of
deficiencies on each of the endocnne organs The relations of wothne 1o
goiter, of ealefum deprivatian to the parathyroxd, of sodinm and potasstum
deficiencies to the adrenal, et cetera. are just beginnmngs and should lead to
more information m the futare
The microbiologsst has studied the reactions of the deficsent host to
vatfous annmate ageots of disease for many years So, tos, sirologists and
parasitologasts have taken up this phase of investigation. The intimate rela-
tonships between parasite and lost cell, winch can now be wvisualized with
the electron microscope, should stimulate studies utihzing deficient states,
The use of germ-free animals 15 another extremely mportant technigue to
cultwate." The yole of the i inal flora in r and nop
has recetved much attention.'*** Will not all of the stndes of essential
nutrients have to be repeated on germ-frec guinea pigs, rats, and other
species?
The immunologist lias already utibized and shonld continue to employ
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deficiency states with which to study antibody response. Studies on hyper-
sensitive reactions and hemolytie phenomena have scarcely begun.

Another specialty which is assuming increasing attention is geriatrics.
Already long term studies such as those of McCay and others have yiclded
important information.'*** 77 [fistological examination of animals whose
Iives have been shortened or lengthened are much to be desired.

Analyses of nutritional diseases which occur naturally have already ap-
pealed to the epidemiologist and medical ecologist.** Pellagra could be
cited as case in point. Its geographical distribution and relation to maize
was of importance in an under ling of its pathog is. So, too, its Joca)
distribution made it clear at once to Goldberger, who was an accomplished
epidemiologist, that the disease was not of an infectious nature. The epi-
demiological approach to rickets, endemic goiter, benberi and kwashiorkor
has led to a much better under ting of these synd

As an adjunct to cancer research deficiency disease has opened new ap-
proaclies for the oncologist, though as yet the results have been of more
value to nutrition than to oncology.

For the comparative patholagist and veterinarian the field of deficiency
disease should be of particular interest. Studies of both naturally occurring
as well as experimentally produced deficiency disease have been most re-
vealing to the biochemist and professional nutritionist. Mineral deficiencies
in the field, vitamin defici in captive Is, experimental studies in
small laboratory animals, all need investigation by this group.

These general comments may indicate some of the ramifications of re-
search in deficiency states, Obviously, the most important domains continue
to be the fields of biochemistry and pathology, or, if one cares to look into
the future and will pardon the terminology, the field of cytopathobiological
chemistry. The pathogenesis of disease always comes down to a question of
too much or too little. The latter is what makes studies of deficiency disease
so fundamental For interference with the nutrition of the cell is the funda-
mental basis of all disease, whether one is concemed with oxygen supply,
removal of carbon diovide, acidosis, alkalosi lation or loss of any
number of exogenous or endogenous nutrients, et cetera. At some future
time, perhaps, when more data are at hand, such an etiological approach
can be employed mn the preparation of a monograph dealing with the
pathogenesis of virtually all disease,
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deficiency states with which to study antibody response, Studies on hyper-
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Already long term studies such as those of McCay and others have yielded
important information.151% 1%%7 Histological examination of ammals whose
lives have been shortened or lengthened are much to be desired.

Analyses of nutritional diseases which occur naturally have already ap-
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proaches for the oncologist, though as yet the results have been of more
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For the comparative pathologist and veterinarian the field of deficiency
disease should be of particular interest. Studies of both naturally occurnng
as well as experimentally produced deficiency disease have been most re-
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search in deficiency states. Obviously, the most important domains continue
to be the fields of biochemistry and pathology, or, if one cares to look into
the future and will pardon the terminology, the field of cytopathobiological
chemistry. The pathogenesis of disease always comes down to a question of
too much or too hittle. The latter is what makes studies of deficiency disease
so fundamental. For interference with the nutnition of the cell is the funda-
mental basis of all disease, whether one is concerned with ocygen supply,
removal of carbon dioxide, acid {kalosi lation or loss of any
number of exogenous or endogenous nutrients, et cetera. At some future
time, perhaps, when more data are at hand, such an etiological approach
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Chlorosis, 64, 299
Chohne
Brochemical relationshups, 231
Deficrency, effects of on,
Heart, 261
Kidoey, 259-261
Liver, 252-258
Tumor production, 261
Cirthosts {See Laver, cirhows}
Cutrovorum factor, 272
Cobalt

Biachemical relationships, 66, 67 277, 301

Deficiency, effects of on,

Red blood cells, 301
Coenzymes (See Enzymes)
Collagen, 101, 186, 187, 188, 189, 461

Ascorbie acid and, 188
Conditioned deficiency disease, 7
Congenital malformations

Folaan and, 275, 276

Riboflavin and, 216

Vitamin A and, 139

Vitamun By and, 279
Convulsions

Magnesium deficiency and, 36-38, 41, 297

Pyndouine deficiency and, 242, 247
Tetany, 295
Copper
Biochemncal relationshups, 56, 57, 59, 64
Deficiency, effects of on,
Bone, 59, 60, 61, 62
Harr, 62, 63
Nervous Tissue, 301, 302-305
Red blood cells, 57, 58

Corn, 18, 49, 50, 78, 85, 220, 316, 329, 332
133

Cornea, 453
Leucine deficiency and, 95
Methionine defictency, 102
Protein deficiency, 88
Riboflavin deficiency and, 212 214
Sodum deficiency and, 33 34
Tryptophan deicsency and, 90

Vitamin A deficiency and, 130, 131, 355,

358, 357, 358
Zine deficsency and, 73
Cotton rat
Effects of defictency of
Inositol, 268
Pantothenie acd, 223
Pyndoune, 236
‘Thiamine, 197
Cretinim, 77, 310

Cystine
Biochemcal relationships, 47
Deficiency, effects of on,
Haur, 102
Liver, 48

Dental canes (See Teeth)

Diabetes mellitus, 289, 290

Dicoumarol, 172

Dog

Blacktongue syndrome 329
Effects of deficiency of

Arginine, 93
Biotin, 263
Choline, 252
Cobalt, 67
Copper, 57
Fatty acds, 110
Folaun, 273
Histdine, 93
Tron, 65
Isoleucine, 95
Leucine, 95
Lysme, 92
Magnesium, 36 38
Methionine, 96, 102
Nuomn, 219
Pantotheme acud, 223
Phenylalanme, 91
Phosphorus, 52
Potassium, 28
Pyndouine, 238
Riboflavin, 212
Sodwm, 34
Thiamne, 197, 200
Threonne, 96
Tryptophan, 50, 91
Vitanm A, 126
Vitammn D, 141, 183

Edema, 86, 96
Choline deficiency, 261
Hunger, 315, 316
Kwashiorhor, 336
Electrocardiogram
Alpha tocopherol defiuiency, 168
Biotm deficrency, 266
Potassum deficiency, 28, 292
Thunune deficiency, 199, 207
Electroencephalogeam
Pyndoune deficency, 247
Thiamme deBeency, 208
Electron mucroscope, 130, 131
Enamel organ (See Teeth)
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Biotin
Biochemyeal relanonstups, 263
Delicrency, effects of on,
Harr, 265
Nervous Tissne, 265
Skin, 263, 264, 265
Tumors, 263, 266
Bitot spot, 353
Blacktongue, 219, 318, 329-333
Blood coagulation, 466
Calewem and, 44
Vitamm K and, 171, 172
Blood pressure
Benhers, 410
Pyndoune and, 213
Blood vesschs, 485
Ascorlue atd and, 193
Calciitm and, 48, 47
Magnestum, and, 40
Pyndoune and, 216
Vitarin K and, 172
Body compostion, 5, 6
Rone, 461, 462
Ascarbie acd deficrency, 177-166
Calewm, 41, 111
Covper, 59-62
Inambon, 13
Lysine deficency, 92
Manganese deficaency, 68
Normal growth, 142.147
Phosphorus deficiency, 52
Proten dcficiency, 86
Rickets, 361-381
Scurvy, 355-357, 403
Sodium content, 32
A ttamun A deficency, 133
Vitamin D deficiency, 150
Boron, 20, 28
Brain {See Nenons tissues)
Bromine, 20
Burmng fect svndrome, 443

Caletfication mechamsm, 147
Calcrum
Biochemucal relattonships, 43, 44
Metabolism, 148, 149
Definiency, eflects of on,
Bane, 44, 141
Blood Vessels, 46, 47
Coagulation, 44, 466
Heart, 44
Lens, 48
Mast cells, 49, 50
Pacathyroid glands, 48

Tieprodnction, 48
Stomach, 48
Tetany and, 41, 295

Caleuls, renal, 35, 372
Calf {Sec Cattie)
Carholudrate, 117, 851

Carcanogenests (See Tumors)

Canes {Sce Tecth)

Carotene, 123

Cartilage, 461
Ascorbie acid deficrency, 164
Inamtion, 13
Normal grawth, 142.146
Potassium deficrency, 31
Protein deficiencs, 86
Ruckets, 150

Cat
ffecty of deficiency of

Alpha tocapherol, 163, 169
Folon, 273
Thivmine, 197, 203, 205

Cataract (Sec Lem)
Cattle

Effects of defictency of
Alpliz tocophesol, 163, 167
Biotin, 263
Cobalt, 301
Copper, 302
Clucose, 353
Magnesium, 41
Nuacin, 220
FPantothenic sad, 223
Potassum, 28
Pyndovine, 236
Ribeflnvin, 212
Thramme, 197

Celiae disease, 296, 434, 437
Cesebrosprnal flud

Vitamm A deficiency and, 136

Cerod

Alpha tocopherol deficrency, 168, 169
Chotine deficiency, 258

Ceanm, 21, 28, 30
Chastek paralysis, 205
Cherlosis

Kwashiorhor, 336
Nuwcin and, 220
Pellagra, 329
Pyndoune and, 243
Riboflim and, 217

Chlonne

Biochemeeal relationships, 42, 141
Deficieney, effects of on,
Kidney, 43
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Riboflavin, 212
‘Thiamine, 197
Hardenan glmd
Ribolavin deficrency, 914
Pantothenic acid defictency, 231
Heart, 467
Alpha tocopherol deficiency, 68, 167
Benben, 409
Calowum deficiency, 44
Potassuim deficiency, 25-28, 29.
Sodwm deficiency, 32
Tlaamme debiorency, 198 202
“Tryptophan deficiency, 91
Vitamm A deficiency, 139
Hemoglolan formation
Arginine, 94
Copper defuency, 57, 58
Histidine deficiency, 93
Iron defictency, 65, 66
Tsolevemne deficiency, 95
Leucine defictency, 95
Lysine, 92
Methomnine deficency, 97
Phenylalamne deficrency, 94
Protein deficrency, 86
Pyndoune deficiency, 238
Ribofavin deficiency, 215
Threonine, 96
Tryptophan deficiency, 91
Valine, 103
Hemouderosis
Permctous anema, 430
Pyndoune defciency, 240
Heredity
Dental caries, 440
Pernicious anerma, 423
Ruckets, 154
Histidine
Biochemucal relationships, 92
Deficiency, effect of on,
Growth, 93
Plasma protem, 93
Red blood cells, 93
Histochenucal test
Ascorbie 2aid, 175
Chlorne, 42
Tron, 64
Potassium, 24
Riboflavin, 209
Vitamin A, 125
Hookworm disease, 299
Hormones

ACTH, pantotheme sed defictency, 233

293

DCA and potassium metabohsm, 28,

o
Estrogens, 210
Growth, 223
Thyrod, 102
TSH, 75

Horse
Vitammn A deficency, 126

Hunger edema, 315

Hydroxvproline, 104, 188

Hydroxyapatite, 146

Inanition, 13

Todine defictency, 79

Vitanun A deficiency, 136
Hypoprotemena (See Plasma protems)

Inamtion, general, 11
Inositol
Buochesmeal relationships, 74-76
Defcency, effects of on
Har, 267
Luver, 267
Insubin, 118, 351
Intestine, 456
Blacktongue syndrome, 330
Pantotheruc acid deficiency, 228
Pellagra, 321
Potassium deficiency, 25
Role m absorption of calcium, 155
Inteshnal flora, 56
Todine
Biochemucal relationshups, 74-76
Deficiency, effects of on
Thyrod gland, 77-79
Pitatary gland, 79
Relation to endemic goter, 307-314
Tron
Bicchemcal relationships, 61, 65, 66
Deficiency, effects of on
Red blood cells, 65, 66, 299
Rickets, 154
Tooth pigmentation, 66
TJets of Langerhans, 331, 352

569
289,
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Enzymes
Alcohol detydrogenase, 69, 126
Cathome anhydrase, 69
Carbovypeptidase, 63
Catalase, 84, 210
Cocarbovylase, 197
Codecarbasylase, 235
Coenzyme A, 223
Creatine phosphorylase
Cytochrome ovidase, 8, 66, 185
D-amng oxidase, 209
Dely dropeptidase, 69
DPX, 64, 160
FAD, 200
Ghrtanue delyydrogenase, 69
Isocitne dehydrogenase, 84, 87
Lactic dehydrogenase, 69

Phasphatase, allabne, 147, 176, 185, 232

Ptyatin, 42

Pyrophowphatase, 36

Pynnic phosphaferase, 25

Suctineudase, 84, 176

TPN, 219

Tramamenase, 235

Xanthane sudase, 209
Esophagus

Blacktongue syndrome, 330

Pellagra, 321

Tryptophan-naain deficiency, 922

Zine defimency, 71, 72
Eye (See Cornes, Lens, Rietina)

Malformations

Vitamin A deficiency, 139

Ethionne, 97

Fancons syndrome, 371
Fatty acids, essential,
Biochenmea! relationships, 110, 236
Deficiency, effects of on,
Hypophysis, 112
Kidney, 111
Lver, 112
Reproduction, 111
Skan, 110
Feratin, 64
Fibroblasts, 104, 181-189
Fluonine
Deliciency, effects of, 8t
Excess and teeth, 80, 81, 440
olacin
¥ Biochemical relattonshups, 271
Defictency, efiects of on,
Platelets, 273
Red hlood cells, 272, 273

Reproductian, 275, 276
White blood cells, 273

Faluue acid, 272

Formate, 272

Fuc

Effects of defictency of, 126

Pantotheme acld, 223
Ribollavin, 212
Thiamme, 197, 200, 205
Vitanun 4, 126

Genctics
Dental canes, 440
Vitagun D deficiency, 154
Germ-free animabs, 477
Glassitis {See Tongue)
Clutamuc acad, 104, 212, 472
Gluten
Malabsorption syndrome, 438
Chyane, 103
Gouter, 76, 77, 37314
Gorterogens, 78, 313
Guinea Pig
Effects of deficiency of
Alpha tocopherol, 160, 183
Ascorbie acid, 176
Calewnn, 44
Chaline, 252
Folion, 273
Pantothenic acd, 223
Pyndovine, 238
Vitawun 4, 126
Vitamin Ba, 278

Hawr
Achromotnchia, 451
Biotin deficiency, 263
Copper deficiency, 62, 63
Kwashiorhor, 335
Lysine deficiency, 92
Fantothenic and defimency, 223-216
Para-ammobenzoic acid deficiency, 269
Alopeeta,
Biotin, 265
Cystne deficrency, 102
Inosttol, 267
Hamster
Effects of defictency of
Biotin, 263
Choline, 252
Inositel, 268
Pantothenuc acid, 223
Pyridoune, 238
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Nerwous system, 36-38
Skeleton (Rickets}, 154
Skin, 39, 40
Teeth, 40-41
Maize (See Corn)
Malabsorption syndrome, 358, 367, 434, 437

Defictency diserse syndromes
Alpha tocopherol, 383
Benben, 403, 413
Burning feet, 443
Canes, 439
Dehydration, 23
Endemic gouter, 307
Hunger edema, 315
Hjpoglycemin, 351
Hypochromic mmcrocybic anemua, 299
Hypokalemic, 289
Kwasluorker, 333
Liver disease, 344
Low-sodium, 287
Malabsorption, 437
Non-Addisontan megaloblastic anemias,
4313

Osteomalacia, 381
Pellagra, 316
Permcious anetma, 419
Richets, 361
Scurvy, 3835, 387
Starvation, 285
Tetany, 295
Xerophthalma, 355

Effccts of deficlency of
Alpha tocopherol, 383
Ascorbic aaid (See Scurvy )
Biotn, 266
Calowum {See fuckets)
Fatty acids, 112
Fluorine (See Dental caries)
Folacin, 112
Hishdine, 93
Inositol, 268
Todine, 307
Tron, 299
Tsoleucime, 95
Leucine, 95
Lysme, 92
Magnesiam, 41
Methionine, 102
Niacin, 220 (See Pelligra)
Pantothenie acid, 233
Thenylalwmune, 91
Dotasswm, 30.32,
Pyndovne, 319
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Riboflavin, 217
Sodium, 35, 287
Thiamine, 206, 207
Threantne, 96
Tryptophan, 91, 92, 220
Vahre, 103
Vitamun A, 126, 140, 355
Vitamin D (See Rickets)
Vitamin K, 460
Manganese
Biochemical relationships, 67
Deficiency, effects of on
Bene, 68
Growth, 67, 68
Nervous system, 68
Reproduction, 67
Skeleton (nckets), 154
Marasmas, 343
Mast cells
Calcrum deficiency, 49, 50, 334
Mehlnahrshaden, 333, 334, 358
Megaloblastic anemias {Sec Anemia)
Melanin, 451
Methuorne
Biochemical relationships, 97
Defictency, eflects of on
Hemoglobm, 97
Plasma protemns, 97
Methyl metaholism
Folacin and, 272
Vitamin By, 278
Mink
Effects of deficiency of
Alpha tacopherol, 163, 169
Folacin, 273
Vitamin B, 278
Molybdenum
Biochemucal relationshups, 82
Deficiency, eflects of on, 82
Towcaty, 82
Monheys
Effects of deficiency of
Alpha tocopherol, 163
Ascorbic acid, 176
Biotin, 263
Folacn, 273
Pantotheme acid, 223
Pyndoune, 246
Raboflavin, 212, 215
Thiarune, 197, 200, 205
itamun 4, 126
Vitamin D (See Rickets)
Megalablastic anema {See Anemia,
macrocvtie
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Isoteucine
Biochemical relationships, 93
Deficiency, effects of on
Hlemoglobin, 93
Muscle, 95
Plasma protein, 95

Jont
Ascotbic aad deficency, 189

Keratin (See Skin)
Keratomalacia, 128, 357
Kidney, 458
Cakeul, 55, 372
Chlonne deficiency, 43
Choline deficiency, 259-261
Disease and bone thanges, 369971
Fatty acid deficiency, 111
Kuwashiorkor, 341
Magnesum deficiency, 40
Phosphorus definiency, 55
Potassium defictency, 29, 3G, 293
Kwasliorkor, 333-344
Brochemical defects, 337
Chmcal aspects, 333
Espentmental, 344
Pathologic changes, 338
Kynurenic acid, 90, 236
Korsahoff syndrome, 415

L Casel factor (See Folacin)
Lacrymal glands
Sodwm deficiency, 33
Vitamun A deficiency, 130
Lead, 21
Lens
Cataract
Amuno acid deficsencies, 88
Caleum deficiency, 48
Protein deficiency, 88
Tuboflavin deficiency, 214
Tryptophan deficiency, 90
Leuaine
Biochemical relationships, 95
Deficiency, effects of on
Growth, 95
Hemoglobin, 95
Plasma proteins, 95
Leukocytes (See Wite blood cells)
Linclec aad (See Fatty Acuds)
Lapid
Body content, 5
Metabolism, 109
Lapore sed, 173

Lips, 455 (Sce Cheiloss)
Lithlum, 21
Liver
Carbohydrate metabohsm and, 118
Chioline deficlency, 232.58
Cystine deficiency, 95-100
Disease in man
Cuirthows, 347-349, 435
Kuwashierhor, 339, 310
Nutntienal, 344-319
Pellagra, 321
Veno-oeclisne disease, 340
Fatty acid deficfency, 112
Inositol deficiency, 267
Lysine deficiency, 92
Magnesnm deficiency, 40
Necrous
Alpha tocopherol deficiency, 101
Cystine deficicncy, 98
Fuctor 3 defiaency, 101
Sclerum, 101
Pantothenic acid defictency, 233
Pratein deficiency, 87
Pyridavine deficiency, 244
Riboflavin deficiency, 210
Threonine defictency, 96
Tryptophan deficiency, 91
Vitarun B, defarency, 278
Low-sodim syndrome, 287
Lung, 459
Atelectasis, phosphorous deficrency, 52

Preumoma, vitamin A deficiency, 128, 358

Lymph nodes, 465
Tnanition, 12
Protem deficiency, 58
Pyndoune deficiency, 245
Lysine
Biochermeal relationshaps, 82
DebBciency, cffects of on
Cornea, 92
Growth, 92
Hair, 92
Hemoglobin formation, 92
Laver, 92
Ted blood cells, 92

Magnesium
And tichets, 155
Brochemucal relationships, 36
Deficency, effects of on

Blood 3essels, 40
Heart, 38
Kidney, 40
Laver, 40



Parotd gland, 415
Pellagra, 220, 318-329
Penodic table, 22
Permicious anemia, 277, 419-432
Phenylalwmae
Biochemical relationshups, 91, 176
Deficiency, effects of on
Crowth, 9t
Hnnog]obm, 94
Plasma protein, 9%
Phosphorus
Biochernecal relationships, 51, 52
Deficiency, effects of on

Parathyrod, 55
Metaboltsm, 52, 148
Phytic acid, 64, 155
Pig (Sec Swine)
Placenta
Alpha-tocopherol defictency, 161
Vitarun A deficency, 133
Vitamin K deficrency, 172
Plasma protein
Argimne defiiency, 95
Hutidine deficiency, 03
Iunger edema, 315
Isoleucine deficiency, 06
Kwashiorkor syndrome, 337
Leucine deficiency, 95
Metlwonime deficiency, 97
Phenylalanine defictency, 91
Protern defictency, 88
Threonine deficiency, 96
Tryptophan defictency, 91
Valne deficiency, 103
Platelets
Folacin deficiency, 273
Iron deficiency, 85
Permicious anemia, 423
Potassium, 6, 21
Biochemmcal relationships, 21, 25
Deficzency, effects of on
Adrenal, 31
Growth, 24
Heart, 25, 28, 27
Intestine, 25
Kidney, 29, 30, 293
Muscle, 28, 29
Thiamme defeiency, 28
Proline, 104
Protein
Metabohsm, 85, 236
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Defciency, effects of on

Hemoglobin, 86
Lens, 88
Liver, 87
Lymphmd tissue, 86
Plasma protesn, 87
Relative to nckets, 154
Reproduction, 87
Teeth, 86
Virus, 88
Prothrombin
Calerum, effects of, on, 44
Vitamin K deficiency, 171
Protoporphynin, 464
Pteroylglutamic acd {See Folacin)
Pyndovine
Biochemical relationships, 235, 236
Defictency, effects of on
Laver, 244
Man, 246
Nervous system, 242
Red blond cells, 238, 239
Reproduction, 246
Skin, 236
Spleen 240
Teeth, 246
Tumors, 246
Pyruvic aad
Liporc acid deficiency, 173
Thiamme deficrency, 197, 198, 202
Rabbit
Effects of deficiency of
Alpha tocopherol, 163, 167
Biotwn, 263
Choline, 252
Cobalt, 67
Copper, 57
Tron, 65
Manganese, 38
Potassium, 28
Pyndovine, 236
Vitamun A, 126
Vitamin K, 172
Rat
Effects of deficrency of
Alpha tocopherol, 159, 160, 163, 167,
1

Alumunum, 20
Atginne, 93
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se

Effects of deficiency of

Alpha tocopherol, 160, 163, 167
Argiune, 93

Biotin, 263

Choline, 252

Fatty aads, 110
Hstichine, 93
Inositol, 267

Todine, 78

Isoleucine, 95
Leuune, 95

Lysine, 93
Manganese, 67
Methiontne, 97
Pantothemc acid, 223
Potassium, 28, 29
Pyndovine, 238
Riboflain, 211
Thiamme, 197
Threonme, 96
Tryptophan, 9¢

Valine, 103

Vitarmin A, 126

Zinc, 73
Macopolysacchandes, 56, 188
Mascle

Cardhac (See Heart)
Smooth, 470

St

Myel

Nak

Alpha tocophesol deficiency, 168
Tryptophan defictency, 91

riated, 469

Alpha tacopherol deficiency, 163-166,

Chelipe deficsency, 261

Combined potassium and thiamine
deficiency, 202

Isolencine deficiency, 93

Potassium, 28, 29, 293

Tryptophan defictency, 91

Vitamin A defigiency-malformation, 139

hin {See Nervous tussues)

s

Iron deficiency, 300
Nervous trssues
Bran

Copper deficiency, 301.305
Hypoglycerma, 118

M’ax;ismm defitiency, 36-38
Manganese defictency, 68
Permcious anemia, 429

Thiamine deficiency, 204, 205, 206
Vitamip A deficiency, 136

Vitamin K deficiency, 172

Werniche syndrome, 415
Penpheral nenve

Benbert syndrome, 403

Biotin deficiency, 263

Blacktongue syndrome, 331

Pantothemc acd deficiency, 228-231

Pernicious anemia, 429
Protemn defictency, 87
Pyndoxine deficrency, 214
Riboflasin deficiency, 215
Spinal cord
Benber, 408
Pantothenie acid deficiency, 238
Pernicious anerwa, 429
Pyndoxne deficiency, 241
Riboflin defictency, 215
Wernicke syndrome, 415
Niacin
Biochemual relationships, 89, 219
Blacktongue syndrome, 331, 332
Experimental deficiency, 220
Pellagra, 318
Nyctalopia, 131, 357
Nutntional melalma, 443

Osteomalacia {See Richets)
Osary, 459
Inamtion, 13

Pancreas, 458
Cystic fibrosis, 358, 384
Kwashiorkor, 340
Vitamin A deBciency, 126
Pantothente acid
Biochemical relationships, 223
Deficlency, cffects of on
Antibody formation, 233
Adrenal, 232, 233
Hardenan gland, 231
Intestine, 328
Liver, 233
Aouth, 226
Nervous system, 228-231
Reproduction, 233
Shin, 223.226
Para-aminobenzoie acid
Brochermeal relationshtps, 269
Deficrency, achromotrichia, 269
Parathyroud glands, 460
Effects on caloium metaholism, 44
Caletun deficiency,
Pathogenesis of nckets, 365
Phosphorus deficiency, 55
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Scurvy
Adults, 385-386
Ammals
Guinea pig, 177
Monkey, 177
Ascorbie acid and, 175
Infants, 387-403
Association with rickets, 401-403
Pathology, 391-395
Prevalence, 398
Xeray changes, 397-398
Sebaceous glands, 452
Riboflavin deficrency, 210-212
Zine deficiency, 70
Seborrheoie dermatitss, 217
Riboflavin deficiency, 222
Selemum, 21, 101
Sermne, 104
Serotonun, 472
e
Alpha tocopherol deficiency, 163, 166 167
Cobalt deficiency, 301
Copper deficiency, 302
Folaan defiuency, 273
Sulfur deficiency, 56
Thiamine deficiency, 197
Silicon, 20
Skin, 419
Biotin deficiency, 263, 264, 265
Fatty acid deficiency, 110
Inantion, 12
Kwashiorhor, 335
Lysine deficiency, 92
Magoestum deficiency, 39, 40
Niaemn deficrency, 220
Pantothenie acid deficiency, 223-226
Pellagra, 319
Pyndovne deficiency, 236
TRaboflavin deficiency, 210-212
Tryptophan deficiency, 90
Vitamin A defiency, 132, 359
Zine defctency, 70, 71
Sodim, 6, 32
Deficiency, effects of on
Adtenal, 31
Eye, 33
Crowth, 32
Relation to potassium deficiency, 27
Spinal cord (Se¢ Nervous system)
Spleen
Tnamtion, 12
Proten deficiency, 86
Pyndovine deficiency, 240
Sprue, 289, 296, 358, 434, 437
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Starvation, 11, 285
Steatorrhea, 296, 358, 431, 437
Stonach, 456
Calerum deficiency, 48
Gastrectomy anemia, 436
Permeious anema, 418, 423, 424
Stomatihis
Kwashiorkor, 336
Niacm deficiency, 220
Riboflavin deficiency, 217
Strontium, 21
Sulfur
Biochemical relatonships, 55, 56
Deficiency, 5t
Swayback, 302
Swect clover disease, 172
Swine
Effects of deficiency of
Alpha tocopherol, 160, 163, 169
Arguune, 93
Biotin, 213
Cholie, 252
Copper, 57
Cystine, 97
Folaemn, 273
Histidine, 93
Todune, 77
Tron, 65
I-oleucine, 95
Leuane, 85
Lysine, 92
Manganese, 68
Methionune, 97, 102
Niacm, 219, 220
Pantotheme acid 223
Phenylslanine, 94
Pyndoane, 235
Riboflavsn, 212
Thiamine, 197, 200
‘Threonine, 96
Tryptophan, 90, 91
Valine, 103
Vitarmn A, 126
Zine, 73, T4

Tapeworm anemia, 433

Teart,” 82

Teeth, 462, 463
Alpha-tocopherol deficiency, 169, 440
Ascorbic acd deficiency, 191-192, 440
Canes, 216, 419
Fluonne, effects of, 80, 81, 410
Tron deficiency, 65.66
Magnestum deficiency, 40, 41, 430
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Brotin, 263 Lysine dt‘ﬁum(y, 92
Boron, 95 Pernicious anemia, 429
Bronune, 20 Protein deficiency, 86
Calom, 44 Pyndovne dcﬁmcm—y, 238, 239, 249
Chlonine, 42, 13 Riboflayin deficiency, 215, 218
Chohine, 253 Seurvy and, 338
Cobalt, 67 Tn ptophan deficiency, gp
Copper, 57 Vitanun b, dch‘ucncy, 278, a7y
Cystine, 97 Reproduction
Fatty acuds, 119 A!plm-m(nphcml deficiency, 160-163
Fluonine, 81 Caleim deficiancy, 48
Folacm, 273 Folacin deficiency, 275, 270
Glycme, 104 Manganese deficiency, 67
Histidie, 93 Pantothenie acid deficrency, 233
Inositol, 267 Protein deficrency, 87
Iodine, 78 Pyridovine deficten » 216
Iron, 63 Try ptophan deficiency, o0
Isoleucine, 95 Vitumin A deficrency, 133
Leveine, 95 Vitanun K deficrency, 172
Lipore acid, 173 Retina, 455
Lysine, 92 Vitamin 4 dcliﬂ'cnry, 136
'\lazncsmm, 36-383 Rechets
Mang.mcsv, 67 Caleum and, 44
Methiomine, g7 Geographic dulnbulmn, 318
Mol)bdcnum, 82 Healing, 152, 378
Nucn, 219 Histary, 361
Pantothemc acid, 223 Incidence, 380, 381
I’.\m~.1m|nubcnzmc aeid, 267 P,xllmgenﬁn. 154, 362
Phenyhlarunc. 9 Pathology
Phosphorus, 53, 159 Expenmental, 149
Potassium, 25, 29 Natural duease, 372378
Pyridovine, 235 Phosphorus and, 53
Riboflavin, 219 Riboflasin
Selentum, 21, 101 Biochemeal mhhomlups, 209, 210
Sodium, 3231 Defictency, cffects of on
Sulfur, 56 Congenital malformations, 216
Thiamine, 197, 200, 204, 205 Cornea, 212214
reomne, 96 Hardertan gland, 814
Tryp(ophan, 90, 91 Lens, 214
Vahne, 103 Luver, 210, 216
Vitammn A, 126 Nervous tissues, 215
Vitammn B,,, 278 Red blood cell,, 215, 216
Vitamin K, 172 Sk, 210, 211
Zinc, 69 Tumors, 21}
Red blood cells, 463 {Sec Ancmra) Rubidium, 2, 28, 30
Arginme deﬁcmncy, 94 Ruminants, 301, 353

Blacktongue syndrome, 331
Choline deficiency, 26)

Cobalt deficiency, 301 Saliva, 411

Copper deficiency, 57, 58 Salivary glands, 456
Folacin deficiency, 271 Serotum .
Histidine deﬁdency, 93 Blachtongue syndrome, 330
Iron deficiency, 65, 299 Pellagra, 319

Leuemne deficiency, 95 Riboflavin deficiency, 217



SUBJECT INDEX

Vitamn D Permcious anemya, 423
Action of, 155, 156 Vitamin B, deficiency, 278
Deficiency (See Rackets) Wilson's disease, 98

Vitammn E (See Alpha tocopherol} Wool

Yatamm K ' Sulfur deficsency, 56
Biochemcal relationships, 171, 172 Copper deficiency, 63
Defictency, effects of on, 171, 172 Wound healing

Ascorbic acid defiency, 188

Water Xerophthalms3, 128, 355-358
Balance, 23
Body content, 5 Zine
Defcency, 22 Biochemical relationships, 69, 70, 73

Wernicke's syndrome, 206, 415 Defictency, eflects of on

Whate blood cells, 465 Cornea, 73
Blacktongue syndrome, 331 Esophagus, 71, 72
Copper deficiency, 58 Growth, 70

Folacin deficiency, 271, 273, 274 Sk, 70, 71
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Normal growth, 138 Tryptophan
Pigmentation, 64, 91, 162 Biochemseal relationships, 89, 220, 238
Proten deficiency, 88, 440 Deficiency, effects of on
Pyridoune deficiency, 216 Cornea, 50
Tryptophan deficiency, 91 ° Growth, 90
Vitaonua A deficlency, 137, 358, $10 S.ans, 90
Vitamin D deficfency, 156, 157, 440 Plasma proteln, 81
Testss, 459 Red blood cells, 91
Alpha tocopherol deficiency, 169 $kin, 90
Inamtion, 13 ‘Teeth, 91
Vitanun A defiouncy, 132 Tumors
Tetany Biohin defuency, 266
Alkalosis and, 296 Chaliae deficiency, 281
Calelum and, 44, 49, 295, 206 Pernicions anema, 423
Magnesium and, 36, 11, 297 Pyndoune deficiency, 246
Potavwmm and, 28, 297 Ribollavin deficiency, 217
Thallium, 151 Tyroune, 94, 176, 272, 356
Thiamine
Analogs, 198 Ulcer, stomach
Biochemical relationships, 197 Calctom deficiency, 48
Deficiency, effects of on Ultraviolet radiation
tirart, 198-203 Actnation of vitamin D precursors, 142
Nenous systew, 202.206 Pellagra,
Thianunase, 198, 205
Threonine Valine
Brochemtcal relationshups, 96 Biockerical relationshups, 103
Dehddency, effects of on Effects of defioency on
Grawth, 96 Growth, 103
Hemoglobin, 96 Vanadium, 21
Plasma protein, 96 Vagina
Thymus Tellagra,
Tnanition, 12 Vitamm A defioency, 133
Protain defictency, 86 Virus
Pyndoune deficiency, 241, 215 Protein deficiency on effects of, 88
Thyrod gland, 460 (See Goiter) Vitamun A
Todine deBiorency, 77-79 Effects of deficiency on
Liver necrous and, 102 Epmthehal tissues, 128
Physwology, 74-77 Eye, 355
Tun, 21 Chary, 133
Tissue calture, 21, 88, 268 Reproduction, 133
Titanium, 21 Tecth, 137
Tocopherol {See Alpha tocopherol) Teshs, 132
Tougue, 455 Twssue concentrations, 125
Biotin deficiency, 266 Viual process, 126
Blacktongue syndrome, 330 Vitarn By (see Pyredotine}
Jron dehcrency, 299 Vitamn Ba
Kwashorhor, 336 Biochemical relationships, 277, 278
Ntacin deficiency, 220 Effects on
Permeious anemia, 423-125 Bone marrow, 278
Pellagra, 318-321 Leukoeytcs, 278
Pyndoxtne deficiency, 248 Lover, 278

Mlalformations, 279

453
Trachea, Red blood cells, 278

Vitamin A deficiency, 128



SUBJECT INDEX

Vitamin D Permictous anenua, 423
Action of, 155, 158 Vitamin Bu, deficiency, 278
DeRcsency (See Rickets) Wilson's disease, 56

Vitamun E (See Alpha tocopherol ) Wool

Vitamin K ‘ Sulfur deBaency, 56
Buochemical relationships, 171, 172 Copper defiiency, 63
Deficiency, effects of on, 171, 172 Wound healing

Ascorbre acid deficiency, 188

Water Xerophthaloua, 128, 355-358
Balance, 23
Body content, 5 Zine
Defictency, 22 Biochemical relationships, 69 70, 73

Wermche's syndrome, 206, 415 Deficiency, effects of on

White blood cells, 465 Cornea, 73
Blacktongue syndrome, 331 Esophagus, 71, 72
Copper deficiency, 58 Growth, 70

Folacin deficency, 271, 273, 274 Shin, 70, 71



