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PREFACE

This volume is the outgrowth of a monograph, The Pathology of Nu-
tritional Disease, which was published early in 1948. The cordial reception
which it received has prompted a desire to bring the material up to date,
since that manuscript went to the press over ten years ago. But of even
more consequence was a growing feeling of dissatisfaction in the way 1
had presented the subject of nutritional disease. That volume mirrored my
own introduction to the field of nutrition during the exciting days of the
late 1930’s and early 1940’s when I was privileged to collaborate with Drs.
E. V. McCollum, H. G. Day, E. Orent-Keiles, and M. M. Wintrobe. Studies
of deficient states produced by a lack of single essential nutrients were then
being emphasized; investigations of multiple deficiency states were not
popular. As a result, I restricted the discussion to physiological, biochemical
and anatomical changes in the deficient mammalian host which could be
ascribed to a lack of a single nutrient. Abnormal states which could be
attributed to lack of multiple essentials were excluded. Thus, The Pathology
of Nutritional Disease dealt almost entirely with experimentally produced
nutritional syndromes; this meant it was concerned in large part with nu-
tritional disturbances in laboratory animals.

In the present volume I have attempted to remedy this situation by
broadening the scope of the material which is to be presented. In the first
place, disturbances will be looked upon from two standpoints: (1) those
resulting from deficiencies of single nutrients, usually dietary in origin and
experimentally produced, and (2) those resulting from lack of multiple
nutrients, which is the way most deficiency diseases occur naturally. Sec-
ondly, we cannot consider only disturbances caused by the reduction in the
dietary intake of a single nutrient or group of essentials. Our approach
must be broadened so as to include disturbances ascribed to all of the con-
ditioning factors which might produce general or local reductions or de-
ficiencies of essential nutrients. Hence, I have chosen the title, Deficiency
Disease, which I feel is more appropriate than Nutritional Disease, since the
latter usually has a much wider meaning to include diseases produced by
too much food and by metabolic disorders of varied natures. The scope
of this monograph is therefore limited to those functional and anatomical
changes in cells, tissues, or organs which may result from a lack of one
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viii DEFICIENCY DISEASE

or more nutrients which such cells need. These alterations may be effected
by impaired ingestion, assimilation, excretion, circulation, or metabolism.
The distinction is not as fine as one might like, yet it allows one to restrict
the material and perhaps lets him not be overly criticized when something
is omitted. I 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
herein are associated with a lack of exogenous essential nutrients, 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 more
aware of situations in which certain cells and tissues of the organism may
suffer from a lack of some endogenous nutrient, that is, one which is ordi-
narily made from the exogenous essentials. A good example of this situa-
tion is the hypoglycemic state, which may arise as a result of liver dis-
ease, hormonal imbalance, et cetera. Moreover, in this general sense any
genetic disease may be viewed as a fundamental expression of protein
deficiency. At the present time sufficient data are not available with which
to develop this phase of Deficiency Disecase as completely as we should
like. However, the concept of “the biochemical lesion” which was de-
veloped by Peters over twenty years ago and his more recent hypothesis
of “lethal synthesis™ both point to an approach which will doubtless be
worthy of further exposition at some future date.

The bibliography is a condensation of the publications which have been
consulted. All could not be included. My apologies go to those who feel
their material should have been cited. It is hoped that the references
which are provided will aid in exploring a given subject further.

In preparing this monograph I have restudied much of the experimental
material which has been reported previously. Many histological prepara-
tions have been rephotographed. Most of the microphotographs have not
been published before. For these I wish to thank Mr. Robert W. Nye of the
Photomicrography Section, Armed Forces Institute of Pathology.

Numerous investigators have allowed me to reproduce illustrations, pub-
lished and unpublished from their work. My sincere appreciation goes to
Drs. Maurice Sullivan, Paul Boyle, D. T. Smith, D. W. Woolley, G. Gold-
smith, G. H. Cartwright, J. H. Baxter, T. D. Spies, S. Ansbacher, J. Warkany,
J. R. M. Innes, R. W. Vilter, W. H. Horwitt, A. Schaefer, C. Tejada, and
H. A. P. C. Domen. Drs. E. Lowenhaupt, 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 the preparation of the manuscript I am indebted to Martha G.
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Edson whose patience and diligence have contributed much to this entire
undertaking.

My relations with Mr. Charles C Thomas and Mr. Payne E. L. Thomas
have been most cordial. It is a pleasure to express my appreciation for their
help and continuing interest.

My scientific career has been sired by three, my late father, Richard H.
Follis, 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
interest in medicine and provided me with an opportunity to follow this
career. First as a student, then as a collaborator with Arnold R. Rich, I
have gained more than words can ever express. His stimulation, construc-
tive criticism, counsel and example have immeasurably influenced my own
development. Dr. Park introduced me to deficiency disease when we began
our studies of disturbances in bone in 1937. In my friendship and collabora-
tion with him I have been blessed in a way that only those who truly know
him can appreciate.

RHF., |z
Nutritional and Metabolic Disease Section,
Veterans Administration Central Laboratory
for Anatomical Pathology and Research,
Armed Forces Institute of Pathology
Washington 25, D.C.
July 30, 1957



Preface . . . .

Introduction .
The Pathogenesis of Deficiency Disease
The General Effects of Inanition
Multiple Deficiency States
Nutritional Imbalance

Introduction . . .

Water . . . .

Potassium . .
Sodium . . .
Magnesium . . .
Chlorine . . .
Calcium . . .
Phosphorus . . .

Sulfur . .. .

Copper . . .

Iron ...

Cobalt . . .

Manganese . . .

Zine , . .
lodine . . .

Fluorine . . .
Molybdenum . . .

Protein Deficiency in General
Tryptophan . . .

Lysine . . .

Histidine . . .
Arginine . . .
Phenylalanine .
Leucine . . .
Isoleucine . . .
Threonine . . .
Methionine .

Valine . . .

CONTENTS

Part 1
DEFICIENCY DISEASE IN GENERAL

Parr 11
THE INORGANIC ELEMENTS

.........................................................
.........................................................

Parr 111
PROTEINS AND AMINO ACIDS

Page
vii



xii DEFICIENCY DISEASE

Parr 1V

LIPIDS
Page
Lipid Metabolism in General .................c.c..tuurinurnrnnnninnnns 109
The Essential Fatty Acids .. ... ... 110

Part V

CARBOHYDRATES
Parr VI
THE VITAMINS

Introduction . . . ... e e 121
ViItaming A . . o e e e 125
VHAamiIns 1D o i o a5 19568 imiamiBiaa @i anifs s iMiEE T anias ame®s ixnds s 141
Vitamins E ( Alpha-tocopherol and its Homologs) ....................... 159
Vitamins K . . . oo e 171
Lipoic Acid ... e e 173
Ascorbic Acid ... ... e 175
Thiamine . . . ...t e e 197
Riboflavin . . . o e 209
NIGOIA & 5 6 v sasssdsms ins@messsnsis $5 895 os a8 FRrEs FHifs Tnswsshins 219
Pantothenic Acid ... .. ... . . . 223
Vitamin By Group ...... ... e 235
Choline . . . oo e e 251
Biotin o s s csmsiwssstwsas swiassmsanini s0iss smi®s 98504 SRATE 58585 STaF 5 263
Inositol . . . 267
Para-Aminobenzoic Acid ....... ... 269
Folacin and Folinie ACIA . .uiuwsosssessonsms snsas auess smsms sasns smsns s 271
Vitamin B,, (Cobalmin) ........ ... ... . . 277

Parr VII

NATURALLY OCCURRING DEFICIENCY DISEASE

Introduction . . . ..... B3 BM IS EEAAT AW EM A PR AER R G YRR B 283
STATVATION . & o ottt e e e e e e e 285
Salt Deficiency and the Low Sodium Syndrome...................... ... 287
The Hypokalemic Syndrome ............... S RN R 289
B 295
Iron Deficiency Anemia ............oouuiiiiineuimmiian e, 299
Enzootic Cobalt and Copper Deficiencies ...................... e 301
Endemic GoOiter .. .....c.iiiiiiit i e e 307
Protein Depletion Syndromes . ...... ... .. i 315
Introduction . . . .. ... e 315
Hinger BoEE ., ouoop ssisrisimesone sasnsiweinems soims $050d o eams § 315
The Pellagra Syndrome . . . ... . ... .t eiee i 316
The Blacktongue Syndrome ... ... .. ... .. ..eiiiiiiiiian ., 329
Kwashiorkor | | | L. 333
Nutritional Liver Disease in Man ., ... .. ... ..., 344
The Hypoglycemic Syndrome ..............coiiiiiiiiiiiiiininnnenn. 351

Xerophthalmia and Other Manifestations of Hypovitaminosis A........... 355



CONTENTS Xiii

Page
Rickets and Osteomalacia -... s sssmiosnnisssmsnammsnssasmeissssseses 361
Tocopherol DefiCIency . . « «.vverrvnerrenurenernereerciossniiersns. 383
Seurvy in Adulls ..o iuion e i e b e a 385
Seurvy G0 IHEAHES s msewsosenieemsmes@e s s el bew 56 b o § 4 brawe s 05 i 3 03 387
The Beriberi Syndrome «....u.c.viisiviosisinsissiveossasvssinessasss 405
Infantile Beriberi ..........c.iiiimeiiiniiiiii it 413
The Wernicke Syndrome ........... ... 415
Pernicious ANemia ... ... .......iuiein o e 419
The Non-Addisonian Megaloblastic Anemias ........................... 433
The Malabsorption Syndrome ............... .. . ... 437
Dental Caries .. ......eniinit et e 439
Nutritional Melalgia (The Burning Feet Syndrome) .................... 443
Miscellaneous Syndromes .............cueiiiiiiiiiiiin i 445
Parr VIII
PATHOLOGIC PHYSIOLOGY AND ANATOMY OF SPECIFIC
TISSUES—A RECAPITULATION AND COMPARISON
ITOABCHDN, = » = ¢ 5555055 728 555 ¥ 58 595 wug speseonn ans w5 & LTI 575 Bybed 018 o 554 = o o & 449
Epithelial Tissues .........ooioiiii e 449
Mesenchymal Tissues . .............oeiiiiurroneemeunnoneeeeinnnenn. 461
Blood-forming Tissues, Vessels, and the Coagulation Mechanism.......... 463
IIGSClE TEHESTUES) 1556 5 5 50 1 o 0§ 5 5 0y v i @ oo o o o5 5801505 o 0 0 1 o o o 8 467
Nervous TiSSUES ..o vvvetue i ie e iee e sie i be s ia et aae e s 470
Part IX
DEFICIENCY DISEASE AS A RESEARCH METHOD
IN BIOLOGY AND MEDICINE
Part X
BIBLIOGRAPHY
AUTHOR INDEX
SUBJECT INDEX
BIBBOETAPIN . o 51 -uns 51005 a1z svsvsmsramarmsse,srs Sms-smis: 51608515 5 ot U8 S0V 048 Eudocrsts) 9 508 i 55 479
Aithor INAE¥: =0 w i Farric 577 3 Es T Emnrsesmansoss o asale 20 fefTho Gy o3l o Ins T2 545

Subject Index . ... 565



DEFICIENCY DISEASE






Part 1

Deﬁciency Disease 1mn General



PArT |

DEFICIENCY DISEASE IN GENERAL

Page
Introduction . . . . 5
The Pathogenesis of Deficiency Disease .. .........ovieiniiiiniioiiiionns 7
The General Effects of Inanition ........... ... ..., 11
Multiple Deficiency States ............oiiiiiiiiiiiiiii . 15
Nutritional Imbalance . . . .. ... .. s 16

[4]



INTRODUCTION

In order to maintain the structural and functional integrity of its cells,
the mammalian organism 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 lipids and carbohydrates. Tf
to these are added nitrogen and sulfur, the proteins and other nitrogenous
compounds may be formed. The atoms of calcium and phosphorus give
stability to the skeleton. Potassium, sodium, and chlorine maintain, in part,
the electrolyte composition of tissue cells and circulating fluids. Certain
atoms are concerned with the activity of many enzyme systems or are inte-
gral parts of enzymes themselves. Such include: copper, iron, magnesium,
manganese, zinc and molybdenum. Cobalt is a structural part of vitamin
B,, or cobalmin, while atoms of iodine are incorporated into the active
principle of the thyroid gland.

This monograph is concerned with physiological and morphological
alterations which occur in cells and tissues when they become deficient in
one or more essential nutrients. Deficiency disease syndromes may be pro-
duced at will in the experimental animal by causing a single nutrient to
be lacking in the diet. Such conditions are encountered infrequently, how-
ever, in naturally occurring nutritional diseases of animals and man. Here
multiple deficiencies exist, so that the problem becomes much more com-
plex. Unfortunately, save for certain studies carried out during the early
days of nutritional research, few experimental investigations on multiple
deficiency states have been conducted. Studies of this group are of great
importance to elucidate those multiple deficiency disease syndromes which
occur naturally in animals and man.

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

As is well known, the intact organism consists in large part of water.
Values approximating 70 per cent have been reported in the new-born in-
fant; ' the thirty-five year old “normal” male, who was analyzed by Mitchell
et al.’ contained 67.8 per cent water. The fat content of both the whole
organism and its constituent parts is much more variable. For total lipid
content the following values are representative: infant, 16 per cent; adult,
12.5 per cent. Values for various tissues will be found in Deuel’s monograph.®
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6 DEFICIENCY DISEASE

The total nitrogen content does not appear to vary much above or below
2 per cent.!

Excluding 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), magnesium
(.05 per cent), chlorine (.15 per cent), calcium (2.0 per cent) and phos-
phorus (1.1 per cent).* Approximate values for potassium and sodium are
shown in Table 1.> Other elements are found in much smaller, or even trace
amounts; among these are iron, copper, cobalt, zinc, manganese, iodine,
fluorine, molybdenum, strontium, rubidium, 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 found in the body. These may conveniently be grouped as fol-
lows. I. Those which are indispensable and which the organism cannot

TasLE 1
POTASSIUM AND SODIUM CONTENT (mEq) OF TISSUES OF MAN?®
Weight in Kg. Potassium Sodium

Skeletal muscle 30.0 2730 810
Skin 18.0 360 1600
Red blood cells 2.4 252 36
Plasma 2.6 12 363
Bone 12.0 218 1600
Brain 1.9 150 133
Liver 1.8 135 74
Heart 0.3 24 11
Kidneys 0.3 18 22
Whole body 70.0 3900 4600

manufacture de novo. Such include the essential elements, certain amino
acids, the vitamins and essential fatty acids. II. 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. III. 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, upon 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 nutrient.
Such would indicate that young, i.e., growing, animals have been employed
most often, which is only natural since normal growth imposes the greatest



