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PRITACE X

nutaents are trared  Lor purposes of orentiwon 1 brcf histonical introduc-
ton begims cich scetion Such i meroducton can of necessits cover only
1 fow of the Inghlights of the sulyect tor ainstinec s 1t has been presented
the dise nery of teertun vitunm would scem to have been 1 rdhan el simple
matter Such obviomh was not usuilly the ene The few papens ated
are but 1 fricton of many reports of muestigations carned out before the
final solutton of 1 patculir problam was reached  So too T must ash
mdulgence of the biochamst and nutniomst who rexd the vanous sections
which dealwith v fow of the brochemeal relwonships of 1 partcular nutrient
this section has been wded to help orent those who have not hept up wath
the muny wdvances m this hield during the past decade and 1 not meant to be
an exhustne sumimiey of the subjecr In the durd pare of ewh section
Patholomeal Tfects  we have tried to melude both the anwomical ind
physiologteal changes which ecompany deficiencies of the various nutrients
and hive atterpted to present such mterml as dlerly enteally and precisely
as possible and to lustrate the pathologictl changes whenever this could be
done The sources of the mateni! presented m this volume e denved from
2 review of a appropente but certunly madequate hterature augimented n
a numbcr of mstinces by histologienl prepirtions from our own expeniments
publshed and unpublished 15 smany of the allustrinons as possible huning
been selected from such expenmentl maternd wath which we were fumhar
The bibliogrpln which v 1 condensition of the publications which hawe
been consulted Iists most of the now -clwsical papers especually those deahng
with morphological studies  Obniously thase references to the chemical and
phy stological roles of the nutrients which are enumerated are onlv 1 frictuon
of the total mulible This book w1s not designed to furnih ans thing but
a brief mtroducrion and revicw af this phase of the subject
A preface does more than attempt to state the purpose and plan of a
book 1t affords the author an opportumty to think those who hwe uded
in mahing such n undertahing possible
Numerous 1 estig itors have been most generous n allowing nie to repro-
duce 1llustrations  published and unpublished from their work 1 express my
sincere apprectation to Dr § Burt Wolbach Dr J R M Innes, Dr Maurnice
Sullnan Dr Paul Bovle, Dr Josef Warkiny, Dr D T Smuch Dr D W
Woolley Dr W Buschhe and Dr Stefan Ansbacher To the editors of the
publications cited 1n the legends many thanks Others, Dr Karl £ Mason
Dr Phiip Handler Dr © Lowenhaupt Dr D M Greenberg wnd Dr
Maunice Sullivin have landls allowed me to studv 1nd reproduce some of
their expenimentil material
Many of the photographs pirticularhy those of our own preparations
were made by VMr Carl Bishop whom T take this opportunity to thank
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arc so divergent, 1 discussion of birds his been excluded i order to give the
gloeral presentaton 1 hede more conanuits 1f such 15 possible

In the preparaton of the varous scctions of this bool  the worl deabng
with expenimentsl deficiencies of single nutnents i wmals b been farky
esy to nterpret Much of the older hireriture had, of course, to be omutted
stnce multiple dehciencies were unknow gy being studicd 1t 15 only when
considerinion must be given to nutrinoml diseise i man that difhiculues
e Tommy s mn come 1s 1 shocl, therefore, th so hetle of the tatal
spacc 15 devoted to physiologicnl and morphologieal changes m the hunin
We hne tried to bnng some order out of the volumnons heriture ibei
maynn Onc must reibize however thit of the forty odd nutnents wiich
are considered in this book onby 4 relatnely sumil number have been shown
by themsehies to lead to deficiency disetse 1 man eveept under stringent
bboritory condinens  Among the chmeal sy ndromes asenbed to nutrinomi
deficiencies somic are ocerstomfly uncomphoted  seurvy  the aemn of ron
deficieney possibly the myendopin wd ocuhr mantfesticions of vitwmn A
deficiency and the by poprothrombinenm of virnmm K dehaency Among
others ncdets (alone or m combimnon with scurvy ) benber peliagry
and cven possibly collod goier it provide evidence thit multieple defi-
ciencies are responstble for the morphologieal chinge which are observed
In gong over the hterarure deabing with pedhgry and benben mny possible
factors are encountcred, 10 the former svndrome one mw deal with 1 defi-
cency of mcotmic wid rboflwm  pyridovne, won folie acd  thimme
and the quantity or quabny of protem, the amount of water ingested sun
hight 1nd doubtless countless other factors also scum to pli 1 rale

In the pages to follow therefore we have rtampted to present those
pathological both physiological and morphologienl changes m min wiich
can be aserthed with some cestunty to the deficent fictor which s being
discussed and have attempted to steer clear of 1w mwny of the controversl
pomnts s possble especaally when we have convinced oursehes thit the con-
troversy 1s stiged manly on a lck of ditt On the subjeet of humn nutn-
tional diserse espeerthy 1n thy country T do not wish to be regirded 15 a
nutronal miulst Howaver » one who contmuilhe observes disense at
the autopsy table 1t 1s not possible—excepr m the cse of scursy nd rict ets
m 1nfants—1o be other than consers wne 1 leinmg which pechips b some
vrtue 1 these dvs of siimm mflacon

Since this volume has been desgned to tale up the physiolagictl and
morphological changes produced by single deficiencies we hwve given
meager space to the climienl aspects and dngnosis of nutrinonil disease 1n
the human Tt 1 hoped that this treatment will serie to pomt out more
foremhy the defects which are so widespred 1 our {now ledge

Some comment 1s necessary for the wav m w hich the 1 nons wssenrnld
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In the preparation of the manuscript Miss Doris Tew has rendered invalu-
able assistance

To my Chuef, Dr Wiley D Forbus, may 1 express my grautude for his
mterest and for making available to me the facilities of this department
I should also Ithe to thank Dr Philip Handler for answering many, many
questions concerning pomnts dealing with biochemistry

My relanons with Mr Charles C Thomas and Mr Payne Thomas have
been most cordial and 1t 15 a real pleasure to express my appreciation for thewr
keen interest and help 1n this undertaking

Lastly, I should like to express my respects and appreciation to those with
whom I have collaborated To Dr E A Parl I owe a tremendous debt
for mtroducing me to the study of nutrnonal disease by way of the effects
of vitamin D and ascorbic acid deficiencies on bone Dr E V' McCollum
and our fellow collaborators, Drs Harry G Day and Lisa Orent-Keiles
taught me a great deal, particularly 1bout deficiencies dealing with the vanous
morganic clements My assocuations with Dr M M Wintrobe and his
collaborators have been profitable and enjoyable durng the persod i which
we studied the effects of vanous vitimin deficiencies on swine Fally 1
extend mv heartfelt thanks to Arnold R Rich for hus contnued stimulation
and constructive crincism duning the progress of many of the experiments
described heremn and above all for mstillmg 1n this student of disease some of
the principles and philosophy of sciennfic nvesugation

RHF jr

Durham, N C
September 1946



The
PATHOLOGY
of
NUTRITIONAL DISLASE



Parr IV
THLE FAT AND WATFR SOI UBLT VITAMINS

Introduction

Vitamm A

Vitanuns D

Vitamuns I ( Alpha tocopherol md its Homologs)
Vitamin k

Ascorbie Acid

Thirmne

Riboflay in

Nrcotinte Aad

Puntothentc \cid

Py ridovine

Choline

Brotin

Folic Aad (L Caser Factor)
Inositol

Parr-Ammobcnzorc Acid

Pwt V
THE LSSLNTIAL FATTY ACIDS

1 molac Linolenic and Arachidonic Acids

Parr VI

FHE PATHOLOGIC ANATOMY OF SPECIEIC TISSUES
A RECAPITULATION AND COMPARISON

1 pithehal Tissues

Mesenchy mal Tissues

Blood Formmg Tissues Vessels and the Coagulanon Mechanism
Muscle Tissues

Nervous Tissues

Bibliography

Author Index

Subject Inden

89

104
119
128
130
143
158
166
173
187
191
196
202
204
204



Part 1

DIETARY DEFICIENCIES IN GENERAL

“The steady progress i understanding of the brochennstries of the vita-
nnns now obtainable in a pure form 1s a challenge to the cytologist because
s some mstances st should be possible to determume the loci, within cells of
vitannn actrvities  The opportunity of associating chemmcal activities or func-
tronal roles wnthmn nuclear or cytoplasnnc structures appears to be at band’
Wolbach 1937 (3)
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Insrontcston

e preceding quotinon ¢in be applicd to not only the veimns, but the
caenti] morganie clements o 1ads and faees acnds s well At the
present e there 1y evadence m one or more speetes for the indispensabihity
of seventeen or exgliteen of the mnety odd cluments, 1bout fifteen s teans
ten of the twents odd ammo aads and three closely relted unsaturated fatty
teds The term * mdispensabnlies * 15 based on 2 number of critert - growth
muntenance of mtrogen balnce and weight absence of metibolic defect
and/or morphalogsetl chinge normal reproduction et cetert Since the
proncer studies of I G [ophans growth bas been the enteron most com-
monly used to determme the dispensabalits or indispensabilins of a given
nutrnient Normal growth, of courne mmposes the greatest possible metabolic
dewn on the orgamism nd hence brings out most drumntie Wb changes which
mught only appear slowly or even not at Al in the 1dult orguism Richets
nd scurvs are cases n pone, though other factors must be constdered, these
two diserses mamfest themselves most flagrntly i the young child during
that penod when bone growth 1s so Tipid

Although the pathology of rniclets m humns had been described by
Pommer (345) m 1885 and changes associited with the scorbutic state by
Barlow (468) two vears before the first two decades of this century fur-
mshed hrtle else to n understindng of tissue changes which accompany
other nutritional deficiencies It seems fiting to recall the often quoted
statement 1n the Briish Medical Research Council’s Report on the present
state of knowledge of accessory food factors (uitanuns) ‘Disease 1s so
generally associated with posinve agents—the parasite, the toun the materses
morbi—that the thought of the pathologist turns naturally to such positne
associations 1nd scems to believe with difficulty 1n causation prefived by a
minus sign” (4) Pathologists of those decades must not be too sev erely

crincsed for their falure to study the effects of nutnuonal deficiencies, mnas-
much as the science of nutrion was only then i its wfancy Tt s true, how-
ever that most of our knowledge of the pathological changes associated v 5th
1 [ack of the essenual nutrients has only been accumulated duning the past
twenty-five years sice the above statement was pubhshed But even now
the surface has just been scratched and s Wolbach mdica
quotation, there 15 much to be learned

Perunent advances m the elucidation of those lesions w hich may be pro-

ted 1n the opening

v
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duced by a deficiency of one or more indispensable nutrients 1n tssues have
been made by 1 relauve small group of investigators VWolbach nd his
co-workers, Howe, Boyle and Besser have made outstanding contnibutions
the pathology of scurvy and the formtion of mterceliular substances, epr
thelial and osseous changes 1 vitimm A deficiency, dental changes, richets
and lestons resulting from deficiencies of the vitamin B group The publica-
tons from Pappenheimers Iboratory are also significant  fow phosphorus
rickets, muscular dystrophs, vitumn E deficiency 1 a variety of specses
The Johns Hoplans workers, mcluding McCollum Park Shipley, and therr
collabortors, and more recently Wintrobe and Sullivan, have uded 1n cluci~
dating many of the structural manifestations of deficiency diseases richets,
scurvy, deficiencies of the elements, vitarmin deficiencies mn swine, nutr
tional dermatoses m rats The imporeant work of certamn other 1y estigators
will soon come to light in the pages which follow TIvans Gyorgy Gold-
blatt, Mason Lillie Dafe, Sebrell and, in Lngland, Melinby and Innes
Those who have contributed to our knowledge of biochemical changes,
including grow th, must not be lost sight of 1n this brief resume  Such mvest-
gators include the group at Yale Chittenden Underhill Osborne and
Mendel, workers 1t the Unwversity of Wisconsin, Hart Steenbocl Llvehjem
and their associates s well 2s many others Rose Greenberg Woolley and
DuVigneaud

A study of the effects of deficienctes of essential nutrients offers a new
and appealing approach to the reactrons of many tissues to certain njurious
sumult  Advances which have proved fruful have been made m several
fields of biclogical science Some of these should be mentioned and paths
for further nvestigation indicated

Tor the bistologist and histochennst much has been gamned by applymg
the techmque of alterations in tissues produced by deficiency suates The
controlled formation of mtercellular substances 1n the studs of collagen and
bone deposttion 1s an eminent example (463) Studies on ery thropotesis have
proved and should continue to be fruitful, imasmuch as there are certamn
essenttal nutrients which specifically control red blood cell and hemoglobin
formation  Then too, more precise information on the funcuon and munte-
nance of myeln mughe be obtained by studying deficiencies 1 py nidone
pantothenic acid (611) and copper (145)

For the embryologsst mvestgations of the effects of maternal diets on
the off-spring have already vielded important dara  The relanon of nbo-
flavin deficsency to congertal malformations will be discussed i more detail
later (5 565) The effects of other nutnnonal deficrencies on the embryo
have hardly been examined Changes assoctated with a deficiency of alpha
tocopherol (402) should sumulate the study of vamous vitumin and amno
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aerd deprivations  This s a4 field in humn nutntion which 1s juse begmning
to be explored (6)

For the endocrinologst there are agaun many problems to 1 esugate
The relnonship of cereun vitunns to degeneritton of the lner with conse-
quent cffects on estrogen mettbolism could be mentioned 15 an example of
what has alreads been accomplished (550)  Investigation of the e tological
charctenstics of the ductless glinds m various nutnttonal deficiencies should
be productne  The effects of mjections of virous hormones i specific
deficiencies should y1eld v iluable nformation on the relitionship of hormones
and viimuins  Tor mstance 1 this connection 1t 1s of interest that when
estrogenic hormone 15 administered to rats, atrophsy of the epidermis and
sebaceous glands ofcurs which 1s very renuniseent of the alterations produced
by niboflavin deficiency  Thss may be related to the fulure of the nboflavin
deficient Iiver to 1mactive estrogens (550)

The wucrobiologist his only just begun to study the reactions of defictent
organisms to bactera, viruses fungi protozoy et cetera To be sure certan
generl effects of malnutrition on resistince to mfection have been observed,
such as depression of anubody formation and phagoey tic acuviry (8), that
the former 15 related to protein reserse has 1lso been shown (9) The effects
of deficiencies of all specific nutnients on varous ammate agents of disease can
be mvesngated with profic For example, 1t 1s Iikels that the tracellular
environment of the host may be changed, the course of a subsequent infection
with 1n mntracellular parasite such as a virus can then be studied The reac-
tions of mice deficient 1n various vitamins to myections with the Lansing stran
of poliomyeliis and Theiler’s encephalomy elstis have been most nteresting,
the vamations 1n susceptibilits are summarized m the following table

Table 1
Tvpe of Deficiency Lansing Strain Theler s Strain
Thiamine (10) + +
Pantothenic acid (11 0 4+
Riboflavin (12) + 0
Pynidoxiae (13) [ 0
Biotin (13) [ 0
Ino 1tol (13) ] 0

Nutnitional defictency disease as an adyuner to cancer research has already
opened new approaches for the oncologist The relanionships of biotn and
pyndowne to the production of Iver tumors by butter vellow (p-dimethyl
ammno azobenzene) are too famiiar to necessitate recountmng (710, 650)
Among others a fruntful field would seem to be the relation of the morgantc
elements to the development of epidermal tumors It has been shown that
when methylcholanthrene s apphed to the shin of mice there 1s 2 decrease
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m the caleium wron /inc, and copper contents of the epidernus (14) Ir
would be of interest to determme the effect of deficiencies of these elements
on the development of cancer 1n the epidermis of this species

The geneticsst also should find the field of nutntional deficiencies of
mterest  For mstance, there 1s some evidence that hereditars hy potricotic
rts will respond to cystemne feeding by growmng hamr (278) The behavior
of certun congenitnl waltzing and dancing muce (15) 15 reminiscent of
descriptions of the actnitics of valine-defictent rats  Then, too, the breeding
of vitwmmn susceptible and vitamin resistane struns would scem to offer great
possibilitics for the geneticrst and nueriionust to collaborite  There 1s already
evidence thae this can be accomplished  In the deselopment of both nichets
(378) and dental cartes (16) sigmificint differences hase been observed
various struns of ammmnls Such evidence may help explun v irmtions m
response to deficiency of certaum nutrients, such s the response of the Lidney
to cholne deprination  The field of genetics 1 one whose relattonship to
deficiency studies has been, up to now lnele explored

Lasthy, nutritional defictencies should be of particulir mterest to the
comparative pathologist and vecerinartan  Although the response of the rit
to depletion mn single essentil nutrients his been extensnely studied such 1s
not the ¢ase for the pumet pig mouse and certam domesne ammls The
reactions of severil species to deficiencies of Al of the essentnl nutrients
should be systemanically examined  Another ferule field would seem to be
that of spontancous or endemic deficiencs disease which 1s 1n the domam of
the veterinary pathologist  Deficiencies of calerum phosphorus sron copper,
and cobalt all fall mto this group  Studies 1lretdy carred out have viclded
viluable mformnon Howesver such im esugations are based on furly impure
rions of unhnown dietiry content and should be repeated with diets of
Lnown composition A notible exunple, of course 1s copper deficiencs

These few evamples should mdicate some of the rumificitons which
research m nutriional deficencies has in other fields  Obviously 1 most
imiportant part of the study of ussue changes wsociated with 2 Iek of dietary
essentials 15 in the domun of brochemustrs and the correlation of physio-
logrcat 1ad morphological alterattons must alw 1y s be stressed Tt 15 fittng to
close this introduction with a pler which Wolbach his mde to the bio-
chemist and nutritionsst A general pithologist who studies life chiefly
from the morphologic aspects mv well be 1ppilled by the wasted oppor-
tumties represented by immals consigned to mncinertors at the completion
of crefully conducted experunents wm nutrional fields” (379)

Sprctric AND Non-Specti1c T1ssue CHANCES
It 15 extremely 1mportant to realize that virrually am dictary restnction

leads to some change 1 one or more ussues  The question W huch chen rises



DILTARY DITICH NCILS IN GI NLRAI 9

15 whether the observed chinge 15 1 specific or non-spectfic onc By merely
reducing the caloric mtthe of the grow mg orgamsm, growth may be retarded
or completely stopped, 1 time certun charictenstic alterations my be found
at autopsy If 4l of the dictiry essentinls have been present and have been
utilized, one c1n ordmanly assume that the changes obsens ed are non-speaific,
that 15 they are the result of mamtion or athrepst

AT R N e I 5N
B P R R
< i;?/ g ’\QP ‘};E:\%m‘ o .

SR AD S
N E
< %}é@‘ “":,x‘; #‘&2“, ) TN

Frure | Tesus An Effect of Inamuon A Normal tesus showing spermatogenesis with
spermatozoa 1n the lumen of several tubules which are normal 1n size B Tests from rat
whose growth was impatred by madequate calonc intake Note difference in size as compared
with A and also decrease 1n spermatozoa and spermatocy tes  There are a few gant celly 1n the
lumens of these tubules Onlv Sertoli cells and a few spermatogonta remamn

At autopsy, in the athrepuc organssm, there 1s usnally @ mirhed decrease
m fatty tissue, not only m the subcutaneous region but about the mesentery
Lidney s, uterus and testes The Iy mphoid tissue becomes atrophic so that thc’:
Iymph nodes and spleen are greatly reduced in size  In addition there 1s
marked dimmnution m the size of the thymus which 1s one of the best indices
of nutrition n the growing orgaruism  There mav be alopecia Furthermore
therc 15 usually atrophy of the genital organs with absence of spermatogenests
and ovogenesis The vagmal lining becomes atrophic ind reproduction 1
impaired There may be complete cessation of osteogenesis so that the epi-
physeal cartilage stops proliferating and bone grow th ceases at the cartilage
shafr junction and 1n the shaft as well In the adrenal there mnv be loss of
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mn the calcum ron 7inc, and copper contents of the epidermus (14) It
would be of mterest to determine the effect of defictencies of these elements
on the development of cancer m the epidermis of this species
The geneticist also should find the field of nutrional deficiencies of
mterest For mstance there 1s some evidence that hereditary by potricotic
rats will respond to cysteine feeding by growing haie (278) The behnior
of certun congemtal waltzing and dancing mice (15) 15 reminsscent of
descriptions of the actinities of valine-deficient rits Then, too the breeding
of vitamin susceptible and vitimin resistant strans would seem to offer great
possibiliues for the genetiesst and nutritionist to colltborite There 1s already
evidence that this can be accomplished In the development of both richets
(378) and dental cames (16) sigmficant differences have been obsersed m
vartous strains of ammils Such evidence may help explun varmtions i
response to deficiency of cerran nutrients such as the response of the kidney
to choline deprnation The field of geneucs 15 one whose relationship to
deficiency studies has been, up to now little explored
Lastly nutritional deficiencies should be of particular imterest to the
comparatre pathologist and wciermarian Although the response of the ru
to depletion m single essentnnl nutrients has been extensnel studied such 15
not the case for the gumer pig mouse and certain domestic anunals  The
reactions of several species to deficiencies of all of the essentnl nutrients
should be systemaucally exammed  Another fertile field would seem to be
that of spontaneous or endemic deficiency disease, which 1s 1n the domun of
the vetermary pathologist  Deficiencies of ealeram phosphorus iron copper
and cobalt il fall mto this group Studies alrendy carned out have vielded
viluable mformatnon However such i estigations are based on farly impure
ritons of unknown dictary content and should be repeated with diets of
known composition A notable example of course, 15 copper deficiency
These few examples should mndicite some of the rumficatons which
research 1 nutritional deficiencies has m other fields Obvioushy 1 most
important part of the studs of tissue changes associited with a lck of dietary
essentials 1s i the domam of biochemustry and the correltion of physio-
logrcal and morphological alterations must alway s be stressed Tt 1s fitting to
close this mtroduction with 1 pler which Wolbich his mide to the bio-
chemist and nutnitiomst A general pathologist who studies life chiefly
from the morphologic aspects may well be ppalled by the w asted oppor-
tunities represented by animals consigned to incinerators at the campletion
of cirefulls conducted experiments 1 nutrition! fields’ (379)

SPEGIFIC AND INon-SpECIFIC TissUE CHANGFS

It 1s extremely important to realize that virtually amy dietary restriction
leads to some change 1n one or more ussues The question w hich then arises
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ton 15 cxemphficd m swne suffering from escher wute or chronic thimine
deficieney  the former wunls muv die, ostensibly of heare fulure, with
virtually no nucroscopic changes m the my ocardim, while the latter usually
evhuibic exeensne trens of dunige m the eardre musculiture (506) - Similar
differences hnve been noted in many other deficient states

Ficure ? An Effect of a Muluple \itammn Deficiency (299) The paws of ammals which
were pliced on a synthetic dset to which thramine and nboflavin but no other portions of the
B complex were added A There 1s gancrene of the termmnal phalanges of the f?xst and second
digits and an almost complete amputation of the fourth dier B There 1s localized gangrene
of the first digat the others show no evidence of mveliument  (Courtesy of Dr \Maurice
Sullnan and Ti e Journal of Imestigatr e Dermatology )

An approach which his been used but Iietle 1 to combine deficiencies of
several essentral nutnents and studs the resulting <vndrome  This his been
done with two or more vitumns with elements and vitamins or with seyeral
elements, nteresting results hnve been obtamed  For mstince, when rits are
made deficient 1 1l of the B group evcept thuamme shin lestons character-
stic of pantothenic 1eid (606), pvridoxine (642) and nibofliin (552)
deficiencies do not develop, on the contriry there 1s only wrophy of the
epidermis and 1ts appendages (298)  Agun when only thiymine nd rbo-
flavin are fed s the B group to rats gangrene and spontaneous amputtion
of the digits m1y appear (299) In inother study animals were made defictent
in an element potassum and 1 vitamn, thiamine, separatelv these rwo
nutrients led to myocirdial necrosis but the hearts of rits deficient 1 both
together showed no chinges (96) Listly, when 1 deficiency of sodium and
chorme 15 produced stmultineously the results are different (107) from those
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stainable Iipoid 1n the cortey, especially 1 the glomerular and fascicular zones
These, then, are some of the more strihing changes which m1y be observed
Other less dramatic but non-specific alterations have been desenbed and are
fully discussed by Jackson (17)

Again and again i the literature changes such as those described above
are cited as evidence of specific dimage which has resulted from deficiencies
of various single nutnents  Certun i esugitors seem to hnve overlooked the
possibiity that falure of an 1mmal to eat or utthze his food may lead to
many of these non-specific changes

On the other hand there 1re speaific tissue 1teranions which are dependent
on the absence of one or more essentinl nutnients from the diet Some of these
lesions m1y only be produced by 1 lck of a single nutrient, others are
common to deficiencies of more thin one materi!  The effect of vitamin C
deprination on the bones furmshes 1 good eximple of the first tvpe, while
corneal vasculirnization 1n the rat exemplifies the Itter, where depmation of
a number of factors each one an essential nutrient causes capillaries to 1 1de
the avascular corner  In virtually all of the deficiencies that hne been ade-
quately studied, specific pathological changes both phy siologicil and morpho-
logical have been obsened Undoubtedly others will come to light as more
mtensive obseriations are carried out, especntly when the newer techniques
of histochesmustry 1re wtilized

The crinicism rased above that the pathologist does not properly control
his experiments can lso be leveled at the biochenust There are numerous
expertments some of which will be cited 1n the pages to follow 1 which
the effects of inamtion and differences n werght gun were not considered
1n evaluating the results

It 15 extremels important to mention certun other pertinent powts mn
regard to the actual techniques of nutntional experiments  One way of reduc-
ing the error due to mnition 1s not to feed control anmnls ad hibstaan, but
to use the pured feeding techmque In this procedure the control rnmals
are given 1n amount of diet equal in weight to that which the deficrent ammal
ate the dav before An even stricter method though more hborious and one
which has been heele used 15 to attempt to manspulate the dictary ntthe of
the controls so as to produce the sune g or loss of weight mamfested by
the deficient ammals  Another extremely 1mportant pomt which his been
emphasized by Wolbich (317) 15 the study of reparatne phenoment
deficzent ammals to which 1 missing essenul nutrient has been admnstered
for varving periods before qutopsy

Furthermore 1t 15 important to realize that when n 1cute overw helmng
deficiency state 15 produced the morphological changes mn be shght or
even absent in compartson with tissue alteritions which may be encountered
when the deficiency 1s more chronte and therefore not so sesere  This situn-
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vitean A the Inver, and 1s a consequence the vitanin A concentration
the blood s dimmnished  So too, when the thyroid gland 1s poisoned by
thiouricil 1t 1s unable to ualize morganic 1odine to form physiologically active
orgame forms

D Increased Lxcretion Ingested materals may be absorbed normally,

but reevereted too rapidly to effect their necessary function Such conditions
mn occur when polvuna due to a vanety of causes 15 present  Sweating
1s another example and endocrine imbalinee, such as hypoadrenalism with
loss of sodium or the reverse with loss of potassium, may lead to disastrous
results  Parathy road imbalance also promotes excessne loss of caleium and
phosphorus from the orgamism  Lastly, lactation 1s too often overloohed as
4 factor leading to 1 loss of ane or more dictary essentuals

L. Increased Requirements Certan intahes of essential nutrients are ade-
quate for the normal needs of the body, but occasionally the needs are m-
creased duc to a vanets of causes and unless these requirements are met the
deficient state may develop Tever, which results mn an increased metabohism
1s promment  Hy perthy roidism 1s of course, another fairly common example
Pregnancy and excessne growth both require an excess of certam nutrients
over the normal intahe

F Inbibition by “anti” Substances Certan materals which are closely
related 1n structure to both vitamins and ammo acids wall block the action
of these specific essental nutnients For example analogs of ascorbic acid
meotmic acid niboflavin and pheny l-alanine when fed 1 the diet will lead
1o evidences of deficiency 1n these specific matenials (18)

All of the factors just cited (A to F) presuppose interference with utliza-
tion of nutrients whose sources are exogenous There are of course other
endogenous essentials  The quesnion of whether such substances should be
called hormones need not detain us here For instance whether the ascorbic
acid which 15 formed by the rat 1s 2 hormone for that species, while 1t 15 2
vitanun for man and the guinea pig are questions beside the point It should
be borne m mind however, that the Iist of essential nutrents s doubtless by
no means complete Lnough stress cannot be placed on the role which the
micro-organisms that compose the intesunal flora plav 1n the elaboration of
certain nutrients Their importance in the manufacrure of vitamimns 1s too
well known to warrant further discusston They mav also be 2 source of
certain ammno acids a question requinng careful consideration (page 73)
One can confidently predict that the entire question of essential nutnents for
a grven spectes will not be settled unul representatives of that spectes are
rassed 1n stenle environments so as to elimnate the role of MICro-organisms
completely  Although a start has been made with sulfa drugs the administra-
tion of such compounds mtroduces another unwelcome vanable
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which occur when either one or the other of these essenual nutrients ts with-
held from the diet (110, 122)

Since the advent of punfied rations and crystalline vitymns few studtes
of mamuion have been reported, here would seem to be 2 fruiful field for
future m estigations

Lavoarvous Nutrimionat Drricincrrs

The single essenuial nutrients which were alluded to at the begmmng of
this secuon must all be furmished from exogenous sources—at least for some
orgamsms—if phy stological and/or morphological evidences of damage are
to be merted Naturilly, the experimenta] approich eliminates one or more
of these nutrents from the dict of the ammal, one mn then study the
resultant phy siological and morphological changes which take plice  Such
a siuanon of course, does not ordinnly occur n man unless prodoced
dehberarely or because of cconomic rersons There are, how ever, 1 number
of subsidiary 1nd eontributory factors which ean lead to expermmentl dictary
deficiency 1n animals and to natural diserse m man These sitvations desenve
mention

A Interference wath Intake  Loss of 1ppetite (anorennn) due to 1 variers
of causes may lcad to 1 deficient int1he of one or more nutnents  Gastro-
ntestnl disease or other metabolic disturbances including pregnancy or food
allergy m1y produce anorentn  Then too, certun mechanical factors may be
mmportant Tumors within or without the mtestnal trace may lead to purenl
or complete obstruction Lastly, adentin mflammation of the buceil tissues
et cetert1, mav mterfere with the mgestion of foodstuffs

B Imterference mith Absorption  Although 1dequate amounts of an
essenta] nutrient may be mgested optimal quantities may not be absorbed
due to 1 varety of reasons Hypermotility of the mtestinal trace m1v mose
the mater1al chrough the lumen too mpidly for adequate absorption to take
plice, or insoluble complexes may form and prevent absorption of 1 par-
ucular material such as the combmation of lead or bery lhum with phosphorus
and oxalate or fat with caletum  Absence of digestise secretions may hhewne
ihibit bsorpuion, the effiicacy of bile and panereatic juice for the absorp-
tion of the four fat-soluble vitamins 1s an excellent example  Lastls, certun
essental nutrients may actually be destroy ed or mactis ated before absorption
from the meestinl tract  The destruction of thuamme by 1n enzyme from
certun fish and the mactnavon of biotn by avidin are examples of these

complications

G Interference with Storage or Utilizationr Even after adequate amounts
of one or more nutrients 1re mngested and absorbed, they may be poorh
stored or unlized epatic diserse for msemee may lead to low levels of
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ton of the charactenstics of the red blood cells and cxaminations of the
cornea by the low power of the sht lamp TI'nally, however, tissues must be
remosed for microscopic examnation, whether during life or after death,
before grdss lesions mahe their appearance  In ume the latter occur and
duagnosis may be made from the macroscopic or clinical findings

The abo ¢ sequence, of course, does not take place 1n evers nstance, nor
does 1t go on to completion so that one will find gross or even microscopic
lesions 1 every deficiency —quite the contrary  In thramine deficiency of
swine for mstance, 1n animal may die of heart fatture, having previously
shown clectrocardiogmpluc abnormalities, at autopss virtually no micro-
scopic changes mav be found 1n the heart (506) The above concept of the
pithogenesis of dietary deficiencies serves a useful purpose, espectalls
evpenimental studies of nutntional disease  For a fuller discusston, especially
from the chmceal standpomnt, one should consult the paper of Dann and
Darby (2) It must be emphasized that no single nutrient has been simul-
tneously studied from the biochemical, physiological and morphological
standpoints—something which 1s greatly to be desired
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Tue PatuoceNests or Nutritionan Disgase

Bearing i mind the vanous factors which may affect the absorpuon,
utilization, excretion, et cetera, of the essenual nutrients what sort of a
picture may we draw of the usual course of events which may be evpected
to occur as the deficient state develops® Although there are certamn obstous
exceptions which will be alluded to later most worhers (2) m the field of
nutriion hwve adopted the hypothesis that the physiological and pathological
changes which result from deficiencies of essential nutrents develop 1 a
defimte md orderly sequence 7 Decreased concentration 1n the blood and
mtercellular flmd 2 Decreased mtracellular concentrations 1n one or more
ussues 3 Physiological changes i such tissues followed by 4 Pathological
alterations which are first seen mucroscopically and then become grossly
visible

It bas been assumed that 4 decreased blood concentration of 1n essential
nutrient 15 evidence of a decreased siuration of the body n thar nutrrent
Such < concept 15 of course bised on normal’ or lower limit of normal
values which unfortunately hase been estremelv difficult to determine
Chemteal studies of bload plisma ire therefore not enuirely satsfictory , much
more uscful than blood plasma are stturation or desaturation tests wch fead
one to the second hnh m the pathogenesss of deficieney disease  decreased
cancentrations ()f the nuinent N one Or More tssucs

Here one 1s on firmer ground since the actual concentration of a gnen
nuttiene can be measured m red cells the white cell-platelec layer, mascle
biopsies and, of course almost wmy tissue from an expersmental anymal at
topst  So too, histochemicnl stdies can be made of ussue sections and
decreases 1n nutrients such as vitamm A (310) or nboflavtn (760) may be
demonstrited under the microscope  YWhen the concentration of a particular
nutrient n a certam tissue falls to 1 critical level, one may then expect evi-
dences of tmetabolic derangements to appear  These may manifese themselves
m 1 vanen of wivs which are amenable to detection and measurement
Abnormal metabohtes mav be found m dssues blood or excreta pyrusate
(507) ~nthuremc aad (635) and parahs drovy phem Hictic acd (454, 455)
arc examples of this phenomenon  Laser function tests mayv be employed
to detect chinges 1n that organ (677) Then too physiologic mersurements
of normal processes ¢an be emploved  electrocirdiogram (504), electro-
encephalogram (531) tests of darll wdaptation (321 339} and bload pressure

derermintions {(111)

When the concentrations of 1 ginen nutrient hive reiched certun muni~
mum tssue Jevels which are mcompatble with hfe marphologie ltcettons
may be expected This, however does not pecessinly mewn thu the entire
orgumsm dies Tissues may be exammed before death  counts and determina-
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uon of the charactenistics of the red blood cells and cxaminations of the
cornca by the low power of the sht lamp  Tinally, however, tissues must be
removed for microscopic examunation, whether during hfe or after death,
before grdss lesions make their appearance In ume the latter occur and
dignosis may be made from the macroscopic or clinical findings

The above sequence, of course, does not take place m evers anstance, nor
does 1t go on to complction so that one will find gross or even microscopic
lestons i every deficiency —quite the contrany  In thiamne deficiency of
swine, for instance an anumal mav die of heart fatlure, having previously
shown clectrocirdiogriphic abnormalines, at autopsy sirtually no micro-
scopic changes mav be found n the heart (506) The above concept of the
pathogenesis of dictary deficiencies senves a uscful purpose, especually 1n
expenmental studies of nutritional discase  For a fuller discusston, especially
from the chimical standpomnt one should consult the paper of Dann and
Darby (2) It must be emphasized that no single nutnent has been simul-
uneously studied from the biochemical physiological and morphological
stindpoints—something which 15 greatly to be desired
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THE ESSENTIAL ELEMENTS

‘Ihat the sodmun, potassnun, calcwum, mignesuan, phosphate, chlorne,
and sulphate 1ons play an essential role in ving protoplasyt 1s a fact generally
accepted That the ton-protein compounds deternune the peculiar properties
of the membranes of hvng tissues 1s bighly probable, and the constancy of
composition of these combinattons of ons with protems i most of the body
tissues 1s imamntamed only when the concentrations of the several 1ons m the
hquid medmm, the blood and lymph, remrun constant withme certam hnnts
The sensitrveness of the beart nmscle to ‘unbalanced’ salt solutions, and of
eggs developing 11 sea wuter to which a smgle basic 1on as magnesmm or
porasswum bas been added 1 cxcess suggests that even shghtly abnormal rela-
tonship between certan sons i the blood, if mamtaned for a prolonged

persod, may prove detrnnental to the Ingher orgamsms™ McCollum and
Davis 1915 (762)
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InTrRODUCTION

\bout one percent of the orgimsm’s mass 15 composed of norgamic mat-
ter, that 15, the merillic and non-metalhic elements Some occur mn much
larger quantitics than others, the latter are usully called trace elements
since they 4re found in such mmnute amounts  For our purposes the 96 ele-
ments which are now known m1v be dintded 1nto three groups  those which
occur m the tssues and hne been proved to be essental for one or more
species, those which are found n varying amounts m the ammal organism,
but which are thought to be dispensable, and those which have not been
demonstrited in the orgamsm under normal conditions  The last group can
be chrnated from any further discussion

Lighteen clements comprise the first group carbon hvdrogen oxyvgen
mtrogen sulfur calcium, magnesmm sodium  potassium, chlorme phos-
phorus 1ron copper cobalt, zinc manganese, odine and fluorme The
position of the last element 15 not as certain as that of the others In the second
category are those elements which have been suspected to be necessary for
the integnty of certain mammalian ussues since some are usually found on
repeated analyvses of tissues or secretions such as milk and since a few, for
mnstance, boron and sihicon, 1re necessary for plant growth The presence of
many of this group of elements m foodstuffs doubtlessly explams their occur-
rence 1n the orgamism  Such include arsenic, lead rubtdium cestum stron-
trum un and bamum 1 more detailed discussion of which will be deferred
unul lnter

Funcrion or THE EsseNTIAL ELEMENTS

The elements play several important roles 1n the organtsm and undoubt-
edly have other funcuons as y et unknown

In the first place thev serve as structural components of ussues and as
sources of energy for cellular metabohsm The place of hydrogen, carbon
oxygen and nitrogen 1n these connections 1s obvious since thev are the con-
sttuents of water, carbohy drate, protein, and fat  Among the other essential
elements calcrum and phosphorus 1 particular have a promunent place 1n
gnang structural stability to the bones and teeth  Smaller amounts of the
other elements are found in these two tissues as well

The mdispensable elements serve 1 the regulation of acid-base equi-~
Librium, both intra-cellular as well as extra-cellular The relations here are
too familiar to require further notice (49)

Perhaps even as important 1s the specific role of mamv of the essential
elements as an integral part of certain enzymes or as actiators of enzy matic
reactions Some examples nught make this more clear Zinc, for instance, 15
known to be 1 constituent of two enzymes, carbonic anhy drase (175) and

v
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uricase (176)  copper 1s sud to be 1 consttuent of scorbic acd oudise
(128) Then too 1 large group of enzy manc reictions 1s speeifically acmated
by certain clements  For evample, caleum 1s necessiny for the reaction
prothrombm—thrombmn (440}, wlnle potissium actnates the phosphors la-
tion of creaune (83) Aanginese 15 an mmportant 10n for the actniny of
argmase (166), while mignesium 1s an integral part of the cocarbos lse
system (§3) These 1re but 2 few exunples of the importance of norgame
elements 1n enzvmes nd enzyvinatic reictions  In additon, of course, the
presence of 1ron and copper m certun onvgen crriers should be recalled
(128)

Isorores

\Menuon might be made of the occurrence of elements hwing the same
atommic number but different atonuc weights, thit 1s 1sotopes  Lattle v est~
gation has been directed 1t 4 study of the posable matural occurrence of
the 1sotopes of varous essentil elements m the ammal organism  These
my esugations are of some theoretical mmportince as 15 evemphfied by one
such study on the companson of the distnbution of K;3" and K,y
potassiam chlonde and the tissues of rts (19)  Most of the nssues had the
same rtio of the two 1sotopes as compired with the inorgime compound
with the exception of bene marrow and blood plhisma  Here there wis 1
shght but sigmficant ncretse 1 the hewmaer 1sotope  Whether one 1sotope
of 1 gnven clement 15 physiologiealls more reactn e than amother must be fefe
for further i estigation

A more importint phase of the subject of 1sotopes 15 the use of rdio-
wine clements m metibolic studies Such forms of virrmilly ll of the
essenttal elements have been prepired and are bemng utihzed Some evamples
of their use will be cited 1n the pages which follow

Usiqurtous Frearyms o Usksows Fuscron

As was noted above there 15 1 group of elements whose presence 15 indi-
cated 1n the organism by chemucil methods of eximmition bue whaose mdis-
pensibility has not yet been proven  Although 1 few of these elements may
be shown to be essentrl at some liter date 1t 15 ikelv thae most to be dis-
cussed are ingested with the food or mhiled mto the lungs ind e therefore
purels fortucous  The more ymportant of these will be mennoned below,
the data are bised for the most parr on spectrogriphic il ses of ussues and
milk

Since boron 1s essential for the growth of plhints (764) tlus element has
been muestgated with respect to 1ts indispensabibin for amumals Several
mdependent my estigations have failed to reveal any evidence that boron s
an essental clement for the rat and the concluston must be drwan that of
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this elument 1 necessary for this species the amount needed 15 less thin 6
microgruns per e per dnv (20, 21, 763)  Boron has been identified i mull
(22 23) but not in the tisues of the newborn rat (25)  Based on growth
studies ; raes 1t 35 sud that boron will replice potassium 1 a dict deficrent
m the hter element (93), we hue been unible to confirm this observa-
von (632)

s has been iy estigated 1 some detul Traces are found sn milk
(22) wnd in the ussucs of the newborn rat (25) Howeser, studies indicate
that 1f thus element 15 needed extremely small quanuties must be avalable
siiee one microgrum in the mill diet employ ed in one v estigation 1s sufficient
to promote normal growth (26)

Silicon of course 1s necessary for the growth of certun plants (27), and
15 1 faurly common constituent of most ussues (24, 25) and milk (22) No
studics have been reported dealing with its indispensabilies for Mammalia

Bronnne 1s present in rather large quantities m the blood urine and tissues
(26) There 15 no evidence vailble that this element 1s or 1s not an ndis-
pensible one 1 problem wich should be studied

Arseme, too 1s found m tissues and mill - Two micrograms 2 dav of this
clement are sufficient to supply the needs of growing rats (192), rations
lower 1 arsenic content than this have not vet been devised

Rubidmnn s 1 common constituent of blood and tissues (24)  No studies
have been reported 1n which 2 deficiency of this element has been produced
The present writer has shown that robidum will parnally subsnitute for
potasstum 1n 1 diet deficient 1n the latter element, since certain lesions are
charictenstic of potasstum defictency fail to 1ppear when rubidium 15 added
to the diet (94) The substtution 1s not a complete one, of course

Cesmm has been demonstrated 1n the retina of the ox (29), but not in
milk  The function of cestum n the eve has not been clucidated When this
element 15 substituted for potassium m a potassum-deficient dret 1t partally
protects the heart and hidney s from the effects of potassium deprivation (94)
Another clement barmm, has been demonstrated in the eye of oven, where
1t 15 present in the choroid 1 a concentration of 15 per cent of total dried
ussue (30)

Vanadmnt which s found m milk (22) but not in the tissues of the new -
born rat (25) has been investigated with respect to its ndispensabihey I
this element 15 necessary 1t must be present 1 quantties less than 1-5 parts
per mithon of diet so that much more purified diets will have to be concocted
before the question of its indispensability can be settled (31)

Certun other elements are also found in tissues or mill but haye not
been carefully studied These include lead (32), litbuon 2
(22) tar (32) and utanuon (23)

The above group of elements which 1s an ncomplete hisung should give

2) strontuum



20 THE PATHOLOGY OF NUTRITIONAI DISI ASI

urtcase (176), copper 1s sud to be a constituent of ascorbic acid oudise
(128) Then too, 2 large group of enzvmatic reactions 1s specifically acti ated
by certain elements For exumple, calcum 1s necessary for the reaction
prothrombin~>thrombin (440), while potassium actis ates the phosphory la-
tion of creatme (83) Manganese 15 an important 1on for the actiniry of
arginase (166), while magnesium 1s an ntegral part of the cocarboxy lase
system (53) These are but 1 few examples of the mmportance of morganc
elements 1n enzymes and enzymatic reactions In addition, of course, the
presence of 1ron and copper m certam onvgen carriers should be recalled
(128)

Isotoris

Menuon might be made of the occurrence of elements having the sime
atomic number but different 1tomic weights, that 1s, 1sotopes  Little iy cstn
gatton has been directed 1t a study of the possible natural occurrence of
the 1sotopes of various essential elements i the ammal orgamism  These
myestigations are of some theoretical importance as 15 exemplified by one
such study on the companson of the distribution of K43 and K m
potasstum chlonide and the tissues of rats (19)  Most of the ussues had the
same ratio of the two 1sotopes as compared with the mnorganic compound,
with the exception of bene marrow and blood plasmar Iere there was a
shight but sigmificant increase in the heavier 1sotope  VWhether one 1sotope
of 1 grven element 15 physiologically more reactne than another must be left
for further investigation

A more 1mportant phase of the subject of 1sotopes 1s the use of radio-
actve clements i metzbolic studies Such forms of virtually all of the
essential elements hav e been prepared and are being utihzed Some examples
of thetr use will be cited m the pages which follow

Usiqurtous Evratents oF Unanoun T'uncrion

As was noted above there 1s 2 group of elements whose presence 1s indi-
cated 1n the organism by chemical methods of exnmnation but whose indis-
pensabihty has not yet been proven Although 1 few of these clements my
be shown to be essential at some later date 1t 1s likels that most to be dis-
cussed are ingested with the food or nhaled mto the lungs ind are therefore
purely fortmtous The more smportant of these will be mentioned below,
the data are based for the most part on spectrographic 1l ses of tissues and
milk

Since boron 1s essential for the growth of plants (764) this element has
been ivestigated with respect to its mdispensabiliey for animals  Several
independent 1nyestigations have fuled to reveal 1y evidence that boron 1s

an essential element for the rat, and the conclusion must be drawn that of
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1s 1 ulible on others It has been shown for instance that sodium wall par-
mihy replice potismm m the tisues of ammals depleted m the Jatter ele-
ment (78) It 15 possible that sodum attempts to correct the acid bise bal-
ance of the cells, certun other functions of potassium, such as the munram-
ance of the meegriey of heart muscle and kidney, do not appear to be
affected however Two other clements of this group, rubidium and cestum
more nearly rephice potassiim 1t least for 2 short time (94)  When the
former 1s added to 4 potwssium-deficient diet, the characteristic necrosis of
v oeardinl fbers and chinges i the renal wbulir epithchum fail to ap-
pewr The mmnls die however Cesum, which has 2 lugher atonie weighe
thin rubadrum only parenlly protects agunst cardine and renal damage

Since boron and potassum scem to be nter-relited m plant metabolism

obsery wons have been made on rats pliced on potassium deficient diets to
which boron has been added (95) From the datt reported weight gun s
better in the anmals whose potassium depleted diets contun boron thin
those whose mitions do not contun the latter element  The present writer
h1s fuled to confirm these observations, however and further finds that char-
actersstic lestons appear 1n the myocardium and hidney of immnls on 1
potwstum deficrent diet supplemented with boron (652)

Bone of course, furnishes another excellent exvimple of the interchange-
ability of 1ts consutuents  Strontium, magnestum bismuth 1nd Jead may re-
plice caleium i the morgame structure of bone  Substitution of the latter
clement 15 of great chinical significance in the X-ray dngnosis of le1d poson-
mg paticularly in children (191)  Here there 15 an increase in the number
nd size of the spicules of cileified and plumbified cartilagenous matrs m-
terral  Inasmuch s there 1s a furly large quantity of lead present and smce
the absorption coefficient for x-r1vs varies approxumatels ns the fourth power
of the atomic number of an element 1t 15 obvious that such 1 region will
produce 1 bright zone ar the cartlige shaft junction of the bone mn the
roentgenogrm

Tur Cssentian LLEnienTs anp THE Periopic TanLc

It 15 probibly premature to attempt any explaniuon of the relwonshup
of the nutrition1lly essentiil morganic elements to their places n the periodic
tible The subject 1s an teresting one howeser and his aroused no amount
of philosophic speculition A periodic table of all the elements 15 presented
m Table I The mdispensable elements are printed mn bold face, those
wlich are wdispensable for plants 1in walics those which are ubiquitous 1n
normal ty pe, while those which have not been found 1n the organism are in
smill tvpe It 1s only obvious that many which are m the mdispensible
group 1re found on cither side that 1s 1n the most reactne poruons of the
periodic table  But this does not aid m explaning the plice of hthmm w hich
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some 1der of our Inowledge 2t thiy tune  Undoubtedly, s more precuse
methods are devcloped, some of the clements just enumcerited mas be shown
to be mdispenstble  The use of the hy droponic techmque to grow food-
seuffs 1 medin uncontmunated by certun elements would seem to be worthy
of appheaton to this problem (214)

INPER-RETATIONS OF THE T 01 MINTS

An mteresting aspect of the study of the dispensible nd mdispensible
clements m nutrition 1s thae plise which deals with the substirution of one
for another 1n phy siologica] processes A good deal 1s known of these cle
ments comprising the 1! 1l exrth group n this regird bue hietle nfornmtion
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Txine > An Luwnple ot the Interrelation of the Llements This is a sccuon from the cnruhgti
shaft junction of a b from a colored pirl tvo years of ape who ate the pamne from her dotls
for two months  She had the usual clmtcal story of comubions lead Ime in the lmnc: by vy
clevated blood lead (§ mgm_ per cent) mereased CT 1 pressure and postene Pandy At
1 st 1t ) bodses were found in the Incr and Ladney together
11!“‘3‘5‘: despread changes m the central nervous system The bone shows a tremendous 1ncrease
“"““z‘nns of cargliginous nrens materral Compare warh the normal ¥igure 37 page 10
P 2 ¢ ts composed of lead which 15 partnlly replacing calem o thus region The per
e znnfsuch a dense zone may be due both to a contmued ingestion of lead and an mabiliy
:)‘;((cl?:‘i)‘:;.amsm to destroy such tissuc as readdy as possible H and £ w15 (191)
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lemorrhage, prolongwion of the coigulation time, inflimmation of the gistro-
intesumil tract and - osteoporosss

Biochemcal Relationships  Besides 1ts major role s 1 component of the
Sheleral svstem where more than minets percent of the orginism’s total
ciletum 15 found, the 1ons of tlus element are necessary for certnn well-
Tnown phystwological processes  Shortls after Ringer (37) announced the
mportince of calemm m the contriction of heart muscle, 1ts role 1n the
corguliwion of the blood was demonstrited (38) The mechanssm of cal-
cum 1ons 1 this phenomenon 15 sull somew hae obscure, although an hy-
pothests that the clement 15 necessars to unite two factors, A and B, to form
prothrombin pronuses to clear up some of the divergences of opimson (440)
The effect of caleum 1ons on the irnnbilits of nerve and muscle and ats
relation to terainy should be recalled  There 1s some experimental evidence
that calcium controls the permeabilits of capillaries by virtue of its en-
hancement of the solubthry of intercellular cement substance,” which may
be 1 cleum proteinate (40 41)

Pathological Effects Despite the importance of calcium for the organ-
1sm 1 nowledge of the ussue changes associated with deficiency of this ele-
ment are woefully midequate Low calcium rickets has of course been pro-
duced although no descriptions are available 1 anmmls whose diets also
contamn optum] amounts of vitummn D The general pathology of niclets 1s
discussed elsew here (page 104)  Aside from chemical alterations w hich will
be summnrized below calcum deficieney n both rats and dogs leads to
hemorrhage lesions of the gastromntestinal tract and of course, rickets

The most sexere calcium deficiency his been reported 1n rats by Boelter
and Greenberg (42 43) W\ hen such anmnals are placed on 2 diet contamn-
g only 001 percent caleium grow th 1s retarded 1n from four to five weeks
and after seven to ten weeks the ammals exhibir 1 generilized decreased
sensitivaty and reactnvity  Comcident with this the serum calem falls to
1bout five milligrims per hundred centimeters, tetany  however, does not
wpear  Paralysis of the hind legs m1y be noted and, when the deficient
ammals are sumulated by galvanic shocks collapse occurs  Sixtv percent of
the rats succumb by the twenty-third week At autopsy widespread hem-
orrhages are found i the ussues, estravasation of blood 1s promment 1n the
nervous system especally m those ammals which extubited pamalysis before
death  Hemorrhage and paraly sis are common 1n the v oung born of calcum-
deficient females (39) and bleeding s also 2 prominent feature of the calcium-
deficient syndrome reported 1n dogs (36) It 1s unfortunate that micro-
scopic studies have not yet been reported 1n these two species, since 1t v ould
be of interest to determme 1if posable whether there 15 actual damage to
capillary endothelmm or whether the hemorrhages are incident to normal
trauma to vessels That the former mav be the case 15 suggested by the work
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1s touc and bery hum which appears to be mactne The reason for the ap-
pearance of the essennal elements 1 the periodic table has been explamed
on the basis of subshell of transition atomic number and ranl of the elements
(787) YWhether such an explanation 1s 2 vahd one remamns to be seen

Calcrum”™

Historical Innumerable expeniments utilizing calcium-deficient drets have
been reported for the most part, however the ranons which were employed
have been deficient not onh m calcium but in other essentul nutrients as
well In 1937 Martn (36) prepared a dier adequate mn other respects but
containung only thiry parts of calewm per muthon  The chamctensuc
s ndrome which develops 1 dogs fed this ranon consists of widespread

e
hfe 1 mmpossible for, lammaba without carbon, hy drogen, ovvgen and mtrogen
these ﬁ?ncfcnutu,:ﬂ not be considered i this book
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s been corroborited by the appetrinee of ety ind reduction m serum
caluum concentrtions

In sunnmary, expermental cilaum deficiency leads to 1 deringement of
blood congulation and of the integnts of capillry epachelm Tissue changes
conssung of ulcerition of the stomich citirets and pirathsrowd enlarge-
ment hwe been deseribed

Calemnr Deficreney m Man The most dimmane pithologic minmifesta-
non of eiletum deficiency 1 the human nickets and ostcomalieii—are de-
scribed n the secuon derling with vitinun D (page 104) - Another form
of caleum deficteney which 1s followed by disistrous results 1 both man
wd ammils 1s of course produced by removal of the pairithyvroid glinde

Magnesium

Historical  The spectacular svndrome of magnesium deficiency 1 the ric
was fint reported by McCollum and his co-worhers m 1931 (47) Subse-
quent studies by the Johns Hophins m esngators and others hive aided n
chrifving some of the chinges which tihe phee n the 1l orgiusm
when dictary magnesium 1s restricted

Biochenncal Relationships  Magnesium ss widely distributed 1 the tissues
where 1ts ntracellular concentration 1s onlv secondiry to potassium  The
greatest concentrations ire found in the bones although this cation accounts
for onlv 05 to 07 percent of the ash (48) Magnesium 1s lso present mn
plsm1 where it furnishes only a verv small propornion of the basic 1ons
(49) The irntabihin of muscle and nenve 1s affected by changes 1n con-
centrations of magnesium excesses produce narcosis (50) while decreases
lead to hypenrmitabilies (51)  In addimon magnesium 1ons like those n
certain other clements such as potassum and zinc are necessany for the
actinaty of certain enzymes for stance phosphatase (52) and cocarbos lise
(53) (489) although this latrer action 15 not enurely specific since mang nese
will substitute for 1t Magnesium appears to participate in virtually every
phosphory lating mechanism

Pathological Effects In rats (54) and dogs (5>) phced on 2 diet con-
tuning onlv 018 percent magnestum VicCollum et 1l hue descnbed the
development of a spectfic svndrome characterized by dilatition of the
cutaneous vessels hy perirritability and convulsne seizures  The latter may
be precipitated by external stmuli of vanous o pes The first attack proves
fatal 1 abour eighty percent of rats or dogs The followmg description
graphically portravs the course of one of the serures  The evcirible
ammmal (rat) startled by sound races at rapid speed in a wide circle unul



26 THE PATHOLOGY OF \UTRITIONAL DISFASE

of Chambers who has presented evidence thar “mtercellultr cement stb-
stince” my be 1 calclum protem compley, of this 1s true one would suppose
that there 1s actual damage to capilhiries 1 calelm deficient anmals (40
41) The explanation of hemorrhages 1n cileium deficiency 1s anlogous to
the stuation 1n vitamin K deficieney where a simular question remams to be
scetled (page 128)

Boelter and Greenberg (42) have not described any abnormahties 1 the
gastromtestinal trace of the rat, however, other observations m this species
are not 1n agreement since lesions are described in the antrum of the stomach
though not m the fundus or rumen (44), such changes consist of hy perplisa
of the hning epithelum with necrosts and hemorrhage Tt 1s of interest that
m dogs i “nflunmed hemorrhagic gistric and mntesunal mucosa with
occasionl uleerition” has been described (36)

The reproduction of rats on a calcium low dier has also been studied
(39) Ferubty ripidly decreases and the ammals soon fail to mate In ad-
dition 1n those females which give birth to young there 15 insufficient milk
to nourish their offspring W hether these 1bnormalities are the effects of
nmition are questions which reman to be mvesugated

A most mteresting obsers 1tion 1s that moderate amounts of cilcium salts
anjected mto normal rius ire perfectls mnocuous while mtrwenous ad-
ministrinon of sumlir quanuties into calcium deficient ammals resules 1
rupture of the right ventricle of the heart (42)

The ncurological disturbances of calcum deficient animals are not 1t 1ll
clexwr Terany does not appeir to occur but paribyss, particularly of the
hind legs has been noted n both rats (42) and dogs (36) In addition tome
clonic convulsions are smd to occur m the Iatter but not the former species
Studies both phy stological and anatomucal of the neryous tssues of calcium
deficient 1mmals are greatly to be desired

Several other muscellincous effects of calcum deficiency have been de-
seribed and should be studied further In the rat unpunfied, low -caleum
dicts lead to 1 increase 1n sze of the parathyvrowd glands, the change 1s sud
to be duc to both hy perplisia and hy pertrophy of the cells, an increase m
the number of osmaphilic cells and n the complewity of the golgr appiratus
huve also been noted (45)  Such alteranions are, of course, m 1 eeping with
the current concepts of parathyroid actnvaty mn relation to levels of blood
cilcium and explam the mereased activity of these glands 1 cases of renal
msufficiency 1n which the levels of scrum calctum may be reduced

When rabbits are placed on a low calcium dier lens opacities have been
noted (46) Such chinges 1n the lens may be obsery ed duning the second
weel of the deficiency and consist ophthalmoscopicalls as shts, vacuoles nd
dots neir the equator of the lens The opacities then progress out tow 1r’d
the anterior and posterior suture lines Calcim deficsency i such anmals
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leaps 1nto the ae 1t the sune time spinnung ltenilly several nmes, or 1t mn
‘eurlup with mirhed flevion of all extrenunies, or it mnv do neither There
1s marhed cvanosis  \ssocrated with the convulsne seizure 1s regurgitation
of the stonrich contents into the esophagus and mouth as sienifice expert-
ments dunng this period hive shown

Within 1 short tune the 1mmal rears from the dorsal or lateral re-
cumbent position 1n 1n attempt to stand but 1s extremities wall not suppore
1t The amimal buries 1ts head n 1ts outstretched fore hmbs and propels tself
forward entirely by 1ts hind hmbs which howeser are so extended with
paws hsperentended that the dorsal, not the plantar surface bears the
weight Instead of forward mouon fine tremors mav appear over the body
Throughout this stage the eveballs are retracted

Following the comvulsnve stage comes the recovers stage doubtless de-
pendent on exhaustion Dunng this pertod there 1s moderate cvanosis of
shin coldness of the extremities lacrimattons from the dull shrunken eves
champing of the jaws and drooling from the mouth A hemorrhage mav
1ssue from the nose and orbit and bloods frothy flud consisung largels of
regurgitated stomach contents mived with blood may bubble from the mouth
No urmnar or fecal incontinence 1s seen dunng the attach ™

Microscopic exanunation of the ner ous tissues of magnesium-deficient
ammals have not been reported Studies of the action of certamn drugs on
magnesium-deficient rats have lead Tufts and Greenberg (56) to conclude
that the site of action of the sensorv stmuli which produce the seizures 1s
in the midbrmn  These 1 estigators feel that tetany resulung from calcrum
or magnesium deficiency differ since the muscle spasms 1n the anmmals de-
pleted 1 the former cauon are abolshed by curare while those deprned
of magnesium are not In view of our madequate understanding of the true
nature of tetany 1t would seem unwise to argue thar magnesium deficiency
can or cannot lead to this svndrome It 1s of mterest, however that the elec-
trical threshold 1s reduced 11 magnesium-deficient rats as 1t 15 1 retany
resultng from other causes

Chemucal studies on magnesium-deficient amimals have shown an earls
and an abrupt fall 1n serum magnesium from a normal of 296 milligrams
percent to 081 mulhgrams percent (57) After this mtal fall the serum
magnestum slowly nses As would be expected the urmar excreuon of the
1on 15 greatly dimumshed, there » 2 concomutant retention of calcium (58)
Certam other abnormahies m blood chemustrs have been mterpreted to
result from a general nutntve failure since such changes occur later 1 the
deficiency for mstance mcreased cholesterol and decreased fatty acid + alues
(57) together with a reduction n serum phosphatase acuvity (59) Changes
i the bones and teeth will be discussed below b

McCollum et al (54) have called artention to the appearance of tachy -
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it finally falls on ns side The ennre body of the animal 1s now ngid with
head stretched back fore hmbs extended at three upper jomts and fleved at
the metacarpophalangeal jomt and hind imbs extended backward  So fived
are the jaws that often the tongue 1s perforated by the clenched reeth The
skan presents a waw appearance  All respirators moements cease dunng the
artack and rerurn with the relavanon of the muscolarure Prapism mav ap-
pear at this ume and persist unnl death

This stage of spasticin 15 succeeded by a penod of relaanion lasing
onh 1 ven shorr tme While sull lvng on uts side the ammal evhibies

Fruexe 4 Masnesum “Teramy™ (6 ) From nght to lefr are shown several stages of a con
vulave seizure which charactenzes magnesium deficiency  In rst stace there lsugrw:;
spastarny with hvperextenson, This 1s followed by relaranon which may be m m fo ?‘b
b nmdin and oprsthotonos. The anumal then mav either recover or die  (Courress of Dr
\Maunce Sullivan and the Hrckr es of Dermxtology and $yphidolegy )

rwitching i vanous regions, or paddles rapidls with all extrermues  Comn-
cident with this behavior the ammal s v eballs become more pronunent the
cars suffen and project backwards aganst the wde of the head and the fur
stands erect  Then reappears a romc spasm 1 which the ngid body assumes
a tvpical posinion wiath the fore Iimbs pressed nghtlv agamst the thormy fore
paws clenched and hind extremiies extended This spasuc condimon may
e way to clonic contractions m W hich the fore lu;nbs are alternatelr :;a\\ln
;lp to the chest and extended from the bodv  Nexr the ammal suddenly
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tail 1o show hy perheratosts, acanthosts and \acuohzation of some of the epithelul cells There

1 diffuse cellular tnfiltranon 1n the conum

{Courtess of Dr \lwunce Sullnin and the
Arelres of D rmatalogy and Svplilologs )
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cardia 1s 2cute nignesium deficieney dey elops, clectrociedio-graphic studies
m rats reveal snoaurscultr block (56)

\licroscopie cvammation of the tissues of magnesum depleted rats have
revealed chinges n the slin kidnevs lwer, and teeth Dilatation of the
cutaneous vessels 15 one of the promnent features of magnesium deficiency
which McCollum and Orent (47) first deseribed, such hy perenun lasts about
aweel In those ammals which survne the ensuing convulsions edem of
the paws and ears 1s well as changes n the shan may be noted  Careful studies
of the pithogenesis of the cutaneous lesions have been reported by Sullnan
and Exvans (60) Trom the fourth to the eghth dny of the deficiency
ervthemn and cdem become prominent 1n the ears, piws and trun!  Alicro-
scopically the vessels of the cuus are dilted, fld and cellular infiltrition
are observed 1n the cormm At this stage there 15 no alteration 1 the cpi-
dermis nor any loss of hur Later, however, a Joosely lummated by per-
Keratosis appears and 1s followed by a patchuls distributed 1canthosis Indi-
vidul cells become vacuolited and display pscnotie nucler No changes can
be detected in the sebiceous and coil ghinds Sullisan and Exvans (60) arc
amble to substaintite a clum (56) thar signs of magnesium deficiency are
affected by the vieumn B content of the diet nor can the contentions of
MacCardle et 2l be confirmed On the basis of spectrographic (61) and
micro-mcmeratton (62) studies, the Iitter mvesugators find 1 decrease n
the mignestum content of the shin in c1ses of human neurodermitius From
this they postulate that neurodermatitts and magnesium deficiency are ident-
1c1] or simlar diseases Sullivan and Dvaps (63) have conclusiely shown
that the pathologic manifestattons of these two syndromes are quire different

The renal lestons 1 mignestum-deficient 1mals have been madequtels
studied The picture 15 further complicated by the use of diets which mv
not hue furnished all necessary nutrients  The follow ing changes have been
noted extreme degeneranon of tubulir and glomerulir epithelum with
cleireous deposits n the lumens of the tubules (64) cilcum deposies 10
the straight and collecting tubules w hich lead to ¢ysuc diltation of the struc-
tures above (65) ‘etreme degeneration of the tubules and glomeruh and
deposits of calcareous marerial 1n areas of degeneration” (60) Increascd
utmry volume and protemuna but no hematurn or casts hrve been ob-
served Hypoprotememr ensues and may be followed by edemn (66)
Alore complete studies of the renal changes are much to be desired  Al-
terations which hvve been described mn the Iner re even more frigmennn
and difficult to esalvate “hyperemia perrvascular edema and occastonal
disintegration of Iner cells’ have been recorded (60)

Studies of magnesum deficiency by the Johns Hophins investigitors
revealed changes at another site the teeth Kline et al (67) noted extreme
v pertrophy of the gums the result of subepithelial connectnn e ussue pro-
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data concerning the potassium content of representatne ussues of the rat
the paper of Orent-heiles and VMcCollum (78) should be consulted This
clement may be demonstrated m muscle by histochetmical methods The
procedure which emplovs sodum cobslunitnite should prove useful
studtes of experimental potasstum deficiency (79)

Because of trs presence within cells 2 great manv phvsiological roles
have been asenibed to potasssum  Among the most mportant functions of
this cation are 1ts relanonship to the metsbolism of muscle and nene The
partucipation of the poussum of evtracellular fimd 1 the contracuon of
carduc muscle was demonstrated i 1892 by Ringer (37) who showed that
thrs cation reduces contractions and favors the relixation of carde muscle
fibers Furthermore small vamattons m serum potassrum are sud to affect
the response of the heart to vagal sumuliton here sensitivity 1 mereased by
2 nse 1 potasstum content of the extracellulir fid (81) Potassiom s like-
wie concerned with the metabolsm of struted muscle for m famulml
penodic parahvsis serum potassum falls during an atach  there 15 not. how-
ever 1 concommant mncrease m the excretion of this canon (82) In wuro
expeniments have shown that potassium 1s necessars for the phoesphor Lanon
of creatine (83) \When nerve 1s sumulated there 1s a loss of potassum  The
implications of this are not clear Potasssum accelerates the svnthesss of an
acenIcholine by bram ossue m vitro (84) These then, are a few repre-
sentatn e examples of how potassium funetions i the organsm, many other
mamifestatons of the action of potasstam have been reviewed by Fenn (§5)

Patkological Effects Both physiological and morphological effects of
potassium defictency have been descmibed 1n rats (86 87 8S) muce (§9)
dogs (90) and calies (91 92) In the former species 0 17 percent potasstum
m the diet appears to be the mummal amount which will support optrmal
growth (88) The tsues which are the sites of damage are the heart volun-
tary muscle (dogs onh ) and Lidnevs

Using diets contaiung onlv 001 percent powssrum and adequite m all
other respects. the present writer i assoctation with Orent-Keiles and Me-
Collum (87) has described disturbances m growth and lestons m the hearr
and kidnevs of mts Anmals. acatels defictent mav die m the third or fourth
week rats which have been mantamed on a ration somew hat less defictent m
potassium Ine for as long as three hundred and twenny -seven davs

Heart Grosshy after several weeks on the potasstum-low regmmen tny
gray opacities are observed tn the ventricles of the heart. \!1cmscopxc stadies
of the m\ ocardium rev eal lesions 1 anmals w hich have been on the deficrent

diet for as lutle a5 exght davs The my ocardual fibers at this ame lose therr
stnation and become hvabne and necrouc comcident with these changes
the mterstinal spaces are mfiltrated by lenhocvtes These lesions range m
extent from nny focr which early m the course of the deficencs mvolve
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Iiferation  Striations were noted 1n the dentine, as well as alterations 1n the
ameloblastic layer The dental structures have been carefully studied by
competent oral histologists (68, 69, 70, 71, 72) and the following chinges
seem well established An earh manifestation 15 retardation of dentine for-
mation particularly that of the labral surface, which 1 half or less the width
of the hingual denune Peculiar striations 1n the dentine apper which may
be due to vanations of grow th smular to those which are seen i the bones
The odontoblasts are responsible for the changes in the dentine smce these
cells become atrophic and are inclosed on all sides by dentme In 1 sumlar
fashion ameloblasts atrophy, as 1 result enamel formauon 1s retarded and
the resultant covering 1s hy poplastic  Caleified stones are also a promment
feature 1 the pulp of magnestum-depleted tecth Chemical studies have
shown no great decrease 1n the absolute magnesium content of the rat's in-
cisor (73)  This 1s unlike the situation m bone where magnesium has been
shown to decrease and calcium to ncrease in the early stages of the de-
fictency (74) In this respect magnesam mny be unique n that 1t seems
to be able to leave the bones without destruction of the latter tahmg place

Histological studies of the grow ing bones of magnesium deficient mmimals
have not been reported Bone apparently serves as 1 reservorr for mig-
nestum, when the blood level falls magnesium 1s made wvaulible and 15 re-
placed by calcium (75)

Inn sunnnary, magnestum defictency 1 experimental amimals leads to dis-
turbances of the neuromusculir and vascular systems and changes m the
teeth Iner and hidneys The latter two organs require more study

Vagnesum Deficiency m Vfan  The svndrome of magnesum deficiencs
mn the human must be very rare However, 1 case of suspected deficiency
of this cation has been reported in 2 chuld (76) Com ulsions were obsert ed
at seven months of age but gradually decreased, at the age of 3 there was
duzzaness and by the age of 6 vears a tremor had become worse so that he
was unable to write Tetany was noted and the plisma magnestum was
found to be low Magnesium therapy led to disappearince of dizziness and
tremor which returned when treatment was discontinued More cases must
be obserted before ths 1solated report can be accepted as evidence of mag-
nesium tetany 1n mAn

Potassium

Historicd  The mdispensabihits of potasstum was reported first 1 1918
by Osborne and Mendel (77) who demonstrated 2 retardation of growth
i racs which had been placed on a diet contammg onlv 0033 percent

potasstum

Buiochenncal Relatsonships - All tissues contan meracellular potasstum For
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until vreually exhisted  The alterwons n the my ocardum tended to be
more extensive m those wimaly made to exercse thin n controls not so
uaed (93)  Insmuch 1 sodum hs been shown to enter the tissues to
replice potassium when the organsm 1 depleted of the latter clement (78),
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Fitre 7 Hearr Chronic Potassium Deficiency (87)  Myocardivm of amimal which had been
o a potassium deficrent dret for 3°7 days There has been widespread destrucuon of muscle
fibers with subscquent replacement by connccune ussue  Though a few mflammators cells
are present most of the nucler which can be obseried are those of fibroblasts H and L 150

myestigations have been made in order to vield informinon on the replace-
ment of this 10n by other elements, such as rubidium cestum and boron
When rubtdium 15 substituted for potassum 1 1 potissium-deficient diet,
mnocrdnl lesons do not appear although the ammals die after 1 short
while (94) Cesum protects the heart of some ammals but not all (94)
Low potassium diets supplemented with boron as boric 1cid or boras 1re
smd to pernut longer sunnal of ammils than those withour 1dded boron
(97) the present writer has been unible to confirm this (652)

Since 1dentical myocardial necrosis has been obsersed mn thiamine-
deficient ammals (506) the effect of an acute deficiency m both potissium
and thiamme has been studied (96)  Lesions fail to appear even though the
ammals mav live as Jong as thiees -one davs  The reason for this protectn e
effect 15 not clear 1nd requires further mestigation
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Yuvar 6 Herre Acute Potassium Deficiencs (87) A Small focus m wall of left ventncle
of rit on potaswem deficrent diet for nine days  There 1s destructuion of a few of the myo
Crrdial fibers with mhltration of cells most of which are mononuclears Numerous such smalt
focr are found scatrered about n the mvocardium 1n_the nphe and left venericles ar this tme
LI and £ ¥300 B Section through enure wall of nght ventncle of a1l on potassium
deficient duct for 12 davs  This shows more diffuse infiltration and more extensn e involvement
of the myocardial fibers H and L w150

only one or tw o muscle fibers to large ares as much as tw o low -pow et micro-
scopic fields in greatest diameter as the deficiency progresses In some hearts
the tissties become diffusely nfilerated with leulocs tes 1nd 1re remunpseent
of the lestons encountered m human myocardins such as thar followmng
diptheria  Altertnions are found m both ventricles but e usuallyv scmnv
sn the wncalr nmuscultture Blood vesscls are normal s are the epierrdum
mnd endocardium, no mural thromb: have been observed In ammials ving
the longest there 1 usually an increased proliferation of connecuve tissue
1t the sites of necrosis of the my ocardsal fibers, so tht scars of v irying s1zes
are produced There 1s 1 reduction 1 the potisstam content of the hewts
of deficent rats (78)

The effect of exercise on the development of cardne Jesions has been
crudied by suspending weights to the thorax of rats ind havng them swim
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Ficire § Kidnev  Acute Potassium D-fiencs (87) A This rat had been on 2 potassium
deficient diet for Iy davs  Note racuolated cells 1 which far mav be stamed and a dilated
tubule which contamns desquamated cells and debns  Such tubular epithehum becomes necrooc
and 1s sloughed off 1nto the tubule H and E., x200 (Courtess of the dmenican Journal of
latlology ) B Subacute potassum deficiency  This rat had been on a porassiom deficient
diet for five weeks \ore numerous dilated tubules hned by flaczened recenerated epithelium
Some contan hyalme st~ matenal H and E,, 1150

cells become necrotic  Cellular debns and fat globules are then found in
the lumens of the tubules As earlsv as the fourteenth dav of the deficiency
the tubules are found lined by flattened regeneratng epithehum  As nme
goes on there are manv tubules Iined by this ¢y pe of epithelum and 1n some
tubules the epstheltum has become calcified Calcareous casts are found in
the lumens of the tubules No glomerular lesions have been obsened nor
are there anv changes 1 the renal blood vessels

Inclusion of rubidium 1n a porassum-defictent diet seems to protect the
Ludnev s of all the rats so studied by the present wrter cesium protects to a
lesser extent (94) Excessne amounts of desovs corticosterone as well as
affecung the heart produce renal changes, lestons smmlar to those described
as a result of potassium deficiency have been observed m rars and are made
a little more severe as the potasstum content of the diet 15 reduced (103)

In sunnmiry there 15 evidence from evperimental ammals that potassium
deficiency leads to necrosts of the myocardul fibers and necrosis of renal
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An observanon mtmately related to potassium and 1es importance to the
mtegrity of the myocardum 1s that sumlar cardiae lestons my be produced
by mmyectron of desovs corticostcrone  Such an observation 1s explamed by
the well-hnown action of this adrenal hormone to promote the evcretion
of potassum and facihtate the retention of sodmm, Jesions sumilar to those
of potassium deficiency have been produced m rats by this means (97)
When potissmm-deficient antmals are treared with cortical hormone, lestons
appear sooner and arc more estensive than when cither onc or the other pro-
cedures are emploved (98) The hewre muscle of amimals treaced with
cortic1l hormone has 1 lower potasstam content than normal (97) It 1s sud
thae the hearts of anmmals trerted with desoxs corticosterone develop lestons
siihr to those of rheumatic fever (99) Nothing resembling an Aschoff
body hns ever been encountered 1n our own potisstum-deficient maternl
nor do Sclve’s photormicrographs substantate such a contention

Lestons resulting from porwssium deficiency have been described m the
my ocardium of muce (§9) as well as 1n the Purl inje neework of the hearts
of cilves (92) Llectrocardiographic changes substanuate morphologiead
obsery ation mn the latter specres (91)

In contrst to the cardrac lesions which have been produced m rats on
low potasstum diets, no alteratons have been noted 1n the s eletal muscula-
ture (87) although the potasstum content of such muscle 1s reduced (78)
Even i rats which 1re forced to esercise strenuoush, no structural aleera-
tions have been observed (93) Chemical studies however mdicate that
exerase per se does not sigmificintly lower the potassium content of volun-
tary muscles (100) It 1s therefore, not unexpected to hnd that no lestons
have been produced 1n striated muscle of the rat by njections of desor; -
corticosterone (101) It 1s of some nterest to note that s hen rats are simul-
twcously depleted of both thiamme and potassium necroses of the sheletal
muscles appear (96) 1In contrast to this species paralysis his been de-
scribed m dogs on purified diets of low potasstum content (90) It 1s of
further interest that pertodic musculir weakness occurs when dogs are
anen excessive amounts of desoxy corticosterone

Kidnev  The only other tissue which 1s the site of injury in potassimm-
deficient ammals 15 the hidney  Changes have been described m both rats
(87) and muce (89) In the former species microscopic lesions have been
observed as early as the eighth dav of the deficiency  After several weeks
the Lidneys grossly appear pale and swollen As time goes on the organs
wmerease 1 size and soon devclop a finely pitted surface  On mucroscopic
evwmmation the mitial change to be observed 1s fatty nfiltration of the
wubular epithehum  This begmns with the apperance of small sudinophilic,
non doubly refractile globules 1n the ¢y toplasm betw cen the basement mem-

brane and nucleus  This deposition of fat continues and soon the cpithelnl
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Futez ¢ Ridees  Acu e Potzwuam Detaency 575 A Ths mt kad been on 2 potasrem

defaere det for 15 dins N s vacunls ed cells 11wk cb f1 ruy be sared and 2 dlhed

b e wb.ch cortaos desquama ed cel's a~d debns Scch mbulis eprheliT becomes recroue

2°d w sloozhed oF mto the whuie M a7d b w00 Courtess of the drevr-ar Jo mrnal of

"-" 22v) B Scbicu e potassu— deraeney. Thes ra Fad been on 2 poassmm defaarm

der fortve weels  Nore ruTerous d s ed thcles Lred by fr~ered rezerers ed eprthielom
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cells become necrone  Cellular debns and fat globules are then found m
the lumens of the tubules s earlv as the fourteenth dav of the defictency
the twbules are found hned by flartened regenerating epithelirm  As ame
g0cs on there are many tubules Iined by this v pe of epitheliom, and 1 some
tubules the epithelium has become calaified  Calcareous casts are found m
the lumens of the wwbules o glomerular lestons have been observed. nor
are there any changes m the renal blood vessels

Inclusion of rubidium m 2 potzsstum-deficient diet seems to prorect the
Kdnevs of ali the rats so studied by the PIEsent WIiter CeSIWN Protects to a
lesser extent (94) Excessne amounss of desow corticosterone. as well as
affecting the hearr, produce renal changes lestons stmilar to those described
as a result of potassium defictency have been observed m rats and are made
2 Inttle more severe as the potassium content of the dier 15 reduced (103)

Inr sumnnary there 1s evidence from evpenimental anmmls that potasstum
deficiency leads to necrosis of the mvocardwl fibers and necross of remal
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An observation mtmately related to potasstum and its mportance to the
mtegnty of the my ocardium 1s that stmilar cardinc lesions mav be produced
by 1njection of desovy corticosterone  Such an observation 15 explamed by
the well-Inown acuon of this drenal hormone to promote the exeretion
of potassium and facilitate the retention of sodium, lesions stnular to those
of potassum deficiency have been produced mn rats by this means (97)
When potasstum-deficient ammals are treated with cortcal hormone, Iesions
1ppear sooner mnd are more extensive than when either one or the other pro
cedures are emploved (98) The heart muscle of ammmls treated with
cortical hormone has 1 Jow er potassium content than noemal (97) e 1s sard
that the herrts of ammals treated with desovy corticosterone develop lesions
stmilar to those of rheumatc fever (99) Nothing resembling an Aschoff
body has ever been cncountered 1n our own porassium-defictient matenl,
nor do Selye’s photomicrographs substantiate such 2 contention

Lesions resulung from potissium deficiency have been deseribed 1n the
my ocardium of mrce (89) s well s in the Purl inje nerwork of the hearts
of calves (92) Clectrocardiographic changes substinnite morphologrenl
observation 1n the Iatter species (91)

In contrast to the cardme lestons which hnve been produced in rits on
low potassium diets no alteraions have been noted 1 the sl eletal muscal-
ture (87), although the potassium content of such muscle 15 reduced (78)
Even tn rits which are forced to exercise strenuoush  no structurl alter-
tions have been obscried (93) Chemucal studies, however, ndicate that
exercise per se does not significantly lower the potissum content of volun
tary muscles (100) It 1s therefore not unexpected to find that no lesions
have been produced in striated muscle of the rat by mjections of desovy-
corticosterone (101) It 15 of some mnterest to note that when rats are sunul-
taneoushy depleted of both thiamine and potasstum necroses of the sheletal
muscles appear (96) In contrast to this spectes, pariysis has been de-
scribed 1 dogs on punfied diets of low potassium content (90) I s of
further mterest that periodic musculir weahness occurs when dogs are
given excesstve amounts of desovy corticosterone

Kidney The only other tissue which 1s the site of mjury n potassam-
deficient wumals 1s the hidney Changes have been described 1n both rats
(87) and mice (89) In the former species microscopic lesions have been
observed as early as the eighth dav of the deficiency  After several weel's
the hidnevs grossly appear pale and swollen As time goes on the organs
increase mn size and soon develop a finelv pitted surface On microscopic
evimmation the il change to be observed 1s fatry mfiltrinon of the
tubulac epxthchum This begins with the appearance of small sudinophilic
non doubly refrictile globules m the ¢ toplasm betw een the basement mem;
brane and nuclens This deposition of fat continues and soon the epitheln
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stinces of potissmum deficienes 1 chronic nephnins (782) and diabetes
mellitus (783) have been reported  Such were charictenized by muscular
pirilvsis clectrocardiogriphic changes and decreases i the concentration
of serum potassium  The etology 15 not entirels clear through dwresis and
gl cogenesis apper to be mportant 1 the latter, while the possible mability
of the hidnevs to form ammoma to excret n combinition with 1c1d radicles
was suggested m the former group

Sodum

Historical  Retardation 1n grow th of rats on sy nthetie diets of low sodium
content was first reported by St John (106) in 1926 the subject was
more cxtensinely studied some vears later by Orent-Reiles, Robinson and
McCollum (107)

Biochenncal Relationships  The majonty of sodium in the anymal organ
1s extracellular  This 1on accounts for 142 of the 155 mulltequnalents per
hiter of the basic 1ons of the extracellular fluid (49) TIacept for esidence
that sodum can replace potasstum when the tissues are depleted of the latter
cation (78) and its smportance on the contraction of the heart (37) verv
Iitle else 1s known of the funcnons of this element 1n the amimal organism

Pathological Effects Orent-Keiles and McCollum (109) have devised
a rauon which contams only 0002 percent sodium VVhen rats are placed
on such 1 diet gam m weight duning the first few weeks 1s normal, growzh
then becomes retarded and 1n general after eight to ten weeks the ammals
erther faill to gam or begmn to lose weight All are dead by the eighteenth
to the twentv-fist week Grossh  charactersstic changes make their ap-
pearance m the eves between the eighth and tenth week the comeae become
cloudv and the Ids appear swollen and lose thewr hair

The ussues of such deficient rats have been studied by the present writer
i assocation with Orent-Keiles and McCollum (110)  Vicroscoprcalls,
aside from non-specific athreptic changes m the reproductive svstem thymus
and bone the only lesions to be found are those of the ocular apparatus
The pathogenesis of these changes has been described as follows there 1s
progressive dilatation of the ducts of the tarsal or mesbomian glands This s
apparently due to obstruction of their openings since granular pink-staming
material 1s found attached to the hd margins Dilatation of the ducts ac-
counts for the swelling of the Iids which 1s noted grossly  \\ hen the dila-
raton becomes extreme there 1s atrophy of the glandular elements  Asso-
cnted with these changes 1s an alteration mn the character of the epithelum
of the inner hning of the Iids Normal columnar and goblet cells are re-
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Ticvre 9 Kadney  Chrome Potassium Deficency (87)  hadney of a rat which had been on a
potassium deficient dict for 84 dys  Section shows dilated” tubules along the cortex wnd
promenent dilated structures 1t the cortico medullary junction H and £ 116

¥
[

tubular epthehum  No other eerations have been noted other thm those
which my be aseribed to innnon

Potassiumr Deficiency m Uan Tt 15 vers unlilely thar potassin de-
ficieney 1 the humin ever occurs 1s 1 result of inadequate dietary neal e
Conditioned potissium deficiency m1y be encountered however It will be
recalled that injections of desony corticosterone ferd to excessne excretion
of prtassium  Tovic effects have been noted 1n man 1s evidence by electro-
cardrogriphic changes (104) and m one mstince fresh necroses hwe been
found n the my ocardium (105) It will be recalled that 1 decrease i serum
potisium occurs durmg attacl s of fumlial penodic parilyas (82), clectro-
cirdiographic changes have been described i paents suffering from this
disease (757)

A condmioned porassium defictenes oceurs i infants with severe del -
dration ind dirther  Other elements are of course lost 15 well but it hs
been show n that the parenteral administration of potassium 1ons cruses more
mrl ed mmprovement thn o this clement 15 not gnen (765) Tsohied m-



THL FSSENTINDL TLIMLNTS +1

The effects of sodum deprivtion hve been studicd 1 dogs i which
obsenvations were mide over 1 pertod of eight weeks  Loss of weaight dry-
ness of the shin nd loss of hur are sud to occur, the eves show no
changes (112)

In suumry, sodim defivency appeans to lead to oculir changes in rats,
the principal tleerttions are vasculinzation of the cornet and obstruction of
the tinsal glds

Sodunt Deficiency i Man Sodwm deficieney n the human probably
never occuns i an uncomplicated form, usually there 15 a concomitant de-
ficieney of chlonde 1s well  Severe depletion of the sodium nd chlonde
stores w1ch an 1ecompans ing loss of water occurs wm Addison’s Disease w huch
1s due to destruction of the adrenal cortex with consequent nidequate
corueil hormone production  The unniry excretion of sodium and chlonde
1s extreme under such circumstances  Inasmuch as the adrenal corucal hor-
mone or hormones 1ppeir to hne funcnions other than those detling with
salt metabolism there are no signs or ssmptoms which can be entirely
ascribed to 1 deficiency per se of sodum and/or chlonde

Another mstince of excessive loss of these two elements 1s found when
there 15 profuse sweaung  Expermiental sodium chlonde deficiency has been
studied by McCance (768) who 1n himself and 1 group of fellow subjects
his described anorenir nausea fatugue a sense of exhaustion and muscle
cramps  As would be evpected there w 1s hemoconcentration  All such mani-
festations of the defictency disippear followsng the ingestion of salt and
water

Sulfur

Historical  The element sulfur has been known from earliest umes De-
fictency of morginic sulfur 1s dwarfed by the importance of deficiencies of
the sulfur-contuming 1mmo acids methiome and cystine (see page 82) No
pomted expenments have been directed at 2 study of the effects of 1 de-
ficiency of morganic sulfur utihzing dets contuming virving quanaties of
the two sulfur anuno acids

Brochenpncal Relationships  Sulfur 1s found 1 a wide vapery of com-
pounds 1 the orgamsm and 15 physiologically one of the most 1mportant
elements  For mstance 1t oceurs 10 amino acids (methiomne, cy stmne) hor-
mones (estrogens msulin) a vanety of enzyvmes certain ytamns (thia-
mine biotn) taurine carbohydrates (chondromtin sulfuric acid) and hpids
(sulfatides)

The funcuions of ingested morgame sulfur are not ar all clear The
brochermieal relwonships of organic or ammno aaid sulfur compounds are
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pheed by strinfied squamous epithchum  In the corner the el change
15 1 mugrion of feuhocy tes mto the substintn propm followed by an e
growth of capillanes In che early seages of cellulir and vascular infileranon
the corneal epithehum shows no chinge, later however, 1t becomes 1 eratm
ized The cause or cwses of the corneal chinges 1re not clear, but are mter-
esting to speculte upon It s well known thae the corneal epithelum s
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Tuvm 10 Lye Sodmim Deficiency (110} Scction through antenor scgment of the c)lc ng
2 rar which had been on a soduam deficient dier for 8% dayy - The upper hd can be seen o ““a
wah tremendowsly dthted tarsal glands The mner hnmg epnhelum s transformed ‘u‘\m 2
strpficd squamous ype A simlar metaplisia is found m the corneal epithelium  n wld m:xc
Blond vessels and Jew) ocytes are found mfiltrting the substantia propna of this seructdl
H amd L aux

umque 1 that 1t 15 m conract with an hy perronic ensironment produced by
evaporation of the tears In the sodwm depleted ammal, the sodium content
of the tews 15 doubtless reduced with conscquent drop to 150- or even
hypotonterry  The corneal epithelum conditioned normally to 1w pertonic
medium muy be extremely sensin e to one which approaches that of normil
cells TTow much of a role absence of the secretions of the meibomuan ghnds
plavs s fruse for speculation s well

An madentil observaton might be mentioned  When rits are made
hypertenst ¢ by reduction of Lidney ussue the exclusion of sodmm from
¢he dicr reduces the clevited blood pressure (111), the rewson for thus 15 not

understood
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‘athological 1 ffects D and McCollum  (114) hue reported the
preparation of 1 diet with which to studs the effects of phosphorus de-
ficreney, this rition, which contuns only 0017 percent phosphorus has an
wequuate calaum and vitwnn 1D content When voung rats are pliced on
the dict there 1 an extreme retardanion 1 growth and the anumals appear
unhempt wnd very inactne  All the tssues of such anmmals have been studied
by the present writer m wsoention with Dy ind McCollum (115)  Aside
from the mmfestations of profound mamtion the onh specific gross or
microscopie lterwtions are found m the sleletal svstem where extreme
nickets 1s present Due to extensive chinges i the nibs, the thorv s greatly
deformed and 15 reduced n eapacity  Consequently the lungs become ex-
tremely atelectitie so that it 1s quite pparent that respirtory difficules con-
tributes m hirge measure to the faral outcome which occurs after eight or
nmne weel s The thoracie deformities are simular to those which Park and
Howland (116) described 1 number of years ago 1n rachitic children  Micro-
scopieally, the alterations in the bones of phosphorus deficient rats are ty preal
of ricl ets md 1re obsersed after the 1mmals have been on the experimental
dict for onlv onc weel  In the latcer stages ofghc deficiency  that 1s, after
the sinth or seventh weel the sl eletal evidences of active richets become
less conspicuous due to the slowing and virtual cessation of growth, n fact
m the end the ricl ets begins to heal The description of the histological
changes will not be detuled here since the pathologic anatomy of ricl ets 1s
deseribed on page 110

VMetabolic studies (114) of phosphorus-deficient arnumals reveal con-
unuous negitne balince of this amon  Despite this a sigmificaint amount of
phosphorus 1s apparently removed from the bones and redeposited m the
soft uissues  No 1ppreciable derangements i metabolism or sodwum, potas-
stum or magnestum hwve been noted

The experimental diet of Schnerder and Steenbock (113), referred to
above contains somew hat more phosphorus caleum and vitamin D than
that used by the Johns Hoplns invesugators The former workers ob-
served caleum crtrate caleul in the Tidnevs ureters ind bladder of their
rats (117) Furthermore they concluded that the vitumin D present 1n the
diet reversed the soft tissue vs bone preference for phosphorus m favor of
the latter ussue an hypothesis which 1s of great theoretical interest espe-~
enlly s 1t relates to the mode of action of vitamin D The onlyv other
change which has been described i the phosphorus-deficient rat 1s para-
thyroid hyperplasit (45) The enlirgement of the glands 1s not as marhed

a5 that encountered i calcm defictency  The experiments which hae
been performed howeser are open to question since purified diets htve not

been employ ed and parathy roid hy perplasin does not 1pper to occur under
such circumstances (115)
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dacused ehewhere (przey ST 191 When mormme rmdwoame sultur
& ted ro s 1t doos nor appear m the evane of the har or carcass [&h
Dot ¢n thys spearss unlre dlementan sultar 1n hen ot evenne or methronine.
far when sulfur » ted w 2mmah defictent m these 2o 2cds, virraalls 41l
fnds i Wan e the omme where 1 exereted as wltaze (34) Frally at
.o oare 1ed enlondl] radoacnve suttnr none can be dereered m their bods
protem () Such endies male 1t spparent thar moreame <ultur cannot be
rnhzed to bulld or rephice sultur-conmammng anuno acid. However whather
<Al 2 nonms o mongime saltur © 1 be wathewzed mro uthzable come
pomb or other nvpas remams 2 queston which s vet has por been
answered

Tplog Lt EFe e From the hrtle evidence that s avalable, 1 appeans
talikeh tha morgime sultar deficency can ocenr the changes which rike
plot when there » a denceney of the suli rcotraeins ~mina acds e
dewerhad chawhere on poge w2

Phosphorus

Hoeor o Beaause of i wadespread diaribunon, phasphorns has been
romarded 2 2n exenmal mnmient tor some e, The fire pomred expen-
rRnn were pertored m 191N by Ohbame and Mendel (77) who showed
that thi dlement o nece i tor growth of ran. The expenimenns of Sher-
ran 2nd Pappenbeamer (3-3) which tollowed cleath demonarated the
sale o1 nhamhora w the producnon ot nckers. It onh remaned o show
tha phasphonns deficenay produced pathologret effecrs when all known
aurnen~ mclndme wranm D were preent m the dier omethimg which
was acco pinhed by Schnader 2and Seenbock (113 m 1939

Be» by 2] Rele mmb 20 Approvmureh three-quartens of the bodv
<tore of Phospon s tound m the Aeleral evem In addimon to this -
portant role 7 the tormaton of bone <aln. phosphorus 1 ako one o the
MOt MporAant periaps the Ma mportant element excluding carbon
T droget, onvgen, itmogen and sultur mphveological processs smee 1
concerned wrh the Iibemton of cneren 1or musenlar CONTICNON, SRTENan
I the kadney ot cenerz. In tunctios are roo familiar to require anhrhiny
bt hnef menwon m the carbovdrare evele and m wuscle 1erbohan
 hpmi retholsn loarthim. cephaln) m proren menbolsm (nucznc
ag i crearme, ATP ADP) 2nd 20 2 conSTITuent of CeTTam en™YT e {0ear-
o Lt fano-preteies prndme noacleonde)

Besuse of the mrerrel nowhipy of phasphon calenom, vt x"\ D an;;
™e parthvrond homnens, 1t reher dacusaon of phonphonms merabolan W
Pz ol m the charer o1 v amm D on poxe 17
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Chlorine

Historieal  The indupensailnlity of chlorine in the diet was firse shown
by Orent-hetles Robinson and McCollum 1937, when rats are plced
on 1 ssntheue low-chlonde diet thes ful to grow n normal fashion (107)

Biochenncal Relationships In the orgamsm chlonde 1ons oceur prn-
apilly m the extracellulir spices and account for about two-thirds of the
15> millicqunalents of the acidic constituents of extracellulr flwmd (49)
Chloride, of course, 1s an important seerctory product of the gastric mucosa
Strangely enough little else 15 1nown of the function of chlorme i the
anmnl orguusm exeept for 1ts acenatton of the salnary enzyme peyvalin

Gersh (79) emploving an histochenueal method has described the dis-
tribution of chlonde in voluntars muscle  Here 1t 1s found only 1n the mnter-
cellular spaces, none 1s present in the muscle fibers themselves

Pathological Lffects Phyvsiological as well as pathological obsen 1tions
have been made by several groups of myestigators on chlorme-defictent ani-
mals  The morphologreal obseryations are not rdequate, however Using 1
dict of unhnown though low-chloride content Orent-Keiles et al (107)
could detect no changes other than 1 disturbance in growth even after rats
had been on the experimental regimen for 1s long as minety davs  Histo-
logical studies of such ammals were not performed These observations have
been confirmed by other v estigitors using diets with various concentrations
of chloride 1ons (119 120) \\ hen a diet contunimg only 02 percent chlorde
15 uttlized there 1s 1 retardition n growth together with 2 reduction 1n the
sodium potassum and chloride content of the tissues and an mcreise n
cilicum and phosphate concentrations VW hen 1 simhir diet contuning only
0012 percent chloride 1s emploved (121) rats agun fail to gun and dram-
atclly exhibit 1 conservation of chloride, for after the anmmals hive been
on the deficient diet for only 1 few hours the urmmany chlonde excretion
decreises to virtually zero  Compared with controls which excrete 110 to

170 mulligrams of chlonide per day the deficient animls excrete only 05
to 12 mg per div  In such rats there also 1s 2 reduction of serum chloride
from 295 nulligrims per hundred mulliliters to 252 milligrams and an 1ncrease
1 the carbon diovide combining power from 58 8 to 72 3 volumes percent
However the mamifestations of tetans have not been obseried It would be
interesting to augment the chlonide deficiency produced by dieciry mieans
with that produced by removal of gastne secretions Cuthbertson and
Greenberg (122) have concocted an even lower chlonde-deficient diet
(2-5 milligrams percent chlorme) and have shown a reduction of the chloride
concentration 10 shin muscle linver Lidnev tesus bran stomach, lungs nd
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Tictre 11 A \fechanical Lffect of Rickets on the Pulmonary Tisues (116) 4 \ormal lun,
winch 15 acrated save for some atclectasis abour the penpheral poruon 2 constant phenomenon
tollowing opening of the chest B Secuon of lune trom a rat on a pho phorus deheient
diet (001 percent) for 49 davs  Due to the extreme decrease in the capacity of the thoerat
s a resule of collapse of the bomy caze there 15 sexere atelectass especiallh in companson with
1 which 15 from a nonmal control recening added phosphorus m the deticient diet  both
H and L, <16

Phosphorus defictency has been studied in dogs no speaific changes
other than sexere nchets are found (11%)

Phosphorus Defictency m Uan  Uncomplicited phospharus deficiency
m man 1s a subject which 1s difficult to comment upon since evidence for
an accompamving caleium and/or \itamin D defiency cannot uswalhy be
ruled out It 1s possible that certam instances of lead powsomng n children
accompanted by richets may be examples of condinoned phosphorus defi-
crency as a result of the formition of msoluble compounds mn the mtesune

(386)
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reserie, by peresatibihey, ind convulsions all of which iy be presented
by the wdmistrinon of chloride 1ons

Iron

Historical  Tron silts are sud to hive been used by Sydenham during
the eighteenth century for the treatment of chlorosis The full sigmificance
of 1ron for the orgmsm was realized when this element was demonstrated
to be i essenttl component of hemoglobin

Biochenncal Relationshps  Iron 1s absorbed m the upper portion of the
sl intestme (123)  Spectes differences appear to determine w hether ferrous
or ferric silts e absorbed more readily (124) A most important factor 1n
absorption ppers to be the state of the organsm s store of this element, 1f
the tissues re depleted 1ron 1s rapidly absorbed from the mtestinal tract, on
the other hind of sufficient quantities are present there 1s little 1bsorption
(123)  Chimicl studies would seem to indicate that the pH of the gastric
juice plus 1 role in the bsorpruon of ron for i femnles exhibiting the
syndrome of 1diopathuc hy pochromic anemn there 1s achlorhvdna (125)
It has further been shown that iron 1s absorbed more rapidly from acid than
from allaline media  Lartle excrenion of the element tahes place by either
the alimentarsy trict or hidneys (126) 5o that iron has been called 2 one wy
substince  (127)

Iron occurs 1n three man portions  as 1 part of hemoglobin s tissue
won  and 1s storage won  kedlin (128) has divided the first two ty pes of
1ron compounds, which have great biological importance, mto ovygen cir-
riers ind oaidrzing cataly sts, both of which are iron-porphy rin-protemn com-
plexes To the ovvgen carriers belong hemoglobin and my ohemoglobin,
among the oxdizing catalvsts are included the cvtochromes catalse, and
perionidase  The third form of 1ron so-called storage iron’ occurs manly
as hemosidertn which 1s thought to be composed of 1 orgamic matenal
mpregnited with ferric oxde (129)

Iron mw bLe demonstrated 1n tissues by sutable stamns Hemosidern
extubits the fumlir Prussian Blue reiction  Organic wron, presumably that
composing 1ron-porphy rin-protem complexes, cn be demonstrated by trear-
mg the section with hot acid aleohol and then stunming with ferrocy amde
(130)

Pathologic Effects Despite the large Iiterature that has been accumulated
on iron deficiency anemus in the human virtwally no studies have been
reported on pathological changes occurring m the ussues of humans or of
experimental ammils Hematological data have been reported in rats (131)
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tatd carewss  The chlonde content of the heart and spleen appears to be
merewsed  In such ammals an mrerestng pathological change has been
deseribed in the Lidness, where lesions deselop s exrh as one month follow -
ing the nstirution of the low -chlonde regimen (788) The pathogenesss of
the chinges i the ladney have been werpreted as follows  due to the
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lxime 1 hudnes  Chlonne Deficency (188)  Runal tissue from a rat on a chlonde deficnt
£ mum percent) diex for 56 davs  Note difated tbules hned by flsc epithchum mmbed k;«}
1 3 counective tissue stroma The Jumens of the tubules contain caletfied casts wiuch “lnuxm
cvenmafls have led to obstruction and diliauon of rhe proximal portion of the tabul
H md b 150 (Courtesy of Dr T' Lowenhaupt and Dr O\l Greenberg )

all 1hne urine 1nd posuble elevation 1 phosphate concentritien m the con-
voluted and collecung tubules there 15 4 preaipitavon of ciem salts 1w
these structures  This feads to obstruction of the lumens and mitistes 1
reiction n the mbules and penmubular ussues  Mansy of the lumens my
become obstructed which leads to  a shell filled with flmd conssting of 2
much thinned cortex wath pelvic epithelam formung folds separited m part
from the compressed corucal zone’ No lessons were found m the other
tissues of these ammals  An arrest of spermtogenesss 1 doubtless the result
0
o 12';3‘0‘::1;\2 Defictency m M The role of chlonde 1one in sodum
chloride defictency 1n man s not clear However lirge amounts of chlondlc
ons may be lost under another cwrcumstance pvlonc obstrucn{m ‘(‘[ "]‘
resnlting gastoic reram (784) Here there 15 1 grexr merease m the 1l al
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Intre 1 Blood Iron Defiiency (734) A Smear tahen before young rat was placed on a
regimen of whole null supplemented with copper B Smear_at ume of sacoifice forty days
Iiter Note microcytosrs achromia as well as pothilocy tosis The blood showed the following
{comparc with normal values on pise 48) RBC 4790000 Hb 37¢m MCV Hoceu p
MCUC 19 percent MCH 86 ¢/ VW nght stam 600

corpusculir volume and the total number of cells when iron therapy 1s
msuruted  Several ¢hmieal ©ypes of anemua should be mentioned (776)

Chlorosis 1s an exunple of anemr which results from madequate mtahe of
mron this syndrome which used to occur primarily n young women 1s now
uncommon  As his iready been mentioned 1chlorhydria mav affect the
absorption of iron (125) so that in many cases of hyvpochromic anemma

espeaally 1 women 1t 15 common to find a decrease or absence of hydro-
chloric acid in the gastric contents  So too when the passage of the mtestinal
contents through the ntestinal tract 1s raptd 1ron mav be poorly absorbed,
Iy pochromic anema 1s therefore scen 1n cases of chronic diarrhea  During
pregnancy there 15 1n incretsed requirement for iron 1n order to supply the
fetus, during gestation therefore hy pochromic anemia m1y be encountered

The rpid grow th peried of childhood 1s another critical stage when supplies
of 1ron must be adequite  Chronic blood loss usually coupled with insufficient
sron mtal e 15 2 most important factor mn the production of hs pochromic
anemia  hemorrhege from the gastro-intestinil tract beciuse of 1 vartets of
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rabbits (132) and swime (653) It 1s agreed that a mucrocs tic hs pochromic
anema develops when 1ron 15 withheld from the dietr of grow ing ammals
v hose rations are adequate 1 all other respects, including the copper content
VW hen rats are placed on a milk diet allowed to become anemic and then
treated with copper Smuth and \ledlhicorr (131) find the differences m the
blood picture as recorded m the followng table

Tuble HI

| Normal ‘Iro’xDeﬁnem

Hemoglobm izms 100 m! ) 1491

397
Red blood cells (cmm ) l 7 421 000 +2 000
Mean corpu cular volume (cu #) | e o6
Mean corpuscular hemoglobin conc (€7) 233 230
Mean corpuscular hemozlobin (17) 202 80
Renculo v o 10 34 2

Smears of the blood from iron-deficient ammals reveal rather marked
microcy tosis and achromia Ty litle cells are seen which are pale and
sometrmes are vers difficult to recogmze There 15 also basophita of mam
of the more normal-sized cells (73+4)

In sron-defictent ammals the serum tron concentration 1s reduced In
swine for mnstance average values of 48 0 gamma percent hav e been reported
m deficient amimals, the average concentrauon 1n conrrols 15 1427 gamma
percent (653} The wron eontent of the ussues of rats 15 also reduced when
dietany 1ntake of wron 1s restricted (136), the teeth of such deficient rats
hate a lower iron concentration than that of controls, there 1s also loss of
the vellow pigment of the growmng ncisor which 1s not surprising smce this
pigment 1s an 1ron contaiung complex (616)

In contrast to copper deficiency (page 51) the evtochrome ovdase of
the bone marrow of iron-deficient ammals 15 normal or somefunes even
elexated (134) though how much of a role differences m cellulanty of the
marrow plav 1n the results of such determunanions should be taken mto
account such measurements of the ¢y tochrome oudase actiiny should there-
fore be controlled by histological obser ations

Iron Defictency i Man Iron deficiency 1 the human parvcularh
women and children, 1s probablh more common than has been reahized One
mav postufate and prove that there are seeral general factors one or more
of which mav result 1n the development of wron defictency  The followmg
are therefore of impontance m the pathogenesss of wron deficiency anema
inadequate mtahe such as has just been described 1n the e\penmcntfl anmal,
defecty e absorption  mereased requir-ments and excessiie loss (776)

Iron deficiency anemia 's characrenized by microcs tosss and hy pochronua
there 1s a prompt reuculocy te response and return to normal of the mean
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confused the picture i other sinalir experniments Copper oceurs as 1 con-
stituent of certun o gen airriens for istance the hemocos mins of lower
argintis (126) T addinon cortam ondizang catabvsts such s poly phenol
oudise ind ascorbie aad ovdise contun copper The ugmficinee of 4
copper contuning compound  hemocupern which heilin has obraned from
munmibim red blood cells 15 not dewr The clement has 1o been found in

Tl By

Norm ik ’(,oppcr dehcrent
R - - I i)
Hemoglolin (gm mh 14 91 i £
Red tood cells (emm ) “ 400 2776 0
Mean corpuscular vol (cu #) 60 , 11
Mean corf uscular hgb con () KL * 8
\Mean corpusculrr hgb (77) 02 137
Reticulocy tes (7 per 100 RRCH 14 ! i

the clementirs bodies of vicemn virus, here 1gun 1ts role has not been
clearly eluctdated (621)

\lcthods for the determunition of copper mn uissue sections have been
deseribed but s vet hnve not been 1pplied to anmnls on copper-deficient
dicts (622)

Pathological Lffects Knowledge of the pathological changes which
1ccompany copper defictency his been dernved from severil sources The
evperimental studies of Thare et Al (617) which huve been confirmed by
others first showed that an anemi dev elops 1n ammals whose diet 1s deficient
m copper even though adequite 1mounts of wron are present  Achromotrichia
has also been described 1n animals on copper deficient diets Workers 1 the
ficld of veterinary medicine lter show ed that charactenstic sy mptoms occur-
ring 1n both sheep and cattle probably resulted from the low copper content
of certun pasturages and that the inclusion of copper salts i the food of
such anumals prevented the 1pperrance of the speafic manifestations of the
disese

The anemnr which develops m the copper deficient rac (131) and rabbit
(132) tends to be somewhat microcy ic and hy pochromic 1n character The
follow ing rable provides hematological values which hive been recorded by
Scott 1nd Medhicott (131) on rats rendered anemic by a mill diet and then
gnen msufficient dietars copper but adequate 1ron

No reports of any histological obseryations on laboritory anmals deficient
n copper have appeared Certun chemical studies are of interest, how ever
The cvtochrome ouidase activities of Iner myocardium and bone marrow
are decreased 1n copper deficient rats (133 134) Such obser ations are prob-
ablyv important because a close relavonship has been demonstrated berw een
the v tochrome ouidase activity of bone marrow and its abiliey to form hemo-
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lesions mcluding hookworm infestation (778) and menstruation phy -
tremely smportant roles n this connection  In all of the chnieal sy ndromes
briefly cluded to trewtment wath iron evokes 1 prompt reticulocy te response
and return of the blood picture to normal Of course, 1 order to hne the
red blood and hemoglobin concentration remun ar the normal i, the
underly ing crusitn ¢ mechamsm must be errdicated

Since virtually no cases of chmeal hy pochromuc anemra die, the patho-
logienl changes in the tissues 1f any, are not learly understood  The bone
marrow 1s sud to exhibit normoblastic hy perplisia (776) In view of the
scant pathological mamifestitions of tron deficiency 1 evperimental anmnls
1t 15 worthw hile to mention certan other changes which are encountered m
ron deficient anemsas 1n the humin - Sore tongue and sore mouth similac
to those encountered 1 mcottmic 1e1d and riboflvin deficiencies {piges 166
and 158) have been described and respond to therapy with ron (777) In
addition there my be extreme dy sphagia (the Plummer-Vinson Sy ndrome)
(776)  Another nteresting finding 1s the presence of 1 otlonychn or longi-
tudinal ndging and flatcening of the fingernals which mayv be even conenve
mstead of conver

Copper

Historical  The mdispensibihity of copper for the ammal orginism was
announced 1n 1928 by Hare, Steenbocl W addell and Tlvehjem (617) These
nvestigators showed thit rus develop 1 severe emit on 1 null diet ad
that this anemi1 does not respond to the administration of 1ron but ¢n be
rehieved when the milk diet 15 supplemented with copper s well

Brochenmcal Relationships  Copper 1s widely distributed 1n the inimal
orgamism  The central ners ous sy stem 1s richer m its content of thys clement
than any other tissue except Iner (618) The following concentrinens of
copper n mg per hilo of dry wesght of cerrun human uissues have been
reported Iner, 402 cerebellum 288 cerebrum 181, 1idney 141, heart
134 pwnerets 87 and muscle 64

Copper 15 actively concerned with hematopoests although its precise
ph siologieal role m this process 1s not at all clear It his been shown, how-
ever that copper has little, if any, effect on wron absorption (619) Copper
seermns to be necessary for both hemoglobn sy nthesis as well s ery thropo}lles;sl

(620) for when this element 1s administered to rats on 1 milk diet to 1“ 1c "
no iron has been added 2 rise in red blood cells occurs  though ;]trillc
no marl ed mcrense 1 hemoglobin It of course can be argued that th

opper salts contuned trices of won  the use of impure supplements has
¢
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hind Timbs, severe mevordumtion and m some mstances blindness  \s men-
voned above the mlidy s seen only m newborn or very young lambs, 1
some flocks the madence s been as lugh as ety percent of all the ammals
born  1he pichologrea] changes i Tunbs exbubinng wamfestations of sway-
back were reported by Innes in 1934 (144) before the relationship of copper

-
’
4

Fictre 14 Bram Copper Deficiency (145) € ross appearance of brain A from normal new-
born Iamb and B from an ammal dying three days after birth with sians of  swayback ”
Note collapse of cerebral henuspheres and shallow comolutnons  (Courtesy of Dr J R M
Innes and T/ e Journsl of Comparan e 1atl ology and Tl erapeutscs )

deficiencs to the syndrome had been fully elucidated Innes has since ex-
tended his studies to the nen ous tissues of a large group of lambs affected
with the disease and has carefully described the extraordmary changes (145)

The cxternal appearince of such a bram 1s quite extraordinary since the
entire size 15 smaller than that of 2 newborn lamb and 1n addition there 1s
shrmbage and depression of the cerebral hemmspheres due to the obvious loss
of substance beneath

Grossly the lesions vary from small areas of porencephaly 1 the white
matter of the central hemispheres to those in which the central white matter
was restricted mn most cases to a  grosshy degenerated centrum ovale, to a
wasted corpus collosum and septum pellucidun: and to the nternal capsule
The cerebral gray matter was relatnely well preserved, but formed onh 2
thin shell around the degenerated white matter of the caviy ’

Microscopically 1n the white matter of the cerebral hemisphere there 1s
symmetric diffuse demyelimzation The process varies from foc1 of micro-
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globin and ery throcy tes That copper acts somehow 1 hematopotesis ss fur-
ther indirecth indicated by the ready entrance of radioactive Cu,,* mto
the bone marrow (135) and by the fact that copper sumulates ery thropotests,
for when the element 15 adminsstered to amimals on a mulk diet, there 15 a
mise 1 ery throey tes without o concomutant elevation of hemoglobin (620
Capper deficiency may produce changes n other organs, since rats on low
copper diet succumb before any well-marked anemta appears and at auropsy
the spleen and I er re said to be enlarged (156) Histologieal examnations
of the tissues of copper deficient animals are therefore, much to be desired

In addimon to 1ts importance for the formation of red blood cells copper
also plivs a role m the pigmentation of hair  Keil and Nelson (137) first
demonstrated that the fur of blick-coated rats becomes gray after such
ammals are placed on a copper-deficient diet  1With the discovery of other
achromotrichia factors such as pantothenic 2cid and para-aminobenzorc acid
the relwtionship of copper to griving of hawr became somew hat confused
Henderson et al (138) have clinified the situanion, however by showing
that the achromotrichia produced by copper deficiency 1s not affected by
large amounts of pantothemic acid, these invesugators also pomt out that
the fur i animals deficient m copper has 1 brownish color contrary to the
silvers -grav which develops when pantothensc acid 1s laching  No relation
ship of copper to the lack of pigmentation of hair of mice deficient mn para-
aminobenzoic acid has been demonstrated (738)

Studies of spontaneous or endemic copper defictency hive been reported
mn sheep 1 Austrabia (139) and Tngland (140) nd m cattle from the former
region The disease 1 sheep has been called ¢ enzootic attnr™ or “swaybacl ’
Although the mportance of copper to this malady s considered equrvocal
by some unul expertmental studies are carried out with punfied diets 1t
would seem that sw 1y back must be due to a defictency 1 conditioned defi-
ciency perhaps, of copper Tt seems thoroughly well established that n Aus-
traha the syndrome occurs only mn those pasturages whose copper content
1s low lthough this 1s not confirmed by English mvestigators  Blood copper
studies of pregnant ewes hatve generally revealed decreased concentrations of
this element (141) As was first shown by Bennetts and Chapman (139) 1n
Austraha and subsequently confirmed bv Dunlop et a1 (140) i England
the meidence of swayback can be greatly reduced or even ehminated by the
admimstration of copper (142)  Further studies have shown that other trace
elements, such as 1ron and cobnlt are not effectne and that treatment ith
copper rasses the blood concentration of this element 1 pregnant ew es ( 1;12)h
The most important changes have been found 1n the newborn lamb 1 whe
one of the most interesting manifestations of a deficiency 1n 2 single nutrient
1s the relauon of copper to lesions i the ners ous tissue of animals born to

copper deficient ewcs The signs conssst of spastic parls sis especnalls of the
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min Ihs photogrpls which he has so kindhv allowed us to reproduce
confirm this sty

In adule cattle 1 svndrome ealled  falling disease” or ‘sudden desth” has
been deseribed to be dependent upon 4 deficieney of copper since the admin-
istration of this clement Ieads to 1 reduction 1n the incidence of the malads

Lwevrr 16 Brain  Copper Deficiency (143) A Sccuon from occpral pole to show loss of
nmyelin with caviy formaton ar scyeral pomes Wercert Pal ¥4 B Higher power of neurons
m red nucleus ™wo of whose cells show chromatolysis  “iss! Orange G method, X400
(Courtesy of Dr J R M Innesand Tl Jonrnal of Comparats e Patl ology and Therapeutics )

(146) The svndrome 1s characterized by anenma loss of weght, and sudden
death The reduction 1 hemoglobim 15 not severe however At auropsy
there 15 extensnve hemosiderosis of the spleen Iner and Lidney  Lesions
have been described m the hidnev and myocardum  In the former ussue
degeneration of glomeruls 1s satd o be prominent  The tubular epthelium
shows cloudy swelling, the lumens are filled with detritus  From the descrip-
tion st 15 difficult to mahe anv deciston as to the exact nature or pathogenests
of thesc renal changes The heart of affected cows shows extreme fibrosts,
which has been interpreted to result from atrophy of the muscle fibers due
to long-standing anovemia (starvation atrophy)  Apparently neurological
lestons are not prominent

Inn sunmmary, copper deficiency m experimental animals leads to anema,
endemic copper deficiency n sheep 15 associated with widespread myehn
degeneration n therr offspring

Copper Deficiency s Man It s unlikely that copper deficiency occurs
atall n man  Although evidence has been brought forw ard that certain cases
of anemia 1n childhood may be benefitted more w hen both 1ron and copper
therapy are used the evidence for this 1s not considered conclusive by others
a2
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scopic size to 1 \virtual 1bsence of the my ehn, which can be observed grossly
n the severest cases, such as those described and illustrated above In the
areas of demyehmzation the vus cyhinders disappear, moderate ghal pro-
hferauon 15 found m and abour such areas Destruction of myelm has not
been encountered 1n the midbrun, cerebellum or bram stem, but as might

1
Twcure 15 Bran  Copper Deficiency (145) Coronal sections A4 through bram of norma
two day old lamb angpﬂ antmal dimg five days after birth with characrensuc signs (»E
swayback  Note extreme destruction of white matter with cavity formation and \usm(u. ‘()
the corpus callosum The gray matter 15 relatnely well presenved The ventneles GC a‘ he
ffected bran appear to be dilated (Courtesy of Dr ] R M Innes and The Journal of Com
paratrie Patl ology and Therapentics )

be expected, degeneration of the descending tracts has been observed 1n the
spmal cord In those lambs 1 which climeal evidence for the presence of
the disease was slight, the neurons usually show no change while in those
cxhibiing more severe symptoms degenerated cells are found 1 constint
site of degeneratton 1s the red nucler  No nflammatory reaction 1s present
1n the ussues 2bout blood vessels save the occurrence of mononuclear pl;aglo-
evtes filled with hipord  Innes has called attention to the su(;ulan‘t_)) o§ nle
pathologlml manifestations of this condition m lambs to Schulder s Disease in
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simihir studies were being pushed i the southern pire of that continent
In 1935 Manston (156) reported m sheep 1 wasting disease wath an associated
anemn The admimstrtion of cobale lerds to 2 marhed gun in weighe
together with rises 1 hemoglobin and red blood cell count (157) This
mnlady, ¢ corst disease,” 281t has been ealled 15 1n some stances accompamed
byt

Uulizing the Viarels method, which 1s an unrelible one, degencration
and demm ehnization of certun tracts an the spmal cord have been demon-
strated (158)  In affected anmmls histological exammation of the ussues
raveals mcreased deposits of hemosidenn in the Iver spleen, pancreas, and
Lidnes and on chenical analvas 1ron 1s found in Inrge quantities i these
ussues (160) It was demonstrated that  cotst disease™ 15 1 sy ndrome caused
by a deficiencs of both cobalt and copper (159)  The neurological lesions
m1y then be related to those deseribed 1n uncompheated copper deficiency
of sheep (prge 52)

A discase sumilar to “enzootic marasmus has been reported in Flonda
(161) The muscles of affected calves are pale and there 1s a great loss of
body fit  Degeneritne changes are found in the heart and the spleen
1s said to be shrunken, the Iner fatrs  Vlore precise pathological studies of
anmnals such s these and 1n additton those from affected pasturages 1in Aus-
tralia are greatly to be desired

In sunmnary, cobalt has a questionable effect on blood formation mn ex-
penmental amimals and a marked effect on hematopotests in farm ammals

Cobalt Defictency in Man There 1s no evidence of cobalt deficiency 1n
man and 1t 1» unlikels that 2n experimental deficiency could ever be produced

Manganese

Historical  The mdispensabiitn of manganese for the animal orgamsm
was shown stmultaneously 1n 1931 by Orent and McCollum (163) and Kem-
merer Llvehjem and Hart (162)

Biochenncal Relationships  VManganese 1s widelv distubuted m ussues,
although there are varations from one organ to another the element is par-
ticularly abundant i Tiver (164) The only biological functions of man-
ganese discovered thus far arc sts rehtionships to the activity of cerram
enzymes Manganesc Iihe mngnesium s necessary for the actnaton of
phosphatase (165), 1 more smportant role 1s its actual presence 1n the enzy me.
arginase which ss utilized i the formaton of urea (166) ’

Pathological Effects Unfortunatels expenments dealing w1th manganese
deficiency have been alnost enurely restnicted to macroscoptc or physio-
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Cobalt

Historical Cobnle deficiency has not 3 et been produced m evperimental
ammals The ndispensibilies of cobalt m the nutntion of sheep and cattle,
however, was demonstrated 1n Australiz by Filmer and Underws ood during
the period from 1933 to 1935

Biochenucal Relatsonships The relauonship of cobalt to hematopotesss
was shown 1 number of vears ago by the Waltners (147), who reported
that poly ¢y themn c1n be produced 1n rats when this element 15 admmstered
The cause for the cry throcy tosis 1s not clear  Although it had been suggested
that cobalt might interfere with the respirition of the bone marron 1o evs-
dence has been brought forward for this assumption (148) In rats to which
cobalt 15 administered the awerage hemoglobmn values may mise to 205 gm
The spleens of such anmmals 1re sad to be enlarged, microscopically there
1s mereased ery thropoietic activ ity n the spleen, bone marrow, and to a lesser
extent m the Iiver (149)

Pathological Effects Lfforts to produce cobalt deficiency m laboratory
anmnals have not been successful VVorlers at the Unnersity of Wisconsin
have prepared diets contuning only 6 micrograms of cobalt per hilo (150)
At this low dietary Ievel no effects appear i rats However, when dogs
are placed on a similar mtion and are rendered anemic by bleeding the
admimstration of cobalt scems to sumulate hematoposesis mn some of the
animals (151) This approach to the subject would seem to warrnt further
experiment

The story of coblt deficiency 1 farm anmals 15 quite different from that
which has been encountered 1 the laboratory and 1s one of the trumphs m
vetermary nuttitton In 1933 Tilmer (152) called attention to a diserse of
sheep and cattle m western Austrabia  The syndrome which he called
¢ enzootic marasmus  had been recogmized for some time and 15 character-
1zed by severe emaciation ind wasting together with anenna  Microscopically
the liver 1s fatty and contuns hemosiderin, the spleen and hidnev also con-

tain large quanutics of iron pigment  So too upon chemical anlysis large
amounts of 1ron arc found in the ussues of both sheep and cals es 1n comparison
with those of normal ammals (153) Although 1t was first shown that iron
salts and Inver are effective mn curing the disease (152) subsequent w ork has
revealed that impurities in the 1ron-contamming hmonite salts which were “sfeid
are the active agents (154 I55) and that of these cobalt 1s the specific
(155) The element 1s found 1n nsufficient quantitics

hich the affected ammals feed
¢ bemng carnied out 1n western Austrin

material 1 question
n the pasturiges upon w
While these nvestigtions W ert
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More complete studies of the osscous changes are necessary before final con-
clustons can be dewn m bith the it and the rabbi

Steniliey of male rits on mangnese-low diet has been 1 constant finding
Microscopie exummnation reveals bsence of spermtogencsis (170), but 1c 1s
not clewr whether this change 15 2 result of manition or not 1 point which
s not been speaficalls imvestigated

I'he Iner tissues of manganese-deficient rits exibit 1 decrease 1n arginase
actinany (169 170)  Tor instanee 1051 milligrams of urer may be formed
by one mulhgrim of dry normnl Iiver 1w 28 C while onls 0 561 milligrams
of uret are formed by the same weight of ver from the manganese-defictent
rit (169)  \ddiion of minginese restores the arginase actrvity to normal,
despite this change mr citro no evidence of abnormal mtrogen metabolism
c1n be demonstrated i 100

In sunmary manganese deficiency 1 expenimental ammals leads to dis-
turbinee of the growth of voung born of deficient mothers Many die and
the few which survine have changes in the bones and develop atavia

Manganese Defrcsency m VMan  There 1s no evidence for manganese
deficiency mman nor 151t likely that such 1 deficiency can ever be produced
cvpermmentally

Zinc

Historical  The indispensibility of zinc in the diet of the rat was first
shown by Todd T'liehjem and IHart (174) 1n 1934 the experimental ani-
mals exhubited 1 disturbance of growth and alopecia

Biochennceal Relattonships Lattle 1s known of the role of zinc m biologic
processes except for its occurrence m several important enzymes Highly
purified preparations of carbomc anhydrase contam about 03 percent zinc
(175) This enzvme which 1s so important n the reaction H CO —»CO, +
H O s found n red blood cells and other nussues Zinc also oceurs n asso-
ciation with uricase (176) an enzyme which catalyzes the reaction unc
acid — allantoin  Phosphatase 1s another enzy me which contams zine (177)
In the presence of amino acids zine marhedIs 1cen ates ntestinal phosphatise
but has less effect on phosphatase from bone and hidnev (178)

71nc 1s a constant constituent of the tissues of the rar the cat and man
Tor ty pical values which have been obtamed the papers of Lutz (179) and
Drinker (180) should be consulted Studies utlzing radioactne Zn% n
rats have shown that the element 15 mamly excreted nto the gastromtestinal
tract by the pancreatic juice It disappears rapidly from plasma and appears
early 1n red blood cells and Iner  The most actve turnover 1s found 1n the
liver pancreas lidney and pitwitars  The least active turnover 1s the

red blood cells bram sheletal muscles and shin (181 182 183)
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logical observations  Smce 1931, when Orent and McCollum (163) and
Kemmerer et al (162) demonstrated the essentiality of mang mese, 1 number
of other reports have been published, particularly by 1 estigators 1t Johns
Hophuns and the University of Wisconsin

In the moal expenments of the former group (163), growth of the
cxperimental rats 1s normi  The estrus cycles of the femile are likewse
normal (167) and wfien such ammals are mated with normal males the usual
number of v oung re produced However, the females ful to noursh either
therr own or foster voung  VWhen young from manganese-deficient females
are phiced with normnl, lietiting amimals 2 few 1re rused, a1l such voung
are undersized D ergent results have been obruned by Danels and Tyerson
(168) who employed 1 somewhat different dict from that used by the
Balumore workers  Almost one-half of the voung born to miwganese-
deficient females on this diet are born dead or dic within 1 few hours after
birth  Such manganese-deficient females are able to nounsh and rear foster
young while only 4 few of their deficient voung can be rused by foster
mothers It 1s thus apprent chat the fault 1s m che voung and not m the
mother  This hypothesis has been confirmed by Shils and McCollum (169),
who note no disturbance 1n the estrous ¢y cle of the rat which the Unn ersity
of Wisconsin group had noted 1 mice (162)

Using 2 somewhat different dice Bover et al  (170) hate shown that
manganese 1s necessany for grow th, an obsers ation which his been confirmed
by Shils and McCollum (169) The latter investigators hnve also called
attention to another specific feature of the minginese-deficiency sy ndrome
Some of the young of manganese-deficient females exhibst atnunn ncoordm-
tion and Joss of equiibrium they tend to fall over and have difficults 1n
nghting themselves  The underlying cause of these phenoment has not yver
been clucidated .

Changes i the bones have been noted by several observers Barnes et al
(171) found rocntgenographucally that the tibme of two mang wese-deficient
rats were shorter than normal and that the epiphysis of the proximal end of
the tibia w1s narrower than normal  Shils and McCollum (169) hue noted
shortening and bowing of the forelegs m the sume species  Further estdence
of the role of manganese m the grow th of bonc 1n the rit indicates that when
this element 1s defictent there 15 1 decrease 1n length and density, as well s
in the brealing strength of the bone (173) Phosphatase iwctnaty 15 also
reduced In accordance with the obsers wions of others no differences hate
been found 1n the percent of ash or caloum phosphorus nd mmgmcs;
contents In manganese-defictent rabbats Snuth ce al (172) hue dcscr;ibcd
bowng of the forelegs which by \-ray exammation appears to b; 1}1:1 xclc
1t should be pomnted out that thetr diet contuns no vieumn D an ft lgrtmli
control bones appers n the microphotogriph to have an excess ol oste
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Truke 18 Shin  Zinc Deficiency (185) There 1s a crust of partally keraumzed cells over
Iying a layer of thichened epithelium which shows acanthosts There 1s atrophy of the hair
follicles with persistence of the sebaceous glands i face these structures are hypertrophied
n comparison with the normal  This animal had been on a zinc defictent diet for 74 days
11 and £ x150

nucle: of such cells become pyhnotic In advanced cases the shin 1s covered
by 1 crust of lerimzed debns bactersa and leuhocvetes and the corium
underlying such areas 1s hy peremic and mifiltrated with leukocytes Accom-
pany ng these changes there 15 atrophy of the hair follicles, which ulumately
disappear leaving only 1 few mononuclear cells to mark where they had
been The sebaceous glinds remun ntact and even late 1n the deficiency
the cells miking up these structures are larger than those of the controls
Skin from the tail, ears and paws shows no abnormality

Latenstie chinges are found n the esophagus of zme-deficient animals
w here alteritions consisting of an increase n thichness of the epithelial hning
together with the appearance of large partually heratinized cells on the surface
are found The normnl esophageal epithelum consists of 2 basal layer of
cells some of which exlubit mitotic figures Above this there are several
layers of larger cells with large clear nucler whose cell borders are indistince
Above these an abrupt transition to a heratimzed laver occurs The basal
cells of the zinc-deficient rat are more numerous and closely pached, the
overlymg stratum 1s s to erghe cells thick Along the mnermost edg'e the
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Ficere 17 Shn. Normzl Note epithchum and underhing copum with har follicles and
sebaceous glands  The epithelium 15 several cells 1n thickness. There 15 some Lerannzznon
afthough this 1s not marked. The sebaceous glands 2re not ven brpe H and E-x 0

Pathological Effects Todd et al (174) emploving a diet which con-
tamed onls 16 parts zinc per mullion noted a disturbance 1n growth and
alopecia both of which manifestanions could be prevented by supplementng
the diet with about 100 micrograms of znc each dn

Dav and V{cCollum (184) have devised a dier which furmshes onlv one
to four micrograms of zinc dav  Zine 1s remosed by extracton of the
dietary components with diphem Ithiocarbazone a laborious process The
control diet furnshes 15 mg of zinc dav  When voung rats are placed
on such a zinc-deficient regimen thev cease gaining weight i two to three
wechs Death mav occur as earls as the thim -third dav of the deficiency
Thinning of the hair becomes apparent after the third week and s followed
by alopecia over portions of the dorsum of the bods  The denuded areas are
roughened and scalv  The hstological effects of zine deficiency were studied
by the present wnter o association with Dav and McCollum (185) \Micro-
scopicalls the shin shows by perheratmizatton and acanthosis The epithelum
increases from the normal of three to four cells i thichness to exght or ten
cell lav ers and on the surface an increased number of completels or parnalls
YLeratmuzed cells 1s found o apprecrable increase m mitonc acuvin of the
basal cells can be discerned although quanttatne measurements have not
been performed Clear spaces appear m the ¢\ toplasm of many cells and the
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lictre 20 Cornea  Zine Deficiency (185) Cornca from zinc deficient aimal which had been
on_evpenmental diet for 74 davs” Note several large vessels tozether with infilranon with
feuhocvtes  There 1s 2lo some thickenng, of the epithellum  The comeal vasculanization and
Ieuhocytic nfiltrauon 1s similar to that which has been descnbed n other nutniuonal defi
ciencies an the rae H and L., 60

Zinc defictency has 1lso been produced mn muce (186), which develop
alopeen of the shoulders, back of neck and part of the face

Studies of the actinity of certain enzy mes with which zinc 15 related are
1nteresting though negate  Measurements of the carbomic anhy drase actviry
of the red blood cells from zinc-deficient ammals have shown no change
from normal (184 187) Although no decrease 1n the uricase 1ctivity of the
Iner has been demonstrated 1 zine-deficient rats such depleted animals do
have 1n increased concentration of urte acid 1n the blood (188) Reduction
i the activity of the all aline phosphatase of the blood has been found m
zinc-depleted amimals (184), no abnormahues i carbohy drate metabolism
have been derected (189) nor do such ammals show anyv decreased 1ctininy
of certain pancreatic enzymes (protemnase amslase) (190)

In sunmnary, experimental zinc deficiency leads to lestons of the shin,
csophagus and possibly the cornea Certun metabolic abnormalities have
been discussed  Vlore chromc studies of zinc deficiency should be undertaken

Zinc Deficiency m Man Itis highls unprobable that zinc deficrency ever
occurs i man 1 fact 1t would require superhuman efforts to concoct 1 diet
with which to study this deficiency 1 experimentil subjects since this element
1s so widespread mn foods

Todine

Historical  Although the ewstence of rdine had been recognized for
many years and this element had even been used from ume to ume thera-
peutcally its mportance for the organism was not cleirly demonstrited



62 THL PATHOLOGY OF NUTRITIONAL DISEAST

. 27 Pt i an)

Ficirr 19 Zinc Deficiency (185) A Normal esophagus B Esophagus from rat which had
been placed on a 7inc deficient dret for 74 days Note increase in thichness of the hmng ept
thelium  In comparison with normal there 1s extensive parakeratosis together with an m
crease in thickness of the basal cell layer H and E x50

nucler become py hnotic but do not disappear 1n normal fashion so that there
1s a zone of partally keranmzed cells ten or twelie cells i thickness The
submucosa 15 normal  Simular alterations found n foci on the posterior por-
tions of the tongue and the postenor roof of the mouth, the fore stomach 15
not molied The change 15 interpreted as being due to either 1 retardation
1n normal keratinization or an increased proliferition of cells The lesion
1s unique among the many which have been produced by various dietary
deficiencies

In two zinc-deficient anmals vascularization of the cornea has been
observed This consists of an ingrow th of capillaries into the tunica proprua
and filtration of this tissue by leukocytes There 1s no Leratmization of
the epithelium and the lacrsmal glands are normal  No other speeific changes
are found 1n other tissues of such ammals save those which must be ascribed
to 1manition

Studies of the zinc content of the bones of these animals rev eal a reduction
n the deficient rats to 94 7 micrograms per gram of ash as compared with
the value of 236 6 nucrograms in the controls (184)
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b) Increased production
¢) Deccreased need—Stanvation hot environment

11 Increased—I Iy perplastic glhind with or without phssiological hyper-
thy rordsm

\ Pnmn pitutars hy perfunction ()
B Injection of thy rotrophic hormone (200)
C. Decreased ths ronin m the blood due to
a) Increased uulizaton—cold possons (200 201)
b) Removal of thyrod tissue
c) Interference with funcuon
1 lodine dehciency (201 202 203 204 205)
2 Interference with removal of morganic wdine from blood
stream
s Interference with reaction worganic 1odine — orgamc
todine compounds (196)
+ Interference with release of hormone mto blood stream
(197 )

Pathological Effects Studies of 1odine deficiency have been mtimatels
concerned with the problem of gorer 2 term which unfortunatels s much
misunderstood Gorter has come to mean an enlargement or mcrease m
weight of the thyvroid gland Two mam types of gorter are observed one
duc to an abnormal deposition of collord matenal 1n the follicles of the gland
so-called colloid goiter and a second due to hy perplasta of the epithehum of
the follicles so-called evophthalmic gomer hyperplasuc gower erc It 1s
unfortunate that the term gotter 1s so frequenthy used without qualifsing
1t or determuning whether such a thyvroid 1s enlarged because of excessne
collord deposition because of epithelial hvperplasia or some other reason

Modern studies of goiter began when Halsted (207) extirpated almost
all of the glandular ussue from dogs early m pregnancy and found thy rod
enlargement mn their off-spaung It was soon demonstrated that such con-
genital gotters  could be prevented by the admmstration of potassium 1odide
to the female duning gestation (208) Further mterest was aroused w hen the
admmistraton of 1odine to certun pregmant sows prevented the bitth of
hairless cretin-like off-spring (209) Such experniments lent support to the
growing 1dea that 1odine deficiency and goiter are closelv related Expern-
mental goiter on the basis of todine deficiency has been difficulr to realize
however for anv experiment which 1s designed to study thyrord structure
1 relation to 1odine deficiency  must tahe mnto account such diverse factors
as environmental temperature (200) calcum content of the diet (203)
cffects of other chemical substances (198 206) as well as mans other factors
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until 1896 when Baumann (193) found high concentrations of todme 1
thyroid ussue A further clanfication of 1ts phy siological role awmted the
demonstration by Kendall thirty years later that purified thyrowin contams
about sixty percent 10dme (640)

Brological Relationships  Ingested morganic rodine compounds are ab-
sorbed, find their way 1nto the blood stream, and are immedmatel remoned
by the thyrosd glind  The thyroid epithehum has an enormous capacity for
the prompt withdrawal of relatnely large quantities of circulatmg morganic
todide which 15 then rapidly transformed 1nto the organic forms—dnodo-
tyrosme and thy roxmne  [n2 witro and i v1c0 studies utlizing radioactise I 53
mdicate that there 1s a step-wise mechanism mn the formation of thyrod
hormone First, the cells remov e morganic 1odide from the medum or blood,
next radio~-duodoty rosine and radio thy roune are formed and lastly an acine
principle 1s Iiberated into the blood stream or colloid Such conclusions are
based on the mnactivation of these processes by certamn poisons (194 195,
196 197)

Before discussing the pathological effects resulting from relatve or abso-
lute deficiencs, mention should be made of some current concepts of thy rord
phyvsiology and of the vanous factors which affect the gland, for all must
be borne i mind when any deficiency of this element 15 besng considered
That there 1s a reciprocal relationshp between the pitustary and thy rod
glands seems well established 1Vhen, for some reison the concentrinon
of thyroid hormone 1 the blood falls, there 1s an ncreased producrion of
prtuitary  thy rotrophic hormone and zice wersa Smce the hy pophysis 1s
thought to be the controlling facror, two groups of possible conditions both
based on pituitary activits may be considered  (2) those m w hich the thyro-
trophic stimubus 15 absent or reduced, and (b) those m which this sumulus
s increased  VWhen the former conditions prevail thy roid hy poplasia (some-
times colloid-like gorter 1 animals) 1s to be expected, while thy roid hy per-
plasta will usually occur followng the latter Thy roid hy perplasia does not
alwavs imphy climcal hy perthy roidism with an increased basal metabolic rate
On the contrary 1t 1s important to realize that the basal merabolic rate may
be elevated normal or even depressed m the presence of morphologically
hy peractne thyrod tissue  The follow g classification summarizes some of
the present know ledge of the various hnown and hy potheucal factors which
m1y lead to the conditions briefly alluded to above

Prrwtary Sumulus 15
I Absent or Reduced—Hs poplastic gland sometumes collmd like gorer
A Hyvpophisectomy (198)
B Increased blood concentration of thy roune due to
1) Increased adminsstration (199)



THE 1551 NTIAI TLFMLNTS 67

Depending of course on the composition of the diet and its jodine con-
tent the il alteraton s found in the epithehum  The cells change
from therr flit or cuboidal form into columnar structures, ntra-cellular
vicuoles have been deseribed  No pointed study has been made of the size
of the nucler or of v other cellulir constieuent  Cellular hy perplisia Jeads
to infolding nd pirtil obliteration of the lumen of the follicles accom-
pied by a greit reduction 1n collowd content Necrosis of the epithellum
has lihew 1se been obsers ed, and 1s thought to be related to the 10dine content
of the ration, the lower the 1odine concentrition the more extensne the
necrosts In addinon to these morphological changes the gland mereases m
weight and appears to develop 1 greater vasculanty. No lyvmphocs uc mfil-
trauons which 1re so chiricteristic of the hy perplastic gland in the human
have been deseribed m evpenmental ammals It must be emphasized that
the morphological picture thus far produced by evperimental 1odine defi-
ciency s that of hyperplasia not colloid goiter at least as the latter 1s seen
m man It mav be that the evpenmental pertods have not ver been long
enough to produce this latter change from the ¢\perniments which hue
just been epitonuzed 1t 15 obvious that more studies over longer pertods are
greath necded

lodme Deficiency m Man Following the earlv experiments on the role
of Jodine 1n the production of goiter 1n ammals 1t soon became clear that
there w 1s a2 reciprocal relationship betw een 1odine concentration n soil and
drinking water and the mcidence of gotter m the human  The epidemtology
of goiter and the results of 1odine therapy on the mcidence of spontaneous
goiter n man have been summanzed by McClendon (211) However there
1> evidence which indicates that the problem 1s not so simple as many w ould
believe % hen one realizes that endemic goiter waves and wanes and that
eprdemics of goiter have been described 1¢ 15 clear that other factors definitely
play a role So too goiter does not seem to have been as prominent during
the early exploration of America as 1t now 1s These and other obseryations
which indicate onls a fen of the complewues of the subject have been well
summarized by Greenwald (212 791) their explanation must awaie furcher
mnv CSUgathnS

It 1s clear though from the studv of 1odine 1 relation to the prevention
of gouter that there must be a defimte connection betw een the two Dara
which hnve been summarized by McClendon (211) have shown an apparent
reduction of gorter 1 endemic areas when 10dine was added to the salt or
water supphy It must be pomted out however that 1odine 4cts as a prophs -
lactie m colloid gorter and does very litle to reduce the size of the thyroid
after the gland has enlarged Inasmuch as this ©n pe of gouter has not been
produced sn amimals by expenimental diets the pathogenesss of the process
1s not at all clear  The most commonls accepted hy pophysis thar of Marne
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Froire 21a Thyroid The colloid and hy perplastic types of gower A A 23 year old white
fumale who had noted swelling of the neck for ten years and a choking sensauon for the
past two vears Examnanon revealed 2 large diffuse soft thyrod BMR —> Note larpe
follicles filled with colloid and lined by flattened epithelial cells B A 37 year old_colored
female who had noted cholung sensation swelling of the nech neriousness and bulzmg of
the eves BMR 460 Treatment with rest and Kl reduced BMR to 413 Subtoral
thy rordectomy was performed Note great cellulartty with infolding of cells into lamen and
scanty collond Both H and E <50

already noted All must be evaluated before precise conclusions can be
drawn  Because of such interfering vanables litle progress has been made
1n artaching the problem of the relations of 1odime to the deposition of collowd
m the thyroid gland That absolute or relitive 1odine deficiency leads to an
hy perplastic thy roid seems well established however (201, 202 203 204
205) In the rat various degrees of gorter characterized by epithelial prohifera-
non have been produced but one must alwavs heep m mind the other
extraneous factors referred to above Indeed to be hypercntical 1t 1s not
ennrels certan to date whether absolute 10dme deficiency goter (epithehal
hy perplasia t pe) has ever been attained experimentally in normal ammals,

certamly colloid goiter has not
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fluorme deficienes m esperimental anumils  Some yvears ago Sharpless and
McCollum (215) fed three genertions of rats 1 dict low n fluorine content,
no cffeces were noted  So tooe, Lyvans and Pinllips (216) fed stlir ammals
2 mulk diet for § genermuons and found only 1 decrease n the fluoride content
of the skeleton  More recently McClendon (214, 217) uulived the hydro-
ponics techmque to prepare fluonne-free foodstuffs and studied the effects
of such 4 diet on seversl rits One 1mmal died m 48 davs of stanvanon,
becanse sesere canies prevented chewing while 4 second re ned 1 hietle
longer but evidenced severe caries at autopsy  Sumlir changes have been
abserved 1n rats from mothers phiced on low-fluonne ritons  Eistologica
studies of such teeth have not been as yet reported and these few ammals
then furnish the only e rdence that fluorine-deficient diets have any effect on
the tooth structures of the growing ammal

Fuorme Defictency m Man  The rehtionship of fluorine to tooth lesions
m the human has been bised more on the effects of mcrersed amounts of
fluoride 1n the dict rather than on decreased concentrations  In 1931, 1t was
conclusnelv shown that changes in the cnamel of the tecth may be found
when there 1s 1n mcreased concentration of fluorine m the drhing water
(218) Such Iesions mottled enamel or enamel hy poplisia constst of pits
and depressions n the enimel covering of the teeth  Since 1931 numerous
eprdemiological studies have shown conclusively that this disease 15 related
to the fluoride content of water and as the concentrations of fluoride 1n-
creise the severity of mottled enamel hl ewise becomes more severe The
disease 1s partucularly prominent in this country  especnally 1 New Mevco
and certain poruons of Texas where the fluoride content of the water mny
be very luigh For instance n Lubbock Tenas the water contnns 4 4 parts
of fluorine per mullion and as 1 result over 90 percent of the children
berween the ages of 9 and 11 have mortled enamel (219)

As would be expected from the gross appearance, histological examination
of such teeth reveals the ameloblasts to be most affected (220), such cells
apparently become mactive and assume a flat shape In additton defects 1n
calcification of the denuine appear and this material becomes stratified There
15 1lso damage to the odontoblists since many hase py hnotic nucler Theugh
onlv the teeth of the growing organusm are affected bone mav be 1 oly ed
n by perfluorosis 1 any age, such osseous changes consist of thicl ening of
the trabeculae 1 the shaft and the periosteal new bone formaton about the
cortex (220)  In the human the concentrations of fluoride 1n the drinhing
water necessary to produce these changes must be relatnely large and 2
furls long penod of ingestion of such concentrations must prevail before
radiological and histological defects can be found n the bones

An even more important phase of fluorme metabolism 1 1ts relation to
preventie medicine 15 the accumulating evidence that certam concentra-
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(213}, 15 that 10dine deficrency leads to epithelial hy perplasia which after a
tume 15 follow ed by a reverston or m olution to normal, the nearest approach
to normil bemng colloid gorter, such a cycle may repent tself The stages
of this cvele have been correlited with the 10dime content of the thyroid
gland, for instince 1n human wssucs, the normal, hy perplastic gland and
collowd gorter contan 217, 32 and 199 mgm per grim of dred glnd,
respectivels  (210) It 1s unfortunate that there are so few dita on the
mcidence of collotd and hy perplastic goiters i similar locahtres Such studies
based on listological examimation of the ussue at operation 1nd autopsy
might aid 0 2 better understanding of the pathogenesss of both types
According to McClendon’s (211) data there 1s some evidence that the nci-
dence of the two types have some parallelism according to geographical
location The evidence 1s not entirely conclusive, however, smce 1t 1s based
on too few observations A further problem of course, can be cited by the
surgical pathologist who seldom encounters foct of colloid follicles 1n hy per-
plastic glands or vice rersa The reltion of 10dine to morphological changes
1s very, very obscure

The mode of action of 10dine on the hy perplastc glind of Grive’s disease
s not clear  The gland becomes less hy perplastic and the follicles fill up with
colloid That this 1s unrelated to 10dine deficiency 1s obvious however since
the 10dine effect on the ussues and basil metabolic rite 15 only 4 temporry
one

Fluorine

Historical  The mdispensability of flourine for the ammal organism has
not been 1s vet completelvy proved, however, there 1s suggestine evidence
that this element 1s necessary to protect the mtegrity of growing teeth The
first positive report dealng with 1 diet deficient mn fluorine and 1s effect on
tooth structure of the rat was made by McClendon n 1944 (214)

Brochenncal Relationships  The biological role of fluonde 1ons whether
n mcreased or decreased concentrations, 1s not entirely clear Relatn elv
small amounts of fluoride compounds are tssue poisons doubtless as a result
of the mactivation of specific enzyme systems for mstince small concen-
trattons of fluoride 1ons mhubit the calerfication of rachitic cartilage m vitro,
on the other hand similar concentrations have much less action on bone
vity (372) The effect of inadequite amounts of fluorme

osphatase actr
phosp has not been studied sufficiently to determine what,

1n brochemical reactions

It might be
af '1‘1")”;,5 2160;2111 Eﬂ%ct: Onlsy a few attempts have been made to produce



Part III

THE ESSENTIAL AMINO ACIDS

“A deficiency m a ntrogenous dietary need not necessartly be one of
quantity, the forut in which mtrogen is supplied mty determmne 1ts efficiency
Thus, ur the fanular case of gelatne 1t 15, of course, a qualitatr ¢ deficiency
awhich makes that substance unable to mamtam mrrogenous equihbrium It
is generally assumed that this qualtative deficiency 1s occasioned by the
absence from gelatme of certasn molecular groups wwhich are present n true
protein, but this bypothesis leaves unexpluned the advantage possessed by
gelatme ocer fats and carbohydrates as a protem sparer” \Willcoch and
Hophins 1906 (227)



70 THE PATHOLOGY OF NUTRITIONAL DISCASE

tions of fluoride compounds n drinhing water protect 1gamst the des elop-
ment of dental caries  Several + ears ago because the water supply n Bauute,
Arhansas contained a high content of fluorine the source of the water was
changed to one which contains virtually none of this element (221) VWhen,
about 10 vears after this change, the teeth of the children in Bauvire were
examined, the incidence of mottled enamel was found to be as high as ex-
pected, more mteresung however, was the observation that such children
who had been drinking this fluorine free water for 10 v ears had 1n extremely
low meidence of dental caries (224) In contrast, children Ining in a near-by
town who had used the sime source of fluorine-free w ater all their Is es had
a high ncidence of caries

These and other obsers atsons (758) hve stmulated a tremendous amount
of interest 1n the use of fluorime to protect aganst dental cares, at the present
time extensive research progrims dething with this problem are under way i
a number of states (222) The most mmpressive data which are v ulable on
caries prevention have been furnished by Knutson (223) of the Public
Henlth Service In Apnl and Alay of 1942 2 group of children recened 7
to 15 topreal applications of sodium fluoride solution to the teeth m the left
upper and lower quadrants of the mouth Upon examination 2 years later
41 3 percent less teeth were cartous on the treated than in the untreated side
of the mouth In addition, the number of additional carious lesions 1n teeth
which were decived at the begmning of the study was 23 1 percent less in
the treated than mn the untreated cartous teeth  The results of similar studies
now being carried on will be 1 arted with nterest



Prorrins 1IN GENERAL

Of the three chief foodstuffs proteins consutute the most importint
group Besides contributing to the structure of the cell and of intercellular
substances (osteord, dentin, collrgen, ct cetern) proteins and their constituent
anuno acids are of tremendous mmportince m the formation of enzy mes,
hormones, hemoglobm, plisma protemns, antibodies and many other phvsio-
logicalls actn e substinces

Protemns of course vary widely m thar ammno acid content, the -
portance of this i nutriion was brought out by the carly observations of
Hophins (227) and of Osborne and Mendel (228) The madequacy of
zemn 1s 1 sole source of protein because of 1ts lack of try ptophane and lysine
1s one of the clissic observitions n the science of nutntion  Such experr-
ments mitiated modern studies of the dispensable and indispensable amino
1cids 1 subject which W C Rose 1nd his collaborators have done much
to elucidate

Of the twenty-odd amino acids which have been isolated, Rose has
designated ten as mdispensable, that 1s those which are needed for normal
growth m the rat tryptophane lysme histidine, argmine, phenylalanine,
isoleucine leucine, threonine methionine and valme Further studies have
shown that these same amino acids are necessary for normal growth of the
dog and that all but two arginme and histidime are necessary to promote a
positi € nitrogen balance m man  Arginme 1s sy nthesized in moderate quanti-
ties by the rat so that 1t 1s only indispensable for the growmg ammmal The
essenti1l anuno acids have been studied 1 relation to their ability to restore
hemoglobin and/or plasma proten formation m dogs rendered anemuc
and/or hypoprotememic

It must be stressed that the present list of indispensable amimno acids must
not be ccepted as final AMore may need to be added, and 1t 1s possible that
others m1y be removed from the essential group Lvidence now accumu-
lating suggests that perhaps certamn anuno acids or sumlar matenials are
syntheszed by the intesunal flora (225 226) For mstance when sulfa-
suxidine 15 added to the diets of rats which are recenving ether the ten es-
sential amuno acids casemn or a casen digest as sources of nitrogen  growth
1s much poorer m the ammals fed the ervstallme amino acids  Such results
mayv be interpreted to indicate that casem and casein digest supply amino
acids other than the ten essenti1l ones and that these additiona]l ammo acids
are ordinanly synthesized by the mtesunal flora

Table V presents a short summary of the effects of deficiencies of the
ten essential amino acids i the various mammalian species studied thus far
What few details that are known concerning the pathological changes pro-
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duced by such deficiencies will be found on the following pages How hele
has been learned, parucularly 1 companson with the datt which have been
accumulited on deficiencies of the clements and vitanins, will be obvious
The sections dealing with exch ammo 1erd have been arringed arbitranly
1n order of the discovery of therr individual indispensabihiey

TRYPTOPHANE

Historical One of the monuments n the lustory of nutriion was Will-
cock and Hopluns’ observation that mice fail to grow and even die if the
sole source of dictary proten 1s zemn (227)  Although growth was pro-
longed when thesc mvestgators added tryptophanc to the ration 1t re-
mamed for Osborne and Mendel to furnish the complete story and show that
zem plus try ptophane plus lysine promoted normal grow th, thus try ptophane
and lysme were established as essential nutrients (228)

Brochenncal Relationshipy  As 1s the case of so many essentral amino
1cids the function of try ptophane in the orgamsm s not entirely clear Its
mmportance 1s oby10us since 1t 15 a constituent of plasma protein, hemoglobn,
thy roglobulin, Niss! substance and many other body proteins The relation
of pvridoune to the metabolism of tryptophane 15 a most interesting one
which 15 discussed elsewhere (page 183) Lven more important 1s the rela-
tionship of this amino 1cid to the pellagra svndrome n man and to the ef-
fects produced m expermmental ammals by diets contaming large quantities
of cornmeal It 1s now clear that since the try prophane content of cornmeal
1s low the grain does not furmish the orgamsm enough of this ammno acid
to form mcotinic acid  Pellagra, therefore must be looked upon m part as
a deficiency of tryptophane rather than of micounic acid (594)

Pathological Effects Lxperimental tryptophane deficiency leads to the
following Faiure of growth (mouse rat and swine) alopecia (rat), cat-
arict (rit swine) anemm (rat, dog swine), hypoprotemnema (rat, dog,
swine), ind changes in the teeth (rat)

Since the evperiments of Hophins (227) and of Osborne and Mendel
(228) 1t has been well established that tryptophane deficiency leads to a
disturbance 1n growth That this amino acid 1s also necessary for the
mamtenance of nitrogen equiltbrium 1n the adult organism has been demon-
strated m the rat (229) and dog (230)

Loss of hair 1s a promient feature of tryptophane deficiency 1n the rat
Alopecia begins on the head and spreads to mvolve the face and back (231)
In the growing ammal the hair m1y be restored by adding try ptophane to
the deficient diet No histological studies have been reported thus far

Cataracts have been described m both rats (232 233) and swine (234)
In the former species two types acute and chronic have been designated
The former starts in the postertor cortex of the lens and spreads to myolve
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1ryptophane Deficiency m Man  In experimental trs prophane deficienes
m the hunin, studies hue been carned out for very short periods  Aside
from 1 negame mitrogen balwce which mndieates that this ammo acid 15 -
dispensible, no significant changes hwve been observed (238)  The reltion-
slips of try ptophane to meotinte acid synthesis has recently assumed grear
inportance and the posabihty chat pellgrn may be i pare the resule of
try ptophane deficieney, inasmuch s cornmenl contuns so lieele of thus amine
acid, appears to be 1 real one More detuls of this subject will be found on
page 183

Lasine

Historscal  Lysine 1nd try ptophane were the first indispensable anino
acuds to be recogmzed Trom the preceding section it will be recalled that
Hophins showed that the growth of nuce en be prolonged when try pro-
phane 1s 1dded to zemn and that Osborne and Mendel (228) later showed
that grow th can be much improved when ly sine 1s added to the try ptophane-
zemn mnture  The latter imvestigators 1lso demonstrated that rats fail to
grow on 1 diet of which the protem 1s supplied by wheat ghadm and that
grow th 1s improved when lysine 1s added

Biochenncal Relationships  Lattle 1s known of the role of lysine m
physiological processes It 1s unique among the essentral amino acids thus
far studied 1n that once 1t 1s deaminated, the residue cannot be reaminated
to form lvsme agun (239)

Patbological Effects Lvsine 1s necessiry for the growth of rats (240,
241) Although disigreement exists as to whether 1 deficiency of this amino
1cid leads to anemm, there 1s some evidence which indicates shight though
defimte decrease in red blood cells and hemoglobin concentrations m boch
growing rits (240) and dogs (235) The only mucroscopic studies which
have been reported are on the bones and eyes of rats Osseous changes are
non-specific md resemble those seen i mamtion (241) Corneal 1 sculart-
zation which resembles that seen in other deficiencies (242) has been
described

Lysme Defictency m Man  Invesugations of experimental ly sine depletion
i the human have demonstrated the development of a negatne nitrogen
balance (243) After § davs on the deficient diet all 3 of the subjects so
studied complamed of nausen dizziness and hypersensinaty to metalhe
sounds In addiion umdentsfied non 1 etonic orgamic 2c1ds may be detected
in the urme these 1cids are interpreted to indicate 1 ‘biochemrcal lesion’
of Iysine defictiency It as unhihely that Ivsime deficiency cm ever occur
man except under experimental conditions
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the permuclear and anterior cortical zones and usually matures withim two
or three weeks The Itter, which takes longer to dev clop 1nd matures more
slowly, 15 confined to the anterior and posterior cortices Citaracts have
been described only 1n growing rats not n adult ammals In two of three
swine studied by W introbe et 1l (234) opacities were noted 1n the equitorial
portion of the lens, i one 1nimal these spread to the anterior 1nd postertor
portions of the lens  Corneal vasculrization 15 sud to occur 1 try ptophane
deficient rats (233), but has not been observed in swine A shght anenu has
been reported n rats muntaned on a diet whose protein content was
furnished by acid hydrolzed casein, the blood returned to normil when
try ptophane was administered (229) A much more marhed reduction
red blood cells and hemoglobin has been abserved m swine fed 1n acid
hydrolysate of casemn (234) This anemra 1s normocy tic or shghtly mucro-
cvue and normochromie  The reduction n red blood cells 1s 1ccompanied
by normal serum iron levels, no hemosiderosis 15 found 1n the tissues The
bone marrow 1s not particularly hyperplastic  In dogs rendered anemic by
bleeding accelerated hemoglobin formation takes place when try prophane
15 admimstered (233)

A reduction in plasma protemns has been observed n rits (229) nd
swine (234) made deficient in tryptophane In the latter species the pro-
temn concentritions may be reduced, for mstance, 1 one animal from the
normal of over 6 gm percent to as low as 28 gm percent after 117 davs
on the deficient diet  Trv ptophane leads to prompt regenerition of plismt
protemn m the hy poprotemennc plismapheresed dog (236)

Absence of development of the yellow pigmentation of the mcisor teeth
has been observed 1n the rat (231) This as might be expected, s onhy
observed mn growing 1umals and its etiology 1s not clear

In three swine deficient n try ptophane necroses and atrophy of the
sheletal muscle fibers have been observed (234), changes which are simlar
to those noted 1n vitymn L deficiency

Albanese et al (337) have clumed that ‘try ptophane 1s 2 most importnt
dietary essentnl for normal gestation m the rat ° Untl more evidence 15
presented such a clam 1s not jusufied The differences obsery ed are prob-
ably the result of mamuon since the deficient rats lost, on the merige, 34
gm, w hile the controls gamned on the average 31 gm In addiion the food
consumption of the latter group was greater than that of the former Tt
seems logical to assume that reproduction cannot trhe place when s of
the ten essentinl amimno acids are absent since by definition ll 1re necessiry

owth
for 111110?:7‘:}775;), cxpertmental tryprophane deficiency leads fm| falure ni
grawth alopecia, craract ancnua hy poprotememin and loss of the pigmen

1n the rrs nCsor
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andicm test, has not been further 1dennified It ss unlihely that hisudine de-
ficiency ¢ ever oceur i the human except under expersmental conditions

ARCININE

Historical  The indispensabshey of arginine for the normal growth of
voung rits was first shown by Rose and s group (252) This amino ~cid
1 not necessary 1 adule rats, since sufficient amounts ean be sy nthesized to
muntun the orgmism m nitrogen balinee (280)

Biochenmcal Relationships  Argimine has been shown to lead to de-
posion of 2 smll amount of Iner gh cogen and to decrease Letosis mn fast-
g rats fed sodum butyrate (253)  Argimine 1s probably one of the pre-
cursors of creatme (254) and, of course, acts 15 1 catalvst in the svnthesis
of ure1

Pathological Effects As noted above arginine 1s an indispensable nu-
trient for the grow ing rat, but 1s not necessary for the adule rat (280), mouse
(269) or dog (230), since these organisms can sy nthesize sufficient quanti-
nes of the amino 1csdd  Arginine, thercfore, has a umque place between the
mdispensible and dispensable ammno acids  There 15 some evidence that
arginine 1s necessiry for plasma protein formation in the protemn depleted
dog (256) and for hemoglobin formation n anemic dogs (235)

Argmme Deficiency m Man  Studies in man have mdicated that although
arginine deficiency does not lead to negative mitrogen balance, the ammo
acid mmy have an mmportant relation to spermatogenesis Holt et al (255)
have reported a ten-fold reduction in the number of spermatozoa of the
semunal plisma of 3 mndniduals after 9 davs on 1 argmnine-deficient dret
Followng the inclusion of argmme mn the diet there was a return to normal

after several weel s It 1s unfortunate that such observations are marred by
the absence of any control studies before the argimine-defictent regimen was
nstituted  Further observations 1 man and 1 experimental anmmals 1re
clearly ndicated

PHENILALANINE

Historieal  One of the many 1mportane reports from Rose’s laboratory
showed that phem lalanme 15 an indispensable ammo acid and that tyrosm
s not (257) thss cleared up a subject which untl 1934 had been much
confused

Biochenncal Relattonships  The normal metabolism of phens Inhinine
probably ealls for 1ts conversion nto tyrosin and further bresh-down by
opening the benzine ring (258) The mmportance of ascorbic acid for
phem lalanine metabolism has been show n 1 both guinea pigs and premature
babies and 15 discussed elsewhere (page 131) Phens lalamune and tyrosin
we suructurally very closels related to epmephrine ephedrme thy rowin and
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Histipine

Historical Hisudine w s added to the group of indispensable amino acids
0 1917 when the 1m esugations of Geiling (244) clearls showed that adule
mice will fail to muntun therr weight when this 1mino aed 15 onutted from
their diets The indispensibiliny of fustidine for the rit w 1s soon confirmed
by Cox and Rose (245)

Biochenncal Relationships Hisudine 15 pparently 1 precursor of cir-
bohydrate since Iser glcogen deposiion follows its mgestion nd the
Letonurta produced by 1 high fat diet 15 decrensed when hisudine 1s fed
(246)

The relation of histidine to histunmne 1s not clew  Cerrun ussues con
tan an enzyme which will form histimine from hisudine, for mstince 11d-
ney tissues contun n enzyme lustidine decwrboyylase which ffects this
transformition (247), so 1t 1s quute il ely that touc effects which 1re noted
when lustidine 1s admimistered, mav result from 1ts consersion to histumimne
This mwy explun the obsers won that i ribbits to which this anuno 1cid
15 admmstered anorexn tachycardiy  respiratory  difficulty, wnd parilvsis
of the hind exrremines mnv be obseried wnd may be followed by dewh
Microscopic exammition of such immals reveils pulmoniry edem and con-
striction of the bronchil musculiture (248)

Pathologial Effects Hisudine 1s necesswy for growth of the rit (24
249, 250) Such wmmals acutels deficient n histidine develop 1 moderite
anem, hemoglobim vilues fil from the normal of 14 gm to out 10 gm
percent Histological exammnanions of the tissues hune faled to reved my
specific chinges other than those ascribed to mimtion except m the eve
Here the corneal epithelium 1s thinned 1nd the superficil portion 15 hera-
tmzed m 1ddition there 15 leukocy tic infiltrition and blood vessels grow
mto the substinun propra (250)

Histidine 15 necessary for the weight muntenance of adule rats (249)
and deficiency m this ammo acid leads to 1 negive mtrogen bilnce
dogs (250) Histudine 15 probably necessiry for plhsm protemn production
1n the plismipheresed dog and leads to hemoglobin formation m dogs made
anemic by bleeding However the relation of hisudme to hemoglobm
formatton 1 this species requires further study

In sunrmary, the only morphological changes resulting from hisudme
deficiency 15 corneil vasculinzation  Ancmin and hypoprotemnenit may
develop Further studies are greatly needed

Histidime Deficiency in Man In expertmental hisudine deficieney over
histdine does not lead to 1 negatne nitrogen balmee (251,
of weight, however and an 2bnorml metibolite appears
Thus substince which gises a green color with the Sharht

short periods,
260) There 1s loss
1n the urme (251)
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velops when leucine 1s omutted from the dict (260) It 1s unlikely that a
deficiency 1 this wmmnoe cid ever occurs i the human except under
cvperimental conditions

IsoLt vcine

Historical  The indispensabilies of 1soleucine for the growth of rats was
demonstrated by Womack and Rose 1n 1936 (261)

Biochenncal Relationships  Lattle 1s known of the rdle of 1soleucine n
nutrition  1¢ 15 of interest thar human plisma protens (264) as well as
hemoglobin (265) contun msufficient amounts of 1soleucine to promote
normil growth 1n the rat

Pathological Effects \\omack and Rose (260) showed that soleucine
1s necessiry for growth i the rat In the dog 1soleucine 1s necessary for
hemoglobin (235), plasma protemn formation (236) and the maintenance
of mtrogen balince (230) No histological studies have been reported on
any spectes deficient 1n 1soleucine

Isolencime Defictency m Man The indispensabihiey of this ammo acid
for the nutrition of humans has also been established since in 1ts absence
negimv e mitrogen balince develops (260) As m the case of the majonity of
the 1mno acids 1t 15 vers unbihely that a defictency of 1soleucine can ever
evist except under experimental conditions

THREONINE

Historical W hile studying the problem of essentmal and non-essential
amno actds Rose and his co-workers discovered a new mdispensable ammo
acid (266) After proving tts analogous chemical structure to d-(-)-threose,
the new substance was named threonine (267)

Biochenucal Relatsonships  Lattle 1s known of the role of threonine 1n
physiological processes except that 1t mayv be comverted into cachohy drate
by the rat (268)

Pathological Effects Virtually no attention has been gnen to the study
of pathological effects produced by threonine defictency  Growth dis-
turbance n the rat (266) and us nfluence on serum protemn production 1n
the dog (256) have been observed when such ammals are placed on diets
deficient m threonme Aice exhibit a rapid loss of weight and develop
a queer puffy appearance with marked abdommal distention (269) At
qutopsy there 1s pronounced edema and ascites 1t 1s Iikely that these findings
mv result from hy poproteinemia

Threomne Defictency m Man In man a negatne nitrogen balance has
been observed when threonine 1s withheld from the diet (260) of evperi-

mental subjects It 1s extremely unlihely that threonme defictencs could
ever occur other than expenimentally 1n man
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melann, although changes 1n the metabolism of these substinces have not
been reported 1n animals deficient 1n this 2mmo acid

Pathological Effects In rats whose dicts are deficient mn pheny lalanine
there 1s 1 cessation of growth (257, 259) Pithological studies have been re-
ported 1 a few deficient rats and their pured fed controls pliced on a
pheny hlamine-deficient dier for 28 davs (259), 1n these there 15 an a erage
reduction 1n hemoglobn from 147 gm t0 99 gm, and a shghe fall m plasma
protein concentration Histological examunations of the tissues show no
changes other than those which can be ascribed to manitron  disturbance n
endochondral bone formition, thymic atrophy, atrophy and decreased fat
content of the adrenals, and atrophy of the testucular tubules

In dogs this une actd has been shown to be necessary for plsma pro-
temn production (336) and for the mantenance of mtrogen balance (230)

Phenylalamme Defictency m Man In man 1 negatnve murogen balince
has been observed when dietary phenylalanine 15 restricted (260) I 1s
unlikely that a deficiency of this imino acid can ever occur except under
experimentil conditions

Lrucinr

Historical  Leucme was shown to be an mdispensable nutrient to the
growth of rats by V% omack and Rose in 1936 (261)

Biochenncal Relationships  The role of leucine in nutrinon s obscure
except that 1t has been shown to furnish cirbon atoms for steroid formatton
(242)

Pathological Effects Leucme 15 necessiry for the growth of rats (261,
263) In ammals whose mtrogen requirements are supplied by the essentnl
crystalline ammo acids other than leucine specific effects on the oculr
tissues and hy pophysis have been reported by Maun cr al (263) In the
cornea the epithellum becomes thinner and subsequently heratmized The
basal layers evidence an mcreased mitotic activity  There 1s an accompany -
ing rasculinization of the substantin propria—apparently most marhed just
beneath the epithelum  In addition, the 1ns and cihary body eshibit leuho-
cvue wfiltration No mention has been made of the condition of the various
ocular glands The hy pophysis of the leucine deficient animal 1s sud to be,
on the average twice as large as the gland of the controls No cellular 1=
terations appear to occur and it 1s further stited that the distnbution of the
various types of cells 1s normal Whether the mncreased weight 15 due to
Iy pertrophy or hy perplista has yet to be elucidired .

In dogs leucine appetrs to be necessary for plasma protein and hemo-
on (236 256), m the rat on the other hand no ecvidence

ne deficiency affects these two functions
In man a negative nitrogen balince de-

globin formau
exists that leuct
Leucine Deficiency 1 Van
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Ficure 21b  Cystine Deficiency A Lier from rat on a low protemn (5 per cent) high fat
(30 per cent) choline supplemented diet  There 1s po far accumulation mn the ntact hepauc
cells Most however show widespread fresh necrosis without hemorrhage B Swmular liver
with exception that there 15 extensive hemorrhage 1 the necrouc areas

1f groups of rats are placed on diets whose protem content 15 supphed
by muxtures of crystaline amino acids contammng varving amounts of me-
thiorune and cvstune the following differences are noted (274) When both
methionme and cysune are absent, the animals lose wesght and deselop 1n
uncharacterized anemsa hv poproteinema and extensiy e hemorrhagic necrosis
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MerHtonNE

Historical  Unul 1937 both of the sulfur-contuning 1nuno 1crds meths-
onine nd cystine, were considered to be indispensable components of the
diet At that e however, Rose and his co-w orhers (270) demonstrated
that cystine 15 1 dispensable nutrient, for when adequate amounts of methi-
onine are added to 1 ¢ystine-free amuno 1cid mnture, growth of rats fed
this ranon 1s normal - That methionine 1s comverted into cystine m the
normal rar, further clnfies thesr reltionship

Biochenneal Relationships  The metabolism of methiomne 15 closely
relited to that of cvstine, and 1n wrn to choline, creatme and similar sub-
stinces mncluding a host of sulfur-contunng compounds such as those
epumerated on page 41 Methionine 15 mdispensable except under strmgent
laboratory conditions 1¢ when homocystne and choline 1re fed to rats on
2 methionime-frec diet, the ltter ammo acrd will be formed (271)

Methionine donates methy I groups to ethanolimine resulung m the for-
mation of choline (272) (page 193) The stages n the transformation me-
thionine —cvstune are thought to be 1s follows methionine —homocy steme
methy 1 groups, homocy steine serine —cy stathione —cysteine —eystine The
sulfur of the ovsune which results 1s derived from methionine, the carbon
chan from serme

Pathological Effects Since the metibohsms of methionine and chohne re
so closely related it 1s extremely difficult to separate the pathological mni-
festattons of a defictency of onc from the other So too, since methiontne
15 1 precursor of cvstine 1t 1s difficult to separate the effects of defictency of
erther of thesc two ammo acids When methionine 15 absent from the diet
cvsune obvioushy will be, too unless otherwise supphed

From data which are alrerdy accumulated it appears that the effects of
cvstine and choline deficiency mrv be different (page 221) Invesuganions
of cystine deficiency begm wath the expeniments of Weichselbaum (293)
who noted jaundice before death and hemorrhages mn the hver of rats post-
mortem The adnunistration of cvsune to such animals 1n the basal diet pre-
vented the appearance of such lesions 1 addion moribund rats could be
sned by the ndmimstranon of ¢ysune but not methiomne The cysunc
methionine, choline deficiency  question then became somew hat complex
but Daft and his co-workers (294) m 1942 were able to separate the effects
of cyvstine defictency  hemorrhagic necrosis of the Iner from choline de-
privaton w luch leads to extreme fatts infiltracion and Cll"rh:;SlS -
Capenmental procedures employ ing cny stalline amino act mmux(-iv:s su pe
mented with methionine and/or cisune n the presence of adequat
been reported (274) and confirm the previous work the dita
a5 too few ammals hate been employ ed

ple
choline have
rc open to SOME CHLCISM, however,
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such dogs since 1f within 3 to + hours followng the anesthesn thus 1muno
acid 1 myected mntrunenoush, the aumls recover It 1s unhihels chr such
protecene effects cm be observed m norml dogs (284)

I sunmrry, methionine 1wself appears to be necessary for hemoglobin
and phism1 protein production This amuno aerd 1s necessary for the forma-
tion of cvstine unless the Jatter 1s supphied in the diet Lack of cyvstne ap-
pears to lead to Iner necrosis and to changes in the hur

Methiomne Deficriency m Man W hen experimental subjects are placed
for short periods on methionme-defictent diets 2 negatn e nitrogen balance
develops (285, 268) It difficule to concene of uncomplicited methionine
deficiencs occurning other than expermentally 1n man

Ve

Historical  The mdispensabihty of valine in the diet of the rt was
demonstrated 1 1939 by Rose and Lppstemn (286)

Biochenucal Relattonships  Little 1s known of the role of valine m nu-
trition s1ve that in the phlorhizimized dog valine has been shown to contribute
three of 1ts five carbon atoms to the formation of glucose (287)

Pathological Effects \\ hen rats are pliced on a valine defictent diet they
srtually stop eating and rapidly lose weight In the termunal stages of the
deficiency they exlubit umque signs which Rose and Eppstein (286) have
described as follows “The rats become extremely sensitve to touch and
display a severe Iick of coordmation in movement They walk with a stag-
gering gat As the animal attempts to walk the left foreleg 1s rased -
ordmately and the head 1s retracted Frequently the subjects show a rotary
motion resembling that of a dog chasmg its tail This ms be exther cloch
or counter-clochwise and mav continue until the ammal falls to the floor
of the cage from sheer exhaustion As would be anticipated the svmptoms
are ripidly cured by the admimstration of valine without any other thera-
peutsc measure” No histological studies 1n such ammals have been reported
and of course are greatly to be desired

Valine 1s necessary for plasma protein and hemoglobmn formation m the
dog (235> 256)

Valne Deficiency in Man \When,the amino acid 15 removed from an
otherwise adequate human det 1 negatne mirogen balance deselops, this
1s inerpreted to indicate that valine 1s indispensable for this species as well

(288) It 1s hardlv concenable yhnt valine deficteney could oceur 1t man
unless expenmentalls mduced
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of the Iner W\ hen madequate amounts of methionme but no ¢y stme are
added to the diet, the anmmals Ine 2 httle longer but suceumb with Iner
necrosts although no anemmn or hy poprotemema develop When methomne
15 restriceed but there 1s adequate dictary cystine, no Iner necrosts 1s ob-
served although there 15 a disturbance m hemoglobin and plasma proten
formauon  Apparenth then methionine deficieney mterferes with hemo-
globin and plasma proten function while lack of cvstine leads to lser
necrosis which deselops i the absence of fatrv nfiltration (page 193) as
choline 1s present n the diet

Since methromine 15 a precursor of cvstine what hutle 1s known of the
role of the latter amno acid i the orgamism should be mentioned Some
tme ago cyvstine was shown to be a constituent of hair, various specimens
of human hair which have been analvzed contam on the average almost 20
percent of this amuno acid (275) That rats placed on a cvstine-deficient diet
will show an inhibition of hair growth 1s therefore not an unexpected find-
mg (276) The hair of such animals 1s also abnormal in that the medullary
cells are broader and more loosely pached, the cortical portion, which n-
cidently contans sulfur 1s narrower than control hair Tt 1s unfortunte
that histological studies of the shin of such ammals have not been made
Other experiments employ g diets deficient 1n sulfur-containing ammo acids
mdicate a shghtly increased production of hair when methtonme 1s added
mto the diet (277) Another most interesung aspect of this problem was
studied 1n a stramn of herediary by potrichotic rats When evsteme 15 ad-
ministered to these animals growth of the hairy coat 1s sumulited It 1s con-
cluded that cvsteine manifests this action because of the sulfhydr] group
1t contains (278) These obsersations have not been confirmed (279)

Some mcidental obsersations of methionine deficiency in other species
might be mentioned This ammno acid 1s necessary for the mamntenance of
nitrogen metabolism mn the adult rar (280) and the dog (230) In addition
1t 15 apparently necessary for growth of the mouse (269) and for hemo-
globin formation 1n anemuc dogs (281)

The relanonship of methionmme to the mamtenance of the ntegrty of
the Iner of protemn-depleted dogs 1n the presence of posons s an interesting
one Am results of course may be due to 1 choline or cysune effect In
dogs which are placed on a low protein mtake and whose protem stores are
reduced by plasmapheresis there 1s 2 reduction m tolerance to the ntra-
venous admumistration of mapharsen as measured by the appearance of
182) The admmistrition of methiomne the dav before the 1n-
jecuon of the arserucal rases the tolerance of the ammal m that larger dosef
of the drug are required to produce icterus  Then too 1f fSlml;é:)r p:rt:lrxe[:;
depleted dogs are mamtained under chloroform anesthm{:}x or - c';ect ot
they die of necrosis of the ner (283) Alcthiomine has a drama

jaundice (



Part IV

THE FAT AND WATER-SOLUBLE
VITAMINS

‘Al these diseases, with the exception of pellagra, c1n be pre.ented and
cured by the addition of cerramn pretentrie substances, the deficient sub-
stwnces, which are of the nature of orgamc bises, a.e <l call ‘~ntaznunes’y and
e auill speak of a bersbert or scur-) autannne, abich means a substance
precentng the special disease” Funk 1912 (1)






InTrODUCTION

\ vitmin s usually defined 2s an organic substance, soluble m fat or
witer which 1s ordmanly needed only 1 minute quanaties to muntan the
metabolic integnny of certun cells and ussues The term virimer has been
mtroduced to refer to substances having more or less smular biological
wtnary but differing structurilly, as for sstince  pyndowne, pyridoval,
md pyndoviine

During the begmning of the second decade of this century, McCollum
1nd Dwis (300) ind Osborne and Mendel (301) demonstrated 1 fat-soluble
matertal that promoted grow th in ammals w hich had been placed on punified
diets This materil was named fat-soluble vitamin A In 1922, McCollum
md his co worl ers showed that vitamin A could be destroved of osygen
was bubbled through cod Inver o1l and that 2 second fit-soluble material
remuned m cod-lner ol so treated, this substance or vitamun D proved
1dvantageous 1n cuting and preventing the manifestations of riclets In the
swme yvear Lvans and his group (390) showed that reproductne actnary m
rats was nterfered with when animals were placed on syvnthetic diets con-
tunmg certan fats, the addition of wheat-germ o1l to such ritons restored
reproductne actvity to normal The actne substince m wheat-germ ol
wis nimed vtamin L (the fifth vitammn to be 1solited)  About ten veus
later the fourth member of the fat-soluble group vitamm K, w 1s discovered
(436)

The charctenistic of fat solubility which these four substances displas
1s of some mmportance since any interference with the absorption of lipids
from the intestinal tract will hinder the absorption of these vitamumns 15 well
For instance 1f bile and/or pancreatic jmce are absent or present m nide-
quate quantities 1 condittoned deficiency of all four of the fat-soluble
vtmins my occur  In mn wgns of deficieney m vitammn A D ind K
have repeatedly been seen under such circumstances Adequate evidence
for the occurrence of vitanun L deficiency mn the human s lacl mg Al
though the structural changes associated with deficiency of the fat-soluble
vitamuns h1ve been described and stadied rather fully  the underls ing mech-
anssms of the biochemical defects are less clearly understood, especrally 1n
companison With what 15 hnown of the function of the water-soluble group

The story of the development of our knowledge of the group of w1ter-
soluble vitamins as 1 whole 15 far more complex than that of the fat-soluble
series \What follows 15 a very brief resume of long and heart-rending 1n-
vestiganons By 1915 McCollum had separated 2 growth provohing sub-
stances fat-soluble vitamm A and water-soluble vitamm B w hich occurred
n vewst (759) Ten vears hter the water-soluble substance 1n \east w 1s

#9
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Vitamin A

Historical In 1913 two groups of mvestigators, McCollum and Davis
(300) 1nd Osborne and Aendel (301) reported that cerrun fats contan an
essentnal nutnient for s, without this substance amimnls fail to grow m
nornnl fashion  Severil veurs hiter, Steenbock (302) suggested that the
actie prneiple or vitunm A as the maternl had then been designated, was
carotene 1 yvellow pigment derned from phint and ammal assues Duning
the neat ten yvears the exact adentity of vitamin A remuned unsettled and
in much confusion, n 1930 carotene was shown to be pro-vitamin A (303)
Karrer (304 305) then worhed out the chemical constitution of both ciro-
tene wnd vitamn A nd completed the story mn 1936 when a pure materal
was s\nthesized (306)

Biochenncal Relationships  There are 1 number of closely related sub-
stances (carotenes) which behave as pro-vitamm A, of these, the most porent
1s beti-cirotene  The carotenes 1ind vitamin A are absorbed from the m-
testine 1nd the majonty of e1ch 1s stored 1 the lwer  Here the carotene por-
tion 1s brol en down nto vitammn A by an enzyme carotenase (307) Asm
the © se of the other fat-soluble vitinuns bile and/or pancreatic ymce favhi-
tate 1bsorption from the mtesunes, viermin A deficiency may develop when
these secretions are dimimshed or absent (308) Although the major por-
tion of the organism’s store of vitamn A 1s found mn the Iner other tissues
also contun varving amounts as his been demonstrited by chemucal and
tustological studies The following values mdicate the tissue distributions
of vitamun A (in Briush Unuts per gram) as determined by chenical pro-

cedures on rats  (309) lver, 40 000, hidnes 50, lang 450 adrenal, 2500,
heart 1 spleen 2 pancreas 25, thymus 12 brun 03, muscle 05, blood 2

The fluorescent properties of vitarmn A have been utlized to study the
histological distrsbution of this nutrient  VWhen formalin-fined sections of
ussue are viewed under 1 source of ultraviolet hight of wave length 328
mullimicrons a fading green fluorescence 15 observed which 1s mterprered
to be due to the presence of vitamm A This hustochemical test 1s apparently

not as sensitive as ordinary chemical determimations since the technique fatls
to rev el the vitamin n ussues where chemical tests mdicate that 1t 1s present

Little 1s known of the function of vitamm A mn biological systems, ex-
cept for the role 1t plavs in visual processes Based on obsemations that
when dietary itamin A 1s restnicted  the ability to see under subdued illumi-
manon 1s dimmished a theorv has been developed for the physiological
wenaty of vitamin A 1n rod vision (311)

Rhodopsin a photosensitis e carotenoid protemn pigment 1s found m the
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shown to be dual in nature, since upon autoclwing sts B vitamin content
was destroyed (761) The heat stable portion was soon brol en down ito
a fairlv large group of matcrsals most of which were 1denufied during the
1930s and early 19405 riboflavin in 1935, nicotinic acid 1n 1937, pynidovine
mn 1939 pantotheme actd m 1940, and brotin 1n 1942 In addition, the dietary
importance of choline had been demonstrated 1n 1932, and mosttol and para
ammobenzoic acid were added to the hist in 1940 and 1941, respectnehy The
most recent member of the B group 1s L caser factor or folic acid which was
sy nthestzed 1n 1945

Ascorbic acid of course stands apare biologrcally from the above vitt-
mms Scurvy was the first dietary deficiency disetse to be recognized with
any certamty, and vitamm C was designaced 15 the acen e prineiple, 1scorbic
actd was not 1dennified untl 1932

A number of other water-soluble substances hnve been described and
designated as vitamins However evidence of therr true identity has not
been presented 1n suffictent detul to warrant a discussion of them in ths
volume

The functions of the water-soluble vitanuns are more clearhy understood
than are those of the fat-soluble group A number have now been shown
to act 1s parts of coenzy mes 1n brological processes These mclude  thimmine
(cocarbovylase) micotnte 1cid (phosphopyridine nucleotides), nboflavin
(\anthine osidase d 1mmo oudise) and pyridonne {codecarbozy lase)
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decrease 1 size 15 at the expense of the o toplasm, the nucleus does not
appear to change ns dimensions  Such foci then spread ta embrace large
areas of the epithelial lming where small svncy tial-hl e masses of cells ap-
pear, dersved from the atrophic elements These cell masses rapidly pro-
Iiferate and undermmne the overlving atrophic columnar cells Growth
actnity of this metaplastic epithelium seems to be augmented, and the cell
groups nipidly develop into 1 herannized tvpe of epithelium which spreads
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rods of a number of mammalan species  YWhen light 1cts upon rhodopsm
(v1sual purple) photic and thermal reactions occur and 1t 15 bleached to a
compound composed of protein and 1 carotenoid substance named retimene,
The latter further breals down meo vieimin A The viswal evcle 15 com-
pleted by vitamin A and protemn unitng to form rhodopsin - Vitamm A p-
pears to be destroyed n this reaction hence 4 contnual supply 1s necessary
In the presence of mdequate vitamm A, rod viston 1s dmmished or absent
In other words the cye becomes ‘mght blind,” since the rods are respon
sible for vision under subdued llumination

Pathological Effects As 1 result of the studies of W olbach and IHowe
and others 1 defictencs of vitamin A has been shown to affect the mntegrty
of certun cpithelnl tissues as well 1s bone and teeth

Epuhelun - Microscopie changes 1 cpithelnl structures have been de-
scribed m the rat (312), gumea prg (313), fox (314), mouse (315) 1nd
monhey (316)

As mterpreted by Wolbach (317), specific changes arc found mn those
epithelia whose cells have 1 secreung (chemical) function in addition to
the role of 1 covering Inyer and whose funcuoning cells are without pow cr
to diide” Epithehnl cells comprising the following organ svstems hue
been reported to be affecred

a Digestnne svstem paroud submwullary  sublingual and all accesson
glinds of the tongue buccal ctiity and pharyns ducts of pincress

b Respiratory trict nares, smuses, Jacobsen’s organ, Jarvan trichea
aind bronchi

¢ Genio-urmary system ren1l pelsis ureter bladder, urethr: ept-
didyms, prostate  seminal vestcles, coagulating glinds uterus, ovaducts
glands of vulva and vagma

d Special senses eves including cornen and ccessory ghinds (hardernn
intra- and extraorbital and tarsal) and reuna

¢ Endocrine system thymus hypophvsis (pressure)

The reason for the mvolvement of and the degree of damage to vanous
epithehal tissues 1s not clear  No relitionship has been found as y et betw cen
the chemical and/or microscopic distribution of vramun A and the oc-
currence or non occurrence of ussue changes An explanation based on
embr ological grounds 1s untenable, nor does the order m which various
orgns are affected by the characterstie Lheratinizing metaplasia gise 1ml
clue Wolbach (317) has cpitomized the pathogenesis of the epithelrl
Jestons as “atrophy of the epithehum concerned, reparatie proliferation of
basal cells and growth imd cilﬁerentmnnn of the new products into 1 strat-

ithelum
ﬂedI} cor::TaZli:f t;}:: trachea as an esample mucroscopic e\'un]me;]nonere\ _;r;]l:
focal ares of atrophy of the columnar cells to be the il chang
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which hs led to extensn e studies of the relationship of viamin A to normal
vsual processes  Naght blindness has been observed phyvsiologicalls 1n
anmmis (321) and of course 1n man It 15 therefore not surpnsmg that
when severe degrees of vitamin A deficiency are produced 1n rats anatomicil
changes mav be clicited n the retna (322)  Depending on the degree of the
deficiency , degeneration of the retina first manifests irself in the visual neuro-
epithelnal cells, the rods and then progresses mn order through the outer
nuelewr Inver the outer molecular lver and the mner nuclear laver  The

Ficere 2y Comez This viamun A defictent rat shows extenstve metaplasia of the ¢ eal

cpicheliam
mfiltravon

There 15 also vasculanzation of the underlying subsunta propna and leul ooy 1
ganghon cells themselves, are unaffected even 1n severely deficient animals
The outer segments of the rads which have degenerated, are capable of
regeneratton following therapy, if however more extensne changes have
occurred treatment is meffectual It will be recalled that the rar for the most
part 1 nocturnal anmmal has verv few cones too few for them to appear
often 1n sections so that the reaction of these structures to vitamn A de-
fictency has not been descnbed
Skin Despite changes in the epithellum ac other sies relamely few

cutaneous alterations have been ascnbed to a lack of vitamm A 1 evpen-
mental ammals In the human however Frazer and Hu (323) desc:n};e a
rough drv shin which microscopically shows hsperkeratosss and hy per-
Leratotic plugs 1n the hair follicles For over a decade such chanaes Ig.ne
been interpreted as pathognomonic of viamin A defictenc The spheclﬁclt\

of these lesions has recentls been quest;
1oned on both theoret
evpenmental grounds it 35 vell as
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so that 1s the deficiency progresses, the entire trachea may come to be lined
by metaplstic epithelum, whose heritmzation results i the accumul
tion of 1 detritus of heratinized matersal m the lumen of the tracher 1he
mereased grow th 2ctvity of epithelum which has been described by Wol
bach 1s questioned by Friedenwald and Iis assoctates (318) Quantitatse
studies of nutotic 1ctivity of healing wounds n the corne of vitumin A
deficient rats reveal that the overill mitotic rate for each thousand bisil
cells 15 reduced by tlurty percent from the normal and the speed of the
mutotic cvcle 1s lihewise nhubited  Such obseryations furnish the first quann
tative evidence on this fundamental pomnt

When vitimin A 1s administered, repair 1s extremels raprd and diffusc
m contrast to the focal devclopment of the imtal changes when the il
1s placed on 1 deficient regimen (319)  All cells composing the basal hyers
which arc apparently analigous to the stritum germnatium of the slin hne
the power to proliferate Such cells differentiate into their former columnar
forms and the overlying strata which hwe apparently arreversibly differ
entiated, are sloughed off and removed by autoly tic phenomena The trachenl
epithelium thus regams its normal morphological appearance

Some mention must be made of the relattonship of the changes n the
cepithelium of certun speaific tssues to the subsequent course of events In
the respiratory trace, for instance, the normal ciliated epithelum hinng the
trichea 1nd bronchi 1s replaced by heraunizing cells Consequently the con
tinuous streaming of surface mteral towards the pharynxis abolished  Since
a protective mechanism of the host his been chmunated pulmonary -
fections are consequently 1 common accompmmment of vitmun A de
ficxency  In the uninary tract renal and cystal caleult have been frequently
observed m animals chronteally deficient 1n vieamin A Such stones result
from the mspissaton of Leratinized maternl dernved from the Lining of the
renal pelves and bladder

Ocular Apparatus  Lesions of the eve are of particulir importance,
espectally from the diagnostic stindpomt  Xerosis and 1 cratomihenn were
the first manifestations of vittmin A deficieney to be deseribed i mn T he
corneal epithelium shows the charactersstic metaplasia seen clsew here (551)
In addition there 15 vascularization of the substantia propria but this s m-
terpreted as 1 secondary phenomena which results from the 1 cratmz1tion of
the epithclium 1n association with nfection (557) It 1s interesting ul)
speculate as to how much such changes are due to vitunm A deficiency 1;1(
how much they may be secondary to 1 dlmmuyuon of the secretion of the
ocular glands because of obstruction of the Intter’s ducts  Keratitis Oqf course
occurs when the secreton of tears 15 abnormal as for mstance 1 Sjogren s

drome 1n the humn (320)
B nAnorhcr of the early mnifestations of vieamm A deficieney 150y crilopni
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reverls n atroplie single [ ered, epithednl covering  Tollowing the with-
driw il of vt A, there 15 some return to normal thichness  More 1un-
portant, how cver, extensis e heratmization occurs n the epithehum, espeentlhy
that of the har follickes  Such Iesions have 1 superficial resemblence to the
changes deseribed by Frivier and Tlu (323) an the human

Reproductice System Latensie mvestigons have been reported on the
effect of vitvmm A defictencs on che mnle germuml epithchum and on re-
production n the fomle e When male rats are pliced on 2 diet deficient
m vitamn \, there 15 atrophy of the germunal epithelum 1 change which
oceurs furly rapidly, wecording to Mason (325) more rapidly than smmlar
morphologic alerinons which result from immtion  The difference 15 ap-
pirently one of degree stnce n both manmwon and vitanmun A defictency
some of the basal cells persist so that when food ntake or vitamm A are
restored there follows 1 rapid return to normal unhle the irreversible
changes which occur m the vitamin L-deficient testis (page 122)

In the female there 15 an alteration m the vaginal smear so that rus
mirkedls deficient in vitwmin A show 1 conunuous cormfication of the cells
(326) As a resulr the estrous evele in such animals including the human
cannot be interpreted  In moderate deficiency states in experimental anmmals
one encounters pertods of partil cornificiion which cn be mterpreted s
met1 and diestrous  Periods of complete cornification doubtless comeide
with proestrous and estrous  The vitamin A-deficient female 1s capable ot
normal ovultion, implantation and endocrine 1ctniry However depending
on the severiny of the defictency reproductive function 1s interfered with
Dexth of the fetus occurs it utero, such fetuses mayv be erther resorbed or
evpelled Gestation mav be prolonged and a few voung may be born 1ne
to die shortly after Mison interprets the primary change as occurring not
in the embryo proper as m vitinun L deficiency  bue rather as 1 result of
alterition 1n the lining of the reproducte tract  For at the junction of the
fetal and maternal ussues there are localized areas of mfection and necrosis
m which bictern have been stuned  Such areas of destruction of tissue
mterfere with the nutrition of the embryvo Tt may be, too that there 1s 1
bacteremit of the embryo  Such 1 possiblies has not been evplored It
would be most mteresung to culture the uterine cavities to determune the
prex uling bicternal flora

Femiles on vitymm A-deficient diets may be bred and from some litters
hue been removed by Caesarein section  All of such voung have 1bnormal
development of the eves lack of differentinnion of the hds and cornea nd
disorgamization of the retim (337)

Bone and Nervous Tissues In therr earls studies of vitimm A deficiency
Wolbich and Howe (312) noted mpairment of epiphy seal bone formation
and interpreted this to be 1 manmfestition of the general inamtton w hich their
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I'icure 24 Tongue of vitamin A deficient it Note large evsue structure filled wath Tert
tized debris  The normal limng, epithelium s heratinized and the onfice of the duct hrs
become obstructed  Smaller cyvsts are seen on erther side H and L

Sullvan and Lrans (324) call attention to the present concept of the
pathogenesis of the lesions of vitamin A deficiency  atrophy followed by
metaplastc epiehelil hyperl eraunization  They find 1t difficult to umgine
how such changes can occur 1n the shin since this structure 1s, of course, 1l-
ready heratimized It thus appears that metaplasue 1 eratimization cannot oc-
cur unless the eptthelium 1s 1trophic A vitamin A-deficient ration wluch was
essental 1n all other respects particularly the B group and the essentinl fury
acids was therefore concocted  Grossly and mucroscopically no dermal
lesions appear when rats are placed on this dier When however, the ranon
1s made deficient 1 other factors especnlly the heat-stible B components
changes do develop For example, m such an experiment rats are grven ade-
quate vitamin A, but madequate amounts of the B group until marl ed de-
ficiencies of the latter vitamuns are present  Vitwmn A s then withdrivn
and the ammals are contmued on maintenance levels of the B complex

Alicroscopic eximunation of the shin before vitimn A therapy 15 stopped
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Twure 25 Sheleton Viamun A deficient rat In 4 the nerve roots (H) show deformities
due to hernation through the vertebral foramma In B which 1s 2 cross section of a vertebra
the herntanion 1s better seen  (Courtesy of Dr S B VWolbach and the Archnes of Patbology )

bach feels that appositional bone formation continues in the shaft and else-
where untl mamition supervenes (771)

That vitamun A has 2 potent effect on bone growth has been even more
conclustvely demonstrated by Wolbach’s observations 1n various species m
hypervitaminosis A (317 771) \When large amounts of the vitammn are ad-
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ammals exhibited At about the sume time neurological signs together with
lesions m che nervous ussues began to assume 1 promment plice m the
syndrome of experimental vitumin A deficiency  Mellanby (327) 15 well as
others had studied nd reported degeneration of the cranml and penpheral
nerves together with lesions 1n the grav and white matter of the brun and
spmal cord It was postulated, therefore, that vitamin A had 1 specific effect
on nervous tssues, despite the fact that there was no agreement whatsoeser
1s to the pathogenesis or the distribution pattern of the lesions In 1941
Wolbach 1nd Bessev (328) clanified the matter and stated that they were
forced to ‘the prradovc conviction that the genesis of the nerve lestons of
vitimm A deficiency  requires an essentially normal rate of growth of 1
normil nervous svstem nd thir mechanieal myury, the result of 1 dispro
portion between the central nervous system and 1ts bony enclosure 1s the
explanation * This interpretation 1s based on several important obsery itons
In the first place, lesions can only be produced n young, actively growing
ammls  When rats are pliced on 1 vitamun A-defictent regimen after 2
certamn cntical age, neurological manifestations fail to appeir, but when the
dietary vitumin A content of weanling anmals 1s restricted evidence of m
volvement of the nervous ussue appears with regulainy during the eighth
weeh Then too the pattern of the lestons has no rhvme or reason etther
m 1 single anmal or when seseral ammals 1re compared one with another
The reason for this was demonstrited by careful dissection of the nerious
tissues within their bomy coverings The cercbellum may be found hern ated
mto the foramen magnum There may be multiple hernitions of the cere-
brum and cerebellum nto the dural venous sinuses At the site of the arach-
noidal vilh - There 1s usually an overcrow ding of the spmnal canal by s con-
tents so that the spmal cord 15 distorted and the nerve roots hernnte into
the intervertebral formma and erode the vertebral bodies Thar these
phenomenona are a result of vitamun A deficiency alone has been con-
clusnely proved since disturbances in growth produced by manition or
other specific nutritionnl deficiencies effect the rate of growth of sheletal
and nervous tissues alilhe  Furthermore that the bone 1s at fault rather than
that there 1s an overgrowth of nervous ussue can be shown since grow th of
the latter 1s normal m addition the regeneratte capacity of the 1von 15
ummparred

It 1s clear that Wolbach and Bessey’s (328) observations prove that vita-
mmn A has a specific effect on endochondral bone formation  As vet Wol-
bach has been unable to detect any specific or charactenstic effects on this
genests The changes appear to be non-specific and resemble
bone which has stopped growmng as a result of lack of
D or ascorbic actd However Wol-

phase of osteo

those seen m any
calories or nutnents other than vitamin



THE TAT AND WATLR SOI UBLE VITAMINS 101

Fictre 76 Lower incisor tooth for a vitarmn A deficrent rat There 15 a wide band of
denun under the epamel (empry spzcc) k
seen (Courtesy of Dr Paul E Boyle)

15 abo

on the lingual and lateral margins  Odontogemic epithelhum 15 also respon-
sible for the orgamzation of mesenchymal pulp cells into odontoblasts of 2
“polarized or functional ty pe, the latter cells then lay down dentime w hich,
while building up, 15 caleified and 1s responstble for the growth of the tooth
In the normal growth of the rat’s incisor one mayv then expect an orderh
sequence as follows 1 Proliferaton of ameloblasts 2 Differentation of
ameloblasts 3 Differennanion of odontoblasts 4 Formation of dentine
marrn 5 Caleification of dentine and_enamel
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mmnstercd, the bones become exeremely fragile so that numerous fractures
resule. Bone growth 1 greath accelerieed so the ‘e 15 possible to get the
equnalent of vyeu's growth m 1 ten to fifreen d1y perod” (329) Wol
bach mterprets this acon of viemun A as n weelertion of “remodeling
sequences 1n conformits to normal growth pattern The remodeling t1l s
plice 1n spite of 4 retardation of limerr growth of bone nd 15 correlred
with accelerated epiphyvseal cartlige sequences Those sequences retrded
or suppressed m vitimin A deficiency are grotesquely wmd drumieally ac
celerited by the exeess” (329)

Besides the cessition of bone growth which occurs 15 1 result of vitumm
A deficiency  certun other osscous changes are encountered  Mellmby
(327) who has mterpreeed vireunlly all the neurological changes on the b
of bony overgrowth, has deseribed hy perostoses bout the perotic by rinth
and certun of the forumnn of the shull n dogs VW olbach and Besses (328)
note such changes 1n the mner ear, narrowing of the optse forwmma has been
obscrved m clves (330)  The significince and cwse of these localized out-
grow ths of bone are not cletr and 1l require further s estigation

From the studies of the neryous tissuies 1 rats 1t 1s to be expected that
merease m mnericranl pressure occurs when these and other ammmls are
pliced on viewmn A-deficiene diees  In deficient calves 1 quantietive e
m cerebrospinal flind pressure has been observed (331, 332)  Ophthuimo
scopic cxummnation m1y reveal papiliedema  Cerebrospinal flmd values m1s
rise from the normal of 70 millimeters of water to 1s high 1s 240 nullimeters
A further mamfestanon of mereased mtracranil pressure n such anmals
15 the occurrence of evsts i the hy pophy sis which are not encountered n
normal ammals, they are observed in the posteror lobe and cawse com-
pression of the glind which ss followed by atrophy and necrosis  Measure-
ments of the evsts Imve not been ginen, one, however, 15 sud to hnve con
tuncd 75 mulliliters of flmd (333) In the sume spectes blndness has been
abserved but it 1s not entrely clear how much of 1 role each of these fictors
plv  mcreased ntricrinial pressure, nirrowing of the optic foramimny I
bony overgrowth and degencration of the retina

7T ceth Because of the epithehal ongin of the teeth 1t 15 not surprising to
find that deficiency of vituwmin A profoundly affects their growth  The
studies reported n raes and gumner pigs are all i agreement and the under-
Iving changes appear to be well established (334, 335, 336) Before de-
scribing the alteritions which occur 1n the rat's masor 1t would seem 2d-
\1ntageous to review briefly the normal devclopment of this structure (336)
Growth of the rat’s icisor results from the prohiferiion of 1 group of
t the base of the tooth Such odontogenic epithchum dif-
meloblasts which form enamel on the outer or bl surfice
form the cementum wlich s deposited

epithelal cells a

ferentiates nto
of the tooth and cemetoblasts which
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Ficure %6 Lower incisor tooth for a vitamn A deficient rat There 15 2 wide band of
dentin under the enamel (empty space) } of od
seen (Courtesy of Dr Paul L Boyle)

15 also

on the lingual and lateral margins Odontogenic epithelum 15 also respon-
sible for the organization of mesenchymal pulp cells mto odontoblasts of a
¢ polanized” or functional ty pe, the latter cells then lav down dennine which
while building up 15 caleified and 1s responsible for the grow th of the tooth
In the normal growth of the rat’s mcisor one mav then expect an orderly
sequence as follows 1 Prohferatton of ameloblasts 2 Differenuation of
ameloblasts 3 Differentiation of odontoblasts 4 Formation of dentne
matrnn § Calaficinon of dentine and.enamel
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In vitwmin A-deficient anmmals the first and principle change 1 found
m the odontoblasts It wall be remembered, however, that such cells are
orgamzed by the odontogenic epithehum, hence, although i the early stages
of the deficieney the latrer cells are morphologicathy not abnormat, the
physological sumulus they ordinanily provide appears to be madequate ‘The
odontobluts do not differentiate or arringe themsel es 1 normal fashion and
m consequence dennine 1s formed srreguhirly and in varying amounts The
lingual dentme 15 thin while that depostted over the Ibal surface 15 thicker
than normal It has been suggested that masticatory stresses may lead to
this difference (336) The odontoblasts show varying degrees of deselop-
ment, being more poorly differentiated proumally than distally, possibly
because the former cefls are younger 1nd more deficient shan those whuch
are more distal and therefore, older

In the early stages of vitamin A-deficney the odontogeme epithehum
appears to be normaf morphologically thengh nor so physiologicalls, fater,
profound anatonneal changes are observed  The cells exhtbie such a fack of
differentiation that virtually no recognizable ameloblasts can be found Con-
sequently there » 1 great reducnion m the deposition of enamel, as a result
enimel hypophisin 1s 1 pronunent manifestinon of advanced vieamin A de-
fictency  Since the odontogeme epithelmm does not stop 1ts proliferatnie
1ctwity, cords of undifferentated epichieliom ms 1de the pulpal tssues where
thev form nests of cells Some of these arc able to sumulate the neighboring
mesenchyme to abortive effects of denune formation and m this fashion
numerous concrotions may be formed Loss of the yellon pigment of the
morsor teeth of rars has been deseribed when rations defictent m viaman A
are emploved (429)

In the rar and gunea pig all of the sbove changes are reversible follow-
ing adequate treatment with vitamun A (334, 336)

In swwmnary, vitamin A deficiency leads to changes m mamy epthelial
ussues where metaplastic keratmization oceurs  In addition there are phy<io-
logical and morphological disturbances in the retma and derangement m
the growth of bones and teeth

Vitannn A Deficiency m Man  Both physiological and morphological
evidence of vitamin A deficiency may be detected i man  In the United
States, however chnseal evidence of this defictency s uncommon and al-
tertions 1n the ussues at autopsy are rarely seen  On the other hand a the
Ortent parncolarly 1n China (338), the chmcal manifestations of sitamn A
deficiency are much more common, here, however, the syndrome w hich 15
observed 15 not usualhy Caumlil by a deficency of viamin A alone but of

al patrients as W el
mhi\ri:rsts\m?tltempts hate been made to place the diagnoss of vitamm A d!e-
ficieney on an evaluanon of the levels of carotene and/or vitarmun A i the
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blood scrum It hs become appirene, however, that the levels considered
norml or subnormal n this country must be revised n view of dara which
huve been rccumulted m Chinn (338) where blood levels have been cor-
relited with the clinieal mamifestations of the disease and indicate thae the
lesels used to delineate vitamin A deficieney 1n this country are too high

The charctenstic chimeal signs of sitamn A deficieney are sard to m-
clude \erosis |eratormlacia, nyctalopa, and a papulir dermtiis The
erosts or by perheratoss of the conjunctiy ae, has the same appearance micro-
scopically as stomlar changes m these tissues of experimental amimals that s,
| eriunizing metaphisin Idenucal chinges occur 1n the corneal epithelium
which are followed by vasculirization nflammation, and sometimes perfora-
ton Nictilopin at one time was smd to be common m this country  bur
therc 1s now a growing feeling that night blindness resultng from + stamn A-
deficient dicts 1s uncommon and that there 15 very little relation betw een the
vitamin A content of the diet, the blood concentration of this vitammn and
dark adapration (339) The shin changes which have been thought to be
spectfic for vitumuin A deficiency have been discussed above where the con-
clusion 1s reached that the papullar dermatitis which has been thought to be
pathognomonic results from a deficiency of not only vitamin A but portions
of the B complex 1s well (324)

Several trals hive been made to ehicit uncomphicated vitamin A de-
fictency m expenimental subjects The charactersstic clinical mamfestations
of this deficient state have not been produced however even though such
volunteers have remauned on 1 vitamin A-deficient regimen for farly long
periods of time (340)

At autopsies performed n this country the mamfestations of vitamin A
deficiency are far more common in children than i adults Blachfan and
Wolbach (341) huve described the postmortem findings n a group of chil-
dren w hose clinic i course w as characterized by seyere resprratory infections
Ty preal hermumzing metaplasia was found i the hidney pelves bladder,
the hning of the nasal sinuses the respirators tract and m other tissues simlar
to those affected m experimental ammals  Of parucular mterest were the
pulmonary lesions which consisted of bronchitis bronchiolitis and lobular
pneumonia all of which were extreme It was apparent that i the absence of
normal ciliated epithelum bactersa were not disposed of m the usual fashion
and were able to grow 1mvade the bronchial walls and produce nflammation
of the surrounding structures Since 2 number of cases of viamin A de-
ficiency studied by these and other mnyestigators have revealed cystic fibrosis
of the pancreas or bihary obstruction 1t 15 concluded that absence of the
pincreatic or hepatic secretions Jeads to poor or madequate vitamt A ab-
sorption

Changes similar to those observed 1n the enamel organ of the st have
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been described 1 thus structure of an infant exhibiting other manifestanons
of vitumin A deficiency, but since the general ncidence of vitamm A de-
prrvation 1n children 1s so low, 1t 1s unlikely that 1 deficiency of this nutrient
1s ever a common cause of enamel hy poplasia i the human (342)

At autopsy, morphological evidence of vitamin A deficiency 1 the adule
1s much more uncommon than m children In fact, aside from the chinieal
mamifestations referred to 1bove, mstanees of clear-cult examples of heratiniz-
g metiphsi1 n the adult are virtually non-existent escept for the oceurrence
of xerosis m the eve It should be pointed out that several years ago based
upon obsers attons 1n ammals and lietle else vitamin A deficiency was mtro-
duced 1s 1 promient cause of urinary calculi n man  Studies by Jewett
et al (343) who utilized the dark adapration technique and whose matenal
was exanuned by the present writer would seem to show conclusnel that
vitamin A deficiency 1s 1 rare cwse of urinary erleuls m man 1 this country
at least

Vitamins D

Historical  Although mamifestations of rickets have been recogmzed from
carliest tmes not until the mddle of the 17th century was the disease shown
to be 2 chncal enuty  Pathological studies of the bones of antmals and
humans were made during the last century, such observauons culmimated n
the morphological mvestigations of Pommer which were published m 1885
(345) Pommer outlined the broad principles of the pathological changes
m nchets Subsequent workers hue only confirmed and amplified his con-
clustons

Unul the end of the second decade of the present century richers hid
not been consistentls produced 1n the laboratory In 1918 Mellanby (346)
announced from Lngland that “Rickets 1s 2 condition primarily due to the
Inck of an accessory factor m the diet” Further studies (347) published
several years later showed that cod Iver oil, but not certan other fats has
antirachitic effects, and that environmental conditions such as close confine-
ment, appear to contribute to the development of the changes it the shele-
ton Mellanby’s rations were not adequate m other respects particularh
fat-soluble vitamin A In addinion, the diagnosss of richets was based n large
part on the gross 1ppearance of Ius dogs not on histological obsers ations of
the bones

At the same time sumlar expermments were being carmed out n this
country, here st was conclusn ely demonstrated how mmportant the c?lgmm
and phosphorus content of the diet 1s n relation to the dev elopmi’m’ ; one
changes In 1921 Sherman and Pappenheimer (348) anno_llx_rlz]ce d:l tel X}:rz;
duction of ricl ets m rats by a dict deﬁlcxenr m pi;'mfh]?:tu]s ch;me :g lslcr)mhr
phosphate protected gunst the development of sl eletal o
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evperiments were reported sunultainecouslh by McCollum  Stmmonds  Ship-
lev, and Park (349, 350) who, emploving 1 variets of diets, produced bone
changes which were proved to be nichets by microscopic examnation  Such
studies sumlirly pointed to the importance of the phosphate content of the
diet, and further showed that lack of fat-soluble vitamin A scemed to be
nother mportant factor m the pathogenesss of the discase  The Johns
Hophins myvestigators then went on to demonstrate that the inclusion of
cod lver o1l 1n the dice Jeads to the deposition of lime salts i the bones of
richitic rats (351) and that cod Iner o1l contains a curative substance not
present in buteer f1ir - The eustence of two fat-soluble vitamins was demon-
strrted when ovvgen was bubbled through cod Iner o1l a procedure which
destrovs vitamuin A while the anurachitic potency remams ntacr (3>2)
Lasth the clinical efficacy of cod liver o1l was proved for when this ma-
tenal was administered to rachitic children roentgenograms and histological
studies clearly indicated that lime salts had been deposited mn the bones (353)
While these studies were gong on attention was also centered upon
Huldschinshy’s (354) obseniation that ultra-yviolet Iight has a curatnve effect
on chinical richets The entire story was brought to a close when Steenbock
(355) and Hess (356) simultaneously showed that when vanous substances
were irradiated anurachitic properties appeared The precursors of these
actne matenials were demonstrated to be ergosterol and cholesterol
Biochenncal Relationships  Of the many forms of vitamin D which have
now been discorered (357) two acuvated ergosterol (viosterol or cal-
ciferol) and actnated cholesterol (7-dehvdro cholesterol), are the most 1m-
portant, both are used extensnvely i the prophy laws and therapy of richets
Aside from these dietary forms of vitamin D, the orgamsm 1s able to obtain
adequate amounts of anurachitic substance from the activation by sunhghe
of the pro-vitammin m the shin Hess and Weinstock (338) proved this by
feeding human or calf shin to rats on a rachitogenic diet W\ hile non-irradi-
ated shin has hittle or no healing effect, dermal tissues which have been
raduated with ulra-violer ravs m 2itro do have antrachiic power These
observations show conclusnvely why ultra-violer irradiation 1s so mportant
mn the cure and prophy lavis of nichets and also help explam the geographical
distribution of the disease
Lfforts to clucidate the mode of action of vitamm D have been directed
at 1ts general role 1n calcium and phosphorus metabolism Lxidence has been
adduced that vitamin D enhances the absorpuion of calcrum from the m-
testinal tract (359) On the other hand, phosphorus absorption appears to
be unaffected by the presence or absence of the +itamin (360) Unlzing:
radioactve caleium and phosphorus such observations hay
and confirmed (361 362)
Evidence for 2 local or ussue effect of viamn D on bone 1s less con-

e been repeated
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clusne  Although st has been postulited that ths vitanun promotes the con
verston of morgamc phosphorus to organic forms in the bone (362, 363),
more diet 1re necessiry before any final conclusions can be drawn

Norunal Bone Grouth In order that the pathologic changes which tal ¢
place n nickets and in scunvy too, will be more mtelhigible a brief discus
sion of normnl osteogenesis will be presented the anatomical aspects first,
followed by pertinent dat1 on the composition of bone and what little 1s
know n of 1ts morphogenic phy siology

Histogenically two &y pes of bone are recognized  membranous and endo
chondral (364)  The former 1s found m cercun portions of the shull bu
concerns us httle since 1t comprises only a small part of the total sheletal
system It suffices to s1y that n the formation of this type of bone, me
salts that 15 cilcium and phosphorus, are deposited n sheets of connectie
tissuc  Irom the second ty pe, endochondral bone, develop the bony tissues
of the extremties, the nbs certamn bones at the base of the shull, et ceter:
To epitomize the formation of this &y pe, lime salts are first deposited m the
mtrices of carnlaginous plites  Blood vessels then grow nto these plates
and begin to erode the carulage cells, osteoblasts follow and deposit osteord
on the now calaified caruliginous matrn Simlar materinl which 1s rapidh
turned mto bone 1s deposited about the periphery of such cartilage pltes to
form the future shaft and to allow the structure to ncrese m width

Grow th i Jength of the bone 1s brought about by 1 contimuous prolifiera
uon and maturavon of cartlage cells which mal e up the epiphy seal cartilage
at the ends of the bony shaft The cells come to be arranged mn parallel rows at
the cartilage shaft junction and s they mature such cells grow larger and
lirger It 1s assumed that the lowermost ones die, thus becoming reidy for
msasion by capillasies from the shaft  Comnctdent with these changes m the
cartlage cells, lime silts arc deposited 1 the matriy substance berween them
The tissue 1s thus trinsformed into 1 sort of honeyvcomb mto which the
capillaries grow  The blood vessels are accompamed by ostoblists w hich
depostt the orgamic portion of bone osteord, on the spicules of cilufied
cartilignous matrn Simultmneoush norgamic salts of calewm and phos-
phorus 1re deposxtcd n this orgime matriv. Bone therefore, 15 composed of
an organic protem of colligenous-ll ¢ material and morganic silts Bone
depostted mn this fashion at the carnlage shaft junction 1s soon destroyed 1n
order to hghten the structure  So too the shafe 1s continuoush remodeled
and growth m width heeps pace w 1th growth 1n length 1s a result of new
formation on the outer surface of the cortex and destruction along the mner
In the human bone growth 1s most actie during mfancy After
f 1ge growth of the cartilge slows down tremendously ,
nees are hhewise reduced in the shaft However 1t must,'
ood that even m the adult bone 15 not 1 stanc or “dead

margins
2 to 3 vewus o
remodeling sequel
be clearly underst
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Ficuke 2, Normal bone The costo-chondral juncuon from a six months-old colored boy
dying acutely of bacillary dysentery “ote small undiffcrenuated carulage cells lving 1 an
haphazard fashton at top These are arranged in rows and become larger ar the straught and
even carnlage shaft juncuon Here they are being invaded by capillanes The dark staining
matenial berween the rows 1s calaified caruliginous matnx upon which as the capillanes
destrov the carulage cells osteoblasts deposic osteord which 1s instantaneousls converted mta
Lone by the depostion of Lime salts 1t N\ote presence of calctfied mamnx mn some of the
bony trabeculae deeper mn the shaft The marrow elements are found close to the carulage
shatt juncuion a normal phenomenon H and E., xi>

ussue  Quure the contrary  bone 15 being contmually destroy ed and rebule,
such metabolic activity 1s pronounced as can be demonstrated with radio-
active 1sotopes of calcrum and phosphorus

As noted 1bove, bone consists of morgamic and organic materals which
are mumately related The organic portion 15 mamly protein m nature
Calcrum and phosphorus comprise the greater portion of the morganic con-
sutuents of bone In addition, however there are apprecuble quantties of
sodium, magnesium potasstum carbonate, citrate fluonde sulfate chlonde
as well as other elements Swnce the amounts of these maternals vary from
specimen to specimen 1t 15 quite clear that the structure of bone 1s deter-
mimed by the blood concentrations of us various consutuents The calcium
and phosphorus content 1s fairly constant, however, being 1 the order of
2to 1 The precise chemical composiion of bone 15 complex and 1s not
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clusne  \lthough it has been postulited that this vitamm promotes the con-
verston of morganic phosphorus to organic forms m the bone (362, 363),
more dita are necessary before iy final conclustons can be drawn

Normal Bone Growth In order that the pathologic changes which tahe
place m richets and i scurvy too will be more mtelbgible, a brief discus
sion of normal osteogenests will be presented the anatormeal aspects first
followed by pertment datn on the composition of bone and what hle 1s
Known of 1ts morphegenic phy siology

Histogentcally two &y pes of bone are recogmized  membranous and endo
chondral (364) The former 15 found m certain portions of the shull but
concerns us httle since 1 comprises only a small part of the total sheletal
system It suffices to say that n the formation of this type of bone, lime
salts, that 1s cilerum and phosphorus, 1re deposited 1n sheets of connecme
ussue  From the sccond ty pe, endochondral bone, develop the bony nissues
of the extrenuttes, the nibs certun bones at the base of the shull et cetera
To epitomuze the formation of this ty pe, lime salts are first deposited 1n the
matrices of carulagmous plites Blood vessels then grow mto these plates
and begin to erode the cartilage cells  osteoblasts follow nd deposit osteord
on the now caletfied cirulginous matrin Stmtlar matersal which 1s rapidh
turned 1nto bone 1s deposited about the periphery of such cartilage pltes to
form the future shaft and to allow the structure to increase n width

Grow th 1 length of the bone 1s brought 1bout by 1 continuous prolifiera-
tion and maturation of cartilage cells w hich make up the epiphs seal cirulage
at the ends of the bony shaft  The cells come to be arranged 1n pirillel rows at
the cartilage shaft junction and as they mature such cells grow larger and
larger It 1s assumed that the lowermost ones die, thus becorming ready for
nvasion by capillaries from the shaft  Comecident with these changes m the
carnlage cells, me salts are deposited in the matrin substance betw een them
The tissue 1s thus transformed nto 1 sort of honevcomb mnto which the
cipillaries grow  The blood vessels are accompanied by ostoblasts which
depostt the organic portion of bone osteord on the spicules of cilcified
carulagmous matrn Simultaneously norganic salts of calenm and phos-
phorus are deposited 1n this orgame matrix Bone, therefore 1s composed of
an organic protem of collagenous-lil e materal and morganic sales Bone
deposited 1n thus fashion ¢ the carulage shafe junceion 15 soon destroy ed m
order to hghten the structure  So too the shaft 15 conunuously remodeled
and growth m w 1deh keeps pace with growth m length as a resule of new
formation on the outer surface of the cortex and destrucrion along the mner
In the human bone growth is most zctne during mfancy  After
f age growth of the cartlige slows down tremendously ,
es are lihewise reduced m the shaft However it must
d that even m the adult bone 1s not 1 stanc or  dead’

margins
2 to 3 rears ©
remodeling sequenc
be clearls understoo!
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Athough 1t hs obvious lumtanons, has been vers useful i studies of bone
phyvsiology  Browdly spealung, when the product of caletum and phosphate
1s under 30, lime suts will ful to be deposited, 1bove 40, they will be Ind
down m normal fuhion  This importance of the concentritions of calcium
1nd phasphorus has been amply demonserated i wstro, for when shbs of bone
from richitic rats are pliced 1n solutions contuming optimum concentrations
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Ticure 29 Normal bone  The cartlage shaft }unutmn of a sib from an older child 2n echt
year old white female Note that there are fewer trabeculac at the carnlage shaft juncuon
and those which persist are shorr and squar  The zone of prohferauve carulage cells ts narfower
than that in Figure 27 Fat 1s parually replacing myelotd elements in the marrow spaces
A compsnson of this bone with that of the st months-old child shown sn Fsgure 27 should
bring out the reasons why certam of the nutntional diseases of bone are not seen 1n the alder
child thar 1s when growth becomes so slow H and E «I§

of caleiem and phosphorus, ime salts are deposited 1 the richiie carulage
(367 368) but when the calcium and phosphorus contents are not optimal,
these salts do not deposit

A local factor must also be 1m ohed to evplan the deposition of hime salts
in bone smce their concentrations n plasma will not account for chenueal
precipitation The following theory proposed by Gutman 1s current at this
wriung (369 370) 1tis well known that there 1s an abundance of gly cogen
. mature proliferaung cartilige cells (371) A phosphory lase has been
demonstrated 1 epiphs seal cartilage which appears to transform this gl co-
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entirely sertled as yet Based in the man on v-r1y crystal diffimetion studies,
bone has been likened to a sl of the apatite series, composed of cry stals n
lattice arringement on which the other morganic compounds are adsorbed
The most wdely held hy pothesss at present 1 that calcrum and phosphate
1ons combine, due to factors to be discussed below, to form CaHPO, and
that this 1s transformed mto Ca,(PO,). The other constituents are then

Ficure 28 Normal Bone Higher power of same section shown in Figure 27 The zrrsnlﬂlfb

ment of the cartdage cells 15 more clearly seen So too the calaified marrix matersal 2 "

deposition of bone upon it are more readily appreciated than n the lower power H a
60

adsorbed on this framework The final formula 1s usually watten, CaX n
Cn, (PO,).- where X represents the various acidic radieals mamly CO, and
nis 2 or 3 (365)

Although the histogenesis of bone 1s clear enough and its composition
15 also farrly well established, the chemustry of bone formation has y et to be
completely elucidced and 1s umgque mn that 1t does not appear to obey any
of the rules of physical chemistry  The biochemistry of bone salt deposition
15 thought to be governed by two mam factors general and local The first
deals w1ith the concentrations of calctum and phosphorus in the blood plasma

1 concept which was first elucidated by Howland and Kramer (366) and
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connterprt of ricl ety osteoblutic actiaty 15 not affected unless the orgnism
1s suffermg from mameon or some mtercurrent disease  1herefore s one
would expect, osteord which ss the organic matriy of bone 15 deposited upon
pre exstung bony tribeculie in normal fashion owever since general and
perhaps local factors are not propitious calelum and phosphate sales are not
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fictre 30 Shafr of Rib Aoderate Richets This 15 the shaft of the same section shewn m
TNigure 37 and shows several trabeculze which are coated by broad zones of osteotd whicly
stands out as 1 paler ussue than the bone which 1t encases Note thar the width of this coann.,
ot osteord about a given trabecula 1s not umiform n thickness H and E 60

deposited 1n this osteord It will be recalled that ordmarily the deposition
of morgamc salts occurs virrually simultaneoushy with the deposition of
osteord 1n rickets however deposition of lime salts 1s exther retarded or
completely lacl g In the usual ussue sections staned with hematovs Iin and
eosm osteord may be recognized as a band of hght me-stalmng material
of varying wideth which coats portions of the cortex and trabeculae of the
shaft In such histological preparations bone usually has a blussh-gray tnt
The contrast between bone and osteord may be accentuared if more eleganc
techniques are used such as that of VicLean and Bloom (364) who employ
undecaleified sections stamed wath silver mitrare  \V hen studs g amv bone
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gen to glucose-1-phosphate, which ester 1s then transformed by 1 phospha
glicomutise mto glucose-6-phosphate  The latter, together with some of
the glucose-1-phosphate 15 then brol en down by a phosphatase (372) which
cn be demonstrated to be present by histochencal techmques The increase
m loctl concentrition of norgime phosphite which 1s thus produced leads
to 1 precipintion of cilaum phosphate or 1 sumtlir compound 1 the et
higinous maerny substinee It must be stressed that this mechamsm ean onh
funcrion 1 one of tho wnvs  to produce a sudden outpouring of phosphate
which will lead to 1 Iirge excess ar a given mement or to furnish energy
which mw be necessary to pull calerum and phosphorus too from the blood
strexm  Ivdrogen 1on concentrion mav also be a fictor although the
methods which huve been emploved to study this such 1s dves (373) and
quinhy drone clectrode (374) gine no defimite confirmation VW ith the lweer
method which 15 not clumed to represent the true hy drogen tan concentra
non, nverige values of 7 35 for resung normal carulage nd 7 39 for pro
hferwning caruhge hue been obtuned It should be pomnted our thir thi
local theory tends to explun the deposttion of lime salts at the cartilge shaft
junction, the mechimsm n the shaft 1s more obscure

Pathological Effects Mamfestatnions of vitamun D deficiency and/or 1ss0
crated deficiencies n etleim nd/or phosphorus occur endemucalls or have
been produced expermmentills m 1 [irge variees of AMlammaln It 1s not neces
sary to mention all the v rious species which have been studied since Gold
bhites review (375) my be consulted The common laboratory mmal used
for the mestgition of expermmentil rickets 1s of course the rat In the
discussion wluch follows we shall driw upon the literature (34, 376 377
578 379) 1s well 1s our own observatons (115) of ricl ets mn the rit and m
prrucular, 4 large series of children aged from birth to fourteen y ers coming
to autopsy 1t the Johns Hopl ns Hospital Ttus larter matersl fiis been
studied 1n assoctation with Dr € A Park and Miss Deborah Jacl son

The manfestations of vitimn D deficiency or richets are found only m
the bones and teeth Changes which occur n other tissues re entirely sec-
ondiry to 1lterations 1n the former structures

Bones The morphological criterna of nickets are found n the bom shaft
as well as at the cartlage-shaft junction The degree of change which will
be encountered in the htter site 15 dependent on the rate of growth of the
bone which 1s especnlly dependent on the age of the organism  The changes
which occur n the shafe are strughtforward and will be discussed first
In the normal growth of the trabeculae and cortex constant remodeling
sequences are talung place i the shaft  Trabeculae are bemng contml;:ll\
destroved and rebutle  Jihewise the cortex parucularly when growth n
place, 15 destroved along its mner margm and bwic up

meter 15 tahing
da face In richets ind mn osteomalacta which 15 the adult

along 1ts external sur
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ndral Junction Early Rickets A Carulage shaft juncuion from a sn
Ir;:g;xs—illd 5?5(3 ?e‘r(r]lale d)lmg of staphy lococeal sepsis  The line of ossification 15 even and
regular  The only change which one can detect under this f?ower 1s 2 dtminuuon 1 the
2mount of lime sale deposition 1n the cartilaginous matnx  Def nite defects can be made our
at arrows H and E, x15 B Higher magnification (x60) of same section shown m A
The defects n calcification are more clearh shown ‘There 1s no

es than normal Note also
are beamnning to buckle under the stram of v erght beaning,
tarrows)  Compare With the normal 1n Fieure 38 pare 108
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one should always examine the shaft to ascertan whether ostcoid 15 present
m abnormal amounts  One must, of course, bear i mind that the amount
of normal or phyvsiological osteord varies depending upon the age nd the
species from which the specimen 1s derned  In the normal grow ing rat, for
mstance, osteord 1s virtually never seen In the new-born infant, espectalhy
the premature baby, osteotd 1s usually present and 15 especially prominent
long the mner margins of the cortex  Osteod 1s not ordmanly encountered
m older children (after 2 years) and n adults, 1f present m these, 1t denotes
richets or ostcomaliert  In nichets and osteomalcnt osteord borders of unt
form thickness do not cover each and every trabecula, on the contrary the
deposiion of osteard 1s usually srregular and 1s doubtless related to mechanical
stress and strams The absence of osteoid does not connote that rickets 1s
not present, changes at the cartilage shaft junction may be recognized m
certain nstances 1 which osteoblistic activry 1n the shaft 15 so reduced as
by wastng disease for mnstance that little or no osteoid 1s deposited

Changes 1t the cartilage shaft junction m rickets may be epitonuzed as
follows 1) fulure of me slts to be deposited mn the cartlgmous matriy
materal, and 2) fulure of cartilage cells to undergo degeneriuon so that
capillanies are unible to penctrate the carnilage evcept n a very irregular
fashion

In norml growth of the cartilage plate on the shaft, the carnlge cells
multiply and those nearest the diaphysis arrange themsels es in rows with the
largest and most 1dult cells nerest the capillanes advincing from the shaft
Lime salts are depostred 1 the crrnlagmous matri substance between the
rows of hy pertrophic cartilage cells, this deposit seems to gmide the ingrow th
of capllaries 1nto the holes left by the degeneratng cartilage cells  Osteoblsts
then form osteoid on these sprcules of calcified matriy In nicl ets the mital
change at the cartilage shaft juncuon 1s failure of Lime sales to be deposited
m the cartulaginous matrn substance  Such defects are exhibited i sections
by an absence of deep blue-stuning maternl (calcrum salts) betw een the rows
of cartilage cells The extent of such defects 15 dependent upon the severits
of the metabolic disorder

Comeident with this defectine ime sale deposition the zone of mature
cartilage cells begins to increase 1 width which s interpreted to mean that
such cells are more resistant to destruction than normal The reason for thus
1s not clear but may be 4 local resule of vitamm D deficiency or m1v be
related to the disturbance 1n blood calem and phosphorus relationships
Iikely howeser 1t1s dependent on mechamcal factors accompany }ng
the lack of support usually supplied by the calcified matrn subsmnccl olr

resston and sw elling of the cartilage cells nearest the shaft which

there ¢ Co:xf the mgrouth of capillaries In any cvent the carulige ceises
?;a‘bg‘::‘nded or 15 destros ed 1n a very arregular fashion

More
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FGure 31 Costo chondral Jupction Early Rickets A Carulage shaft junction from a sin
months old white female dying of staphylococcal sepsis  The hine of ossfication s even and
regular ¢ only change which one can detect under this power 1s 2 duninunon 1 the
amount of lime salt deposition in the carnlagmous matnx Defimte defects can be made our

Yyarons H oand E xI5 B Higher (x60) of same secuon shown i A
’.\1;35 defects m caIcnﬁczuon are more clearly shown There 1s no excess of osteoid
oU

gh deeper 1 the shaft ostcoid 15 present 1 greater quannties than normal Note also
that the spicules of calerfied matrix are beginning to buckle under the stran of werght bearning
tarrows)  Compare with the normal in Fraure 78 page 10§
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Fiutre 37 Rib VModerate Richets Costochondral junction from a sesen month-old colored
male dying acutely m three days of lobular pneumoma Note increase in width of carulage
shaft junction Especially prominent in the increase 1s width of zone of proliferauve carulige
cells and irregulanies i the calaificanon of this region Note also tongues of carnlage pro-
jecung down toward the shaft surrounded on either side by nvading vessels The trabeculae
beneath the carulage are more numerous than usual There 1s a great deal of osteord on such
trabeculae thus 1s shown m Figure 30 which 1s 2 higher power of this secion H and E <15

When the disense has progressed for a tme, the histological picture 18
characterzed by a broad zone between the muluplying cartilage cells and
the shaft the so-called rachitic metaphysis This 1s composed of tongues
of cartilage which extend down toward the shaft and which are separated
from one nother by collections of capillaries or vascular bushes  In other
words at some poimnt blood vessels have been able to penetrate the crrulige
while 1 other situations due perhaps to compression of cartilage or differ-
ences n lime salt deposition capillaries find 1t impossible to erode the cartilage
In addinon this zone contuns wrabeculie made up of uncaleified carulage

matris upon which osteord 1s being deposited  These of course result from
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Tictre 35 Rib  Severe Rickers Costochondral juncuon from a seven months old colored
male dying of unexplaned fever and durrhea he had been sick for one month  There 1s
extreme swelling i the region of the carnlage shatr juncuon  Note as m Friure 57 1w
mcrease 1n width of the zone of mature carlage cells and the rrrezulinines m caletficanon
There 1s complete disorzanization 1n this resion due to collipse of the carulage and trabeculae
mamy of which are composed of osteord H and E., \1y

groups of cartilage cells being cut off by capillanes 1nd then coated with
osteord doubtless an attempt to strengthen this region  The richitic meta-
phy sis manifests 1tself clinically as a swelling or beading of the nbs or increase
1 width of the ends of the long bones of the extremities

'\ hen therapy 1s instituted repair occurs, the mital change at the carnlige
shaft junction 1s the deposition of hme salts m the carulage adjacent to tile
rachiic metaphysis  Lime salts are also deposited 1 various parts of the
swollen carulage shaft juncnon and n the shaft which finally results in
calaification of these portions The entire area 1s ulumately remodeled De-
formities of course, in the form of bending of the long bones mav ewst for
Iife It 15 of interest that there 15 some evidence m rats that the rachitic
pattern as evidenced by \-ray diffraction studies remams for some fime and
may neser be completelv ermdicated (383)
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Ficure 34 Rib Healing Richets Costochondral junction from a 19 months-old white baby
dymg of a lung abscess and empyema after being sich for six weeks  There 1s hde if any
swelling at the carulage shaft junction The only evidence of healing nchets 15 found m the
carulage The zone of hy}lcnmphlc proliferative cells 1s ncreased m width More strling
however 1s the presence of a line of dark staming materal 1n the carulage above the carnlage
shaft junction This zone 1s composed of calafied cartlaginous matenal and represents 2
resumption of the deposttion of lime salts at the place where they should have been ard down
had rickets not been present H and E x15

Teeth Changes 1 the teeth n rickets are less complex than those
occurring 1 bones mainly for the reason that the former are never resorbed
YWhen young rats are placed on a rachitogemc diet (hugh calcium, low phos-
phorus, no vitamin D), the first and most promiment change 1s 1n the incisors
where 2 line of disturbed calcification appears 1n the dentine, this has been
called the ‘calciotraumatic hine” (380) It 1s found 1n the dentme and repre-
sents the first response of the organism to the effects of the rachitogenic
regimen  Almost immeduately  too, there 15 a retardation 1n the formanon
of predentine together with a pronounced disturbance in the calaification
of all the dentine which 15 formed, this materal 15 not homogeneously
basophilic but 15 stppled by an irregular deposiion of calcium salts Calc
fication of the cementum 15 Ihewse retarded ‘The changes 1n the molars re
similar but not of such a severe degree  Although there are ¢ stic alterations
1n the enamel organ before 1t undergoes atrophy no other abnormihitics 1n
this structure can be detected There 1s no enimel hy poplasit in rats 1though



TIT EAT AND WATER SOIUBIT VITAMINS 117

n the gumnea g severe hy poplisn of the enmel has been reported (382)
when these amumals are pliced on 1 low calcum-ligh phosphorus diet con-
tamng no vitamin D Thus in esperimental animls there does not apperr
to be entire agreement, though st will be noted the caleium and phosphorus
concentritions of the diet were reversed and this may explun the presence
or ibsence of enunel hy poplisin Pointed studies on the teeth ustng diets of
known compostion while changing the calerum and phosphorus ratios and
total concentranions 1s emploved by Shohl (377) 1 the study of bone are
certunly needed
s mught be expected, the bony supporting structures of the tecth show
chirctenstic changes simmlir to those of the bones just described 1bove
W 1de ostcotd borders are found on the trabeculae of the alv eolar bone (381)
Ruckets mn the Hunrn  Smce the metabolism of caleum phosphorus, and
vitnun D are so closely relited the heading of this section 1s Richets rather
than Vitunm D Deficienes It 1s obvious that the mamifestations of rickets
m the skeleton mav be produced by 1 deficiency of cileium phosphorus or
vtimin 1) singly or together  Students of nutnition seem to be 1greed that
caleum deficiency ss prevalent i childhood and adolescence  Inasmuch as
the geographical maidence of richets sull seems to prevad, 1t 1s appirent that
adequate amounts of vitimin D e not ingested as well In a gnen cise of
richets however 1 1s usually difficult to determune which of many factors
was the forerunner of the metabohe disturbances which culmimnated m the
abnormal changes 1n the sheleton
The use of climcil and \-riv evidence m deternuning the mncidence of
ricl ets 1 the populition at large 15 not satisfactory  nor 1s the brological
estimatson of vitumn D i the blood pracucally feasible (389), such data
are much inferior to n fustological exammation of the sheleton A study of
the latter v pe was carried out by Schmorl duning the vears 1901-1908
Dresden (384) Richets was found to be present m 61 percent of all children
dving during the third month of Ife 1 94 to 98 percent durng the fourth
to eighteenth months and mn 91 per cent from the nmeteenth month to the
beginning of the third vear A sumlar mvestigation has been made of Il chil-
dren dving i the Johns Hophins Hospial during the period 1928-1942
Pithological criteriy of nichets were found m 48 4 percent of a group of chil-
dren aged 3 to 19 months (385) In the age group 2 to 14 1 ears microscopic
evidence of ricl ets was present m 46 5 percent (386) Inasmuch as moderate
and severe ricl s was found in many cluldren dving of acute disease 1t 15
valid to infer that at the latter 2age  nchets 1s of frequent occurrence 1n
heilthy appeaning children” Conclusions should be withheld untl symilar
histologic studies are made mn other parts of the United States and the world
mn order to 1ssess the distribution of nichets and correlare s meidence wich
dietary nd geographical factors  The chnical aspects of nichets v ! not be
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Fictre 34 Rib Healing Rickets Costochondral juncuon from a 19 months-old white baby
dving of a lung abscess and empyema after bemng sich for six weeks There 1s lieele of any
swelling at the carulage shaft juncuon The only evidence of healing nckets 1s found m the
carulage The zone of hypertrophic prohferative cells 1s mcreased sn width Alore stoking
however 1s the presence of a line of dark stmmng matenal 1n the carulage above the cartilage
shaft juncuon This zone 1s composed of calcified carulagmous matenal and represents 2
resumption of the deposition of lime salts at the place where they should have been lad down
had nickets not been present H and £ x15
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Teeth Changes m the teeth m nclets are less complex than those
occurring m bones mainly for the reason that the former are never resorbed
When young rats are placed on 2 rachitogenic diet (high calcium, low phos-
phorus, no vitamin D), the first and most prominent change 1s in the mncisors
where a line of disturbed calcification appears 1 the dentme, this has been
called the ‘calciotraumatic Iine” (380) It 1s found in the dentine and repre-
sents the first response of the organism to the effects of the richitogenic
regimen  Almost ymmedatelv, too, there 1s a retardation n the formation
of predentine together with a pronounced disturbance in the calerfication
of all the dentine which 1s formed, this matenal 1s not homogeneously
basophilic but 15 stippled by an 1rregular deposion of calem salts Calcr-
ficaton of the cementum 1§ likewise retarded  The changes in the molars are
similar but not of such a severe degrec Although there are ¢y stic alterations
in the enamel organ before 1t undergoes atrophy, no other abnormahties 1n

this structure can be detected There 1s no enumel hy poplasta m rats although
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disesse Non-dictiry osteomalien may be encountered 1n this country at
1atopss, for mstance, the present w sater has found widened serms of osteord
along the trabeculac of the vertebrim about half of 1 group of adults dying
of chrome ren msufficieney (388) - Such changes are, of course, partnlly
evplamed by the deringed ealerum and phosphorus mertbolism which occurs
m chronic nephrits

The relinon of caleram phosphorus and vitynm D to the structure of
the human tooth nd to dental cartes in particular 1s not too clearly under-
stood So mnny factors, such as cirhohy drite, mouth flora fluorme to name
only 1 few, ply 1 role i the production of caries that the effects of the
3 nutrients cited above and especilly vittmin D seem almost mmpossible to
determine  Insmuch as this bool deals primanhy with pathological effects
produced by deficiencies of single nutrients and since the subject of dental
canes 1s so controv ersial 1t seems unwise to enter a field in which there 1s so
much disagreement W\ hen such 1s the cise 1t 1s evident thar the data are
sufficient not to comunce but to confuse cveryvone

Vitamins E
(Alpha-tocopherol and 1ts Homologs)

Historicar  In 1922, Lvans and Bishop (390) reported the ewustence of
1 new dietary factor which was found to be necessars in order to msure
normal reproduction 1n rats, this ‘X" factor was considered to be distince
from the then 1 nown vitamms A B and C Macull et al (391) soon showed
that testicular degeneration occurred 1 rats whose diets were deficient
tlus materil A third mportant mamifestation of vitamin E deficiency (as
the factor had by then been named) was reported by Evans and Burr (392)
m 1928 when the development of paralysis in young rats of mothers on
vitamin £ depleted diets was dest mbed  [en y ears passed before Olcott (393)
showed thit this ‘paralysis was not neurogenic in ongm as liad been
thought but was due to necrosis of stiiated muscle fibets

Durning the period in which morphotegical changes m vitanun E deficient
ammals were bemng stadied, work was pushed on the dentficarion of an
active ponciple  In 1936 Lvans and i group (394) announced the solaton
of certam alcohols from whear-germ o1, one of which had strong vitannn
E-like properties  This alcohol was named alpha-tocopherol (tol\o;> = chud
birth phero = to carry)  Soon after harrer and his assocrates (395) su §
ceeded 1n svnthestzing 2 biologically actn e product ©

Biochenmeal Relationsbips Very early 1 the studies of the chemical prop-
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Figurc 35 Shafe of Rib  Rickets This 1s 2 section from a 12 year-old colored gl dymg of
acute i Its duced to show the bands of osteard wiich are the

only evidence of rickets to appear m the bone at this age since growth at the cartlage shaft
yunction has almost completely ceased Note as in Figure 30 the osteord 1s rrregularly dis
tributed over the bony trabeculze H and E 60

discussed here, 1ts pathologicil manifestations 1n man were tal en up m the
preceding secion  The finil outcome of these pathological changes 15 2
vanety of sheletnl deformities  genu sarum and genu valgum, enlargement
of the ends of the long bones, hy phosis defornuty of the pelvis and deformicy
of the thorax The Iatter may be severe enough to lead to respiratory
embarrassment (116)

Osteomalaci 15 the adulr counterpart of nchets Although there have
been no pomnted studies of the prevalence of ostcomalacra n this country,
st 15 Iikely that this disease as 1 purely nutntional one 1s uncommon In Chma
howeser, osteomalacta 15 smd to be extremely presvalent although evidence
for 1ts incrdence rests mamly upon chnical rather than pathological critena
Such cases, which usually occur in child-bearing women, are due to made-
quate dietaries and msufficient sunhght Inasmuch as ostcomalacia which hn?
been described m North Chma (387) has a rather pecular geographica

distribution, one wonders whether any other factors might condinion the
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accompuned by poor development of the bloyd slnds In addition irregular
development of the tner v prominent together with 1n 2bsence of blood
cells m the heart ind lrge vessels By the twelfth di the deficient embryvo
15 4 full div behind 1ts control 10 development and on the thirteenth diy
death of the orgnnm 1s apprrent at which tme the ussucs become macerated

A B

Frre 36 Reproduction  Vitamun E Deficiency  Two fetuses removed from females ar
the sinteenth day of presnancy A from 2 normal and B from a vitamun E deficient female
at the same .estation period The plicenta of the latter 1s 2 hrtle smaller than thar of the
normal In additon 1t 15 obvrous that the fetus in B 1s dead and 1s underzomng evtensive
autolytic chan es  \ote the differences in the color of the hver heart and cerebral ussues
76 (Courtesy of Dr Karl £ VMason )

and are resorbed Studies of the plicent1 indicate 1 marked retardation and
an underdey elopment of vascular mvasion by the fetal vessels Lyans et al
(402) hne attempted to esplun the reproductne falure on 1 stary ation
and asphva  theory  fetal nutniuon s mnterfered with because of poor
connections between fetal and maternal tissues and those nurnents which
reach the embrvo espeenlly ovvgen do nor obtain proper distribution
because of midequate hematopotesis W\ hether such an hy pothes:s 1s tenable
remuns to be settled by further i esugation since Mason (406) has postu-
Ited 1 phyvsiological or morphologic defect of the fetal blood + essels as the
prmnary cause of the pathogenesis of the changes obsenned The voung of
female ammals given borderline doses of vitimun T ms show marhed dilata-~
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erties of vituum L 1t was recogized that the active principle had strong
antiouidant properties  As 1 result of studies of the ovidation of far ussue
the metibolism of muscle nd the destruction of ather nutrients 1 10
current theonies of the mode of action of alpha-tocopherol places sts role
as an antionidant mn the foreground

The body fat of rats which are rmsed on 4 diet deficient n alpha-
tocopherol 15 very susceptble to oudation (396), when the missing factor
1 admunistered body fat 15 stabilized and ostdition does not tal e place The
relitionship of alpha-tocopherol to muscle metabe lism 12 22ero will be dis-
cussed 1n detul below Tt has been suggested thae alpha-tocopherol “acts as
1 brake on the ondatne mechansm primarily of sheleril muscle and m 1t
absence these onidane processes 1n muscle run riot” (397)  Studies of the
mterreltion of vitanun A and alpha-tocopherol hay e shown that the mclosion
of the Itrer in 1 diet contuming vitamin A prevents the destruction of vita-
mm A i the gistromtestinal trict (398)  Somewhat similar experiments
demonstrate that other fats such as cod Iner o1l destroy alpha-tocopherol
and thus proauce the pathological lesions chiractenstic of vitamun L defi-
ciency (399)

Alpha-tocopherol 15 apparenth absorbed Iike the other fat-soluble vita-
mms  The umportance of normal ntestinal secretions particularly bile
absorpuon has been demonstrated in dogs with bilary fistulas (400)  Alpha-
tocopherol 1s not distributed mn rat tissues 15 1ts far-soluble properuies nught
indicate  For mstince rather high concentrarions may be demonstrated 1n
heart spleen and lung lthough these mssucs contun relamely lde far
(401)

Patbological Effects  Alpha tocopherol 15 necessary for the deselopment
of the embno for the mtegrity of the male germmnal epsthelum and for
the mamtenince of the metbolism of strated muscle 1 witro and structure
0o

The indispensabilies of thys vitamin 1n the reproductn e process has been
demonstrated 10 rats (402 403) mice (404) and guinea pigs (405), Lvans
and his co-workers (402) have studied this phase extensnely mn the fint
species where changes are found in che embryo and 1s membranes Ovula-
non the estrous cvele as well 15 overian and utermne tissues re all normal
save for the presence of pigment which will be discussed below Femnle
ammals mate normally  no microscopic evidence of damage to the ovum or
1ts membranes can be detected untl the middle portion of pregnancy thit 1
ar the ume of implantation The earliest evidences of any untoward effects
are found durmng the eighth dav w hen an ectodermal c1ny fails to apgclr
Further evidence of deranged dev clopment occurs during the f"”ff’“ ":ig “Se
The ectoplacental and amniotic c1b mesdfa‘;l to f(}m\ as a rc;ll}( gl :::soectf]el::'
growth of ectoderm and there 15 retarded development of fec
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changes with hquifaction of chromatin and segregation of this matenal to
form crescents at one side of this structure  Changes n the cell membrane
arc postulated since such cells coalesce to form large charactensuc mulu-
nucleated masses  Duning this pertod degeneration of the pnman spermato-
cvies and spermatogona 1s obscnved  Although some of the Sertol cells
degrenerate for the most part these cells are not parucularly damaged The
end result 1s a strucrure where tubules are atrophic and lined only by Serroh
ssnevoium It s of greae interest that 1f one tests of a viamun E deficient
rac 1s removed fauly carly 1 the defictiency and exarmned 1t mav appear
perfectly normal under the microscope N\evertheless, even though more
than adequate amounts of the nussing nutnient are administered, the changes
descnibed 1n the end-stage above are found in the opposite one manv davs
later In other words irreversable injury takes place even before 1t can be
detected morphologically  Thus of course 1s quite different from whar occurs
m vitamin A deficiency and mamtion where repair can 1lwavs be obtaned
(408)

It 15 now Lnown that the ‘nutntional muscular dvstrophy’ of rabbits
and guinea pigs, which Goettsch and Pappenheuner (411) descnibed n 1931,
1s due to a deficiency of alpha-tocopherol (+12) Lesions have been ade-
quatelv described mn the sheletal musculature of the rabbit (+11) gumea pig
(412) voung rat (413) and mouse (+14)

Biochemical changes which will shortly be referred to occur i the
muscle before anv morphological criteria of damage appear (+15) The
mutial histological abnermaliny conststs of swelling and hvalinzation of the
muscle fiber which then becomes necrotic Sometimes there 15 an mcrease
1n the fld content of the mterstitial spaces and such fluid occasionally con-
tams enough protein to be staned by the usual procedures Leukocvtic
mfiltraion has been descubed as 2 promumnent feature and there s macked
prohferation of the carcolemma nucler An increase 1n fat globules Ihewise
appears together with globules of a peculiar golden pigment, which will
be discussed more fullv below \anv of the necronc muscle fibers are
nfilerated with caleum sales, which may be 1dennfied by appropnate stains
Following the admmstrauon of alpha-tocopherol there 1s prompr regenera-
tion of the damaged muscle hibers and an ulumate return of the ssue to its
normal appearance in the rabbit and gunea pig VMuscle lesions m the rat do
not respond well to therapy  Accompansving the degeneration of muscle
fibers a disappearance 1n motor end plates has been demonstrated n the rat

(#17) The number of nerve endings returns to normal followng repair of
the dvstrophic alterations  Adequate data on the behavior of sensory endings
are not available =

As mught be expected profound disturbances mn the chernical composition
and physiology of the muscle fibers accompany these morphological altera-
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ution of the blood vessels and extensne hemorrhage into the ussues This 15
followed by death of the latter elements Mason suggests that the paucity
of blood islands and cclls upon which Lvans places so much emphasts are
secondary to loss into the dilated vascular channels

Degenration of the male germunal epithelium has been described 1n the rat

Fictre 37 Tesus Vitamin L Deficiency A and B Vartous stages n the duelgpmenr of
testicular atrophy mn ammals placed on a vitanun L deficient dier  Compare with |gur:= i
There 1s an ncreasing dimnution m the cells Iining the tubules together with rhg ;lppeszc ne
of charactenstic fxgmm cells which are especially promnent 1n 4 There 15 a decre:

(ant
virtual absence of spermatozoa spermauds and 1n some spermatocytes In B the same g

lements so that 10
ells arc scen but there 15 a further reduction in the number of germinal el

scc\ eral of the tubules only the Sertol: syncy tral cells reman  Lostn methy lene blue stan X150
(Courtesy of Dr Rarl E Mason )

(407, 408), and guinea pig (409) but not 1n the rabbir (410) or mouse (40:)
although muscular lestons occur m these species Mason (407) divides the
sequence of events the rat mnto sev eral stages as follows  after fifty tof Olr:c
hundred davs on the deficient diet there 15 chromotolysis and fusm;g the
mature Spermatozoa, the debris then finds 1ts wav into the epididymus
Follow ing the disappearance of spermatozoa the spermatids assume 71 vesicu-

lar form and disintegrate Next the spermatocytes show peculiar nucleir
ar
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(418) In ribats an merease m fae, phospholipid and cholesterol concentra-
tions have been observed i the sheletal museles and in addition there 1s an
ncrease i the blood cholestero! levels (419)  The creatine content of muscle
1 found to be reduced (420) and there 15 an 1nerease in the excretion of this
substince n the urine, so that the course of the syndrome and the response
of the wmml o therapy may be followed by studies of creatne excrenon
By far the most interesting biochencal change in the muscle tissues of
lphatocopherol depleted amumnls 15 1 marked m zatro disturbance n respira-
ton  Increses m oxvgen consumption of two hundred to four hundred
percent were first deseribed by Victor (421)  The more recent studies of
Houchin (397 422, 423) have furthered our hnowledge of the metabolic
phenoment  The merease in QO has been confirmed as well 1s the decrease
m creatne content and lugh chloride concentration which have been described
by others In the stonted muscle from deficient anmmals of various species the
ovvgen consumption 15 15 follows  hamster, 240-250 percent of normal,
rabbit 220 percent of normal, nursing rat, 160 percent of normal, grown
rat 125 percent of normal Tollowing the oral administration of alpha-toco-
pherol to deficient hamsters the QO  falls to normal levels 1n as short a time
15 twents-two hours  Studies of biopsied muscle ussues from depleted
ribbits to which alpha-tocopherol phosphate had been gren mntruvenously
mdicates that there 1s 1 drop in the QO of 34 percent m the first hour 1nd
49 percent more 1n the next three hours
In witro obser wons of dystrophic muscle slices from rabbits and hamsters
show that the addition of alpha-tocopherol to the medium lowers the QO_
by 40 percent  Muscles shees from normal animals are not so affected The
succinoxidase netivary of dsstrophic hamster muscle 1s found to mcrease 160
percent 1bove normal - Addition of alpha-tocopherol to the medium decreases
the succinate tctivity toward normal In view of these i witro studies of
muscle metabohsm 1t 15 unfortunate that the data are so madequate with
regard to the total metabolism of the orgamsm  VWhen a group of vitymin T
deficient rats 1s compared with a similar group which had secured alpha-
tocopherol on the 15th dny of Iife the total oxs gen consumption of the Itter
ammals 15 lower  Unfortunately however there were no vers marked differ-
ences between the former group and stockfed controls (415) This 15 2
subjecr requiring further investigation
Pippenheimer and Goettsch (424) made the mnteresting obser ation that
complete denervation of an extremity prevents the det clopment of muscular
lesions 1n that imb  The reason for this 1s not clear whether the abolitton
of mator or sensory  or sympathenc impulses or all 15 responsible has ver to
be determined
In rats which had been on a deficient diet for over twel e months necrosis

of cirdiac muscle fibers followed by fibrosis has t een observed by Mason



Tuire »8 Stmated Muscle Vitanun E Deficiency A VMusele from rabbat showing destruc
tion of fibers with cellular mfiltravon and proliferation of carcofemma nucler  [n several
places there are fat vacuoles H and £ x130 B Hamster showing simlar changes with
destruction of muscle fibers and cellular nfiltraton  In addon though not showing well m
this pk h there are 1 filled with the acid fast pigment cerotd 1150
(Courtess o Dr Karl E \lason )

uons, m fict merewsed ovygen consumption of the muscle ussue occurs
m witro before v histological lestons can be demonstrated (415) In the
rbbir (416) the potassum and mignesium contents of the muscle are found
to be decreased while the concentrauons of sodium and chlonde are in-
crewsed the former out of proportion to the latter The muscle content of
ealcium and phosphorus 15 increased in anmmals which show histological evi-
dence of caleficiuon  In rats an ncrease n acid soluble phosphorus com

pounds and a reduction m the phosphors Ition of glycogen has been nored
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wimils - Small globules of pigment arc found in the uterime muscle fibers
ovary, mterstitid cells of the testss, lymph nodes spleen, fat, macrophages of
the I cr, bone marrow, lung, hidney, 1s well as voluntary and cardiac muscle
The pigment 15 acad-fast and apparently first accumulates 1 the uterme
muscle T is reidily tahen up by macrophages, but these cells do not appear
c1pable of digesting 1t Tocopherol treatment seems to arrest pigment pro-
duction, but does not appreciably increase 1ts rate of disappearance When
20 pereent cod Inver ot 1s incorporated 1 the dict of vitarmn E-deficient rats,
an ntense brow n discolorition of the adipose tissue appears and microscopic
evimntion reveals even more pigment in the tissues mentioned above with
particularly large accumulations in the fat (430) The pigment produced by
sitamin L deficienes 1lone which 1s intensified by adding cod liver oil to
the deficient diet resembles “cerosd  (page 000) mn many respects

The vellow color of the rat’s incisor 15 of course familiar to all who have
worked with this species  The pigment which contains 1ron 1s said not to
be a porphyrin or lipochrome but perhaps a melanin-lihe matenal and 1s
apparently deposited by the ameloblasts (429) The fat and vitamin E con-
tent of experimental rations have been shown to affect the pigmentation of
this tooth  VWhen animals are mamtined on diets des oud of fat and vitamin L,
norm1l pigmentation occurs, however when twenry percent lard or cod
Iner o1l are added to the ration the vellow color fails to appear The actve
portion of these two fats 15 apparently in the highly unsaturated fraction
(431 432)

Several groups of mvestigators have described extensnve lestons 1n the
nery ous tissues of vitamun E deficient ammals Wolf and Pappenheimer (433)
have critically review ed this work and concluded from their ow n experimental
matermal that ‘lesions of the central nervous svstem did not occur mn vitammn
E-deficient rats ac any age’ It 1s of some mterest, however, that changes
m the Lipid content of the bram have been reported in vitamin T-deficient
rats ‘The total lipid and cholesterol concentrations are creased, the free
cholesterol portion 1s said to be elevated (427)

In Sunmuary, viumin L deficiency leads to disturbances 1n reproduction
reversable testicular changes and dystrophs of both striated and cardnac
muscles

V stamnn E Deficiency e Man Vitamun E has been used 1 2 large number
of rather unrelated clinical sy ndromes without any clear-cut results At this
tume there 15 no evidence for the occurrence of vitammn T deficiency 1 mn
or any idication for its use m climeal medicine
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and Emmel (425) In such anmals cerod (page 195) 1s found n the myo-
cardral fibers and m macrophages m the mterstinal tissues There 15 evidence
of destruction of myocardmnl fibers bur this seems to be a very slow process
The most conspicuous change 1s the presence of 1 great deal of connectne
tissue separating the my ocardnl fibers, ceroid-liden macrophages are found

T
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Tieere 39 Heart Viamun E Deficiency  Myaocardium of rat on 2 viamin L dcﬁcncq{_h&h:
for over a year showing extensne scarning and disappearance of myocardal fibers “;d
15 1n additon some cellular mfiltration  many of the cells are macrophages contamnag CE( .

pigment  There 1s no_evidence of any fresh necrosis of myocardul fibers x10  (Courtesy
of Dr Karl £ Mason)

here This is the sole recorded obsers ation of lesions m the cardie musculture
produced by vitanun L deficiency  Phy stological studies mdicate that the
defictent rabbit heart 15 less resistant to posterior pitustary extract but mere
resistant to such cardinc glucosides as oubam and digicosmn (#26) In COHI
trast to changes in sheletal muscle no alterations n the hipoid or cholestero
content of vitamin L-deficient cardine musculature have been observed (427%:
Attentton has also been called to lesions of the kidnevs m vitanun
defictent rats (773), the nature of the change needs clarification I\ecrloﬂj
of the tubular epithelum has been described this becomes more marl e
esses
® dﬁig&i::gs;gr?f;) 428) have carefully studied 4 curious pigmenta-

which 2 number of miesugators hnve noticed n vicamin L-deficient
ton



1THE TAT AND WATIR SOLUBIL VITAMINS 129

whed cottmg power of the bload 1 the complete explination of the bleeding
becwse 1t requires the ssumption that m ordimary actimaty, wieh actendent
trwmtzaton the cJottng mechnsm s constantls being called into 1ction
m norml mdi duals

In the rit hemorehages occur i numerous sites most commonly 1n the
subeutineous nssues of the lower extrenuoes  Bleeding is also seen 1n the
thymus which mav be greathy distended by red cells bladder, eve adrenal,
testis [adnev  retroperitoneal ussues nd the various cavities (443)  Another
mteresting study 1 the rt has described the presence of multple hemor-
rhiges m the brun and the possiality that the altered physico chemrcal
praperties of the blood munhy hy poprothrombmenint which may interfere
with the proper hy drody namies of the blood circulation might affect struc-
wrilly the blood vessels' (767)

\ most mteresting observation m pregnant rabbits has been reported by
Moore et 1l (+44) who find that antmals which are fed a vitamin K defictent
dict consistently abore during the early stages of pregnancy (8-14 days after
ming)  \licroscopic eximnation reveals the presence of fresh and old
hemorrhage m the decidunl plates of such animals

Vitannn K Defictency m Man  Chinical hy poprothrombmemn with 1ts
resulting hemorrhigic mamifestitions 1s observed m pauents with obstructive
ywndice dirrhea sprue et cetera and 1s too fambar ro warrant much con-
siderition here  Vitamin K his been very effective therapeutcally

The vitarmin has also been used to combat the hy poprothrombinemin
which 15 observed 1n the new-born  As numerous mvestigators have demon-
strated there 15 1 rapid fall in the prothrombin content of plasma at birth
In addition there 15 virtually no vitunin K in the new-born mfant during the
first weel of hfe The placenta 1s not permeable to vitamin K after deln ory
the prothrombin derved from maternal sources 1s soon used up Follow ing
1 certun period usually about a weel vitamin K begins to be elaborated by
the mntestinal flora  the blood prothrombin level therefore rses (445) It 1s
thus appirent that vitamin K therapy will matersally affect the prothrombin
levels and bleeding tendencies of new-born infants

Data from the Johns Hoplins Hospital (446) mdicate that n those
mothers who do not recene vitamin K antenatally 4 1 percent stllbirths or
neonital deaths occur while 1n the mothers recens ing 2 methy I-1 4-naphth1-
quinone the mcidence 15 only 15 percent This as well as other Teports on
the efficacy of vitamin K therapy 1 reducing nfant mortaliny have been

questioned howeser Potter (447) 1n the largest series of new -born infants
to be rcpon?d h;sbpre;ented evidence which indicates that the mortahity
slll::u::: I:Z:)rq ttc\l::thc ;r:seiltrglx::tn:h “d;'f;mmrﬂtmn of vitamin K to v omen

e efficacy of vitamin K before and during
delnens needs to be clanified It seemslogical however that s jtrmm K should
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Vitamin K

Historical  In 1929 Dm deseribed 2 hemorrhagie svndrome m chicl «
which had been placed on 4 dict virrually free from sterols (#34) The
blecding tendency was not prevented by ascorbic acid, the cause was ascribed
o ‘1 lack of 1 factor or factors occurring m cereals” (435) In 1935 the
sume v estigator presented evidence that the fictor was 4 vitanun which
he designated vioimin K (“Koagultions-Vitimn ) (436)  Durning the neae
few v ears several hbortories carried out extensis e 1 estigations of the acte
factors which led to an clucidation of the chenical nature and finally the
ssnthesss of 1 rehtinely Jarge group of compounds of which 2 methyl 1
+ naphthaquinone (Mendione) 1s most active (437)

Biochenncal Relationstips The function of vitamn k n the anumt
organism 1s related to the formation of prothrombin - 2-methyI-1 4 naphtha-
qunone and 1ts relited compounds are fat soluble Their absorption 1s
enhanced by bile acids since amimals i wlnch biliary fistulae have been pro-
duced ind humans with obstruction of the ibary trace develop hy popro
thrombimemn which mav be corrected by feeding bile salis (438) That
the Iiver 1s the site of prothrombin formation has been shown, for in hepat-
ectomized dogs large imounts of vitumin K ful to affect the plismi pro-
thrombin level (439) More precise dat: on the role of virumn K m the
mechanism of prothrombin fornmtton awuts further elucidaton  Quiel s
(440) separition of prothrombin mnto two components A and B which 1re
¢ mbmed through cleim 1s a step  this direction since evidence alrewdy
accumulated ndicates that 1 vitamin K deficiency there 1s madequate
synthesis of the B component

The relawonstup of vitamin K to the anticongulant fictor of ‘sweet
clover disease’ 3,3 -methylenehis (4-hy drosy coumarin) or dicoumarol de-
serves mention (442)  Varous compounds having vitimin K actves are
effective 1n counteracting this anticoaguhint m rats  the Ives of ammals fed
doses of dicoumarol which are ordinanly towic are prolonged when diets
contarnung vitarmin K are employed (442)

Pathological Effects Vitammn K deficiency as evidenced by reduction of
blood prothrombin level his been demonstrired m severtl species (438
443At?;2 from the physiological defect 1ssocated with severe hc’morrh'lgc
10 other changes have been detected m the nissues of vitamin K deficient
antmals  The possible relwonship of prothrombin deficiency to ?ﬂP‘"’:\‘
integrity 1s of great theoretical nterest and should be studxefl rfu'r: 1edrm":
Wolbach and Bessey (317) have pomnted out one wonders ‘if the
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A hirge number of rather nuseellinecous effects hnve been asenibed to
ascorbie acid, m the mun these have been based on experimental obsery ations
m deficient runea pigs 1t s difficult to terpret and clssify such observa-
tions so that they ¢ be Iinked with the pathological manifestations which
will shortly be deseribed  However certun experimental findings are im-
portant and should be mentioned  One of the most interesting functions of
ascorbic 1cid apperrs to be 1ts reltion to the metabolism of the aromanc
amino 1cids phem llanne and tvrosine Both ascorbic acid-deficient gumnea
pigs (454) and premature infants reared solely on cow s milk (455) excrete
parahy drovy pheny llene and parahs droxy pheny Ipy ruvie 1cids i the unne
when lrge amounts of phenylalinme and tyrosne are fed  Such hydroxs -
1c1ds are ordinarhy metabolized and not found n the urine This metabolic
defect 15 ehminated when adequate amounts of ascorbic acid are restored
to the diet 1z - atro studies in gumea pigs indicate thae the mun difficuley
of vitimn C deficient tissucs 15 an mability to oxidize the side cham of tyro-
sine rather than 2 fulure to oxidize the benzene ring or conjugate the phenolic
group (456)

Other metabolic defects hive been observed i vitimin C deficient ani-
mals Decrease 1n the succmic dehydrogenise activaty of heart and sheletal
muscle has been reported (457) as well as a rise 1n bloed fibrinogen (458)
and 1 decrease in serum phosphatase activaty in nfants (512) and guinea pigs

(459) but not the 1dult human however (481)

The outstanding 1 estigations of Friedenwald and his associates (460)
have implicated ascorbic acid m ver another important phy siological process
the secretion of mtriocular luid  The vitamin 1s one of a group of reduc-
mg substances which are stored in the stroma of the cibary body When
ascorbic acid 1s restricted by dietary means the content of this substance m
the eye falls rapidly  so that after twenty-four to forty -eight hours no
reducing substance can be ttrated 1 the aqueous There 1s a comneident
decrease n the secrenion of the mrrzocular fluid  Friedenwald postulates
that the secrenton of the aqueous 1s dependent on differences 1n ovidation-
reduction potential betwcen the ciliary stroma and 1ts epithehumn  Ascorbic
acid thus acts asa  moderator 1n a redox chain connecting the ovidase activity
of the epithellum with the dehydrogenase actiiry of the stroma” In this
way water 1s transferred across the epithelial-stroma barrier

A relationship may eust betw een vitamin C and the production of adrenal
cortreal hormone which would be of mterest 1 view of the extremely large
concentrations of ascorbic 2c1d 1n the adrenal gland  VWhen pituitarv cortico-
trophic hormone 1s njected into rats and gumea pigs there 1s a decrease 1n
o e sl o e o
1?11 mg sn hours after ndrenot:cphl\-:l?\on:ol:eg lsp;)r oo hresh tssuc o

jected (461) In gumea
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always be admimistered to the mother antemitally or to the newborn after
birth to tide the mfant over the first weeh of Iife untl vitamin K sy nthess
begmns 1n the intestinal tract

Ascorbic Acid

Historical  The familiar obseryvations of Lind during the cighteenth cen-
tury plunly indicated that cierus frue juices contan a substance which pro-
tects against scruvy  Although actn e preparations were ssolated duning the
early pare of this century, 1t was not unril 1932 that King and Waugh (448)
announced the chenucal nature of vitamin C and demonstrated the biological
actiaty of their product which was soon sy nthesized, 1ts structure was then
determmed to be that of an hevose dernatne (449, 450)

Biochenncal Relationships  Ascorbic 1cid 1s absorbed from the itestinal
tract and widely distributed by the blood stream to the tissues Certain organs
have higher concentrations than others, a pomnt which has been brought out
by chemical analyses as well as by histochemical methods By the former
technique ascorbic acid 1s found in greatest quantities 1 the adrenal glands
In the guinea pig concentrations average 75 mg per gram The vitamm C
content of other representatve tissues from the same ammal have been
reported as follows (1in mg per gram) Iner, 0 10, brmn 0 14, kidney, 0 087,
heart, 0088, sheletal muscle, 0 032, testes 018 (451) Studies of the dis-
tribution of the vitamin by histochemical methods confirm the chemical
analyses and ard 1 1 more precise localizacion of ascorbic acid m cells and
ussues In histochemustry advantage 1s taken of the fact that ascorbic acid
reduces stlver mtrate with the deposition of shver at the site w here the vicamin
was present  ['ine mtracellular granules are promment 1n the adrenals, corpus
luteum 1nterstitial cells of the testis and 1n the hy pophysis (452)

Ascorbic acid furmishes one of the outstanding examples of the importance
of species differences with respect to the effect of virarmun deficiencies
Vitammn C deficiency may be produced 1n the gumea pig, monkey and man,
the mouse, rat, rabbir and dog do not need an exogenous source of this
substance  The action of ascorbic actd mav be blocked in the first two species
of the latter group for Woolley (453) has shown that a ‘ scurvy -like condt-
won’ may be produced 1n cotron rats and 1n mce by feedmng an homolog of
ascorbic acid, glucoascorblc acid In mice for imnstance, cutaneous hemor-
rhages are promment and bleeding from the gingivae 1s noteworthy  the knees

swell and on section the jouts are firey red” It 1s unforrunate
have not been made to determe w hether the lesions
f the scorbutic state

and wrists
that histologcal studies
1 the bones are charactensuc o



THE EAT AND WATIR SOLUBIE VITAMINS 133

fibroblnts and the absence of colligen formation cerrun other differences
m the (paciny of wounds to heal in seorbutic and normal aimals should be
mentoned  The hemorrhage wlich occurs as 1 result of the mesion 1s ab-
sorbed much more slowly and mav never completels disappear Then too
although endothehl cells proliferite caprlhiny loops ful to imvade the m-
jured arer

These histological obseryattons have been extended by others to obtun
dar1 on the ascorbie 1cid content and tenstle strength of healing wounds

Titre 40 Shin Ascorbic Acid Defictency A Slin from bach of normal gumea piz m
which an mcision had been made nine days before at pomt marked by arrow  “vote absence
of hair follicles and d thick of epithel to which some debns 1s adherent The
wound 1 completely healed B Skin from a guinea pig suffening from acute scorbutus in
which a simular inciston had been made nine days before There 15 no attemnpt at healmn,

whatsoever and as will be seen a wide defect 1s present H and E., <6 2

normal 1nd scorbutic guinea pigs and i humans as well (466 790) The
vitamm C content of healing wounds of defictent animals 15 found as ex-
pected to be much lower than that of animals on an adequate 1take of this
nutrient  However there 1s no increase n concentration of ascorbic acid
m the wound site of the deficient gumea pig over the concentrations 1n the
shin elsewhere If air 1s mjected nto the peritoneal cavity and the pressure
mesured unul the abdommal wound breaks down the av erage pressure fo;

wound rupture mn scorbutic animals 1s found to be 127 mm mercury wh lr
1n controls 1t 15 twice as great or about 238 mm mercunn In g « e

e
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pigs the sume decreases are noted which ndicate the possible relation of
ascorbie acid to cortical hormone production

Patbological Effects Numcrous evperiments hne demonstrated that the
princtpal morphologieal effects of ascorbic 1mid deficiency are found n
mesenchymal nissues In the absence of this vitimun mtercellular substances
such 1s colligen osteord and dentine, fail to be deposited 1n normal fashion
by their vespective cells, fibroblsts osteoblasts and odontoblasts  There 1s
lso sua to be 1 generil fulure i the deposiion of ‘“ntercellular cement
substince  Ruoture of capilliries i particular 15 1 promment manifesta
non of the scorbutic stite  Less specific effects on other soft ussues will be
discussed below

Collagen  The role of ascorbic 1cid 1 the formauon of collagen has
been studied from several standpomnts viluable mformation havmg been
obruned from mnvesngivions of healing sterile wounds, blood clots and sub
cutancous absceesses  In the former tvpe of ¢pernment the now classicl
studies of Wolbich and Howe (462) conclusiely demonstrate that when
mesions are made 1n the shin of scorbutic ammals the lesions fail to heal
Microscopic exanunation of such wounds reveals that although there 1s
extensne fibroblistic proliferation 1n both scorbutic ammals and controls
the cells of the former tend to remun immature looking and most important
of all ful to deposit collagen in normal fashion Trom such obsersatons 1t
1s concluded that there 15 fulure of collagen formation m the scorbutic state
Further studies by W olbach (463) and others (464 465, 466) hav ¢ confirmed
wnd amplified the mitinl observaton bath 1y the guiner pig and i min In
wounds produced m scorbutic ammals 1 pink-staming flud hl e marcrnl
ppears bout immature proliferating connectr e tissue cells  This substance
his been postulited to be 1 variery of maternls but the fechng of most
students of scurvy particularly Wolbach 1s that this maternl represents
incffcctual actempt at collagen formation In controlled studies of the
recovers processes following absolute scorbutus Walbach his fuled to
obtin wy evidence that fibrin 1s 1 precursor of colligen (463) Instead the
hamogeneous  pmkish-sruning matenal mentioned above which does not
t1ke collagen or silver stuns becomes fibrllated after treyement with ascorbie
qad such fibnllary maternal 1s argvrophilic  Followmg the appewnce
of these reticulum fibers collagen can also be stamed Wolbach takes the
view that retculum and collagen are elaborated or sccreted by connectnic
tissue cells Particularly smporeane is the obsersation that follow ing recovery
from the scorbutic state collagen deposition 15 always found the immedite

of the fibroblisuc cells A discussion of the theory w hich has been

} lcm“[‘t forward to explaun these phenomena will be deferred until the lesions
11):(?1,1% ‘bnneﬂ nd teeth have been described In addimon to the changes m
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Ticure 41 Rib Scumy  Costo chondral junction from a six months-old white female mfane
dying acutely of diarthea and dehydration Scurvy was diagnosed grossly ar autopsy Note
widemng of cartilage shaft junction and extreme concave deformuty of shaft and comveury
of the epiphyseal carulage Sprcules of calaified carulage matns he m complete distrras n 1
marrow d of looking fibrob!: Some evidence of attempts at healing can
be made out under higher Ths slk the d d e effects
which the moyvements of respiration have on this area of structural weakness The carulie
reminds one of a pestle gnnding 2wav in the mortar hhe shafe Wote absence of hema
topotette elements in this remon H and £ 115

on this me salt matriv and 15 immediately converted into bone by the de-
position of morganic calcim and phosphorus m 1t The scorbutic state
1s charactenzed by faillure of tercellulir substances to be elaborated
Osteod, the organic matrn of bone like collgen and dentine 1s an mter~
cellular substance In scunvsy there 1s a falure of the osteoblasts to form
osteord The entire pathologic picture 1s thus esplined and if this single
point 15 understood the morphologic changes should be clear ¢nough
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ing study of six cases of wound healing m the human some correlanion has
also been detected 1 the vitaun C concentration of the tissues and their
tenstle strengths (790)

The histologicil development of subcutaneous abscesses has been com
pared m scorbutic nd normal guinea pigs, n which the pured-feeding tech
mque was utihzed (467) When such amimnls are mnoculated with a stram
of hemolyuc staphy lococcus tureus, microscopteally 1n the first few davs
there 15 1 prompt outpouring of poly morphonuclear leukocyvtes n bath
groups of animls and phagocy tosis apperrs to be wetine By the third day
there tend to be fewer macrophages in and about the leston of the deficient
ammils 1 contrist to lrge numbers 1 the controls, there 1s also little con-
nectnve tissue proliferation m the former group A week following mnnocu-
Iation the leston 15 locihized 1 the deficient anmal, but there 1s 1 wide zone
of connectine tissue ecells about the nccrotic focus, between the cells 1s a
pinl sh-stuning mtenal and numerous red blood cells are 2lso present No
capillines are found growing mto the center of the lesion, mstead de-
fective loolang” dilated vessels are found ac the peniphery A weel later
the zone 1bout the abscess 15 even wider 1n the deficient anmnl i contrast
to the compact well-encapsulated lesion of the control From this study
1t 15 concluded that although there 15 no decrease m poly morphonuclear
leuhocy te response, the macrophage reaction 15 delin ed and 1s less than that
encountered m the control Phagocy tosis by the mononuclears 1lso appears
abnormal As was expected there 15 also an mability of the scorbutic ammal
to produce collagen and organize hus abscess Grossly, therefore, the lesion
m the deficient animals 15 diffuse and soft 1 comparison to that m the con-
trols which 1s rounded up and firm It 1s mteresting to speculate on the role
of blood vessels 1n relation to the lesion and 1ts pathogenesis VWhether de-
fectine capillary 1nvasion retards the mnflun of macrophages 15 difficult to
deternune It seems unhikels, however, that poor circulation has amy effect
on poor colligen formation

Bone Changes in the bones especnlly those of the gumea pig and grow-
g mfant have been reported by a number of 1 esugators smce Barlow’s
(468) description m 1882 (469, 462 470 471) The description to follow
15 bised on 1 study of experimental scurvy 1n guiner pigs (472) as well as
over one hundred cases of human scurvy wihich have been observed bl: th;
present wrter and 1 collaborition with Dr T A Park and Miss Debora
]'ICII:():]n be recalled from the discussion of normal osteogenesis on page

106 that grow th of the long bones including the ribs takes place l;_\ a Cl:;e
s muluplication and piling up of the cartilage cells which form

nnu(})‘u 1 plates A contmual deposition of lime salts m the matrix sub-

:Fql:cc\ f;athg Interstices of these cells occurs  Osteord ssue 15 then deposited
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Licere 4> Hich r pouer of costo chondral junction of nb shown in preceding figure 42

‘Note numerous fractures with spicules of calcifed cartilaginous marux matenal scattered 1n all

directions  Although there 1s an abundance of fibroblast like cells thev scem quite impotent

of forming collagen or osteoid  Changes n the carulage such 35 defects 1n calaificanon and
irrcgulanity 1n hining up of the cells are due to mechamcal factors H and E., \60

of this zone which determines the resulrant pathologic picture It must al-
reads be obvious that such spicules of calcified matriv maternal, unencased
n bone and unresistant to the stresses and strains of motion and weight bear-
mg, are cspecially lable to fracture The changes which accompany such
breaks lead to the charactensuic lesions of scurvy 1n the sheleton

The first site of the appearance of frictures 15 usually at the periphery
of the bone where the cortex and the carulage are m jutaposiion Thss 15
probably because there 1s more displacement here and more pull from at-
tached muscles  As the latuce mcreases 1 width 1 more and more fragile
zone 1s developed so that 1t 15 nev itable that complete fracrure of the spicules
of lattice will occur and that separation and various deformuties of the
cirulage shaft junction will soon follow  Such fractures of the calcified
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Trke 47 Rib Scunvy  Costo chondral juncton from a sty manths old colored female
infant who died of dysentery after an 1illness of only eight days The cluld had never recen ed
any orange yuice  Scurvy was duasnosed chinically and ar the autopsy table There 15 % dening

of the lme of with the cl ssuc concavins of the shaft  Numerous fractures
are seen and the region beneath the carulage 15 1n great disorder H and L\

S

As the scorbutic state develops the cirulige cells of the ¢piphyseal plate
continue to proliferate and arrange themselves n rows mn normal fishion
So too, me salts are depostted 1 the caruliginous matrin substince between
the columns of cartilage cells However the next step i the orderly sequence
of bone growth 1s deficient or completely laching—osteoblists faul to Iy
down osteord on the spicules of calaified matrr materiil  In addimon this
material 1s not destroy ed Consequenthy a wide zone of cileified bur unos-
sified matrnn develops just beneath the actvely growmg ciuligmous plate
“[lus formation Parl (471) has apthy called the ‘scorbute Iattice  since 1t
15 1 “lattce’ of calofied cartlaginous matrix m sterial It 1s the development
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iwure 9 Tiba  Expenmental Scurvy 1n the Guinea Pig A4 Tibia from cumea pig com-
pletely deprived of vitamun C The picture 1s simular to that seen sn the human save perhaps
that the lattice of calaified carulacinous matnix matenal 15 a hitdde broader  There are the same
fractures and the connectne ussue framework with absence of myeloid elements B Tibua
of opposite leg which had been placed n 2 plaster cast to immobilize 1t at the bezmmng of
the experiment Notice prominent latice which shows no fractures  There 1s no migraton
of the marrow cells down 1nto the shaft nor 1s there any evident proliferation of fibroblastc-
Ile cells This sllustrates that if the normal stresses and strains of muscle pull are elimunated
classical evidence of scurvy with fractures hemorrhages, et cetera will not develop

called Gerustmark’ The reason for this migratton of marrow cells which
leaves only connective ussue elements 1s not clear

From what has been sasd 1t 1s apparent that the fractures presence of
pink-stamng matenal hemorrhage and cellular proliferation are dependent
on the des elopment of a structuralls infenor zone just beneath the epiphy seal
cirulagmous plate That the stresses and strains resulung from muscle pull
and motion are responsible for these classical signs of scurvy at the growng
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matris materil lead to the chissical textbook picture of scurvy, the so called

Trummerfeldzone” or region of complete disintegrinion  1lere beneath the
cartilge are found spicules of caleified matri 1n considerable disirray Iing
horizontilly and m various other directions  About the frictures and 1n the
clefts there 1s 1 pihish-stuning hyahine maternl  There are lirge nombers

~

Ficure H# Rib  Healed Scurny  Costo-chondral juncuon from a seven menths old ;\lu:cl
male wnfant who died as a result of diarrhea and dehvdraunon  This 1s a pureh acclgrc)llltc
finding at autopsy and was not suspected unul the bone was studied microscoprcalls . rtu
15 evidence of old fractures which now are completely healed The presence of sil h
locihzed areas of fractures mike the ducnosis of healed scurvy a certamnt Th]:c |;)
of osstfication 1s perhaps a little irregular but othery ise the bone shows nothmg H and Lo

of red blood cells as well as quantities of apparently 1mpotent osteobl ists
cells resembling fibroblasts but without any vestige of colligen or retreulum
1 their viciiey  Macrophages contaming hemosiderin are also seen Such
15 the picture of absolute scorbutus 1n the guinea pig

Absolute scurvy in the human 1s apparently very rare one (herefors
usually encounters some evidence of healing Osteord and bane are la
down about some of the fractures, the amount of healing varies from c1s}:
to case, depending no doubr on the degree of the deficiency state Bﬁnentd
the Trummerfeldzone 1s an area here there are no hematopoictic cel hs .m_
« hich 1s composed of 2 marrow made up of connectine tissue cells the so
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Ficure 46 A Mandible of guinea pig cumng the first molar longltudlnzll) and the lower

mcsor transversely  Acute scurvy  There nun with an
atrophuc pulp lightly_artached to the denun !ormed before the deﬁclenc) became complete
Chrome scuriy ~ This shoss imperfect fi The I membrine

w approumatel twice the normal width  (Courtesy of Dr Paul E Bn;'lc)



140 THI PATHOI OGY OT NUIRITIO\AI DISLASL

ends of the bone has been shown by the present wnter m e\periments on
gumer pigs (472)  One huind leg 1s immobilized by plaeng it m 1 phster
cast, and the ammal 1s then placed on 1 scorbutic diet When, after 1 suitible
period the two hind legs are exammed istologically, the following differ-
cences are found At the cartilage shaft junction of the immobilized ubn
chere 15 1 broad sone of calaified latuce  There are no fractures no hemor
rhage no pmh-stuning materill no proliferation of fibroblastic or osteo
bhisuc-lihe cells, nor 15 there 1y migranon of the marrow cells down mto
the shaft  In contrast the tibia of the oppsite side exhibies the chssicil pie
ture of scursy with all of the positne findings Such n evperiment shows
that with the exception of 1 promunent [attce of caleified matns matenal,
all of the me honored criterin of scurvy are secondary to the effects of
mechaniceal force on this locus nnnorss resistentine However, we have been
hesitant to mal ¢ the dignosis of scurvy m children 1n the absence of the
fractures Gerustmarl and Trummerfeldzone

Certun other features of the sheletal manifestations of scuryy should be

mentoned  Changes tike place i the cartilige of the human but are prob-
ably 1 result of mechanteal displicement of the cartilage on the shaft Such
alterations consist of 1 spreading or sepirttion of the carnlage cell columns
consequent to the derormuties of the costochondral junction  VWolbich hs
commented on unpublhshed experiments i guiner pigs m which the epiphy -
serl crrtihge becomes defectne  due to 1 loss of firmness of the matrn’
(317) More detuled information 1s necessary on this point

Other charactenssties of scurvy 1n the sl eleton are ranfication of the
shaft as 4 result of resorption This too 15 1 phase of the pathology of the
diseise which requires further study  Subperiosteal hemorrhages devclop s
1 1esult of triuma nd normal stress and stram Macrophages filled with
hemosiderin pigment mav be promment follow mg such subpenioste1l hem-
orrhages, those 1t the cartilage shaft juncrion have alreads been mentioned

Teeth and Supportmg Structures Thstological studies of dental and
peridontal structures have been reported n guinea pigs ind man Changes
in the former species are much more extensie, probably, because the grow th
of the guinea pig’s mesor 1s so raptd  Two millimerers are erupted on an
wnecrage each weel 1 comparson to only 2 few mullimeters 1 veir m the
hunmn (473)

As would be expected the most marl ed alterations m the teeth re found
1n the dentme VW olbich aind hus assocrates (474 475 476 477) hwe studied
the pathogenests of the changes extensnely  YWhen guinea pigs are pliced on
1 scorbutic diet alterntions very soon appeir in the odontoblasts, these cclls
become atrophic and soon resemble the nearby pulp cells Thev loose ther
orderly polar arrangement and become completely disorgimzed 1,;'18 ves-
sels of the pulp become dilated and red blood cells ooze through As 1 re-
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studies, he concludes that ascorbic acid 1s not the decisne factor 1n mam-
taning the cohesn encss of sheaths of epithelial cells, and that “the intercel-
lutr cement upon w huch this cohesion depends must therefore be of a dif-
ferent order from the mterstitnil matrices, which Wolbach and others have
found depend on the presence of ascorbic acid for their elaborion™ It
should further be pointed out that 1 the bone of a scorbutc guinea pig
which w s first pliced i 2 plaster cast to elimmnate stresses and strains, no
pnh-stuning materiat apperrs but 1s onlv found where there have been frac-
tures of the calesfied carulginous matriy latrice (472)  Studies of healing
1n such bones hive not been performed and should be carmed out m order
to determne whether the changes ssmilar to those described by Wolbach 1in
orgimzing blood clot ¢t be observed At the present ume the ‘jellition
theors ™ 1s n meeresting one, but we would prefer to withhold final judg-
ment ind 1wt further evidence
Certun other tissues have been mentioned as the sites of lestons 1 ascorbic
acid deficiency  Focal necroses of the myocardium have been reported m
scorbutic gumnea pigs (478) In view of these findings it 1s of interest to
recall that the succric dehy drogenase activaty of heart muscle 1s decreased
1 scorbutic gumea pigs (457) It would be of interest to study some of
the other enzyme svstems m the cardiac musculature of vitamin C deficient
ammmals  When try pan blue 15 1njected subcutanecusly inte normal and scor-
butic gumnea pigs more of the dve 15 found i the Iver and renal tubular
cells of the latter animals (480) The findings has been nterpreted to nds-
cate 1 pathological change m the parenchvma of the two orgins studied
Anema does not appear to occur m vitamm C deficient guiner pigs (785)
Ascorbic Acid Deficiency m Man A discussion of vieamm C deficiency
in man can best be divided into scurvy 1 the infant and young child and
scunny m the adult orgamsm  Criterla upon which to base the clmcal
diagnosts of scurvy m children are few, and the disease must be well ad-
vanced before signs are at all significant  Chemical load tests have been em-
ployed (482) but have usually not been correlated with the clinieal signs
and x-ray data One 15 therefore at almost a complete loss to estmate the
meidence of scurvy mn the general childhood population During the decade
1936-45, 41 cases of climically mansfest scurvy were observed 1n evers 100 -
000 out patient visits to the Children s Hospital in Boston This was 1n con-
trast to an ncidence of 58 cases for the preceding 10 years During the
period 1940-45 an imncrease occurred howeser (781) Data based on mor-
phological cnteria furnish more precise information on certam selected por-
tions of the population that 1s an hospital population For instance w hen
the bones of all chiidren commng to autopsy m the Johns Hophins Hospital
were studied during more than 2 decade unmstalable evidence of scurvy
was found i 117 percent of 487 children between the ages of 3 and 19
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sult of the changes i the odonroblasts, dentine 15 lud down wrregulach and
the dental tubules are arranged n haphazard fashion Denune deposition
soon stops entirely  The predentine becomes by percaleified A few of the
odontoblasts 1 the pulp apparently form some dentine, at Jeast enough to
enclose themselves The alizann techmique has been employed to demon
strate that dentine formation 1s quantitinels reled to ascorbic 1c1d mehe
(476)

In the guinea pig changes i the enamel organ come Jater 1 the course
of the deficiency - The ameloblasts atrophy and hemorrhages are encountered
Both these alteritions have been interpreted to be due to traumanc mjun
of the enamel organ as 1 result of poor support  There 15 no evidence of any
rchnonship between ascorbic acid deficieney and dental caries  There 15
rarification of the alveolar bone, 1s nught be evpected when one recalls
the changes encountered m the nbs and other bones of expenimental amumls
and humans  Weal ness of the supporting bones as well as weakness of the
collagen fiber supporting 1pparatus allows for great mobihey and decreased
ability to withstand the mechanical stresses encountered m chewing The
changes m the supporting structures of the guinea pig have been lihened to
the diffuse lveolar bone atrophy of pyorrhel encountered n the humin
(475)

There 1s 1 good deal of controversy among students of scurvy on the
mechanism of collagen and bone formation Wolbach (463) favors the view
that collagen marerial onginates as an amorphons ground substance secreted
by fibroblasts He feels that he has shown this in the organization of blood
clot 1 ammals which are recovering from absolute scurvy  Then too, evi-
dence 1s presented that the pmlish-stamming matersal which ss found m the
Gerustmarh of scorbutic bone has “as 1ts basis a product of the cells of the
Gerustmarl , probably hquid added to by other maternls from the bleod
plasma or cartilage matrix resorption ” Such 1s the basis of the “jellanion
theory,” which postulates that the scorbutic cells deposit a pkish stamng
fluid maternal, which mn the absence of vitamm C fails to jell or m other
words fuls to become osteoid or collagen The only pomnted studies which
have been performed are those of Wolbach who adheres to this concept or
theory “that the fallure of cells to produce ntercellular substances n scor-
butus 1s due to the absence of an agent common to all supporting ussues
which 1s responsible for settmg or jellying of 2 hiquid product ”’

Though not contradicting the conclusions of Wolbach with respect to
collagen, dentine and osteord, Chambers (770) has taken 1ssue on the qlics'
ton of mtercellular cement substances As noted elsewhere (page 25)
Chambers feels that calcium 15 an important factor in the formauon of ul\lcr;
cellular cement which binds epithelal cells together From tissue cultur
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gums wppeared At the present time based on experimental studies and
other obsery 1ons the feehing 15 that, few af any cases of gingnins and bleed-
mg gums resule from ascorbie 1cid deficiency when oral hygiene 15 mun-
tuned  In view of the chinges of the gumnea pig teeth (475), referred to
bove 1t 15 of mterest that one of the mimfestations which appeared 1 the
humn experiment was neerruptions in the lnuna dure, which “presumably
results from atrophy of Wveolr bones nd 15 replaced with collwgen-free
fibrous tissue” (465)

There has been much written concerning the anemta of human vitamm
C deficiency  The consensus of opinion appears that Vitamun C deficiency
anemn does not occur per se and that when a reduction of red blood cells
wd hemoglobw 1s found this 1s due to a deficiency of other nutrients (785)

Thiamine

Historical  Modern Lknowledge of thiamine began with the clissical
studses of Tyl man who demonstrated 1 1897 the nutritne value of nice
polishings n pigeons fed a diet of polished rice (485) In 1911, Funl isolated
from rice polishings a crystalline fraction with biological activiry  (486)
Dunng the following quarter of a century, similar estracts of mcrewsing
patency were prepared and used n the treatment of bertberr In 1936 Wil-
hams and his associates were able to announce the structural formulr 1nd
svnthesis of a pure ind biologically active substance (487) which since 1t
contained sulfur was called thiamine

During the y cars preceding the synthesis of thiimme, a coenzyme, cocar-
bovyhise which was 1solated from yeast, hid been extensivelv studied In
1937 when Lohmann and Schuster showed that this matersal was the pyro-
phosphoric ester of thiamine the biological role of thiamine became appr-
cnt (488) Thuamune pyrophosphate (cocarboxylase) or diphosphothiimine
1s made up of a py imdine and 1 thiazole ring plus phosphoric acid

Biochemmcal Relationships  Ingested thiamme 1s mainly phosphory lated
by the liver and to a lesser extent by the kidney  Very little free thiamine
occurs 1 normal wssue, the major portion 15 found as thiamine pvrophos-
phite (489) The organism excretes thiamine n phosphorylated form In

itro studies have demonstrated dephosphon lation by Iner 1idney muscle
nd brun ussue (490)

In 1936 Peters called attention to “the biochemucal leston’ of thiimme
deficiency by showing that when the vitamm was added to suspensions of
brun tissue from deficient pigeons the pyruvate content of the mixture was
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months (385) The majority of such cases w1s not dignosed chinieally or,
if 5! eletal lesions w cre noted, the lesions were usually called ricl ets Simtlar
studies m other localities re much to be desired  The pathology of the
osscous changes m scurvy n infants has been detuled above  Although a
vanety of other mamifestations have been deseribed, evidence for the spe-
cificity of such lestons 15 not e alf clear In view of the morphological and
physiological chinges in the my ocardium referred to 1bove, 1t 1s of mrerest
that sudden death has been noted 1n three infants, 7%, 10, and 11 months
of 1gc respectnely, all of whom had advanced scurvy of the sl eletal tissues
two of these children had nghe sided cardinc hy pertrophy at autopsy and
no other changes were found to account for death (479)  As was noted 1n
1 preceding section, changes similar to those encountered m gumea pigs
have not been observed in the tecth of the human  The tooth germ of two
nfants aged 8 and 11 months respectively, whose bones showed the char-
actensuc changes of scurvy have been carefully studied but no alteranons
were found in the ameloblists or odontoblasts and their intercellular sub-
stances enmel and denune (473) In the younger infant hemorrhages and
cysts were observed in the enimel organ  No such changes were encountered
in the older child  Grow th of the human tooth 15 undoubtedly too slow for
any dental changes to manifest themselyes

Scurvv 1n adults has of course been described for several hundred years
Pithological studies however, have not been carried out on miny cases com-
ng to wropsy Collowng the last war Aschoff (484) described a series of
scorbutics pointing out the subperiosteal hemorrhages changes at the cartihge
shaft junction 1nd suggestr ¢ cardiac 1 olvement  Much more mformition
on the pithogenesis of scurvy in the human has come from studics of ex-
perimental scurvy  of which there have been severl reports (465, 481)
Crindon s experiment upon hunself furnishes extremely interestng ditt on
the biochemical and pathological changes which accur s the scorbute stite
develops The plasma ascorbic acid level fell to zero after 41 davs on the
diet The white cell-platelet ascorbic acid concentration fell to zero after
about the 12th week of the deficiency No other significant findings were
present until 134 d1ys had clapsed At this ume small penfolhicular hs per-
1 eratotic papules began to appear  Such lesions resembled those prev 1ousls
desaribed as charactenstic of vitamin A deficiency (323) After three months
1 wound which was mnde m the sl in and subcutaneous tissues was found to
heal m normal fashion At the end of 182 d1vs after the white cell-platcler
ascorbic acid had been at sero for 61 davs histologicl exammation of a
second wound showed virtually no healing and gave evidence that scurvy
based on morphological grounds was present Few other specific changes

ound Smnce so much has been written of the role of 1scorbic acid m

{
e f mterest that no lesions of the

the enology of gngnitis 1n the human 1t 15 o
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Iicure 47 Heart Thiamme Deficiency (506) A Auncular myoeardium of a pig which
dicd suddenly after having been on a thimme deficient dier for 37 days Note diffuse
mfiltranon with leuhocytes many of which are mononuclears There 1s necrosis of some of
the myocardial fibers H and E x150 B Lower power (x50) of ventncular myocardium
of a swmne dying after 156 days on the expertmental diet  Three episodes of anorexia vomuung
m t loss of werght had occurred accompamed by a mise in the pyruvic acid level 1n the blood
The first tao episodes were 1 d by the ad of small amounts of thiamine
Imally on the day of death the ammal became dyspneic cyanosis developed followed by
death  The section shows large areas where myocardial fibers were necrouc and had been
replaced by leuhocy tes so that a sort of granulomatous lesion resulted Some of these areas
could be seen grossly H and E 50

dissociation  complete bloch and auncular fibrllatton  The tachy cardia
which has sometimes been observed 1 expermental ammals has been m-
terpreted to be an expression of cardiac decompensation

Objecue evidence of cardiac failure has appeared most prominently
swine (506) especially those animals subjected to severe, acute thiammne
deficiency  Such pigs exhibir labored breathing and cvanoss, both of which
are made worse by exercise A number of ammals have died suddenly, and
no other cause for death save heart falure has been found after carcful
histological exammation of the myocardium and other ussues



146 THL PATHOLOGY OF NUTRITIONAI DISCASE

reduced (491) Since these now clssical studics, the relationship of thia-
mune to carbohydrate metabolism has been greatly brordened, and 1t now
appears to partcipate in ll ovdatne decirbovy lations which lead to the
formation of CO  Thiamine participates 1n 1 series of reactions decarbovy -
lhwon (488), ontdation (53), dismutition (492) and condensation (493)
Patbological Effects Experimental thinmine defictiency leads to dis-
turbances 1n rats (96, 494), mice (772), hamsters (774, 775), cotton rats
(614), cats (495), dogs (496), foxes (497), swine (498), and monheys
(499) Punified diets have not been used 1n all of these cxperiments howeter
Poor food consumption 15 partnlly responsible for any groweh disturbance
because of the 1norevin and vomiong which usually accompany the thu-
mime deficient state
Insmuch as uissue concentrinions of thizmine are reduced when this
vitanm 1s restiicted from the diet, 1t 15 not surpnsing that metabolic dis
turbances may be observed mn evperimental ammals  Llevauons of blood
pyruvic acid have been found in most species  Tor mstance, blood pyruvate
levels as high as 99 mg percent have been observed 1n monlevs, the aver-
age normal value 15 3 2 percent (499) Accompanying such alrerations o
ussue metabolites, 1 derangement of respiration has been obsersed 1n muscle,
both cardiac and skeletal bramn, 1idney, and Iner Of parncular mterest
have been m wrtro studies of the QO. of heart muscle (500) 1n view of the
histological changes shortly to be described Although the ovygen con-
sumption of the ventricles of thimine-deficient and normal rats 1s about the
same, that of the auricles 15 sigmificantly low er m the former group, the ratio
of the ovygen consumpuon of auricle to ventricle 1s 14 for thiamine-
deficient animals and 2 0 for normnl controls
Heart In those species m which detailed phystological or pathological
obsers ations hav ¢ been carried out fairly consistent changes hve been found
1 the heart Some time ago brady cardir was described as 2 distincen ¢ feature
of vittmin B deficiency m the rat {501) This observation has been confirmed
by other 1y estigators in rats (502 503) dogs (496), swine (504) cats (505)
and monkeys (499) The possibihity that manition may lead to brady cardia
should be and has been considered In swine studied by the present writer
1n association with Wintrobe et al (504) thiamine deficiency appears to cuse
1 greater degrec of slowing of the heart rate than can be ascribed to inanitioft
alone That vagal overactvary may be a cause of the brady cardin 1; sug-
gested by slowing of the heart 1 one ammal to which atropime was a nl"nd
stered Further evidence of damage to the my ocardium has been furnishe
by electro-cardiographic studies hich have been reported in rats dogs €S
and monkeys Extensive alterations have been described n swine
sw"f‘ Such changes consist of prolonged P-R mtenals abnormahnes mn
t(}fg 1Z wave ncrease of T,, nodal and ventrcular premature beats A-V
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Twure 47 Heart Thammne Deficiency (506) A Auncular myocardium of Ia\lplg ‘;v};:lc\l‘:
died suddenly after having been on a thumne deficient dier for 37 days ofte xe ne
wfiftration with leukocytes many of which are mononuclears There 1s necrosis o somdlum
the myocardial fibers H and L 1150 B Lower power {(x\50) of ventncular myocar hur

of a swine dyng after 156 days on the expenmental diet Three episodes of anorexta l:ml;‘]‘ ég
11 loss of werght had occurred accompanted by 2 rise 1n the pyruvic acid level i d ; 00

The first two episodes were amehorated by the admmustration of small amounts of"t lzl“l;l:?
Linally on the day of death the ammal became dyspneic_ cyanosis developed followed by
death The section shows large areas where myocardial fibers were necrouc and had been

replaced by leukocytes so that a sort of granulomatous lesion resulted Some of these areas
<ould be seen grossly H and I 150

dissociation, complete bloch, and auricular fibrllaton The tachycardna
which has sometimes been observed m expenimental anmmals has been -
terpreted to be an expression of cardiac decompensation

Objective evidence of cardiac failure has appeared most promimnently
swine (506) especially those ammals subjected to severe, acute thiamine
deficiency  Such pigs exhibit labored breathing and cyanosss, both of which
are made worse by evercise A number of ammals have died suddenly, and
no other cause for death save heart failure has been found after careful
Instologcal examination of the my ocardiom and other tissues
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reduced (491) Since these now classical studies, the relatonship of thu-
mine to carbohy drate metabolism has been grealy broadened, 1nd it now
appears to participate m ll onidrtve decarboxvlations which lead to the
formation of CO_ Thimmne participates in a series of reactions decarbovy-
ltion (488), onidation (53), dismutation (492) and condensation (493)

Pathological Effects Expermental thrumne deficiency leads to dis-
turbances 1 rits (96, 494), mice (772), hamsters (774, 775), cotton rats
(614), cats (495), dogs (496), foxes (497), swme (498) and monheys
(499) Punified diets have not been used 1n 1l of these evperiments, however
Poor food consumption 1s parnally responsible for any grow th disturbance
because of the anorevin and vomiting wiuch nsually accompany the thia-
mine deficient state

Imismuch 1s uissue concentrations of thumine are reduced when this
vitamun 15 restricted from the diet, 1t 15 not surprising that metabolic dis-
turbances may be observed m expenmental ammals  Elevations of blood
pyruvic 1cid have been found in most species  For mstance, blood pyruvate
levels as hugh 15 99 mg percent have been observed 1 monkeys, the aver-
age normal value 15 3 2 percent (499) Accompanving such alterations m
tissue metabolites a derangement of resprration has been obsersed mn muscle,
both cardiac and sheletal, brun, hidney, and lver Of particular nterest
have been 1 witro studies of the QO of heart muscle (500) 1n vtew of the
hustological changes shortly to be described Although the ovygen con-
sumption of the ventricles of thnmine-deficient and normal rats 1s about the
same that of the auricles 15 significantly low er n the former group, the ratio
of the oxygen consumption of auricle to ventricle 1s 14 for thrmine-
deficient animals and 2 0 for normal controls

Heart In those species 1 which detailed physiological or pthological
observations have been carried out fairly consistent changes have been found
i the heart  Some ume ago bradycardia was described as a disunctive feature
of vitamin B deficiency 1n the rat (501) This observation has been confirmed
by other mvestigators 1n rats (502, 503), dogs (496), swine (504) cats (505),
and monkeys (499) The posstbility that namtion may lead to brady cardia
should be and has been considered 1In swine studied by the present wrter
1n association with Wintrobe et al (504) thramme deficiency appears to ciuse
2 greater degrec of slowing of the heart rate than can be ascnibed to inanition
alone That vagal overactvity mny be a canse of the bradveardia 1; suﬁ:
gested by slowing of the heart 1n one animal to which atropine w ﬂfS a rs‘l]:cd
wstered  Further evidence of damage to the my ocardum has bcend urmC c
by electro-cardiographic studies which have been reported mn rats dogs ¢1
S\}:rme and monheys Ixtensive alterations have been described 1r11 S“":;
(504) Such changes consist of prolonged P-R intervals abnormalities

he P wave merease of T nodal and ventricular premature beats A-V
the
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FicLre 48 Hearr Chrome Thuamne Deficency (506) Ventncular myocardum of swine
which had been on the deficient diet for 246 days There had been numerous episodes of acute
thismine deficiency as evidenced by bouts of vomming and anorewa accompared by elevauon
of the blood pyrusate levels The ammal was in a state of severe deprivation for the last 100
days of lfe with contnual elevated pyrusate concentranons In addiion to fresh lestons
which were found n the auncles and ventncles scars such as those shown mn_the photo-
mucrograph above were found 1n areas where muscle fibers had disappeared Such lesions
are interpreted to be the sites of previous necroses which had healed  Mallory s stain x150

It 15 of mterest to recall thar lestons rdentical with those produced by
thianune defictency have been observed in ammals deficient m potasstum
(87) When these two deficiencies are simultaneously produced no lesions
whatscever appear 1n the myocardiom (96) The reason for this requires
further mvestigaton

No anatomiucal lesions have been obsersed m the striated muscles of
thuamune deficient ammals, however, necroses have been produced 1n rats
1 which there 15 a concurrent potasstum and thiamne deficiency (96)

Nervous Systemr Thiamme deficiency has been mndicred as the cause
of lestons m the nervous uissues Here the pathological alterations are not
as clear-cut as are the changes which have just been described mn the heart
The present state of affairs 1s perhaps best exemplified by the following two
quotations

W hen the hrerature of the last 10 years 15 constdered 1n perspectne,
the conclusion 1s tnescapable that thamine has never deserved the title of
antincuritic vitamin” and has not yet shown nself capable of filling com-

pletely che role that was formerly assigned to the hy pothenical anuberibert
viamun - Meiklejohn 1940 (509)
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At wtopsy the heart of the thimme-deficient anmal s usuilly deserbed
wdilted (r1ts dogs, swme)  Lyidence for cardine hy pertrophy 1s extremely
difticult to evaluee  Hearr werght-body w cight ratios which apperr to e
definitels wbove normal hive been reported m 1 few of the swine we hnve
obscrved, 1t must be emphasized however, thie m other anmls whose growth
i greathy retirded by various means the hearr bods wetght rano 15 ibo
found to be merewed, the heart miv ipprosimate 10 percent of the totil
weighe which 1s the highest rtio which has been observed m thimine
dehuent swine

Microscopic lesions i the my ocardwm has ¢ been described i raes (194)
dogs (496) foves (497), and swine (506) The most extensne alteratons
are found in the heart of the Iieter species where changes may pperr 1§
el s the 37¢h div of the deficency  The lesions consist of necrosts of
muscle fibers Tnsenlly there 1s 1 loss of striations 1ecompanied by + 1cuolition
wd hy inizwwon of the myofibnls  Leu! ocytes, both poly morphonucleir
and mononuclerr then wppeir The necroses are etther focal or diffuse m
one i which we hne observed they could be scen grossly T he necroses
we found m both the auricular and ventriculir ny ocardium An exeeption
h1s been noted m one pig dyving 1t an eurly stige, m thos mimal onhy the
auricuhr musculture was affected A sigmificinr difference m the response
of the aunculir ind ventriculir musculiture m thimune deficieney 1s further
suggested by observations m rats whose wricles are found to be mvoled
far more frequently then the ventricles In this connection it 1s nterestng to
recll the differences in the oy gen consumption of auriculr and ventriculir
muscle from thumine-deficient rits which were referred to bove (500)

In swine which have passed through severl episodes of clmical thrymine
deficiency scars may be found at autopsy and bave been mterpreted to ndt-
cate focr where previously there had been necrotic v ocardil fibers The
coromry vessels of thinune-deficient anmnls as well s the endocardium
and epicicdim are not remarhable, no muril thrombi hue been observed
m swine A pomted study of the conduction syvstem his not been made

The cause of the bradvcardin electrocirdiogriphic changes and morpho
Togical lesions 15 obscure  Since the accumulation of cerrun metbolic prod
ucts m1y be responsible large amounts of pyruvic acid sodmm pyruvate
and relited substances have been adnumistered to normal and thiwmne de-
ficient r1ts (507 508) Under such circumstinces only shght changes re
obseryed m the heart rite and electrocirdiogrim so that one must conclude
that 1t 15 unlif ely that accumulations of such metabohtes are n nmpornn:
fictor However 1t should be ponted our that by such means 2 susnfl"cﬁ

Jevation of blood pyruvic acid has not been produced We are, therefore
a Joss to cplan the changes specifically except to refer them to the de-
;;c’:s (1)1\ metibolism which are 1nown te accompiny thimne deficiency



THL FAT AND WATIR SOLUBLE VITAVMINS 151

ditton m that species s well Such rats display an apparent lamencss of the
fore and hind legs, they walk with these extremities extended and the gair
1s weak and unsteads  Atavir also may be present, accompanted by cart-
wheel or rolling mosements, convulsions have been observed The develop-
ment and cure of this syndrome mn rats s a test for vitamin B, was first intro-
duced by McCollum and Simmonds 1 1918 (51>) and has been used by
many subscquent 1y estigators (516), most of whom seem to have had lirtle
doubt that they were dealing with ammals 1 which morphological changes
were present

In the followng discussion the neurological aspects of thiamine deficiency
will be divided for convemence nto a consideration of the peripheral nerves
followed by an apprusal of the central nervous svstem In evaluaung the
evperiments which are cited below two factors must alwavs be borne 1n
mind In manv of the expermments autoclaved v east has been used as a source
of the B group since heat of course destrovs thamine Dxcessne tempera-
tures mav also destroy other components of the B compley, for instance
pantothenic acid (522) Secondlv ammals on a thianmine-deficient diet fail
to eat so that the effects of manmitron must alwavs be ngidly controlled
Finalls manv of the diets have not contamned all of the essential nutrients
parucularly vitammn R and 1n birds certam amino acids

The studies of birds on nice diets profoundly 1nfluenced the pathologic
imvestigations m other spectes unul careful studies were performed m the
latter group Exammation of the pernipheral nerves of rats fed diets contamn-
ing autoclaved yeast have revealed no sigmficant morphological differences
from control ammals (517 518, 519 520) The changes which do appear
mav be ascribed to mamution In such ammals classical signs of vitamm B,
defictency  (referred to above) are obsersed When cats are placed on a
thiammne deficient diet for as long as 116 davs no histological changes can
be detected 1n the penipheral nerves (521) In addiion more conclusne
evidence 15 furmished by studies of nerve action potenuials of such thiamme-
Cefictent and normal cats No differences are found nor 1s there any dis~
turbance mn the regeneratve capacity of the peripheral nerves of thramme-
deficient amimals (521) In swine the present writer mn association with
Wintrobe et al has failed to find any evidence that thamme deficiency leads
to morphological changes i the peripheral nen ous svstem, m particular
the sensoryv neuraxis (506 522)

In the three mammalan species just menuoned no evidence of mvehn
degeneration of the peripheral nerves has been found In contrast data have
been presented chiefls by Swank and his collaborators (523 524) which
tend to indicate that m pigeons at least lesions occur in the penpheral
nerves Heretofore Aves have not been considered m this bool. Since the
observations of Swank are at vanance with those encountered in other species
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The most constant and strihing findings of thiamme deficiency anse
from chemical alterations which lead ulumately to degeneratne changes m
the nervous s\vstem Changes 1n the posterior spmal ganglion and anterior
horn cells have been noted Degeneratton 1s most severe 1 the scuanc
nerve and 1ts branches but degenerauve changes may be found m any of
the peripheral nerves’ Spies and Butr 1942 (510)

In 1897 Lykman descnbed a * beriben-like discase’ in fow! which had
been placed on a ration consisting of polished rice (485) * The beginning of
the disease 15 characterized by an unsteadv gaie which first of all mamfests
nself in walking about on the perch as 1f the ammal cannot squeeze 1ts toes
around 1t firmlv enough and must exers nself m order nat to fall off The
disturbance m motilits soon increases 1n ntensity and speed  The foul no
longer has the strength to chmb up, because of weakness it holds its hmbs
spread apart and bent at the knee and ankle joints, when runming 1t fre-
quentls collapses or falls over Finalls 1t remams Iving on its side and 1n 1ts
fruntless efforts the developing paralvsis of the wing muscles also becomes
noticeable The paralvsis of the body musculature rapidls progresses from
below upward "

LCykman later epitomized the pathological changes (511) “ The imolse
ment of the pernipheral nerves 1s the most important feature that post-morten
mestigation reveals ta date It imolves both the sensory and motor por-
nons which occur focally 1n the nerve trunks and produces the picture of
non-inflammatory atrophic degeneration such as 1s observed after trans-
section of 2 nenve 1n the distal portion of the divided fragment However,
definite changes m the spinal cord and spinal cord roots are also not laching
These show DIikewise the appearance of degeneration and atrophy

Based on such findings Lyjhman referred to the experimental disease 3s
“pols neuritis gallinarum * In none of his papers are experimental protacols
presented or photomicrographs reproduced Lyhman s experiments were re-
peated by Vedder and Clark (513) who has e illustrated degeneratine lestons
1 the peripheral nerves

It should be clearly understood thar the diets employed by Lyhman and

"edder were composed of polished nce  Such diets are obysoush mnadequate
1n many respects as McCollum (514) pomted our many +ears ago, for be-
sides being deficient 1n mimerals, most of the vitamins 1 parucular the fat-
soluble group are not present  Pols neuntis gallmarium” as studied by the
early workers 1s not 2 syndrome due to a single nutnent but clearlv one
caused by defictency of several

From these studies 1n birds 1t was concluded that the punified materal
from nice pohshings was the antmeuric vitamin \Vhen a charactenstic
v ndrome which could be pret ented by extracts of rice polishing was also

observed 1n deficent rats, the term ‘polsneunizs  was applied to the con-
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studics of the central nervous svstem have not been carried out 1 this
spectes, ether
Lestons hu e been described 1n the central nersous ussues of rats  Here,
hemorrhagie foct, a5 well as chromotolysis or clumping of the Nissl sub-
stance of the nenve cells, have been noted 1n Dester’s nucles, the vesubular
mucler the nucler of Bechterew, and the nucleus solatarius  In kattens dying
of acute thimne deficiency, chromotolysis and necrosis of neurons have
been observed (530) Small hemorrhages are also said to be present in the
vestibular nuclet and there 1s swelling of oligodendrocytes The course of
such animals with respect to weight gun or loss and the absence of control
obseryations mahe this study of questionable value, however
Thiamne has a marhed effect on a spontaneous paraly tic disease of foxes
(497) The syndrome which was first reported from the Chastek fur farm
1 Minnesota 1s characterized by a rapidly progressing paralysis At autopsy,
bilateral symmetrical degencrative lesions of certan nuclear masses 1n the
paraventricular regions are encountered It has been concluded that the
Chastel paralysis 1s the pathologic counterpart of Werniche's hemorrhagic
encephahus tn man a pomt which will be discussed 1 more detail shortly
The disease 1n fores results from the presence of a factor in raw fish, which
appears to be a thamme destroy ing enzyme (533) Although when thramine
15 administered to affected anmnals recovery ensues deficiencies of other es-
sential nutrients may also be present smce at autopsv n ammals dving with
Chastel. paralysis, a severe degree of hepatic Iipordosis 15 also observed
Again 1t 15 necessary to mention certamn lesions which have been de-
scribed m pigeons by Swank et 2l (530) and by Alesander and his group
(529) The latter fed pigeons a ration of rice, supplemented with ribo-
flavin and vitamins A C, and D Since, on this diet which 1s obviously 1n-
adequate 1n many essential nutrients, the birds develop hemorrhagic vascular
lesions n the brain Alexander has postulated without any justification w hat-
soever that thiamme possesses “anglodegenerative properties” Swank de-
scnbes sumilar vascular lestons m pigeons as well as changes n nerve cells
and fibers particularly those of the vestibular system and the oculomotor
group (530) The latter experiments must be questioned for the same reasons
that Shaw and Phullips pointed out and which were discussed above (525)
Swank has also applied the techmque of electro-encephalography to supple-
ment his morphological mvestiganions (531) During the imtial stage of the
defictency the amplitude of the bramn waves increases, later there 15 a re-
duction 1 frequency with occasional parovs smal discharges of epileptiform-
ke character It would be most nteresting to apply this technique to other
species deficient onls 1n thiamme
:hclk,: r:::;ﬂ:‘zgr‘\v‘,;‘; ;;;{:;arss ‘txl;;t ct}l:;:mme deficiency may produce lesions 1n
ges consist of degeneranion of neurons,
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1t seems desirable to mention them, masmuch as they have assumed 3 good
deal of prommence 1n contemporiry nutrition W hen young pigeons are
forced-fed dicts contamning very small amounts of thiamine lesions consisung
of myelin and avon degeneration of the peripheral nerves are obsered In
assuming that food placed in the pigeon’s crop 15 utilized, Swank has been
critisized by Shaw and Phillips (525) who feel that inanition mav have led
to Swank’s findings since “the natural tendency of the bird to reduce its
coloric mtal ¢ during the thimune deficiency could not be overcome by
mtroducing food mnto the upper part of the digestiy ¢ tract ” The evpenments
of Shaw and Phillips lend support to the view that chronic thumine de-
ficiency mav ply 2 role in the development of neurological lestons 1n birds
They are careful to point out, how exer, that other facters may be important,
mcluded 1mong such factors are the 1mino acids, gly cine and argimine, since
the chick requirements for these nutrients are different from those of Mam
malta (526, 527) In concluding this discussion of the peripheral nenous
system there 15 no good cvidence that thiamine defictency leads to structural
or funcrional lestons of the penpheral nerves of the Mammala thus far
studied The question 1n birds requires further mvestigation A discussion
of the situation 1 man will be reserved unnl later

Changes 1n the central ners ous system of thiamine-deficient animals may
be considered from both physiological and anatomical standpoints It seems
agreed that lesions may occur in some Mammalian species \When rats are
placed on a diet whose B vitamn supplement 1s autoclas ed y east, a signuficant
disturbance of vestubular function appears as evidenced by an mereased
duration of nyvstagmus following rotation (528) Physiological alterations
has ¢ also becn studied 1n thiamme deficient cats whose diets contaned ade-
quate essential nutrients ncluding py ridoune and pantothenic acid (495)
The course of the felme syndrome can be dnided mto three stages The
first which lasts three to four weeks 1s marked by increasing anorexa and
vomiung atavia 1s sometimes observed at this nme The second stage 1S
manifested by abnormal posture atavia dilatation of the pupils, and the
presence of abnormal reflexes such as body nghung vestibulo-ocular and
pupillary Light reactions  The flexor hnee kick, and hopptng responses are
all normal This stage 1s follow ed by one n which convulsions are prominent
and are followed by death From the neurological signs which these cats
exhibit 1t has been concluded that the mid-brain 1s most severely s olved
but 1t 15 unfortunate that histological studies hate not been carried out to
confirm or demv such a supposiion  In another study 1n cats (521) chnngej
a5 sev ere as those just described have not been encountered, onfy ntn;m nt;l "
mild vestbular disturbances were observed In this experiment 1t was Oc;fm-
that the ammals succumbed as a result of cardiac damage Prosis ncoor

tion, and ataua have been described 1 monkevs (499) though anatomical
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before passing judgment  [nasmuch too as beribert must be considered 2
muluple deficrency discase 1t 1s possible that a lack of other nutnents may
present the effects of chuamine deficiency from becoming apparent mn the
myvocardum  This has some expenimental basis, for when there 15 a con-
comttant deficiency of porassium and thiamine no carduac lesions are found
although a deficieney of erther of these nutrients leads to necrosis of the
muscle fibers (96)

In several studics of expenmental thizmine deficiency 1 man  mamfesta-
uons of cardiac abnormalin have been extremelv msignificant  Electro-
cardingraphic changes of mimmal nature have been encountered in a few
mstances of thianune defictency 1 experimental subjects by v esugators at
the Mlavo Chnic (335) o outspoken evidence of carduac embarrassment
has been detected although 1t 1s obvious that 1t would be hazardous to carr
thiamme deficiency too far 1 view of its known effect on the hearr of the
expenmental ammal In the human then aside from the demonstrated ef-
fects of thumine on the function of the myocardm there 1s litle precise
mformation as to the pathological effects which uncomplicated thumine de-
fictency has on the hearr muscle fibers A pomted studv of this would seem
to be 1t order 1n an area where berber: 15, and unforrunatels mav conunue
to be endemic for nstance South Chma (536) Extremelv valuable infor-
maton could be obtained if the hearts of persons who die of clinical ben-
ben were weighed and then examined microscoptealls with care and if con-
comutant analvses of the thuamine content of blood cells and heart muscle
were performed

Vercous Tissues hnowledge of lesions which occur m uncomplicated
thiamine deficiencsy n man are equally nadequate  Manv cases of cliucal
beriben extubit widespread disturbances in neuro-muscular function paras-
thesus anesthestas disturbed reflexes muscle tenderness and weakness all
are cormmon  Lestons have been described m patients dving of benben  Such
changes consist of degeneration of the penipheral nerves mv elin loss 1s found
in the nerve roots and degeneratne changes have been noted m the tracts
of the spmnal cord T must be remembered, however that such changes mas
be due to a deficiency of one or more nutrients other than thiamime .m Tiew
of the absence of degenerative changes m the penipheral ner ous svstem of
ammals on mwadequate thumine mtakes, 1t would seem wise at chs ame to
be somew hat cautious 1 the evaluation of the effects of thuamine deficiencs

on the penpheral nen ous svstem of man

Although chmical  polvneunns  has been described m human evpen-
mental thamine deficrency the data are not too convincing  For mstance a
purified diet consisung of casem, far, sugar salt, and viramm suppl
has been emploved to study the effects :)f thua PP cments

mune deficiency on 2 sertes
of indiiduals for as long as exghteen months (537) The thumine content
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particulrly those of the vestibular group  The vascular changes are not clear
cut and should be re-un estigated utihzing animals on pursfied diets supplied
with adequate ervstalline vitamins not autoclaved veast Such diets hase
been employed by the writer and YWintrobe in swine which lestons of the
brun have not been observed even though thiimine was the only nutrient
restricted from the dier (522)

Thiannme Deficiency m Man The pathological mansfestations of uncom
plicated thumine deficieney an man are nor clearls understood The chnical
disease, beribert 4s 1t 1s observed in the Orent, my appear 1 several forms
1 “Dry” beribers with symptoms and signs referable to the neuro muscular
system (wethness paresthesiis sensory loss etc) 2 “Wetr” benben m
which there 15 diffuse edemr 3 Cardiac benber: usually manifested by
cardne faure dilatation of the heart, and elevated s enous pressure  As one
would expecr muned ty pes of these 3 forms are not uncommon However
mismuch 1s beribert of the Ortent, especially Chma results from diets con
tunming nadequate quantities of polished rice alone 1t 15 reasomible to con
clude that the clinical svndrome 1s a mamifestation not only of a caloric de-
fictency but a mulaple vitamin and rmeral defictency s well The nu
tnuonal madequacy of rice has alreads been noted (314) Some forms of
chimeal beriberi however, apparentls do have very close relitionships to
evpertmental thiamine deficiency n ammals This subject ean best be treared
by discussing the eardior 1scular ind neuro-nruscular systems m the naturally
occurring disese and 1 expenmental thamne deficiency 1n man

Heart Tlectrocirdiographic alterations are a promment mmufestation of
beribers and such changes revert to normal when thimme 1s admmustered
(534) Changes have Il ewise been observed i expermmental thizmine de
fictency 1 man (535) Post mortem examunations of pauents dving of
chmseal berbers have reveiled releels little in the myocardum  The heatt
1s satid to be enlrged (532) though 1ts weight 1s not usually mentioned Tt
1s therefore difficult to determine from the av ailable reports w hether the ctt
Trgement 1s due to simple dilatation or whether there 15 hy pertrophy 15 % ell
The cases of Occident1l beribert studied bv Weiss (534) showed simple
dilatation 1n some nstances w hule the heart 1 other cases showed cvidence
of by pertrophy  If mncrease in size of the muscle fibers does occur the reason
for this 1s not clear In climcal beriber: there 1s no hy pertenston, as a mateer
of fact Weiss (334) found that the arterroles were dilited Microscoptc
examination of the hearts of patients dymg from beriber: has revealed \61;21
Little to date  The presence of hydropic degeneration  together w xt'h ]ml‘ ¢
scarring and someumes fatey nfileraion are the onlv changes \} hllm ;:n—
been described It must be emphasized however that few creful m o
gations of the microscopic appearnce of the myocardmum 111} clbccnhp’:ct
formed so that it 1s better to a2 potnted nvesugation of the subj
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W erniche’s Disetse i man Alesander has concluded that the two diseases
are wentieal and further infers that the htter svndrome results from thimine
deficiency (543) It will be recalled that the dier emploved by Alexander
consisted of rice forufied only with riboflavin, ascorbic 1cid, and sources of
viemun A and D, a raton grossly deficient 1 certun clements and vits-
mins, espeently those of the B complex and fat-soluble group particularly
vtamm kIt s unfortunace, therefore, that thinune has been indicted as
the sole cause of such lesions m man and pigeons  Alterations of the brain
i Chasteh paribvsis of foxes hae also been called 1 “counterpart” of
W erniche’s Disease 1 the human (497)  Although thinmine cures the mams-
festations of the fou syndrome, 1t will be recalled that amimals which die
provide 1t utopsy some evidence that deficiencies m other nutrients are
present s well

It 1s, therefore to be deplored that the hypothesss that thianine de-
ficiency 1s the cause of VW ernicl ¢’s Disease has been rather widely accepted
without 1 full evaluation of the experimental data upon which such a sup-
position 1s based  The relation of uncomplicated thinmine deficiency to this
syndrome 15 not at all clear at the present time It 1s graufying that in a
report of forty-two cises of Wermiches Disease which were studied by
Riggs and Boles (539) 1t 1s suggested that ‘nutritional deficiency forms the
basic background of Werniel e’s Disease”, the authors realize, however, that
a muluple deficiency rather than 1 lack of thanune alone may be respon-
sible Onc has only to recall the occurrence of Iiver disease 1n alcoholies and
the relation of this organ to the production of prothrombin, to wonder
whether the hemorrhages said to be pathognomic of Werniche’s Disease may
m ny way be related to vitamin K deficiency (767) It should further be
ponted out that the prothrombm time 1s increased 1n choline deficient dogs
675)

Tt 1s unhihely that uncomphicated thinmine defictency ever oceurs 1n man
except under expenmental condittons Thiamine deficiency on the other
hand accompanted by deficiencies in other essental nutrients 1s w idespread at
least 1n certun portions of the Orient, for mstance, 1 South China benben
1s the most important nutritionil disease (536) That thiimine deficiency 15
present 1s revealed by the absence of this vitamn in the urine (540) Con-
firmed cases of bertben are rare i the United States Although Weiss found
that the incidence of cardine mamsfestations of beriber: occurred 1n one of
every 160 medical admissions 1n Boston other chinicians throughout this
countrvy have fuled to confirm such a high rate (541) Cases of alleged
benber: are reported 1 the hterature from time to tme  the majority of
which are dmsmnccs of cardiac hy pertrophy with or withour my ocardial
g e o (1) Ly of dhamne dfner sl

ject ind no other ettological factor
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of this diet was gradually reduced to zero  Symptoms and signs appeared
m four out of nine subjects and consisted of “neunins” (otherw ise unspect
fied) edema, anorennn and somenmes vomiting  Investigators at the Mavo
Clinic (538) placed two indniduals on a regimen m which there was 1 mg
of thramine per thousand calories Ths also led to w cakness, anorewa, and
vomiing  In addion evidence of neuro-muscular 1 olvement appeared
numbness and tnghng of the legs, sensory disturbances tenderness of the
calf muscles weahness of the extremuties and loss of the 1chilles and patellar
reflexes It 1s extremely unfortunate that biopsics of nerse and muscle were
not performed on these two subjects to confirm or dens the appearance of
anatomical changes especially since fiftv davs of thramine therapy were re-
quired to correct the defects 1 one case, while the reflexes of the other
subject did not respond even after four months of treatment The obsenna
nons on these two subjects are the sum total of our know ledge concerning
the relationstup of thrimine to the integnty of the peripheral ner ous system
m the human  Such evidence unaccompanied by any morphologic data 1s
much too madequate It 1s further of some significance that the admnistra-
non of thiamme to pauents exhibinng the chinical signs and svmptoms of
Occidental benbert appears to resule i far more rapsd improyement of
cardiac manifestations than those referable to the neuro-muscular system
(534) So roo Hibbes (295) 1n a study of the neurological mamfestations
of beriber1 1n a Japanese prison camp noted no improiement 1 12 men to
whom 29 mg of thinmne chlonide was admimsstered daily for 3 weeks The
clnical charactenstics of the disease m the group so studied were sensors
i nature Admimustration of all the vitamin B group lead to some improve-
ment however

Another s\ndrome allegedis related to thiamine deficiency n man 1s
so-called Werniches Disease In 1881 Werniche described three cases of

acute hemorrhagiche Policencephalitis superior” which were charactenzed

chmcally by clouding of consciousness ataua and opthalmophegia In
the disease as 1t 15 now recognized lesions are present m the gray matter of
the brain and are characterized by small foc1 of nuclear degeneration w 1th
varicose changes of the blood vessels  Most strihang 1s the precise sy mmetrical
distribution of the lesions which are usually found m the paramedian and
paraventricular nucler of the thalmus and hypothalmus Ythe region of th?
habenulae and 1n several of the cramal nerve nucler Numerous cases o
W\ erniche’s Disease have been reported parucularly 1 alcoholics

From the presvious discussion of changes m the pigeons w hich were re-
Alevander et al (529) 1t will be recalled that lesions are sad to
occur 1 the bram and to consist of svmmetrical foc of damage 1n tl;e g;;a;
matter together with hemorrhages and changes m the blood +essels
nty of these alterations to the pathological mansfestatzons

ported by

cause of the simil
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this decrease 1s mdependent of the mneike of the viermin Riboflavin balance
1s affected by the thramme content of the diet, since 1t has been observed
that chrome thimune deficiency leads to 2 great loss of niboflavin in the
urne 2 loss which 1s umccounted for by body tissue breakdown (549)

The relavonship of nboflum to Iver metabolism has been broughr out
i an mteresung series of evperiments dealing with the hepatic mactnation
of 1n estrogen estradiol (350) WV hen Iner shices from amimals depleted 1n
niboflavin are incubated with estradiol they fail to macenate the hormone
whereas normal lner slices destroy 1t In this connection 1t 15 of nterest
that ammils recenng lirge amounts of estrogenic hormone (7) develop
atrophy of the eptdernus smulir to thar seen mn riboflavin defictency (552)
Luers of amimals deficient in pyridouine pintothenic acid brotin or vitanun
A retun thewr abilits to mactnate estradsol while thinmune-deficient ammals
react m a wav simular to those deficient n nboflavn A relationship of ribo-
flavin to lipord metabolism has been shown for when high-fat diets are fed
to riboflav in-deficient rats such amals survive for 1 shorter time than those
on a high-carbohs drate diet and also develop spastic paralvsis’ of the hind
quarters (551)

Pathological Effects Riboflavin has been shown to be an essential nutrient
for the mouse (772) rat (551 532) cotron rit (614) hamster (774 775)
dog (554) mg (5»5) and monkey (556) Promunent changes have been
described 1n the shin the eves and the nervous uissues as well 1s certamn
1solated organs

Stm When growing rats are placed on a nboflavin-deficient diet n
mttal gain s follow ed 1n a few weehs by 2 loss m weighe (35>2)  Shin changes
develop after s weeks the fur becomes unes en 1nd ragged nd 1s eventualls
crusted with a dark reddish-brow n substance The hair then becomes loose
over the venter which results n a parnial alopecia Small white drv scales
appear aleng with these changes 1n the hair  The hair 1s lost from the eve-
Ids the lips are ers thematous swollen and denuded of fur

Microscopically there 1s an atrophy of the epidernus and 1ts appendages
In the carly stages there 15 some hy perheratostis no mflammatton 1s pre ent
Most promunent are the changes 1n the sebaceous glands whose cells become
swollen and then atrophic The rudimentars col glands Iihewise atrophs
During the earh stages the har follicles remain normal 1n 1ppearance Tlow-
ever the hair which 1s formed s mmperfect Later the follicular cells be-
come atrophic  Fully developed nboflavin deficiency 15 characterized by
a shin whose sebaceous glands and hair follicles are almost complerely
atrophied 1nd w hose eptdermis has decreased m thichness Follow ing therapy
with nboflavin the shin changes undergo 1volution  On the tongue of the

rat the filiform papillae of the anterior pornion exhibir a def
of cormfied cells (317) P a defectne formation
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to explam the lestons It would seem that the only certam proof of thiamune
deficiency 1 such hearts 1s the determination of the actual concentrauon
of thramime in the muscle fibers themselves Methods are now available by
which this vitamm may be asstved 1n ussues and 1t 15 hoped that such pro-
cedures will be 1pplied to the myocardiim and to other tissues of persons
suspected of dving as 1 result of benber: or of 1ny undiagnosed heart disease

Riboflavin

Historical  The biological mmportance of certam 1 ellow pigments from
various sources became apparent 1 1932 when W\ arburg and Christian (344)
announced the ssolatton of a vellow respiratory enzy me and showed that 1t
could be split nto two portions—protemn and pigment Shortls thereafter
several Inboratones reported the 1solation of vellow-green fluorescent pig
ments from a variers of sources Among this group Ruhn and hus asso-
ciates (5+45) msolated 1 fliin  which had both the biological activiry of
vitammn B and a close resemblance to VVarburg and Chnsuans enzyvme
Kuhn then determined the chemical composition and structure of this actune
substance which he named “lictoflavin * and m 1935 announced its s\ nthesis
(546) Lactoflavin or niboflvin the term adopted by the Council on Phar-
macy and Chenustry of the American Vedical Association 1s composed of
1so-allonazine and ribose

Biochenncal Relatiopships Riboflavin 15 phosphors Iated 1n the mntesune
The ensuing riboflavin-§-phosphate 15 then used to bwld a number of flavo-
proten enzymes Riboflavm->-phosphate 1s the prosthetic group 1 War-
burg and Chrisuan’s ongmnal vellow enzvme (>+4) and i cvtochrome C
reductase In all other known flavoprotemn enzymes riboflas n-5-phosphate
1s umted with ademvhc acid to form riboflayin-adenme-dinucleotide  the
prosthetic group of a vaners of protemns which form the complete enzy mes
which function as hvdrogen carners The effect of mboflavin deficiency
on the tissue concentrations of sex eral specific flas oproteins has been studied
The concentrations of d-ammo owdase are reduced n the Iner and hidney
of miboflay n-deficient rats (80) while the same 15 true of \anthme ovdase
content mn the Inver of similirly depleted rats (547) Riboflavin may be
demonstrated histochermealls for microscopic study (760)

Studies of riboflayn-deficient rats have revealed no note-worths changes
n the 1arious non-protemn constrtuents of the blood (633) A modemtg
creaunuria has been obserned howeser A direct relationship has bee:ﬂno:t; ‘
betw een the protemn mtake and the niboflav1n content of rat Iner (548)

hen dictary protemn 1s reduced the hepatic content of niboflavin falls and
w
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Ocular Apparatus Corneal lestons have been deseribed 1n the rit, mouse,
and dog The changes have been most extensively studied 1n the first species
In 1939, Besses and Wolbach (557) carefully described a most interesting
manifestation of nbofinmn deficiency —corneal vasculinzaton  During the
end of the fourth week of the defictent syndrome they are able to detect
an mgrowth of capillanies toward the center of the cornea  The vessels at
the hmbus scem to serve as the source of these sprouting capillaries In the
ensumg weehs new vessels extend further and further, eventunlly almost
reaching the center of the cornex  The first vessels grow just under the
corneal epithelum  The advancing border of the mvading vessels 15 made
up of 1 mass of anastomonc channels with “glomerulus-like loops and arrow -
heided-like pomnted sprouts” As the deficiency conunues the capillaries
penetrate deeper snto the tunica propria, however only n rare instances
are vessels found deeper than the junction of the middle and lower (deep)
third of the tumica Soon after vascular penetration of the cornea begns,
leul ocytes appear and contue to infiltrate the ussue Changes i the
corneal epithelium are not obsers ed during the early stages of the deficiency
Later on, however although the basal cells reman normal in appearance,
the superficial cells become separated and vacuoles form between them and
the deeper cell layers Decemet’s membrane and the endothelial ining of the
mnner surface of the cornea appear normal The cornea becomes progres-
swely clouds and n the later stages of the deficiency ulceration occurs

Followmg treatment with nboflavin the turbidity of the cornea rapadly
clears up Vessels are no longer seen although microscopic study reveals that
collapsed capillaries can be observed m animals for as long as two months
following mstitution of therapy

The cause of the ingrowth of capillaries 15 not at all clear VWhether this
15 a mamfestation of damage to corneal epithelum and/or tunica propria
cannot be decided at present from histological preparations although corneal
vascularizdtion commonly accompanies the damage to these structures and
of course may be produced experimentally by approprate measures (597)
It 15 also possible that the capillaries are 2 means of supply ng nboflavin to
cells whose ordinary sources are cut off Bessev and Lowry (558) have
demonstrated a reduction m the nboflavin content of the deficient rat’s
cornea  Swce the concentration of mboflavin and nboflavin adenine di-
nucleotide are maimal m the lachry mal and meibomian glands (of the ox at
least) (559) stis quite possible that the secrenions of these structures are the
cornea s source of riboflavin  YWhen the nboflas in content of such secretions
1s lowered by dimished dietary mtake 1t 15 obvious that the cornea will

recene less of this important vitamin
i o Lo 8 e evlrd e posivs e bl o
av1n of the cornea mr 11,0, 1mas-
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Figire 49 Shan Riboflavin Deficiency (552) A Rat which had been on a nboflavin deficient
dret for about six weeks  Note uneven and ragged appearance of the fur and stunting of the
amimal  Alopecia usually becins ar this stage B Section of skin to show disintegranion of
sebaceous gland cells with loss of nucler This change occurs a little later In addiuon there
15 beginnng atrophy of the epitheltum with shght hy perheratosis  (Courtesy of Dr Aaurice
Sullivan and T/ e Journl of In esugatt e Dermuology )

In the mouse the epidernus mucroscopically shows eicher atrophy or
hy perheratoss, there are mntra epithelial accurnulations of leukocytes (553)
The sebaceous glinds 1 contrast to those of the rat appear normal How-
ever, the pathogenesss of the shin lesions in this species 1s not clear and
further study is necessary Dermatiis” 1bout the mouth has been de-
scribed 1n the riboflavin-deficient hamster (774) and when dogs are placed
on a nboflavin defictent regimen dry scaling of the shin, accompanted by
erythema of the hind legs, chest and abdomen has been observed (554)
Erythema and scaling of the epdermis have also been reported m swine

(555) and monheys (556)



THE A1 AND WAITR SOFUBLE VITAMINS 163

lens and consist of ‘wlhite dot 1nd streah oprcities and 1 few minute
vicuoles”

Nervous Tisses Lqunocal changes have been noted mn the nersous
tssues of mice dogs swine and monkeys In the mouse myelin degenera~

Ficuee 51 Cataract Lens of a riboflaun swine to show opacities (Courtesy of Bulletm of
the Jobns Hopkins Hospital )

uon as evidenced by the Marchi stmn has been found in the brachial and
sciatc nerves, degeneration in the dorsal columns of the spmal cord has
Iikewise been mentioned (553) In the dog demyelmization of the dorsal
columns of the spinal cord and perpheral nerves has been described (563)

In one of three swine studied by the present wnter my elin degeneration of
the scuatic and brachial nerves was observed (555) No histological studies
have been carried out mn the monkey although when such ammals are placed
on a riboflavin-deficient diec they develop mncoordination a faulry grasp
refley, and loss of strength m the arms and legs (556)

Blood There 1s some evidence that rboflavin deficiency leads 10 1m-
pairment of red blood cell formation If rats are rendered deficrent n ribo-
flavin and then subjected to repeated hemorrhages 2 marked disturbance of
red blood cell and hemoglobin regeneration 1s found (712) A mild micro-
cytic hypochromic anenma 1s sad to develop n dogs (554 564) while 1n
swine (555) a moderate normocy tic anerma dey elops and 1n monkey s (536)
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much as such radition leads to mactivation m vitro The results, however,
have been negatve as these investigators have not been able to note any
difference 1n the effects of brlliant and conunuous Mummation upon the
development of anatomical changes i the cornea (560)

Ticure 50 Cornea of nboflavin deficient rat There 15 extensive vascularization of this su'uln
ture with the ingrowth of many new capillanies (Courtesy of Dr § B Violbach and the
Journal of Evpernnemal Medicme )

The lens 15 another site of damage 1n the mboflavin deficient ammal
Cataracts have been observed in rats (561), and swine (555) Day and his
co-workers (561) have described lesions in the lens of the riboflavin defictent
rat, consisting of a central opacity which spreads peripherally, such cataracts
can be arrested by the adminxtration of riboflavin - Other investigators have
failed to find changes m the lens of niboflavin-defictent animals These dis-
crepancies have been clarified however, bv the demonstration that cataracts
do not regularly appear when the diet 1s completels devord of nboflavn, but
make themselyes mamfest when small but mnadequate amounts of niboflavin
are admumstered (562) On a nboflavin-deficient diet 2 of 3 swine de-
er 135 and 145 days of the requmen (555) The cataracts

loped cataracts aft
velop! Jocated 1 the superficial portion of the cortex of the

in these animals are
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Ficvre §3 Riboflavin Deficien and Congenral Malformauon Three embryos stained and
cleared 1o show bone lesions C)A Normal control B and C  \ewborn ns of nboflavin
deficient females  N\ote fuson or non-separation of nbs “ote shorterung of radims and clna
of € as well a5 absence of ubta and fibula The wbia 15 not present 1w B The progressive
shortening of the mandible 1 B and C 15 also stnking  (Courtesy of Dr Josef Warhany
and The Millbank Memorial Fund Quarterly )

Riboflactn Defictency m Man Lesions which were specifically ascribed
10 2 deficiency of nboflavin have been reported by Sebrell and Butler (586)
na group of women who had been placed on an experimental diet contain-
ing thiamine and an unlnown amount of the other B vitamms  After ngest-
ing such a ration for a vanable pertod changes appeared about the mouth and
nasolabial folds In the former site there were macerated areas at the angles
of the mouth where fissures formed 1n addition reddenmg of the lips along
the line of closure and thinning of the mucosa were observed These changes
were called cherlosis (a morbid condinion of the Itps) The nasolabial folds
and ala nas1 exhibited a scaling greasy dermantts The cheillosts and shin
lestons were cured by the admmustranon of nboflavin In addition to these
changes alterations elsew here were descrbed 1o be prominent manifestations
of riboflavin deficiency 1n the human Vascularzauon of the cornea of the
experimental ammal will be recalled sumilar changes as well as glossitis were
teported 1 man (569) and led to the widespread belief that nboflavin de-
ficlency was common n this country  Subsequent studies have fajled to sup-



164 THE PATHOLOGY OF NUTRITIONAL DISEASE

an anermia has lil ewise been observed In all of these studies of hematoporests
the dat1 are too madequate to permit any generil conclusions

AMiscellaneons  The far content of the lwer 1s mereased m mboflatin-
deficient dogs from 1 normal of about 15 percent to 40 or 50 percent (554)
Stmilarly, of three deficient swine, two have exhibited on microscoprc ev-
amunation rather lrge quantitics of fat 1n the Iner, and 1n all, the cons oluted
tubules of the Lidney contamed globules which could be scuned with Schar-
lach R (556) The possible hipotropic role of rbofltvin must be further
studied 1n these two species

For the past several vears Warkany and hus associates (565, 566) have
been studying the effects of maternal nutritional deficiencies on their off-
spring In rats shorteming or absence of the tibia, mandible, fibul1, radis,
ulna, femur, nbs, fingers, and toes have been observed Tusion of the nbs
and cleft palite m1y also accompany the above changes, all of which have
been shown to be prevented by the inclusion of rboflasin 1 the maternal
diet before or on the 13th dvy of gestition After this crmcal period 2b
normahities will appear 1n the newborn whether or not nboflavin 15 admin
wstered (566) No detailed histological studies of tissues other than the bones
of these animals have been recorded It should be pomted out that although
the diec first used by Warkany was not 1 punfied one, consisng of corn-
meal, wheat gluten sodium chloride, and calcum carbonate, supplemented
with crystalline vieamns, conclusive results showing that nboflavin 15 the
protective factor have been obtamed on synthetic rauons composed of
sucrose, casemn, fat, salts, and crystalline vitamins

ency and Congemtal Malformation A4 Normal palate of newbomn

alate of amumal born o nboflavmn deficient mother There 1s 2

Froure 52 Ruboflasin Defici
(Courtesy of

left p:
rat wn contrzst €0 6 o b | "ducts and mouth
the nasal cavity nasophary ngeal
gjmﬁzx;c:{llg?k;’:;“:ne; TIJ?? Millbank Vemorial Fund Quarterly )
r
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Co-cnzyme I or cozvmase has been demonstrated 1n certnn tissues from
dogs Iner, muscle and Kidnes cortey, however, only 1n the Iiver s there
1y sigmificant decrease when meotinic aaid deficiency 1s present, 1t appears
unlihely, therefore that 2 fulure of tissuc respiration as 1 result of deficiency
in corvmase 15 the direct cwse of death in the  blachtongue” syndrome,
which will shortly be discussed (579)  Co-enzyme I (DPN) 1s I nown to be
actine n the dehy drogenation of hevose monophosphate and triose phos-
phate, Co enzyme 11 (TPN) 1s concerned with the dehydrogenation of
Ictate, malate, glutimate, beti-hydrosybuturate aleohol and glveeralde-
hyvde diphosphite

Pathologtcal Lifects In 1917 Chittenden and Underhill (580) reported
1 ssndrome that had been observed 1n dogs which were placed on a diet
of dried peas ericher meal and cotton-sced o1l or lard with or without small
amounts of mear  This discase was described as follows

“The onsct of the pathological svmptoms 1s generally very sudden Us-
ualhy the first abnormal manifestation 15 1 refusal to eat and examination will
revcal nothing to accounting for the loss of appette  The ammal hes quietly
m its pen and 1s apatheuc  After continued refusal to eat for a day or two,
the mouth of the dog will present a peculiar and characteristic 1ppearance
The nner surface of the cheel s and Lips and the edges of the tongue are so
covered with pustules as to gne the impression of a mass of rotten flesh
The odor from these tissues 1s foul and almost unbearable 1Vhen stroked
with absorbent cotton the mucous lining of the mouth comes aw 1y 1 shreds
Intense salnation 1s present The teeth appear to be solid and normal A
bloody diarrhea 15 present, attempts at defecation bemng very frequent and
resultng 1n the passage of little more than a bloody flud of foul odor In
some cases the thorax and upper part of the abdomen may contam many
pustules half and inch i dumeter which are filled with pus organisms No
other shin lesions are prominent Death usuallv results without any par-
ucularly strihing features

‘At mutopsy two tvpes of conditions are recogmizable In the animals
presenting foul mouth and bloodv diarrhea the chief interest centers 1n the
lower bowel and rectum which exhibir an mtense hemorrhagic appearance
With those ammals dy g rapidhy from convulsions the only visible ab-
normality of the alimentary tract s the presence in the duodenum of one
or more large ulcers”

It 15 concluded that “In the essential features the pathological mani-
festanions described 1n this imvesuganion closely resemble those which may
be observed 1 human pellagra ”

A smmlar endemc svndrome consisting of anorevuia  buccal lesions,
duarrhea prostration and death was reported in dogs by other observers
mn this country and recened the name blachtongue  (581) Goldberger
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port such 1 view, although 1t 1s agreed that 2 few cases of corneal vasculan
zruon 1 the United States do result from nboflnvin deficiency  The spe
aficity of cheilosis, 15 well as the changes 1 the skin and glossitss, has also
been questioned (570), since such lesions may be observed in other deficient
states However, evidence from such regrons as Chuma (571, 572, 573) make
1t apparent that cheilosis, glossitis and corneal vascularization are certainly
relited to ribofl in deficieney, since such tissue changes may disappear when
only this vitamm 1s adimimistered  However, the possibihity that other nu-
tents pin 1 role must not be overlooked since long term experimental
studies of nboflumn deficienes 1n man have fuled to producc any character-
1suc lesions  The controversial question of rboflivin deficiency 1 man has
been reviewed by others (574 575)

Nicotinic Acid

Histortcal  Although micotimic acid had been prepared svntheucally m
1867 and was subsequently demonstrated to occur 1 many foodstuffs, 1ts
importince 1n nutrition did not become apparent untl 1935 In that vear
nicotinic acid amide (micotinamide) was shown to be an important con-
sutuent of two already well known co-enzymes Warburg (576) demon-
strated that the * hydrogen-carrying enzvme of red blood cells” or Co-
enzyme 11 consisted of 1denme, pentose, phosphonic acid and nicotinic ac1d
ammde  Shortly thereafter Fuler and his co-worhers (577) showed that
cozymase or Co-enzyme I Iil ewsse contamed the amide of meotmc acid
When m 1937 Elvehjem and lus group (578) demonstrated that mcounic
1cid and 1ts amude were effectne mn cunng blacktongue i dogs these ma-
termls came nto widespread use 1 the treatment of pellagra i humans
Nicotime 1aid 15 pyndine 3-carboxy he 1c1d

Biochenncal Relationships In the organsm ingested mcounic acd 15
transformed mto the amnde which 1s utlized 1n turn to form Co-enzymes
Iand 11 These are heat-stable dilyzable organic substances which function
s hydrogen cirners 1 cellular respiranon The chermenl nature of these
o co enzymes 1s 1dentical except that Co-enzyme I contuns one mol Jess
of phosphoric 1cid than Co-enzyme II' The schematic representation ofrCO
enzyme 1, also called cozymase or diphosphopy nidine nucleoude (DPN) 15

s follows
nicotnic 1c1d amide adenime

d-nibose d-nbose

phosphoric 1cid—phosphoric acid
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mals never exhibit frequent stools (593) The adminustration of salt solu-
non prolongs life in some of these ammals for as long as 180 davs However,
though all dogs succumb 25 a result of nicotinic acid deficiency, the chnical
course 15 somew hat different than that of tv pical blacktongue in this species
Furthermore, andler has shown that although the blacktongue syndrome
can be produced with ease when the classical Goldberger cornmeal-diet 1s
fed, punfied rations containing cven less mcounic 2cid lead to a syndrome
which appears erther relunctantly or not at all (585) At the same tume,
others (586) were feeding punfied diets contaiming 19% protem to weanling
pupptes and obserning extensne loss of weight, anoreua mflammanon of
the gums, and ervthema of the palate after 14 to 18 davs  Swumlar changes
could be produced n adult dogs after 30 to 4> davs but, howerer, were
not enurely characteristic of blachtongue m dogs Inasmuch as such de-
ficient ammals as well as other dogs on similar diets would not consistently
respond to nicotinic acid therapy the rauon was supplemented with a “folic
acid ’ concentrate derned from solublized Iner extract Following the same
procedures employed before 1t was found that the dogs responded um-
formly to micounic 2cid therapy and did not tend to relapse Dogs de-
ficient 1n mcotinic acid but recening adequate folic 2c1d” have a Jower
mcidence of buccal lesions, which mav idicate that this part of the black-
tongue svndrome 1s not due to mcotnic acid deficiency (588) Inconclu-
sie studies of the blood were reported mn these two groups of experiments,
this 15 unfortunate since Handler has shown that dogs on a2 cornmeal-ration
develop a progressn e anema which 1 some animals 1s macrocy ne 1n charac-
ter, the hypothesis that decreased red blood cell formation results from an
madequate supply of cozymase which 1s needed for the respiratton of the
immature ery throcyte was proposed (587)

The mansy 1nconsistencies m the mode of action of nicotme acid are
gradually being clanified by expeniments 1n dogs (589) rats (390 391) and
swme (592) When the former species ss placed on a cornmeal-contaming
diet ammals do not gain weight unless farrhy large niconmic acid supplements
are admimstered So too when rats are grnen a cornmeal ranon added
meoume acid 15 necessars for good growth Casemn supplements do not
necessitate the addinon of mcounic acid 5o too trvptophane has the same
effect as added casern VVhen thumne nboflavin pantothenic acid and
choline are furmished together with an optimal amount of dietars protein
(26 1 percent) no 1l effects can be demonstrated m swine Howeter when
the protem content of the micotimic acid-deficient diet 1s lowered to 10
percent signs of nutritional deficiency appear  Such ammals grow poorly
their coats are rough and unudv and diarrhea also develops In addition
some exhibit a normocvuc anemia - Chromatolvsis of the small dorsal root
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(582) had produced pellagr1 by dictary means in the human and was able,
by feeding a smlar diet to dogs, to reproduce the blacl tongue syndrome
of Chittenden and Undertull The disease produced by Goldberger could
be prevented by meat or vewst In the sume month and year that Gold
berger’s paper appeared Underhill and Mendel (599) published a report
dealing w1th a contmuation of preyious 1y estigations of blacktongue at Yale
Therr diet which contuns meat and yeast led to typical blacktongue which
could be prevented by adequate amounts of cod hver o1l or “carotme ™ It
thus appeared that 1 strikmgly sumilar syvndrome could be produced by a
deficiency of two different nutrients  This sitwation was further studied by
Smith et al (289) who reproduced an identical disease 1 dogs utihzng
both ty pes of diets 1n order to study the buccal flora of anumals mamfesting
oral lesions, m both groups large numbers of the fuso-spirochetal group of
organisms were found The question of these two types of dietary black
rongue :f, of course, they are 1ctually different, 1s certamly a most mnterest-
ing one nd should be re-opened n view of the newer deselopments shortly
to be described

The pathological changes occurring mn the ussues of Goldberger’s dogs
were studied by Denton (583), who found microscopic lesions 1n the mucous
membranes of the mouth, pharyny esophagus, mntestines, and scrotum The
change was mterpreted as a “degeneratn e process affecung the superfictal
connective tissue of the mucous and dermal membranes Changes n the
supporting ussues of these mucoid membranes are followed by secondary
ones mn the epithellum The lestons tend to termmate 1 an e\tensnelx
necrouc and diphthentic mflammauon of the upper ahmentary tract
Denton likened to changes in the dogs simular lesions which he had pres ously
observed m human pellagr1 (584) and which are described on page 171
From the description of lesions mn Underhull and Mendel’s experiments (599)
it would seem that these, too, were sumlar to the changes just mentioned

As was noted previously, n 1937 Elvehjem and fus group reported that
nicotmic acid cured blacktongue in dogs (578), an obsersation which seemed
to ly to rest the ettology of this syndrome and the role of mcotmic actd
in nutrittion  The matter was not so easily settled, however, since several
facts Jed Handler and his assocrates to question, and properly so, the role
of micotmic acid m the blacktongue syndrome In the first place, no sig-
ificant differences can be detected between the cozymase content of cer-
cam tissues of normal dogs, and anmimals succumbing with the mamfesmtlon;
of blacktongue (579) Furthermore, ammals which are about to die t}
typical blacktongue can be saved by the parenteral admmustration (flfﬂsnldf
solution Ths effect does not appear to be due to a replacement of fu

Jost from the g’\stro—mtcsnnnl tract as a resule of diarrhea, since some ani-
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1f any, phasiologneal abnormalties, moreover no morphological disturbances
have been reported even when the duly meotme acd intike 1s as low 1s
3 mg per person per div (596) From 1 review of Goldbergers work and
that of others the conclusion ts inescapible ind 15 consistent with the ex-
pernimental studies lreadv referred to that the disease pellagra results from
a diet whose protem 1s of poor quility whose nicotnic acid content 1s low
(595) and which mwv contun either an ant meotime substance or a tovic
maternt (769) Therefore, 1t now seems clear enough that the classical
pellagrmn with us smooth red tongue durrhea svmmetrical dermauts and
neurologic1l manifestations seldom evidences the effects of a single nutntional
deficiency  As 1n the experimental antmal the specific effects of a lack of
dietary micotinie acid alone on the human are not at all clear at the present
time
Pathologically  the duease pellagra, 15 usually characterized by changes
1 the shin, the tongue and buccal cavits  the esophagus colon and nerous
ussues, 1n addiion there mav or may not be 1 anemia of macrocytic or
microcy tic t pe
The pathogenesis of the common form of shin lestons which can be
ascribed to nicounic acid deficiency appears to be as follows (584 768)
the mual change 1s found m the superficial portion of the corum where
there 15 rarefaction of the ussue and dilatavon of the blood vessels
this corresponds to the erythema obsernved chnically At the same ume
changes re seen 1n the eprthehum where there 1s a disturbance i Leratm-
zation Hyperkeratosis and pamheratosis are promunent and mayv be de-
tected 1n shin which appears grosslv norml  Acanthosts 1s found m shin
from cliicalls affected areas The changes m the corum lead to separation
of the epidermis from this structure over extenste areas resulting n bullae
The sebaceous glands mayv become atrophic while the swear glinds shou
no alteraion Certain condiions seem to favor the distbution of lesions
heat and sunlight (290) as well as vascular stasis scars burns pressure and
mflammation (297) All of these factors imply some interference with the
normal metabohism of the shin
Somew hat stmular changes are found in the mouth and over the tongue
csophagus, and vagma where 1n all these tissues extensne dilatation of the
blood vessels with atrophy of the overlying epithelum mayv be obsered
There mav be complete disappearance of the Iiming epithelum of the buccal
cavity with gravish areas of necrosts, these on section appear as ulcers teem-
g with organisms
Extensive lesions are found m the colon where the epithelium becomes
atrophic and cysts filled with mucous and pol morphonuclear leulocs tes
ate found ulcers then appear It 1s of interest that the mrtestmil lestons
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gwnghon cells his been encountered 4 out of 3 such deficient 1nunals There
1s no myvehn degenerition m the peripheril nerves however In anmls on
low protun mtile, but recenmg mcoume acd, growth s umpured, but
anemnr direrhes, ind neurologicil lestons hive not been obsenved It would
be most imteresting to 1dmuster try prophane to sw ine which had been placed
on such 1 mcoume 1eid defictent low -proten diet

The role of trvptophine n mcounic acid deficieney has been further
and fully clucidwed by Perlrw eig nd his ssocnites (594), who have shown
thit the dmmistrigon of try prophane Ieads to i inereised unnary exere-
ton of methy l-mcotnimde so that 1t would apperwr that mcounc acid
w1y be formed 1121 o from dietary toy prophane  If this be so, 2 complete
re-es luation of tryptophane nd/or mconme acid deficiencies m severil
species 15 definutehy indicated

The fact that tryptophine muy be 1 precursor of mcotmic acid s
not completely solved the blichtongue and pellagrr problems however
The rehion of cornmeal-contuning diets to these syndromes his thuavs
been difficule to mcerpret ever smce Goldberger’s chssical esperiments onr
the production of pellagra n humins and blicktongue in dogs (582) In
addition to the fict that the try prophne content of cornmenl 15 low, the
participation of thus foodstuff m n enurels different minner n the produc-
ton of blicktongue and possibly pelligrr has been recenth rused by
Woolles (769) who Ins 1solited 1 pelligrigenic” 1gent from corn This
materrl which his been chirmcterized 15 1 pyvodine base 1s 1 substinee
whose mode of action 15 not 15 vet understoed 1Whether 1t 15 m nnigonnt
or ant-nicotnic 1cid substince or wheeher 1t 15 1 maternl which 15 tove
for the organism are possibihties which remun to be settled The blel -
tongue and pelligra questions e therefore sull not enurely clewr  Par-
ucularly puzzhing 1s the observation alredy eluded to, that the mere -
muustration of sile solution prolongs life for muny divs 1nd s will be seen
below rest 15 1so beneficnl while sunhghe 1s extremehy  deleterious
human pellagra

Nicottme Acrd Depieiency m VMan  Tier since 1937, when the sgns
and symproms of the pellgr1 svndrome were shown to be umchorated by
nicounue 1cid this substance has been considered by mns to be the spe~
aific nutrient whose absence 15 responsible for the charwteristic dermntis
glossius, and gstro-mtestml disturbinces and by some the nemn md L‘CI‘C;
bri} mfestinons of this diserse 15 well  Such 1 supposition was natury
beewse of the drimatic response of many pelhgrins to meotmic 1cud rhcnp,\d
In view of the recent dev clopmenes of our 1nowledge of mcotnmc "';d
metibolism 1t 15 of nterest nd sigmficine that experimentil mcotmic

leficiency 1n the humm on 1n otherwise adequite ratton has led to few
dei
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reproduced in Dentons (584) report re very remumiscent of changes that
have been observed 1n pmtothenic 1ad deficieney in swine (610) We have
recenth had an opportumty to exanune the tssues from 1 series of pellagrins
which cime to autopss at Dule Hospital and were much struck by the
stmilinty of the end stige of the lesions in the human and those which we
had observed in swine deficient m pantothemic acid - Alrerations 1n the ners-
ous nissues 1 pelligra are much less clearls understood  Chromorolysis of
ganghon cclls m the brun appears to be furly promment however, myehn
degenerition has also been reported The anemin which usually occurs may
be macrocytic m chiracter an obseryatton which ponts further to the con-
cept thae pellgry s 1 mulaple deficieney disease 1s that  folic acid” has a
theripentic effect on this macrocy tic anemna associated with pellagra

Now thit the meribolism and mter-reltionships of nicottmic acid to
other nutrients are more clearhy understood 1t will be of interest to re-
mestigite the entire subject of pellagra m the human and to determmne of
possible what the speaific effects of mcottnic 1cid deficiency m1y be 1n this
species Such 1 study could doubtless be rccomplished by furnishing all of
the essentinl nutrents on A corn-free diet except meotinic 1¢id and try pro-
phane, the uer bemng supplied sn varving amounts 1 a fashion simlar
to that employed mn the experimental study of methronine and cystine de-
ficiencies (page 82)

Pantothenic Acid

Historical  In 1933 Willnms and his associates (600) announced the
solation of 2 new growth factor for veast Since the factor was an acidic
substaince which could be demonstrated m a wide variety of Inving cells
Willnms named it ‘pantothenic” (derned from the Greeh ‘from every-
where’ ) 1ad During the next few vears work went forward on the occur-
rence chenustry and biological activity of the new compound so that by
1940 Willlams Jaboratory was 1ble to announce the sy nthests and the struc-
ture of brologically 1ctne pantothemic actd (601, 692)

From the verv beginning of hus experiments Willims hxd expressed the
behef that pantothemic acid was a water-soluble vitamin i facr he had
suggested 1n 1933 that the matersal might be related to viamin G (600)
Not until 1939 how eser was pantotheme acid shown to be an anudermas
factor for the chick  SubbaRow nd Hitchins (603) then demonstrated that
this compound was a grow th factor for the rat

Biological Relatronships  The function of pantothemc acid n biological
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Fiure 54 Pellagra Dermanus 4 This 54year old white male was admited with m
ery themnatous scaling over the dorsum of the hands durrhea sore mouth and rongue naused
Lomutng and anorexia Diet had been madequate It was said that the Jesions on the hands
followed prolonged exposure to @ baking oven He was given flurds and 2 basal dier contaimng

B vitamins for exght days withour 1mprovement On the ninth day mnery mgm of nicounic
nod re admimstered meray enously There was a steady improvement of the tongue withut
acid were sdmmstered RIS ppcared 95 m B and exposure (0 3 het lamp faled (o
;;:'ol\‘f)skc ::l\n:lapse (Courtesy of Dr D T Smith (291) and the Sout} ern Medical Journal )
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Pathological Effects The mdispensabiiey of pantothenic acid has been
demonstrated for the rar (606) mouse (772) mg (610) hamster (774
775), cotton rat (773) dog (612) and monkes (296) Microscopic studies
of tissucs have only been performed on the first three species

Skin Specific lestons in the shin and harr have been described 1n the rat
The pathogenests of the cutancous changes have been carefully studied by
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Fiaze 56 Slin Pantothenie Acid Debctency (606) Secton ot shin from head of amml
which had developed alopecia. There 15 dilatition ot the hair folkicles which 15 charzctensuc
of this detictency  \o changes are found m the scbaceous glinds corum, or eprthelem
(Courtesy of Dr Vaurice Sollivan and ArcFses of Dermrrology and Sypkidology )

Sullivan and Nicholls (606) There 1s first 2 circumocular loss of har (spec-
tacle alopecia) The harr 1 also lost m the preauncular region and sides of
the snout This alopecta 1s sometimes accompanted by sciling  Graving of
the hair has been observed 1 piebald rats, bemng pronunent n the circum-
ocular region sides of the nose and shoulders The fur becomes dull and
coarse The graving (achromotnichua) 1s followed by 2 generalized scaling
and er thematous dermants Occasionally foc1 of eczematous dermants
are also observed Follow mg these epidermal changes the har begins to
fall out

Microscopically there 1s moderate hy perheratosis and acanthosts together
with an occasional focus of imtraepidermal vesiculaton and crusnn}_z €s-
pecully where the small eczematous foct had been noted grossh  As the rars
become more depleted in the 1tamumn. the eprdermms approachs 1ts usual thick-
ness or even becomes atropluc A consstent change 1 found m the hair



174 THE PATHOI OGY OT NUTRITION Al DISCASE

processes 1s not 1t all clear Indircct evidence of s possible role n carbo
hydrate and lipord metabolism has been advanced  After the admunistration
of a soluton of 50% glucose to rabbuts, the expected hy pergly cema oceurs,
however, this 15 1«ccompimied by 1 20-309% reduction 1n the blood panto
thenic acid concentration (604) When the blood hpids of pantothenic
aad defictent dogs 1re studied a decrease in blood cholesterol cholesterol

on a pan
ge 5> Fur Pantothemc Acid Deficiency (606) Head of rat which had been

f(::‘l:’cnlc acid deficient die for about five weeks Note symmetnic graying (nclu’om?‘lr'clil‘zz_
of hair about eyes ears and nose This usually spreads to tmolie the entire hc?o i
alopecia occurs (Courtesy of Dr Maurnice Sullnan and the Arels es of Dermatology

Syphilology }

esters, lipoid phosphorus and total ipids are found (605) such data may ll;e
; -
significant  partcularly 1n relation to the fatry Iners which have been o

segn ed m some species (see below) It must be borne in mind, howerer,

that similar alterations m1y resule from mnanion or the absence of other

unknown dietary factors
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€ytes  In addion cvsuic glands bordered by flat epithelum and filled with polymorpho
nuclear lenhocy tes can be observed These lesions may go on to complete ulcerstion with
oss of the entire mucoss All H and E A and B 1% € x150 (Courtesy of Bulletm
of the Johmns Hopkins Hosptal )
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follicles w hose Jumens become dilated from onifice to bulb The hasr s lost at
this ime The changes 1n the sebaceous glands re usually nsignificane unul
the termmal stages of the deficiency when these structures undergo atrophy
Litdle cellular infiltration 1s found i the cotum at any ume

Achromotrichia which has been observed 1 pantothemc actd deficient
rats has been corroborated and clanfied by Henderson et 1l (138) These
imvestigators showed that pantothenic 1cid 15 not the only chromotrichia
factor  Copper deficency (page 52), also leads to graying of the hair and
evidence for the eustence of 1 third factor para aminobenzosc acid has also
been presented (page 206)

In the shin of micc hy perheratosis, followed by atrophy of the epidermis
has been deseribed (609) There 1s no inflaimmatory reaction No mention
15 made of the conditon of the hair follicles or sebaccous glands  Alopecia
has been reported by others (772) A “red incrustation” has been described
1bout the mouth of hamsters (774), while the cotton rat exhibits an un-
specified dermanitis (612)  Alopecia occurs 1n swine and on microscopic
section there 15 atrophy of the eprdermis and loss of hair follicles (610)

Intestinal Tract Duarrheass an early and constant symptom of the panto-
thenic acid-deficient swine (610) The stools frequently contan mucus and
sometimes blood Rectosigmordoscopic examination reveals a diffusely by~
peremic mucosa which 1s shghtly edematous Bleeding usually occurs as 1
result of instrumentauon  Ulceranion has not been detected by this method
of exammation, however

At autopsy extensive changes are found in the mtestne  particularly
the colon Grossly the carliest change 1s a diffuse hyperemia which has
appeared after four weeks of the deficient regimen  The by mphod follicles
are enlarged and on section contain purulent centers  Perforation of these
abscesses leads to small ulcers which become confluent The mesentenc
Iy mph nodes are enlarged Microscopically there 15 a change from the normal
glandular mucosa made up of large vacuolated cells to a mucosa composed of
glands lined by atrophic cells  Leukocy tes are found in the Jumina of these
glands, as well as in the mterstial tissues about them  Although this alter-
ation 15 a focal one 1n the carly stages 1t becomes more and more diffuse
as time goces on The glands become dilated with accumulations of cells
and the atrophic epithelum becomes more and more flattened  In the
Ivmphoid follicles which also contan glandular prolongations in their cen
ters the same lesions are found Here following necrosis of the epithelum
abscesses develop, these finally rupture leaving large ulcers Following treat-

=

heme Acid Deficiency (610) A4 Normal emthehum of colon

Ticuse 37 ﬁxlrl‘:sﬂ"\l::h ,I,’,T,'LL“; Limung the glands '('h}ere ss relatvely Ditle cellular mfileration Illn
Note eells I tssues B Early changes in pantothemic acid deficiency Note that the cell
the mtersuti nso hic and hate Jost ther mucus vacuoles In addition an mcmsﬁd numl c]r
have become S0P 310, 18 erstitial mssues € This shows a more extensive change wih
of cells have appear’ of The icral portion of the mucosa 1n which there are many leuko-

8
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ment with ¢ileum pantothenite the ulcers heal and the mtestinal wall at
autopsy 15 found to be thichened due to 1 ncreised amount of connectne
ussuc appirently 4 resule of the tissue destruction nd healing of the pre-
vious flimmation  Changes hive not been described i other species

Hardersan Gland  Another mamifestation of pintothenic acid deficiency
i rits was first described as * blood caked whishers” The nose and hairs
of the snout become covered with a reddish pigment The source of this
maternal, which 1s sud to be corproporphyvrin has been shown to be the
Hardern glinds The issumpuon has been made that the pigment 15 ex-
creted through the nisolienimal duct 1n pantothenic acid-deficient anmmals,
for when the Hardenan glands are excised and the animals are then placed
on a panthothenic acid deficient regimen the chromodacryorrhea fails to
appeir (607) Dehyvdration may also be a factor (615) leading to prgment
incrustation of the nose and whishers of rats

Ner-ous Tissues Durning life pantothenic acid-defictent swie evidence
nervous tissue 1 olsement by a disturbance 1n gait The mitial evidence of
this phenomenon 1s a sudden elevation of one of the imbs from the ground
as though 1t were panful The gait exhibits 2 broadening base and a jerky
‘goose step appears As the deficiency progresses the gait 1s more and
more mmpaired so that finallv the 1mmal 15 unable to walk at all and hes
prostrate

Microscopic exarmination (611) reveals that the earhest change 1s chromo-

tolvsis of the dorsal root ganghon cells These alterations have been ob-
served mn ammals m which ataua had not been detected durmg hfe The
ganghon cells exhibit the classical signs of disintegrition and lysis of the
Niss] substance cells of all sizes seem equally imvolved Vihen the spmal
or peripheral ner es of such ammals are examimed by approprite techniques,
no changes are found 1n the early stages However, later that 1s from the
eighth week of the deficiency on loss of myveln and avss oy hinder degener-
ation are found 1n the brachial and sciatic nerves As time goes on changes
may likewise be observed m the dorsal root fibers and 1n one ammal de-
generation of some of the fibers n the dorsal columns has been noted

Chromatoly tic cells have been found 1n the anterior horns and mrermediate
grav matter of a small number of ammals Using the osmic acid technique

which 1s notoriously unrehable myelin degeneration has been reported to be
present 1n the dorsal columns and pyram:dal tracts of the spinal cord and 1n
the peripheral nerves of pantothenic acid deficient muce (609)

Adrenal Gland One of the most nteresting manifestations of panto-
thenic acid deficiency 1s the appearance of so-called hemorrhagic necrosis’
of the adrenal glands of rats The microscopic anatomy has been deseribed by
Ashburn (608) but the pathogenesis of the adrenal changes 1s not at all
clear and should be studied more carefully  In deficient rars the follow ng
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Fuuke 38 Intestine Pantothenie Acid Deficiency (610) Lesions 1n_the solitary folheles of

the colon 4 Sohtar) l)mphmd nodulc from pantothentc acid deficient pig showing the
1 Jon

norma into ths structure  There 1s beginning leukocy tic
nﬁlu-anon of the glmds The lymphord tissue 1s somewhat hyperplasuc B More adv:mced
lesion which has become 10 abscesses 1 the mddle of the follicle Such abscesses £TOW an

uppurate producing ulcers Both H and E %5 (Courtesy of Bulletm of the Jobns Hophins

Hospital )
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Tlwe 60 Adrenal Pantotheme Acid Deficiency 4 Low power (x»>) of adrenal from
Pantotheic acid deficient rar  Mote that the medulla and outer cortex appear normal B
Higler power (x150) of the same adrenal Note thar the glomerular and outer fasicular
Zones are normal in appearance The mner poruon of the latter as well as the outer reticular

zone show a focus of tresh mecrosss 1 which there are levlocytes and red blood cells The
oer portion of the rencular zone 15 not affected (Courtess of Dr VMaunce Sullvan 1

tatled studies of the blood v essels have been reported The changes tend to be
localized 1o the retcular zone, though the inner portion of the fasicular zone
M2y be miolved as well The medullary portion of the gland 1s said to
reman normal A constant finding 1s depletton of the lipoid content of the
cortical cells this 15 probably a consequence of the accompans g manition
however

Changes 1 the adrenals have not been found 1n other species The only
posstble evidence of any alteration m the adrenal glands besides the rat 15
a dramauc syndrome m dogs described by Schaefer et al (612)  After a
varmable period depending on the vitamm intahe, there appear  sudden
Prostration or coma tachy pnea and tachycardia convulsne moyements of
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Ficure 59 Sensory Neuron Pantothemc Acid Deficiency (611) A Dorsal root gasghon
from lumbar region of pig which had been on a pantothenic acid deficient diet for 37 days
Although ataxia had never been definite suspicious changes had been present for a wech
before death Note chromotalysis of two ganglon cells (atrows) which 1s characrenzed by
loss of Nissl substance in one and a d of the ch fulic material about the
periphery of the cell m the second instance B Sciatic nerve from the same amumal There 15
no myelin degeneration A, methylene blue B, modified Weigert stan Both 500 reduced
2/5 (Courtesy of the Journal of Experunental Medicine )

abnormalities in order of frequency have been noted hemosiderin deposition
fibrosss, “congestion”, hemorrhage, cellular atrophs necrosis and scatring
The constant appearance of hemosiderin 1n the glands of ammals allowed to
succumb and 1ts presence n deficient animals treated with pantothente acid
mahe 1t highly probable that the mital leston 1s a vascular one No de-
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skin lestons sooner and die 1 1 shorter time than ammals whose py nidoxme-
deficient diets contun lower unounts (15%) of protemn A reduction m the
urinary exeretion of creatme and uric acid and elevation of these substances
n the blood have been reported (633) m pyridoune-deficient rats The re-
lationship of py iidovne to protem metabolism 1s further strengthened by the
demonstration that this vitamin 1s necessary for the metabohsm of  pro-
phane \When the urine of pyridoxine-deficient rats 1s treated with ferric
ammonsum sulfate, a green pigment appears (634) This substance has been
tdenuified as \anthurenic acid, an intermediary n try ptophane metabolism
(635) Turther studies have shown that pyndoune s necessary for the
metabolism of xanthuremuc acid (636), 1 finding which has been confirmed
in swine, m which ammals the appearance of xanthurenic acid 1n the urme
can be correlated with the onset of a charactenstic anemra, which deselops
m this species (637)  Another pigment which has been found in the acidified
urine of pyridovne-deficient swine bas been identified as urorosem (638)
In addiuion to rats and swine dogs deficient 1n py ridoxine excrete xanthurenic
1c1d 1n the urine (639)

Based on inestigations uulizing micreorgamsms, evidence has accumu-
lated that the vitamm B, group 1s converted mto codecarbovy lase and that
this substance 1s an mmportane physiological form of the vitamin B group
Codecarbovviase funcuons as the co enzyme of several ammno acid decar-
bovilases Tt 1s of interest that the codecarboxylase content of muscle and
Iner uissues of rats 15 dependent on the pyndovne Ievel of the diet (641)
Mention should be made of the possible interrelatronship betw een py ridowune
wd the es enual fatry acds (747)  Shan lesions are smd 10 appear more
readily n amimals deficient m the latter essentials  Histologieal studies hue
not been reported, however

"athological Effects Studies of pyndoune deficiency hive been reported
on the rt {642) mouse (772) hamster (774 775), cotton rat (614) dog
(647) pig (652) and monkeyv (296) Promment changes have been found
in the shin erythroporetic tissues and nersous tissues together with some
misceliancous lesions in other organs

Sk In the rat (642) the most pronunent site of myury 15 the shin
Grosslv the imtial change 15 an erythema of the dorsa of the paws, most
commonly the hind ones  This reddening soon spreads to the plantae and 1s
followed by hyperherytosis and seabng The digits next become swollen
Comcrdent with these changes in the extremiries the same process appears
in the ears nose chin submental region and upper thorax The coat appears

-1l kempt but there 1s vers hede alopecia untl relacnel Tite 1n the course
of the deficiency

\hicroscoprcalls  there 15 hy perheratosis and acanthosts, together wich
ervthema and edem of the corum  Leukocttes are found mfiltraung the
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the extremities and vomiting  Death ensues unless treatinent is instituted
Chemcal studies of the blood have reverled an irregular low ering of glucose
and chlonide concentrations, together with 1n mcrease i non-protem nitro-
gen values  Gross findings 1t qutopsy hune been equivocal, except for hight
colored livers whose fat contents on chemicil analysis rainge from 347
to 55 1 percent 1n contrast to the normal ranges of 13-17 percent  Micro
scopic studies have not been reported  In 1nother experiment on dogs, ficts
Itvers and spasticity of the hind quarters have been noted but no evummation
of the ussues has been reported (613)

Pyridoxine

Historical  In 1926 Goldberger and Lillie (623) described 1 * pellagra
fike’ condition n rats which had been pliced on 1 diet composed m the
man of cornmeal extricted with icohol  Strihing lestons consisting of bi-
lateral sy mmetric scaly dermauns appered and 1 olved the extremmtres, ers
and fice, the trunk was only occasionilly affected  Smce the sl changes
could be prevented by autoclived veast these mvestigators assumed ehit
the lesions were cused by deficiency of vitimm B_ (the heat stable portion
of the B group) To Gyorgy and lus 1ssociates (624, 625, 626) goes the
credie for showing that riboflivin (vitamn B_ or hictoflavin) does not cure
this “pellagra-hl €” dermatitis, and that another factor—1itamm B, 1s neces-
sy Gyorgy suggested that the new dietary essentil should be called the
‘rat 1crody nt factor” since the lestons of the extremiues resembled those
observed 1 human acrodyma, rather than pellagr

In 1938 1 crystalline materal was 1solated, the hy drochloride of 1 nitra
gencous base (627), this had the properues of Gyorgy’s viraun B, and w1
soon shown to be 2 methv1-2 hydroxy-+ 5 dis (hy droxymethy1) pydme
(628)

The synthests of vituun B, was then announced (629), wd Gyorgy
(603) suggested that, In accordance with the clneal nature of vitamin
B. which 15 1 pyridine dernative contumng severil ony (methovy) groups
the term ‘pyridosine appears approprite ”

At the present tume there are recogmzed not one but three members of
the vitamm B, group In addiwon to pyndovme pyridovanune and pvn-
donal show biological actvity similar to pyndowme  at Jeast for mcro-

1
nrg;}n;lasznbseizfjﬂl)Relatmn:ths There 15 evtdence that py idovme plays 2 role
i the metibolsm of protem (632) VWhen pyndoune deficient rars are

phccd on 1 lugh-protem diet (439 30%) thev deselop the chrwterstc
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lateer layer The schaccous glnds nd har follicles remun unaffected unul
late 1n the discase Some observers (642) feel that these accessory structures
are dimaged as 2 result of superficial secondary nfection conerdent to
cpithelnl ulceration, others, however, interpret the chinges in the sebaccous
glands 1nd har follicles 1 1 lite pnmary effect (317 643) The distribu-
tion of the slin lesions, pirtcularhy the il chinges n the extremties,
has aroused much mterest espectally 1 relition to the distribution of the
dermatitis 1n human pelligry No effects (n the dermal lesions have been
produced esther by excessie sunlight or by denervation (317) Tt has been
reported that the shin changes appear carlier m rats exposed to a cold en-
vironment (344), thss 1s Iikely due to 1 heightened general metabolism with
mcereased need for the vitwmin rather than to anv localized change m the
extremitics
On a pyndoxine-defictent dset the Syrian hunster 15 said to develop an
“acrodvnia ike” dermauitis about the mouth (774) Speaific shin changes
have not been a promnent feiture of pyridosme deficiency 1n the other
species studied
Erythroposetic Tissues In some rats deficient mn pyndoune an anema
has been found Dusturbances 1n red blood cell formation can be more
definitely demonstrated if such animals are also rendered anemic by bleed-
mg for then a real impairment in red blood cell regeneration develops (645)
Because of this relationship of pvridovne to hemoglobin formation in the
rat, the catalase content of tissues from deficient ammals has been studied,
1t will be recalled that this enzy me 15 1n 1ron-porphy rin compound like heme
No dccrease 1n catalase content 15 found 1 the Iner lidney and heart
muscle of these ammals (646) Such studies should be extended, however,
to the dog and swine, since there 15 1 much more marked disturbance m
henmntopotess 1n these species In the former (647 648, 649, 650, 651) both
puppies and adult animals tend to develop anemua, which 1s improved by the
admmustration of pynidosine  However normal red cell and hemoglobin
levels are usually nat obtained unless liver 15 gnen as well The anemua 15
charicterized as microcy tic and hy pochromic, elevated plasma 1ron levels
are observed as the blood changes progress T he pissible relation of folic acid
to this anemia requires studs
In swine an anemia 15 observed after anunals have been on a pyridoxine-
deficient regimen from four to < wechs (652) Once sigmificant anemia
appears it usually progresses mn 1 few weels to 1 severe degree, from a
normal of around 8 000 600 red celis to 3 200 000 cells per cubic millihrer
of blood The anem2 15 prumnly microcvtic 1 type Values of 40 cubie
mucron or less for the mean corpuscular volume have been observed (normal
for swine 1s about 58 cubte nucrons) The normal mean corpuscular hemo-
globin concentration of 33 percent 1s hietle 3f anv reduced Ansocy tosis 15
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Ticure 61 Shin  Pyridoune Defictency (647) 4 Isternal appearance of rat after bemng
on 2 pynidoune deficrent regimen for about six weels  Note normal appearance of fur
contrast to nboflavin deficienc amimal Frgure 49 page 159 At this ume the only change asde
from some failure to grow 15 found n the eitremities \\ hcrc scalmg B 1s noted Thus appears
microscopieally C, and hyperkeratosis and h just above
the basal gell layer (Courtesy of Dr Alaunce Sullivan and The journal of Imesugatwe Der
natology
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latter layer The sebaceous ghinds nd hur follicles ranun unaffected unul
late in the disease Some observers {642) feel that these accessory structures
are damnaged s 1 resule of superfical secondary mfection comeident to
epitheltl ulceration, others however interpret the changes in the sebaceous
glinds and har follicles 1w 1 hite primny effect (317 643) The distribu-
ton of the slm lesions, particularly che minl chnges i the extremities,
has aroused much nterest espeenlly m rehtion to the distribution of the
dermtiis m humn pelirgry No effects «n the dermal lestons have been
produced exther by excessne sunhght or by deners wion (317) It has been
reported that the shin chinges appear eirlier i rats exposed to a cold en-
vironment (344), this 1s likely due to 2 heightened general metabolism with
increased need for the vitwmn rather than to amv localized change 1n the
extremutics
On a pynidoxine-deficient diet the Svran haster 1s sad to develop an
acrody ma-like’ dermauus about the mouth (774) Specific shin changes
have not been 1 prommnent fewture of pyndovne deficiency m the other
species stadied
Erythropoietic T'issues In some rats deficient m pyndoxme an anema
has been found Disturbmces m red blood cell formation can be more
definttely demonstrited 1f such anmmals are also rendered anemic by bleed-
mg for then a real imparrment 1n red blood cell regeneration develops (645)
Because of this relationship of pyridovine to hemoglobm formation m the
rat, the catalase content of nissues from deficient ammals has been studied,
1t will be recalled that this ensy me 15 1n 1ron-porphy rin compound like heme
No decrease i catalase content 15 found i the Iner Iidney, and heart
muscle of these animals (646) Such studies should be extended however,
to the dog and swine since there 1s 1 much more marked disturbance n
hematopoiesis i these species In the former (647 648 649 650, 651) both
puppies and adult animals tend to develop wnermia which 1s improved by the
admunustration of pynidonne However normal red cell and hemoglobin
levels are usually not obtained unless Iner 15 given as well The anemua 15
charactenized as microcytic and hypochromice, elevated plasma 1ron levels
are observed as the blood changes progress The passible relation of folic acid
to this anemua requires study
In swine an anemin 1s observed after immals hue been on a pyndosme-
deficient regimen from four t siv weehs (652) Once sigmficant wnemia
appears 1t usually progresses m 1 few weels to a severe degree, from a
normal of around 8 000 000 red cells to 3 200 000 cells per cubic milliiter
of blood 'lI'hefanerInn 1s prmninhy microey tie m tvpe Values of 40 cubic
for awime 1 sbnt o5 exbre erons) The vt oo o ed (norml
nal mean corpuscular hemo-
globin concentration of 33 percent 15 irtle 1f 1y reduced Anisocy tosts 15
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marked, and there 1 an irregular reuculocy tosis There 1 no mereise 1 the
icterus index or any mereised resistince to hemolysis n hy potonic saline
solution  Followng treatment with pyridovne, 1n immediate reoiculocy te
response (15 hugh as 30%) accompanied by an increase 1 red blood cells
oceurs, the cells then return to their normal sz As m the dog, pyndovne

Ticure 6> Spleen Py ndowine Dehciency A Secuon of spleen from a sm:lnﬁc?'n; a(\lfjl’c;
beng on a F)ndo‘auc defictent dict for 139 days  Sigmificant anenma devcloped m

and mawnnal anenna was present cight days before death RBC 3630000 MCV 143 cum"tl
VMCHC 24 per cent (sec text for normal values) The bone marrow was hyperp .}mc o
there was hemosiderosts of ths tissuc as well as the Iner  charcteniue lesions were ("]](::l‘! m
the sensory neuron This section allustrates the extensne deposion of hemosidern plgl}c .
the pulp capsule and trabeculze Note that the malpightan bodies tre spared and ci)mp.x i
B where the Malprzhuan bodies stand out 1s darher groups of cells from the hghter zs aunies
surrounding pulp  No pigment 1s seen in this pulp there v however some plz,mc(clm P
capsule  This amimil hid been severely anemuc 1t one nme lollo\\mg' lrc:xrr‘r:nm I
pyndoxine there was 1 sharp reticulocyte response and the blood returned ﬁt’g Do it
autopsy no hemosidertn was tound m the bone marrow liver or spleen sue o

of the pigment which s seen e the capsule Both Prussian blue fuesm stun x

docs not completely relieve the memn, 1t must be wssumed that other un-
Lnown factors posstbly folic acid are necessiry for hematopoiesis m swine
As pyridonne anemma desclops there 1s 2 nise i serum 1ron comcmr;:
v 1lues as high 1s 300 microgrims per 100 cc Upon treatment the serum t
concentritton falls to the normal of 100 nucrograms or less ¢ won
During the course of ancmm m swine m extenswve deposition (; bl:;nc
pigment (Prussin blue reaction) 1s found in the lnver, splccln, 1:1(1- one
marrow  Thi pigment, presumably hemosidern occurs both ]m rg“c”
atracellularly i the splerie pulp and m the capsule and trabeculie
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Virtlly no pigment 1s found mn the Malpighun bodies The hupffer cells
of the Iner contun pigment, and 1n those animals dying with severe anenua
the penportal cells of the Iner lobule are also filled with wron-staining ma-
terial  Macrophages in the bone marrow of anemic animals are loaded with
prgment  Nonc has been observed in the renal tubular eptthelum The bone
marrow of anemie ammals 15 hy perplastic and contains numerous “blast”
cells, as well as nucleated red blood cells Treatment with py ndoxne dimun-
sshes the amount of pigment 1n the spleen, liver, and bone marrow, the
duration of treatment can be correlated with the amount of pigment re-
maiming 10 the splenic pulp Some iron-staming material remams m the
capsule and trabeculie, howeser, even after prolonged therapy In ammmals
recenving adequate pyvridoune there 1s virtually no bone marrow hyper-
plasia Py ridovine anema has been compared with that produced by phensy1-
hy drazine and 1ron deficiency and shown not to result from blood destruc-
tion, since elevated serum bilirubin and increased excretion of urobilinogen n
the urine and feces and of porphyvnn m the vrine, noted 1n pheny Ihy drazine
hemoly tic anemia are not observed 1n pyridoune-deficient amimals (653)

It 15 concluded that the ferremia and hemosiderosis are due to the contmnual
absorption or decreased excretion of ron at a time when 1ts utilization for
hemoglobm 15 at a mimmum, and when the 1ron content of the tissues 15
abundant Elevated serum tron levels and hemosiderosis of the ussues do
not occur 1 anmmals deficient 1n both 1ron and pyndowune

Nervous Tissue Lpileptiform fits lasting several minutes were first de-
sciibed 1n py ndowne-deficient rats by Chick as follows (654) “1) A vio-
lent stage 1 which the rat would suddenlv rush about wildlv with pro-
truding eyes, jumping to the floor of the room if not restramned and leapg
up mto the air sometimes uttering cries, thss stage usually lasted less than
30 seconds In a few instances the eyes became suffused with blood, which
drammed away through the nasolachry mal ducts Occastonalls the rat uninated
during the fit and on one occasion vomiting of stomach contents was ob-
served  2) A helpless condition 1 which there were muscular twitchings
and tomic spasms while the rat lay helpless Sometimes the digits of one
of the forepaws became clasped with those of the hind paw of the same
side 3) A comatose conditson when the rat sometimes became unconscious
with a slowed and weakened heartbeat and absence of corneal reflex 4)
Gradual recovers control being regamned first of the forepart of the body
and later of the hind kmbs ”

Sumilar seizutes have been observed in deficient pupptes but are appar-
ently uncommon i adult dogs Py nidowune-deficient swine show two mant-
festations of neurological damage during Ife  convulsions and ataxia Con-
vulsions may appear as eardy as the fourth week of deficiency, but more
usually 1 hittle later—from the seventh to the twelfth weel. As many as three
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or four attacks per day have been observed, and the “fits aceur }:ntxl death
ensues unless trearment with pyridoune 1s mmtiated  Such fits” resemble
thosc scen 1 the * grand mal” of human epilepsy  Attachs of shorrer dur-
ation and resembling human “petic mal” have also been obseried Preceding
the comvulsion the ammal 15 usually excited and “nersous  The pattern

et e e

Ficure 64 Spmal Cord Pyndoune Dehciency Lumbar ¢ord of same ammal shown n pre
ceding Figure Note degeneranon of the dorsal columns 1n addiuon compare the differences
1n starng of the dorsal and ventral roots  the former are much lighter than the latter ind1
caung myehn degeneranon %30 reduced 2/5  {Countesy of the jourmal of Experimental
Medicme ')

of the convulsion 1s as follows  The pig lav on 1ts side all four Iimbs and
the muscles of the body jerhed rapidly, the head was held in evtension,
the eyes shut or turned upward and salna drooled from the mouth  After
several minutes the spasmodic muscular contractions ceased and a stage of
stupor followed which also lasted several mmnutes Occasionally a gurgling
sound could be heard When the stupor was over, the pig would try to ger
<« Fioure 63 Sensony Neuron Pyndovine Deficrency (611) A Dorsal root gan~lon cells
(methy lene blue stain) from lumbar regmon from pig which had been on a py nidoxine deficrent
diet for 101 days Definite atavia had been present for the past twenty days  Note absence of
chromotolystis (compare with Figure A) The cells are somewhat ‘atrophic and occastonal
shrunken necrotic oncs may be found B Scrauc nene (modified Weigerr stamn) from same
pig to show extensne dexencrauon of the myelng sheaths € Sciauc nerve (Bodian silver

stan) which shows degencranon and fraementauion of the aws cvlindees  All 500 reduced
2/5 (Couress of the Journal of Expermtental \edicine )
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Fioere 65 Liver  Pyndovine Deficiency  Secton of Iner from pu, which had been on 2
pynidorine deficient ‘dier for 113 davs and was then sacnficed The animal had developed
serere anemi and comulstons together with evidince of neurolomesl myvolvement There
15 exeenstie farey snfiltration of the central portton of the Iner lobules and deposition of
hemostdern pigment about the peripheral pornon which accounts for the dark stmms in
this rc:gm The Iner of the pig 1s of course normafly lobulated Prussian blue-fucsin
seun y

up, and, when 1t imlly succeeded 1t would proceed i 1 staggermg dved
fishion” (655)

An ataxr which has been observed as carly 1s the third weck, numifests
sself 1s 2 shghtly high bft of the hind Iimbs 1ccompamed by sway g of the
hind quarters wlile walking There 1s 1 broad base, the legs fold under,
turning m one direction or another with the result that the pig stumbles
and falls 1he forelegs develop sumlar mcoordinanion, 1nd s the deficiency
progresses, the mmmal becomes completely mcapaciared

When the behw sor dunng life 15 compired with the wntomieal chinges
found 1t 1utopst, it ippears that physiologicl disturb inees mn be present
before morphological altcrations ¢n be demonstrated The il morpho-
logicak change (611) 15 demy elimzation of the peripheral nerves (brichnl
and seiatic) This s chiarcterized by the 1ppeirince of small droplets of
neutral fat m sections stuned with Schirheh R and by + wcuoles nd darl
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deposits in W eigert preprrations  Silver stans to demonstrate avis cvlinders
reveal questionble degeneration a this stige No alterations are detected
i the dorsil-root ganglion cells As time goes on, myehn degeneration
becomes more marked and there 1s mvolvement of the dorsal-root fibers
and dorsal columns of the spmal cord Defimte and marked avs ¢ hinder de-
generation 15 also found Despite these changes in the penpheral and central
portions of the sensory neuron no chromotoly tc alterations re encountered
1 the cell bodv  Many cells become atrophic and n tme, necrotic, but
without the widespread dissolution of Nissl granules which 1s seen n panto-
thenic acid defictency 1 swine (611)

Miscellaneous Lesions By chemical analysis an increased fat content of
the liver of py ridovne-defictent rats (656) has been reported, and a simlar
change has been observed histologically in swine (652) In the latter spectes
the fat 15 distibuted 1 the central areas, but 1n amimals extremely deficient
m pyridouine lipord accumulation zlso reaches the mid-zonal region In
such ammals fatty Iivers have been observed i the presence of adequate
dietary choline and mositol Three of four dogs deficient 1n py fidoxine have
been reported to deselop signs of cardiac msufficiency and die suddenly
(650) \When adequate quantities of p-dimeths lammoazobenzene (butter
vellow) are administered to rats, carcinoma of the Iner develops The nci-
dence of tumor formation mav be modified by diet A reduction in the
amount of dietary pyridoune prevents the development of carcmoma In
this experiment (657) a calornic effect can be ruled out since the pyridowne-
defictent ammals and therr controls consume the same amounts of food
The effect of pyridoxine on sarcoma 180 a transplantable tumor 1n mice, has
been studied, the removal of pyndovne from the diet mhibits the growth
of the tumor even though, as m the rat experiments the caloric ntake 1s
the same (658)

Pyridoxine Deficiency in Man A syndrome characterized by “extreme
nervousness, nsommia, writabiby abdominal pan weakness, and difficuley
m walhmg™ has been observed 1n a group of panents by Spies et al When
pyndoune 15 admistered such symptoms disappear while nicotmic acid
nboflavin, and thiamine have no therapeutic effect (659, 660) Pyridovne
has been claimed to be specific mn a host of other clhincal syndromes The
evidence at hand, however 1s not contincing enough to warrant further con-
sideration save that this vitamin appears to cure certain cases of cherlosis 1

which 1t appears to have the sxime curamne powers as mboflavin does m
others (292)
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Choline

Historical “The nutritiona] importance of choline first became apparent
1 1932 when Hershey fed lecithin to depancreatized dogs which had been
mantuned on msultn (661} The rationale for this procedure was to de-
termine whether the fatty Iner encountered m such experimental ammals
could be prevented by the administration of 1 phospholipid  Leesthin did
just this and was further shown to prevent fatrn Iners resultng from the
feeding of high far diets to rats (662) The actne prinaple of lecithn was
soon demonstrated to be choline (663)

The effect of choline deficiency on the 1idney was first described by
Guoffith and Wade (664) i 1939 and its reltionship to hepatic damage
was soon demonstrated by Gyorgy nd Goldblatr (665) In the mewntime
Du Vignewd (666) had elucidared the inter-relationship of choline meth
tonine, and cy<tine and the phonemenon of transmethy lhton

Brochenncal Relationships  Choline 15, of course an mmportant con-
sutuent of the phospholipid, lecithin The metabolism of choline 15 mu-
mately relted to that of the indispensable sulfur-contarung amino 1cid
metluonme When dietirs choline 1s absent or madequate, sufficient quantt-
ties mnv be formed from methionine 17 1120 to msure hife (667), howeser,
apparenth not enough 1s svnthesized to prevent certam phystological and
pathologieal alterttions n the 1nmal orgamsm  Cholime 15 formed i vite
from the combmation of ethanolimme and methy] groups donated by
methionine (668) ethanolamne 1s dernved from dietary sermne and glycine
(669)

Metabolic studies of the liver and 1idnevs of rats have clanfied the
function of choline 1n the orgamism Ingested choline 1s utilized m the
synthesis of certun substinces which are necesasry for fat transport YWhen
chohine 1s onutted from the diec phospholipid turnover s reduced, for -
stance ridioactine phosphorus (P*) has been unlized to show that chohine
sumulates phospholipid turnover 1 the Iner and Ilidney, an important
phy siological process which must be carried on 1n certan organs, Pﬂmcu]ﬂﬂ‘
the 1 1dney, dunng critical pertods of growth (670) It 1s assumed that the
renal lestons which have been described in voung rats result from a de-
ficiency 1n phosphohipid turnover when the needs are greatest for mstance
during the fourth and fifth weehs of hfe  Choline also enhances the trans-
portation of fatty acids from the Iner to the far depots a process which 1s
slowed down 1mn choline-deficient ammals (671) Lil¢ methionme choline
may 1ct 1§ 1 methy]l donater VWhen homocystme s fed to mmlluonme-

deficient rats, cholmne furmshes methy! groups to synthesize methromne

laboratory demonstration of 1 reaction which does not ordmarhy occur mn
a
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rictre 66 Liver Choline Deficiency 4 Low power (x40) of biver from a_rat placed on
a low protemn (five percent) high far (thirty percent) choline deficient diet This ammal had
been on chis regumen for about two months * Virtually every cell 1s distended with fat globules
B Hivher power (x150) of same section shows a periportal space and central vem to mdicate
the diffuse nature of the farty infilravon H and

the orgamsm (271) Choline normally furnishes methyv! groups to guanido-
acetic acid for che formatton of creatne (666)

Pathological Effects As already noted, the chief effects of choline de-
fictency are found m the Iner and hidney Morphologic changes n the
former tissues have been described in the rat, dog, and pig \When young
growmng rats are placed on a choline-deficient low protemn-high far diet
fary mfileravon of the lner rapidly oceurs (665, 672, 673, 674), small
sudmophilic droplets accumulate 1n the hepatic cells and coalesce so that
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such cells become greatly distended with their nucler pushed to onc side
less than 1 week  As others have ponted out (674) 1t scems quite reason-
ble to assume that when enough intraceliulir far his accumulited the
physical orginization of the cell 1s so disrupted that meeabolic changes ind
cven necrosts m1y be expected to occur  The latter lewd to the second
mnfestition of choline deficiency m the Iner widespread scarrmg Thie
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Twire 67 Luner Choline Deficiency This rat had been on a low protem (five percent?
luph far (22 percent) dict for over three months Note extensne fatry infileration smmlar (::
that 1n the preceding Iigure In addition there 15 scarning which divides the ussue up ln(]
lobules which have lirtle relauion to the normal architecture  These connective tissuc Isc[;t

contain deposits of an acid fast prgment ceroid H and T 150 (Courtesy of Dr Phabp
Handler and Dr I N Duabin)

the fatty change 15 a prerequistte for necrosss 15 mdicated by the hict that
if food ntal e 1s restricted or if dietary thimine 1s deprived fat fals 1o
appear m the liner, necrosis and scarring are alo not found Grossly the
chronic choline-deficient Iner 15 pale yellow with 2 finely grinulr surface
Microscopic ¢xarmnition rev cils that the ussue 15 sepirited into irregular
lobules by bands of conn:lcm cl tx;suc of varving width  Usually the intact
¢ mfiltrated with fat

hcp’;[;; clﬂlerZl;coplc appearance of both the rits and dog’s lnver (67;

676) would lead one to assume that 1 disturbance 1n heprtie function might
he present Tiperiments the Iatter species show this to be the ese
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In puppies choline deficiency may result in death within three w eehs Severe
fatey mfllericion of the liver 1s the only promnent manifestation of such
a deficient stite, Incrs from these anmmals may contain over 50 percent of
lipid on 1 dry weight basis, which 1s over twice that of control ammals
When bromsulfilein 1s admimstered, the dye remans i the plasma longer
than normal So too the prothrombin time 1s mncreased, and there 15 nse
m the level of serum phosphatase These mamfestations of deranged Iner
function can be reversed m five to ten days if choline 15 admimstered m
1dequate amounts (677)

Morphologic obseriations of hepatic changes which follow choline
therapy are inndequate In the rat the color of the organ changes from
yellow to dark reddish brown, and the size decreases On microscpoic sec-
tion a reduction 1n the amount of fat 1s observed in the cells, mn addiion
there 15 evidence of regeneration of hepite cells and large, bizarre strucrures
contaiming several nucler my be observed  As might be expected, no disap-
pearance of the connective tissue 1s found at least after 6 weehs of therapy
(678)

The type of diet used has an effect on the outcome of such experiments
Rations hugh 1n fat (20%) and low 1n protemn content (4-5%) with starch
as the source of carbohy drate and supplemented with cystine and cholesterol
seem to be most swtible for the production of cirrhosis (674) It should
be pomnted out that f1t deposition need not unalterably lead to necross, as
large amounts mav be found by chemical analysis i Iivers without necrosis
15 are found m those with degenerated cells The inclusion of 01 percent
thiouracil protects the Iiver agunst the effects of 1 high cystine, low casen
(8%) diet (688), the reason for this 1s not clear

During the development of our hnowledge of the relationship of choline
and the sulphur-contaming ammo acids to one another wnd to morphological
changes m the liner several groups of mnvestigators deseribed and studied 1
peculnr pigment which occurs 1n and about the hepatic cells of rats on
cholme deficient diets  Because of 1ts wavy appearance this substance was
named ceroid” (679)  An acid fast hyaline-lihe miateral cerord has
basophulic properties, gnes a negatme iron reaction 1s not dissolved by
Iipoid solvents, and exhibits a positive oudase reaction  In contradistinetion
to vieanin A wts fluorescence does not fade when nssue sections are view ed
under ultri-violet highe (680) A number of mvestigators have studied the
production and properties of cerodd thinhing 1t nught be related 1n some
way to the development of hepatic dumage It was finally show n, howeter
that by modifsing the diet crrrhosis will appear without a concomitant de-
posttion of cerond (681) A simular or even 1dentical matenal 1s scen m the
{::scl:-c:‘{)vf\:cl:i;:::‘n\l\ic(::gcéi';:);lnl‘n(mls especiilly when large amounts of cod

15 of interest that many of the diets w hich
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were unlized to study arrhosts and cerord formaton contuncd cod Iner
ol and heele viermin I W hethier cerond s 1 metabolic artefact or not awans
further iy cstigrtion

Renal lesions m rats first described by Gnffith and VWade hne been
mdequately studicd by other imvesugators as well (615, 682) \When young
rats are placed on 1 choline-deficient dict estdence of damage to the hidney
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Fictre 68 Choline Deficrency  Cortex of hidney from a weanhng rat which had bccg on 3
choline-deficient dret for ml.hz days  Fhere 15 an Increased thickening of the capsule duc to
I

distention by red blood cdls Note the focus of necrotic tubules just beneath the ca;wluslg
The glomerul are not remarkable  The lumens of many twbules contam hyaline casts X
(Courtesy of Dr Philhp Handler )

appears m about 10 davs It must be stressed howcver, that for reasons not
entirely clear the devclopment of renal lesions 1s not at all unform  Grossly
the affected hidneys are enlarged and have a mottled reddish color  On sec-
t1on the cortex 1s erther diffusely dark red or a mottled red and yellow which
contrasts sharply with the underlymg gravish medulla  Microscopically
there 1s great dilatanion of the penipheral cortical vessels, in particular, thosle
of the capsule  Hemorrhage may result from teaning of the capsular vessels
due to swelling of the underlying renal parenchyma  An even more pmmlI;
nent feature 15 necrosis of the renal tubular epithelium  In severe Linscs :11
of these structures may be necrotic, m less damaged Lidneys, th;I cel mcr;oyr
how cloudy swelling, collord droplets, and pycnouc nucler No stamns
; :‘l:a\c been reported although chemical analy ses have demonstrated an mn-
a



THI AT AND WATLR SOLUBIE VM ITAMINS 197

crewe m the fac content of hadneys from choline-deficient ammals  An at-
tempt h1s been made to study the histochemical distribution of kaline and
acad phosphtise m the hidney of choline-deficient rats (683) A decrease
n all shne phosphatase does not appear unal there 15 well marl ed necrosts
of the tubulir epithelnl cells This change therefore, does not help in ex-
plunmg the pathogenesis of the renal changes
The mterstitial tissues are spread apart by dilared vessels a feature which
depends on the amount of tubulir necrosts ind s duration  Verv litle
hemorrhige 15 present n the mtersutil ussues and no red blood cells hue
been detected 1n the lumens of the tubules Pmb-staining hyaline casts are
plenuful however At times the glomerular tufts are dilated 1nd the Jining
epithelnl cells e swollen The cells of the collecting tubules 1ppear to be
normal The severity of the damage apparently determines whether an
amimal wall or will not recover since miny rats do not succumb even though
conunued on the choline-deficient diet  In such amimals the tubular epithelium
regenerates to a low cuboidal ts pe, calerficition also occurs aind many of the
tubules become dilated When large areas of necrosis hv e resulted scars muy
be observed In such recovered organs connectie tissue proliferition n the
capsule 15 noted so that grossly the organs have a “frosted  appeirinee
As has been mentioned attempts to produce renal chinges by meins of
choline deficiency 1 the rit it least do not vield consistent results  Some
of the factors which have m mmportant bearing on the outcome hune been
studied Besides the content of methionine mn the ratton the cystine and
fat composition of the diet must be mentioned Csstine has been noted to
have a deleterious effect on choline-defictent anmmals (684 687) The reason
for this 1s not entirely clear 1lthough 1t has been suggested that this ammo
acid promotes better growth and hence an increased requirement for choline
Because of the relationship of choline-containing phospholipids to fat trans-
port high-far diets and varsations m the saturation 1n the fat also have a de-
vastaung effect on choline-deficient animals (685) The protemn content of
the diet 15 another important factor when the cystine 1nd far content do not
vany (686) Protem (casen) levels of 15% are optmal for the production
of hemorrhagic changes m the kidney and when dietary protein 1s reduced
hemorrhages appear less readilv  Howeser at a level of 6 percent renal
lesions do not appear m the usnal 10 davs, bur may take 40 1o >0 days to
present themselves The tvpe of dietars carbohy drate 15 also of importance
since lesions develop when sucrose glucose and starch are the source of car-
bohy drate 1n the diet while when lactose and galactose 1re subsututed Jestons
do not appear (686) In Il e manner the inclusion of 40 mg percent atabrine
n 1 deficient dier protects agunst Lidnev lesions but seems to hne no

lipotrophic action on the Iner although histological studies have nor been
carried out (689)



196 THE PATHOILOCY OF NUIRITIONAT DISEAST

were utilized to study arrhosts nd cerord formation contamned cod Iner
ol and Dieele vieanun I A hether cerond 15 1 merabolic artefact or not aw s
further 1 csugation

Renal Iesions 1 rats firse deseribed by Graffith and W ade, hwve been
mdequately studied by other myestgators 1s well (615, 682) When young
rats arc pliced on 2 choline-deficient diet evidence of damage to the hidney
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Frere 68 Cholne Deficiency  Cortex of hidney from a weanling rat which had been on 3
choline deficient diet for eicht days There 1s an inereased thichening of the capsule due Iw
distenuion by red blood cells Nore the focus of necrotte tubules just beneath the capslusg
The glomerul are not remarkable The Jumens of many tubules contain hyaline casts ¥
{Courtess of Dr Philip Handler )

appears n abour 10 days It must be stressed however, that for reasons not
entirely clear, the development of renal lesions 1s not at all uniform  Grossly
the affected kadneys are enlarged and have a mortled reddish color  On sec-
tion the cortex 1s either diffusely dark red or a mottled red and yellow which
contrasts sharply with the underlving grayish medulla  Microscopically
there 1s great dilatation of the peripheral coruical vessels, n particular thoic
of the capsule Hemorrhage may result from teaning of the capsular vessels
due 1o swelling of the underlying renal parenchyma An even more prom};
nent feature 15 necrosss of the renal tubular eprthelbum  In scxcrc"cnscs :lx
of these structures may be necrotic, n less damaged kidneys, the cells mer: );
show cloudy swelling collod droplets and pycnotic nucler No St(:;lns "(:-
fat have been reported although chemical analyses have demonstrated an
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had called wrention to the deleterious effects which the feeding of unheited
cgg white produce n experimental ammls  To Boas (692) must go the
credit for postulating tn 1927 that egg white contamns 1 “tonic” substance
which 1s rendered mocuous by mcluding 1n the diet certan food substances
contuning a protectne \ factor’  Ammals fed egg white develop dermi-
titis bnormal hangiroo-like posture and spasticiy of the extremities
Dunng the 10 veus following Bois' publicition a number of mvestgators
studied the svndrome of egg white mjury and Gyorgy (693), mn parucular,
described the histological changes in the skin and demonstrated a curatne
factor from certan foodstuffs, this factor was designated vitammn H  In the
weantime workers 1 other fields were providing mformanion which was
to chnfy the problem A new fictor named coenzyme R hid been de-
scribed as an essennal for legume nodule bactera m 1933 (694) A hule
later 2 erystalline material Bios 11, was show it to be necessary for the growth
of vewst cells (695) In 1939 the suggesuon w1s made that coensvme R
and Bios I1 were wdentical (696) and a 3y ear later du Vigneaud and his asso-
cutes (697) proved that Gyvorgy’s vitamm H, coenzvme R and Bios 11
were one and the same substance In 1942 du Vigneaud (698) announced
the structure of biotin, an active substance was scon svnthesized (699)
and was found to elicit the same phy s1ological responses as the natural product

WWhile the structure of this vitamin was being elucidated an active nu-
brotin prnciple from egg white was crystalized, this matenal 1s called v idin
(700, 701)

Biochenncal Relanonships  Lattle 1s known of the functions of brotin n
the anmal orgamsm  The possible relationship to the metabolism of lacrate
and prruvare has been recently advanced when Iner slices from bioun
deficient anmals are studied 117 2utro they exhubie a 25 to 35 percent ncrease
in the disappearance of lactate when the biotin 1s added to the mediom (702)
Whether this 1s an effect of smamtion remains to be determined

Pathological Effects Bioun has been shown to be a dietary essential for
the rat the mouse the hamster, dog and monkey  Shin lesions have been
described 1 several of these species, 1n addinion studses of the nen ous tissues
and muscles have been made The role of biotin 1 tumor formauon has
also been 1m estigated

Stm  Sullnan and Nichols (703) have placed young rats on a diet con-
tuning 30 percent dried egg white and find that gross and microscopic
cutancous lesions develop after 3 to 5 weehs The mmnal change 1s gen-
erilzed ervthema the coat becomes roughened and loses its Juster A gen-
eralized scaling follows which 15 accompanied by 2 syvmmetnieal alopecna
first developing over the chin, nech, and antertor pornion of the venter and
spreading to the rest of the bods surface Such rats which are covered with
brown greasy scales, are not partrcularhy pleasant sights
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Certaun other mnifestations of choline defictency should be mentoned
Hemorrhages m1y be encountered 1n the ey es of choline-deficient mts (690),
free blood 15 found between the anterior Iimiting membrane of the vitreous
and the crystalline lens and the cihary process 1s swollen and hemorrhagic
Heimorrhages mav lso 1ppear m the glomerular lay er of the adrenal glands
and necrosis of the cortical cells has been sometimes noted 15 well So too
foct of hemorrhage and necrosis of muscle fibers hawve been observed m the
heart, while extensi ¢ mtricrinnl hemorrhages hnve been described 10 some
of the voung born to choline deficient females (213) although vitamin K
deficiency was not ruled out m this connection In view of the fact that
increased prothrombin times have been observed m choline deficient dogs
(675) " possible explmation of the hemorrhages particularly those i the
Llidney of the rat mv be due to lowered prathrombin +1lues in the blood
resulting from dimage to the Iner s 1 result of fatty mfiltritton

Choline Deficiency i Man  Lxcessive fat accumulition mn the liver 1s not
uncommon 1t autopsy  In the 1sence of obstruction of the pincreinc ducts
the question arses 1s to whether such fares infiltration 15 relited to any
dietary factors It has been known of course that simple stan ion leads to
abnorml accumultion of far mn the Iner  With the development of our
know ledge of the hepitic hipotropic action of methiomne and/or choline,
the possibihty that fatts Iinvers mn the human nught resuls from deficiencies
m these fictors hs recenved much smeerest  These materttls 1 addition to
the B group of vienmms are bemg used chmcalls i the trextment of Iner
disease

It 15 doubtful w hether choline deficiency per se can occur m man How-
ever, 1t 1s not unlikely that 1 deficiency of this materl and sts precursor
methiomne can result when dietary protemn 1s madequite In the chronc
alcohalic whose duly calorie requirements muy be swusfied by 500 cc of
alcohol such 1 stturtion could eastls irse It ss noe surprising chat choline
and 1ts precursor methiomne 1n the form of high proten ntihe with 2d-
dittonal vitamuns of the B group are being used to trext fatty In er and cirrhosis
especially 1n alcoholics and those with poor dietary histones (753) One
iteresting report has appeared dealing with another form of choline therapy

(691) This was 1 case of addisoman permcrous anemn refractory to Iner
therapy Lner biopsy proved that the pauent had an extremely fatry liver
Tatrax enous choline chlonde returned the Iner and blood picture to normal

Biotin

Historscal Knowledge of biotn dev cloped along three independent lines
of research  Since the begmning of the century a number of 1m estigators
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Brotin deficient hamsters (705) develop a dermatitis v the corners of
the mouth, such lesions spread more excessively as the deficiency progresses
Alopeea accurs m bioun deficient mice (780) Dermantis and alopecia
have been described 1n rabbits fed 1 diet contaming excessive amounts of
egg white (706) In monkeys (707) rendered acutely deficient m bioun,
1 scaling dermatitss has been described, this appears most conspcuously over
the face, arms and legs In more chromeally deficient ammals, the hair be-
comes thin and loses 1ts color In none of these last four species have histo-
logcal studies been reported

Nervous Tissues and Muscles Because of the peculir attitude and gaie
of biotin-deficient rats the nervous tissues and muscles of deficient ammals
have been studied (704) Careful examunations of the fore bram, the hind
brain, the spinal cord, posterior root ganglia and sciatic nerve have failed
to reveal any abnormality  Studies of muscle tissues however have demon-
strated atrophy, necrosis of fibers, and an mcrease m sarcolemma nuclel
similar to the changes which are observed mn alpha-tocopherol deficiency
When large doses of the latter vitamm were added to the diet of a second
group of animals only atrophy was found so that 1t appears that bioun s
not the etological factor responsible for the changes described m the first
sertes of antmals A smgle myographic reading followng stmulation of the
sciatic nerve gave no evidence of repetitne discharge, this would indicate
that the ngidity which 15 observed 1s not myotonic m ongin In view of the
physiological changes which appear mn the muscle, 1t 1s of interest to note
that fugher creatine contents of sclatic muscle from defictent ammals have

been noted than in controls, 1t 1s unfortunate however, that comparison was
not made with mamnion controls (708) Studies of other ussues of biotin
deficient rats have not revealed any other significant morphologtcal changes,
there 15 however some evidence that biotin deficiency leads to an anemia
m dogs (711) but not rats (712)

Tumors When biotn 15 added to diets which ordmanly protect rats
from developing hepatic tumors produced by feeding, a decrease n the
protective value of the diet occurs (710) In other words biotmn appears
to act as an ant1 nhibitor of the growth of this type of neoplasm mn rats
As might be expected this finding has led to the therapy of human cancer
with avidin bue thus far the adnunistrition of egg white or avidin to humans
with malignant tumors has not met with encouraging results

Biotm Deficiency m dMan Bioun deficiency has been produced m ex-
perimental subjects to whom 200 grams of dehs drated egg-white was fed
duly (713) After three to four weel's on such 2 diet all four volunteers
devcloped a fine, non puniic scaling of the shin Although the dietary
regumen w15 mantained the shin lesions disappeared after 2 tme  One sub-
jeet developed 1 maculosquamous dermantis of the hands arms and legs
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Fioure 69 Shin Biotin Deficiency (703) 1 Extcrnal appearance of a rat which had been
placed on a diet contaiming thirty per cent ¢y white Therc 1s complete absence of hair and the
enure body 15 covered by grexsy yellow scales Note ilso the humped posiion and paxt
B Slun from late stage sumlar to thar depicted grossly Note hyperheratosis with dilatation
of the onfices of the hair follicles This results 10 2 peculiar finwer Iike appearance of the
epitheltum  There 1s relatnely hrtle change 1n the underlyine conum (Courtesy of Dr
Maurnice Sullivan and the Archiies of Dernritologs md Sypl ilology )

Microscopically the shm shows n merewsing hy perl eratosss, together
with 2 umform 1canthosss or ncrease n the pricl le cell lhyer A sparse but
defimte diffuse celluar mhltration of the corum then ippers, this latrer
structure also becomes edematous  The shafts of the hair follicles then 1p-
pear dilated nd their preulous orifices become clogged with hy perkeritonc
sudanophihic maternnl By the lite stage of the disease the epidernus 1s
atrophic, there 15 2 dimmurion 1n the size of the scbaceous glands and small
superficial ulcers and epidermal wrophy appear The meibomian glands are
not affected Biotn concentrates completelv umeliorite these cutnecus

changes
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Bioun deficient hamsters (70>) develop a dermatis at the corners of
the mouth, such lestons sprend more excessnely as the deficiency progresses
Alopeen occurs i bioun deficient mice (780) Dermauus and alopecia
have been described in ribbits fed 4 diet contaning excessne amounts of
egg white (706) In monkevs (707) rendered acutely deficient m biotin
a scahng dermatins has been described, this appears most conspicuously over
the face, arms 1nd legs  In more chromcally deficient animals, the hair be-
comes thin and loses 1ts color In none of these last four species have histo-
logical studies been reported

Nervous Tissues and Muscles Because of the peculiar atntude nd gaw
of biotin-deficient rats the nervous tissues and muscles of deficient animals
have been studied (704) Careful examinations of the fore brain the hind
brain, the spinal cord, posterior root gangha and sciatc nerve have failed
to reveal amy 1bnormahity  Studies of muscle tissues, however have demon-
strated atrophy necrosts of fibers, and an increase i sarcolemma nucles
stmilar to the changes which are observed m alpha-tocopherol deficiency
When large doses of the latter vitamm were added to the diet of a second
group of ammals only atrophy was found, so that it appears that biotn 15
not the ettological factor responsible for the changes described 1n the first
sertes of anmals A single my ographie reading follow ing sumulation of the
scuatic nenve gave no evidence of repettive discharge, this would ndicate
that the nigidity which 1s observed 1s not my otomic m ongm  In view of the
physiological changes which appear 1n the muscle 1t 1s of interest to note
that ligher creatne contents of scuatic muscle from defictent ammals have
been noted than m controls, 1t 1s unfortunate however, that comparison was
not made with manmtton controls (708) Studies of other tissues of biotin
deficient rats have not resealed any other significant morphological changes,
there 15 however some evidence that biotin deficiency leads to 1n anemua
m dogs (711) but not rats (712)

Tumors \When biotin 1s added to diets which ordmanly protect rats
from developing hepatic tumors produced by feeding a decrease n the
protectve value of the diet occurs (710) In other words bioun appears
to act as an anti-mhibitor of the growth of this type of neoplasm 1n rats
As mught be expeeted this hnding has led to the therapy of human cancer

with avidin but thus far the wdministriion of egg white or avtdin to humans
with malignant tumors has not met with encouraging results

Biotin Defictency i \lan  Bioun deficiency has been produced m ex-
penmental subjects to whom 200 grams of dehs drated egg-white was fed
dailv (713)  Afeer three to four weeks on such a diet all four volunteers
developed a fine non-puriic scaling of the shin Although the dietary
e e copd ~ mesloxguamon Jemuny g red s a vme One s

of the hands. arms and legs
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All evidenced 1 peculnir grivish color of the shin and all ulumately showed
wtrophy of the hngual pipillhe  Anorexn extreme hissitude, sleeplessness
md muscle pun were 1fso rccompamments of the deficient stite Two
subjects compluned of precordnl distress, and electrocardiographic ltera
tons were present Biotin therapy fforded prompe relief of these signs and
ssmproms  Spontwcous biotn deficiency 1 man seems extremely remote
since balance studies mdicre that enough biotm 15 synthesized by the m
testiml flory nd 15 bsorbed i hege enough quannties so that the human
does not need W cogenous source of the sitimn (714)  In addinon, 1t 8
unhhely that the ordimry diet could contun enough of the nn boun
avdin to lead to bioun deheeney

Folic Aaid (L Caser Factor)’

Historieal In 1935 Dy nd hus assoctates (71) deseribed 1 sy ndrome
consisting of wemnr lcuhopenn necrosis of the gums and durrhea in
monl evs, signs developed on 1 diet deficient in the B group other than
thiimme  Since furcher studies elminited niboflnin and mcotimie acid 15
the causal factors of the chinges exhibited by such monhevs (716) an un-
known substince present i hver ind veast wis designated s the e
principle or vitwnn Ml Dow nd hus collaborators then <howed that nemit
md leuhopennt m the monl ey cin not be cured by the melusion of pyri-
doume nd cileum pantothenite with other orvstallme vicumins nd that
mem can be prevented by 1 concentrate of folic 1cid (717) A lheele hiter
Duw demonstrated that purihed L Caser Fictor 15 effectne m cunng the
mnenna of dehicient monl evs (718)

W hule these v estigitsons on the monl ev were beng earnied out Scbrell
et 11 (719) had shown tht folic 1c1d cures granuloey topenit i rits whose
diets contuned sulfiguiidine Dunng the syme period the factors referred
to tbove hid been wohited wd shawn to be imdispenstble for certun micre-
orgimsms such 15 Lactobrallus eiser and Streptococcus feerhs hence the
terms ‘7 Caser Tactor wnd  Tolie Aud  as others had called 1 sl
atne compound derned from lexfy vegenibles (720)  For severil vers the
nature wd mteereliionships of these maternls were not entirely cleawr How-
ever in 1945 the synthesss of i retne L caser factor was reported (721)
nd during the Itter part of that vear and the early months of 1946 2 num-
ber of chinical reports appewed which demonstrated the smportinee of
this sy nthetie maternlm the treatment of 1 arious ty pes of microcy tic "mcml;
m the humw  The structure of this sy nthetic materil w 1s finalls announce :
n 1946 (722), to be made up of 3 substinces 1 2 rlnged nicrogen compound

+ Preroy lglttimic Aad
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or 1 ptendme pirt ammobenzoie wid nd glutimie wed  The Dter 15
present n varving amounts depending on the matural source from which
the actne compounds are derned

Biochenncal Relationships  Little 1s known of the chemucal reacuons m
which folic wcid participates  Studies on humins hne demonstrated that
this matern1l comerts the megiloblastic bone mitrrow  which 1s obsenved 10
pernicious anem1 and other microcy uc anemiis to 1 normoblistic ty pe of
ussue The mechmsm for this trnsformation 1s, of course not understood
At this wniting there 15 no cleir-cut evidence of the reltionship of folic 1exd
to the mtrnsie fictor extrinsic factor, or the ers throcy te mituning factor
Studies of climcal cises of microcy tic emit 1lready reported would seem
to indicate that folic 1cid 1s not identical with the first tw o factors and from
wmounts which must be admmstered n order to produce theripeutic ef-
fects 1t 1s unlihely that folic acid 1s the EMF factor of Iner extrict, etther

Pathological Effects The carher studies of D (715 716) helped very
httle to charicterize the blood dyvserisia which ippews in monhevs Such
ammals display moderite anemn 1nd leukopenia, no eximmation of the bone
marrow or other tissues was reported So too the tissues of Doan’s ammals
were not mestigited 1nd only the blood picture his been reported upon
(724)

The group 1t the Nattonal Insutute of Heilth reported the effects on
rats of sulfrguanidine or sulfisunidine (1% ) mcorporited mto punfied
diets (723)  Severe leul opennt nd 1granulocsy tosis ire produced by this
means s well 1 reduction of hemoglobin concentritions 1n some 1mimals
The mirrow of ries showing granulocy topentt exhibats 1 decreased number
of the cells of this senes paruculirly dult and juventle forms  In some rits
there 1s evidence of immpured ervthropotesss The pernipheril blood usually
shows 1 reduction 1n red cell count ind hemoglobin concentritions  There
1s of course 1 reduction 1 w hite blood cells For mstince one ric {14651}
recening 14 sulfaguamdine m the diet for 27 duvs had 1 hemoglobin con-
centration of 8 5 Gms nd 1 white count of 2650 of which only 6% were
granulocvtes  After 57 duvs of therapy with Iner the hemoglobin had
rsen to 140 Gms nd the white count to 6 600 of which 264 were grnu-
locytes 1t 1s unforrunate that the results reported are not very consistent
that 1s the development of nemn ppears to be extremely yimible though
the effects of the deficiency nd therapy on white blood celis are more unt-
form Tls adverse hematologicil response to sulfonanudes 1n the diet m Wy
be reversed by the adnunistration of crystalline fohe acid (719) The grinu-
locy topent and leukopema are pparently corrected evidence for n cffect
on anerma appears to be less comincing It 15 unfortunate that this anemm

has not been charicterized that 1s we do not know whether 1t 1S MICrocy tic
m type or not
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L Casa Factor Deporeney e Man Becwne of the response of rats and
monl evs to L cases factor or to “folic 1cid” 1t 1 not surprising that the
wemie property of this mitern] his been v esugited in mn Soon after
the mnouncement of the prepamition of svnthene I eases fictor groups of
mesugors m Binminghaim (725, 726), Nashwlle (727), Sc Tows (729),
Columbus (729) nd Detrowe (730) wmnounced the efhercy of this muernl
m unspeetfied nutntioml microcytie inemny, tropietl mrcrocyne wmemty
sprue addsontin parmetous wemn permictous e of pregnney and
macroey tie nemn of infiney

In such cwes the svnthetie compound 1 effectne when gnen onlly,
pwentertlhy or ntrnvenoushy It 18 not dder s ver whether Lo ises factor
15 the mte permaous wnemn fictor or not \t v rate i the thove types
of microcytic memin 1t raxdily lewds to 1 pronounced reticulocs te response
1rse 1 hemoglobm nd i meraase m leul ooy te count so that st becomes
merewmghy pprrent thae we are deiling with one of the more fundunentil
molecules cweneal to the nonmal metbolism of Al cell t pes i mirrow,
md m voung wenedy growmg colls wd tssues generatly, perlups” (729)
In 1ddition the bove studies wiich were referred to would scem to mdi-
cate that hngul chinges when presene e imeliorated  Insufherent dare e
n ulble on the cffect of this compound or the nerous nsues of addisonnn
permcious e

Inositol

Historical \lthough mosttol w1 wolited from by ing ussues durg the
Int century s desigmation 2w essentnl nutrient did not come until 1940
when Woolley (711) deseribed slopectt m mice which hnd been pliced on
v diet deficient m this substince Smce Wolles ™ repore both poutne wd
negaon ¢ experimental results hwe been recorded Ve the present time how-
ever the essentnl nature of dietiry mositol seems estiblished  Varneions n
ological response which hue been so confusing, e Il el due to differ-
ences 1 bacterntl synthests of the maternl by the gastromeestml flor

Bioc henneal Relstionships Inositol 15 1 constituent of 1 phosphatide de-
med from bram md 1w such ma function o1 fishion sumhir to choline
(7:2)  Its rehnomlup to fir meribohism his been shown by 1ty protectne
weion on fieey wfilernon on the Iner (686 7+1) although at apperrs to
enhncee the medence and sevenry of reml lesiony on cholme deficient-
low protemn diet (686) Beef herrt 1s 2 rich source of mosital contumng

16 pereent on 1 des wetght baas (735)  The wgnihemce of this remuns

to be derermned
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Patholowical Effects No ustological studies have been reported on am-
mls depleted of mositol  Positne results detling with 1ts effects on growth
have been reported 1 mmce (731) rats (736) cotton rats (614) and pos-
sibly hasters (705)

Irositol Defrcrency in Man  Inositol has been shown to decrease Iner fat
ord nmly found in human patients with gastromtestinal carcinomata (737)
this 1s the only obsers1tion reported on 1 positne acton by this materal
on min

{Imum 70 Inosol Deficiency Mouse which had been placed on an mosicol deficient diet

D:‘Blo\&; o{\hg;lg;e)x bods with fur sull remumng over head and extrermiues (Courtesy of
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Para-Aminobenzoic Acid

Historical “T1he possibility that pari-imimobenszore 1ed 1s 1 ndispens
able nutrient was advanced by Ansbacher (738) in 1941

Biochenncal Relationships At the present time there are virtually no
data on the possible role of par-uminobensoic acid 1n brologieal processes
save that 1t 15 1 part of the folic acid molecule (722

Pathological Lffects  Ansbacher (738) has been able to produce ach
romotrichi1 i rits on 1 syathetie diet and to restore the color of the fur
with pari-ammobensoic 1cid  The achromotnichin 1s ipparently unrelated to
pmtothenic acid or copper deficiencies (pages 176 and 52)  No studies

1
1
|

|
|

A B [

LB
Para ammobenzoic Aeid Defieincy A Rat whieh had been

on a para amnoben7oic acid deficient dier for four weeks B Rat on same deh?cnr‘d::‘l:"!;::r

four wechs and then two W echs on the same diet supplcmented with three m= of par

Lo ote acid per diy  (Courtesy of Dr $ Anshacher )

Ficure 71 Achromotrichia

hue as vt been reported on the tssues of par-ummnobenvzore 1ad deficient

minls



Part V

THE ESSENTIAL FATTY ACIDS

If thesc weell known fatty acids (wn lard) are respousible for the cures
described then a.e nmist assign to them a function far more subtle than the
production of mne cilories of energy per gm burned By therr presence they
hice changed the entire economy of the ammal, causing an ncrease tm body
wetght equal to 10 tunes the v.eight of the 1wids consumed The mcreise m
werght is aluays accompimed by a return to normal health ° Burr and Burr
1929 (739)
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Para-Aminobenzoic Acid

Historical  The possibility that part-aminobenzore aeid 1s 1 mdispens-
ble nuerient was advanced by Ansbacher (738) m 1941

Brochenucal Relationships At the present ume there are virrually no
data on the possible role of para-munabensoic acid m biological processes
save that 1t 1s 1 part of the folic acid molecule (722

Pathological Effects Ansbacher (738) has been able to produce ach
romotrichit n rats on 1 svnthetic diet and to restore the color of the fur
with par-ammobenzorc acrd - The achromotrichin 1s apparentls unrelated to
pwntotheme acid or copper deficiencies (pages 176 and 52) No studies

n
Achromotnchia  Para aminobenzorc Acid Deficiencs 4 Rat which hmgﬂbﬁr
ra ammobenzoic acid defictent diet for four weeks B Rat on same deficient ‘In“""
and then two wechs on the sime diet supplencnted with three me of pan
benzore acid per dav  (Courtesy of Dr S Ansbacher)

Fictre 71
on a pa
four weeks

hne a et been reported on the nssues of pir-mmnobenzotc werd deficient

mmals
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Historical 1n 1929, Buer and Burr (739) descnibed a new disease in rars
which had been phiced on 1 fat-free dict This chrome disease was char-
wrenzed by growth fulure after + or > months and shin and kidnes lesions
it could be cured by as littde as ten drops of lard exch dav - These im estgators
soon showed that the speaific factor wis linoleic acid which was therefore
designated as an  essentnl fatry ac1d” (740) Lanolenic and arachidonic acid
have since been shown to substitute for Iineleic 1cid 1t least 1s fir 1s gronth
15 concerned

Biochemcal Relationships  The phyvsological function of the essental
fatry acid 1s obscure Schonhemmer (741) his demonstrated that these sub-
stances 1 contrast to other farty acids 1re not formed within the orginsm
Unsaturated fatey 1cids seem to be related to the deposion of ceroid (pige
127 Fatny acid dehcieney 1o the re 1s iwccompimied by inereased con-
sumpuion of water, the average dulv consumption of deficient and control
anmals has been reported 15 209 cc and 15 cc respecmely (740)

Pathological Effects  As vet the effects of fary acid deficiencies hne
only been reported 1n the rat wnd dog 1nd in both these species the reports
hne onlv been fragmentary

Inadequate histological studies have been reported on the skin (742)
Lidnevs (743), nd reproductne ussues (744 745) of rats \When such
“nmals are placed on a fat-free diet the mumal change which occurs 1 from
70 to 90 duys, 15 scaling of the epidermus over the dorsa of the feet Scaling
of the tail also occurs nd the tp usuills becomes inflimmed and sometimes
necrotic  Alopecna of the head neck ind back has also been observed Shin
lesions are affccted by the degree of humdimy of the emvironment being
made more severe by 1 low relatne humdits (747)  Microscopic evarmina-
ton of the shin has reveiled hy perherarosts, but no menuon has been made
of the appearance ot the harr follicles 1nd sebaceous glands (742)

Bloody urine nd hidnev lesions are important manifestations described
by the Burrs and renal damage 15 sud ro be more severe on a high protein
dier Grossh the organs 1re enlarged and pale with finely pitted and corsels
granufar surfaces (743)  The pathogenesss of the renal lestons 1s not at all
clear  The pnnciple site of damage 15 the tbular epithelum  The cells are
flled with ipod  Some are necrotic The tubular lumen contams hy ahine
matenial and fat droplets  Casts of sumilar composition are found 1n the col-
lecting tubules as well Caleification 1s promment follow ing dimage ro the
tubular epithelium  In some of the ammals tubules hined by flat regenerated
epithebum are found The glomeruh are sad to be normal 1 all ammals
The cells of the collecting tubules also contam sudanophilic matenal and
are necrotic  The papille are calafied  An illustrtion depicts  necrosis,

09
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THL ESSENTIAL TATTY ACIDS

1nolesc Linolemic and Arachidonic Acids
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Part VI

THE PATHOLOGIC ANATOMY OF
SPECIFIC TISSUES

A RLCAPITULATION AND COMPARISON

In the foregong sccuions of this bool, specific tissue changes resulting
from deficiencies of each of the essential morganic elements amino acids
vitamuns, and fatts acids were discussed  Alterations have been described
m a variety of orgins and ussues, n fact, 1s a glinee at Table VI will
demonstrate, virtutlly evers mammalin ossue may be affected For con-
venience sake, Table VI has been arranged on a morphological not etiological
bsis Tt 1s hoped that such an 1pproich to nosography will be pardoned
All of the changes which are hsted hnve been discussed in the preceding
sections

Such a wide vartety of lesions furmishes the histolognt and histochenust
potent techmques with which to study both morphological and phy siological
disturbances 1 cells and ussues In the following pages an attempt will be
made to recapitulate the changes which may be produced by deficiencies
n specific nutrients, 1n addition certain mstances will be mentioned 1n which
comparatn e studies should prove frutful
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apical degencriuon and ailaficinon” of 1 papilli which howeser, re-
scmbles more nearly artefact produced by teaning of caleified marenal  Cal
uficriuon m this regron appears to be both mter- and neratubular In the
peluss “hy perplisit of the epithehum” has been deseribed  Such epithelim
15 not cormfied  The choline and protemn content of the diet emploved 1s not
clear and these, of course, are especilly important 1 view of the lesions
which have been desenibed i choline deficient mts (pige 195)

Disturbances in reproductn ¢ activaty have been described and histological
studies huve been reported in male (744) and female (74y) ammals In no
studies has the pured-feeding technique been used, so that 1t 1s quite possible
that the chinges described are merely duc to mamtion In the male ammal
there 15 1 Joss of sex interest and macroscopic atrophy of the testes  Micro
scopicilly the tubular epithehum shows varous degrees of degeneravon and
chiractenisuie grne cell formaton  Regenerinon takes plice following ad-
mmstration of an essentinl farny aeid

In the female amimal reproduction 15 ffected eirls, ovulation late i the
course of 1 deficiency  There re atrophic chinges and under-dex elopment
of the uterine mucos: and maternal decidur  The embryos are erther re-
sorbed or remam 1 utero longer than normal Ilemorrhage and necrosis
accompanued by secondiry mflammatory phenomena have been obsered 1n
the placentae and uterme walls  Chinges which hase been deseribed are
renumiscent of those which have been reported n vitamin A deficiency
rats

In the dog 1 ‘scaling flahy desquimation’ has been produced by a fat-
free diet In addition che hatr becomes dry 1nd coarse (746) No histological
studies have been reported

Fatty Acid Deficiency m Man A series of children with cczema and
other diseases has been studied by Ilansen (747) In the eczema group
there was a significant Jowering of the 10dine number of the fatts acids of
the scrum  When large doses of ails having high jodine numbers were ad-
minsstered the serum 1odine number rose and there was 2 comcident -
provement 1n the skin lesions
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THE PATHOLOGIC ANATOMY OF
SPECIFIC TISSUES

A RLCAPITULATION AND COMPARISON

In the foregong scctions of this book, specific tissue changes resulung
from deficiencies of each of the essenual morganic elements amino acids
vitamens, and fatey acids were discussed  Alterations have been described
m a vantets of orgins and ussues, m fact, 15 a ghince at Table VI will
demonstrate, virtnally esers mammaliin tissue may be affected  For con-
venience sake, Table VI has been arranged on a morphological not etiological
buis It 15 hoped that such an approich to nosography will be pardened
All of the chinges which are listed hwve been discussed m the preceding
sections

Such a wide variety of lestons furmshes the histologist and histochenust
potent techniques with which to studv both morphological and phy siological
disturbances 1n cells and ussues In the following pages 1n attempt will be
mde to recapitulate the changes which may be produced by deficiencies
m specific nutrients, m addition certan mnstances w1l be menuioned 1 which
comparim e stadies should prove frunful
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prcal degeneration aind aaluficiion’ of 1 paplh which, however, re-
sembles more neuly arrefact produced by tearng of cileified maternal  Cal-
uficition 1n this region appears to be both mter- and ineritubular  In the
pebiss ‘hy perplisn of the epithelunmm” has been described  Such epithelum
1s not cormfied The choline and protun content of the diet employed 15 not
clewr and these, of course, 1re especially important 1 view of the lesions
which have been deseribed i choline defiuent rats (page 193)

Disturbances 1 reproductive actis 1ty have been described and histological
studics have been reported 1 male (744) and femile (745) ammals In no
studies has the pured-feeding techmque been used so that 1t 15 quite possible
tht the changes described are merely due to mamon  In the male anmal
there 1s 1 loss of sex nterest and macroscopic wtrophy of the testes Micro
scopically the tubular epitheliun shows vartous degrees of degeneriton and
charactersstie grant cell formation  Regenertion tl es ple following ad-
minsstration of an essentl farey acid

In the femile anmnl reproduction s affected erly, ovultion hee 1 the
course of 1 deficiencs  Therc are wrophic chinges and under-des elopment
of the uterine mucost and maternal decidur  The embryos are either re-
sorbed or remain n utero longer than normal  Hemorrhage 1nd necrosis
accompanied by secondary inflainmatory phenomena have been observed m
the placentte and uterme walls Changes which hne been described are
remmscent of those which have been reported m vitimin A deficiency m
rats

In the dog 2 scaling flaly desquimation” has been produced by a fat-
free diec In addition the hair becomes dry and coarse (746) No hustological
studies have been reported

Fatty Acid Deficiency i Man A series of children with eczema and
other diseases has been studied by Hansen (747) In the eczema group
there was 2 significant lowering of the 1odine number of the fatry acids of
the scrum  VVhen Jarge doses of oils having high 1odine numbers were ad-
mimstered the serum 1odine number rose 2nd there was 2 comcrdent im-
provement m the skin lesions
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THE ISSINTIAL FATTY ACIDS

Table V1 (conunued)

TEETH
2} Dentine  Calcium phosphorus vitamin D ascorbie acrd
b)  Enamel
Fnamel Organ  Magnesium fluorine (%) vieamin A
Pigmentation (rat)  fron tryptophane vitamin A alpha tocopherol

BLOOD FORMING TISSUES VESSELS AND THE
COAGULATING MECH INISM

RED BLOOD CEILS
2)  Erythroposesss  Copper cobalt nicotinic acid (%) folic acd
b) Hemoglobin Formatran  Iron copper pyndoxine tryptophane
WHITE BLOOD CFLLS Falic acd
PLATELFTS Fol c actd
BLOOD VESSELS Calcium (%) ascorbic acid vitamun K (%)

CLOTTING MFCHANISM  Calerwm vitamn b

VIUSCLE TISSUES
HEART  Potassium alpha tocopherol thramime
SKELETAL MUSCLF  Alpha tocopherol
SMOOTH MUSCLF  Alpha tocopherol (pigment)

MERIOUS TISSUES

PERIPHERAL \ERVE Pynd h acid nboflavin (%) nicoumic aad (%)

BRAIN  Copper thiamme (2)

213
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Table V1
SPECITIC 115SUE CHANGES ASSOCIATED WITH DETICIENCIES OF
FEFMFNTS AMINO ACIDS VITAMINS, AND FATTY ACIDS
FPITHELIAI IISSUES
1) SKIN
1) Fpudermis Magnestam, zin vitamin A nboflivin pantothente acd  pyridoxine
biotin linoler  acu
Hasr Follicle and Hatr Shaft
Alop a1z Zine tryptophan= nbeﬂavm, pantothenc md blo!m 1mositol
Achromotnichta  Copper acid p ra cid
) Sebactous Glinds  Zinc riboflavin
2 G'\STRO INTESTINAL TRACT

Buccal Ca 1ty Zinc niboflavin nicottnic acid t7)
b) Salt ary Glands  Vitimin A
o) Esopha us _Zinc
d}  Sromack  Calaum
e) Intesttne  Pantothenic 1ad

3) EYE AND PARAOCULAR GLANDS
a) Cornea  Sodwum zinc tryptophane lysme histtdine niboflavin svievmm 3
b) Compunct: @ Sodum witamin
<) Lens Calcium tryptophane niboflavin
d)  Globe and Retina Cholire vitamin A
e} Lacrimal Glands  Vatamin 4
t)  Tarsal Glands Sodiam
i\ Harderian Glands  Pantothenic acid

4) LIVER Magnesum methiomne (cystin= choline) nbodwvin pantothemc 1cd pyrdoxne
1no 1to!

5) PANCREAS ‘Vitamun A
6) ADRENAL  Pantothenic acid

GENITO URINARY TRACT

a) Asdney  Magnesum potassium chlorn  chohn  hnolee 4 1
b)  Pelss Ureter Bladder  Vitamin A
Y Testss  Alpha to oph rol

¢
&) Acessory Wale Sex Organs Y tesaua A
¢ O ary and Reproduction  Alpha to ophero!
) Accéssory Female Sex Organs  \itamin

8} RESPIRATORY TRACT
) Trach a and Bronch:  Vitamm A

)y THIROID Iodin~

10) PARATHYROID Calesum

11) HYPOPH1SIS Ieucme (?)

VIESENCHY M AL TISSUES
1) CONNECTIVE TISSUE  dscorbic Acid
3y CARTILAGE Calowm pio phorus vitamin D

5 BONE Calowm phosphoras mangancss vitamin 3 vitymin D
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THL PATHOLOGIC ANATOMY OF SPECIFIC TISSULS
A RECAPITULATION AND COVIPARISON

Epithelral Tissues

\esenchy mal Tissues

Blood-Forming Tissues \essels and the Coagulatton Mechanism
Muscle Tissues

Nenous Tissues
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LCeiminiar Tissurs
Skin

As onc of the most frequently mvolied sites 1 nutrmonal deficiency
disease and 1s one which has been studied rther extensively, the st m pre
sents an caeellent exwmple of the dnergent pathologieal alteritions which
may occur The lestons wiuch have been reported thus far, parteularly
those occurring 1n the rit exlubit 1 remendous varability with regard to
differences i mvolvement of the epithelium and its appendiges the har
follicles 1nd sebaccous glinds, m ddiion there are mdiidual pecubartics
of distribution over the hods surfice  Studies of nutritional dermtoses
the rat by Sullivan and others have pliced 1 number on such 1 secure patho
logical basis thae 1t 15 furly exsy to differennate one from another when the
general distnibution and the histologeal changes are understood  Our hnow!
edge of lesions 1n speases other than the rat 15 only frigmentary, so that much
further study will be necesstry before these are understood  YWhat 1s to
follow should provide 1 stmulus for myestgitions of nutnional dermatoses
m other ammals, this should prove 1 tremendous boon to compiran e derm-
tology

The accompinymg Table VII summirizes the alterrtions wiuch have
already been descnibed m the rit in some detul  Individual differences m
the distribution grows appearance and the micrascopic chinges m the
epithelum  hur follicles, sebiceous glinds, 1nd corum of rats deficient
any one of the eight nutrients histed will be noted

Gross Distribution and Appearance One of the most strl ing char-
actersstics of the distribution of these sl n lesions 1n rats 1s their wide van
ability, for instance the change mas be generalized or only certun specific
areas of the body such 15 the extremuties m1y be miolved, at least i the
earhier stages The reason for this 1 not cleir, variuons i the merabolism
of skin from different regions of the body nught furnish an answer  [n witro
studies of the metabolism of shin from different sttes m normnl anumals should
be compared with studies of those deficient n the v rous essential nutrients
So too the effects of physical gents such as hight, hear humdity, et ecter
mught bring out meeresting dia such 15 those which hne alrexdy been ob-~
tamed with carcinogens (14)  The response of normal sl in and that from
wvitamin-deficient ammls to 1 large number of njurious agents must he
studied
Epztbchmn In the eprdermus hy perl eratosts wd canthoss e the most
ifestattons of dermal 1 olvement paral eratosss 1s intrequent
f these changes 1s not clear but fundamentaly they
normal miturinon nd differ-

prominent man

The sigmficance 0

would seem to mdicate some defect 1n the
216
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Skin Changes 1 Man  In several of the human deficiency sy ndromes shin
lestons are prommnent It 15 not 1wavs clear, however, which nutrient
responsible for the observed changes In expenimental ascorbic acid defici-
ency 1 pertfolliculr, papullar hyperl eratosis has been observed (465) and
clewred up followmg vitumin C therapy  Such lesions resemble grossly
changes which were thought to be specific for human vitamin A deficiency
(323) Ilowever the specificity of these Iestons has recently been questioned
(324) and 1 rehwon to deficiency of the B group suggested The situation
15, therefore, much confused Lesions at the angles of the mouth (cheilosis)
which were thought to be spectfic for nboflvvin deficiency (586) have been
cured bv py ridonine (292)

Gastro-Intestinal Tract

Buccal Cavity The hnung of the base of the tongue exhibits parakeratosis
n zne-deficient rats (185) while the Iimgual filiform papillae show defectnve
formation of cornified cells i riboflavin-defictent wumals (552) Lestons of
the gums and tongue are of course a charictenstic part of the blicktongue
syndrome 1n dogs but masmuch 1s such chnges can be produced only
with difficulty when animals are placed on a purified diet Ihching nicotinie
acid the relationship of this substince to the lesions encountered 1s not
clear at the present ime (568) The rongue must be mnvestigated more care-
fully 1n rats and other species subjected to deficiencies of essential nutrients
When one recalls the extensive lingual changes which are seen 1 human pel-
lagr1 and m pernicious memn 1t 1s extraordinary that so hieele study his been
devoted to the tongue of experimentil wnmmals The tongue 1n the human
1s somew hat stmilar to the cornen of the rat Deficiencies of various nutrients
rboflavin micounic acid tron and the LM F all seem to affect the lingual
eptthelum just as nboflavin Ivsine 7inc and sodum do the rats corner

Salwary Glands These structures ire involied m vitamn A deficrency
(312) There 15 metaplasta of the ducts which leads to blocl age and atrophy
of the glandulir epithehal cells A deficienes of no other essentnl nutrient
has 15 yet been shown to produce changes m the various salnary glinds

Esophagus A most unique alteration has been reported in the csophagus
of zinc-deficient rats (185) m which there 1s thicheming of the epithchum
due to the presence of partially heratnized cell lvers Sumilar or amy
changes m fact have not been described m other deficiency sy ndromes
though 1t 15 unusurl to find expermments 1 which this structure 1s smd to
hive been exammed

Stonrich  Ulcers of the stomach have been said to result from a number
of deficiencies of necessary nutrients 1 many nstances such diets have
lacked other essentils so that the spectficits of the lesions must be ques-
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entintion of the epithelnl cell nd as such of course, e mdicavions of a de-
ringed metabolism  Such changes re not scen 1 1l of the deficiency syn-
dromes, howcver, 15 1trophy of the epidermus 15 found 1n nboflavin-deficient
rts (522) while those pliced on magnesium-deficient rations have an entirely
norml superficiil covenng untl lite 1 the course of the deficiency (60)
Har Tollicles and Hair Shaft  In certam deficiency svndromes m the
rit, such 1s those produced by sme (185) and mboflnm (»22), there 15
wrophy of the hur follicles and alopeenn  In others such a5 pantotheme 1eid
(606) nd biotn (703) dilatation of the onfices of the hair follicles with
loss of har 1 promment  When vicunin A deficiency 15 nduced 1 the
presence of mn atrophic hur follicle there 15 Terwmztion of the folheulir
cpithchum (324)  Other deficiencies huwe not been well enough studied
to determine the specific changes, of iy which m1y occur m the follicle
wself, these nclude copper (137) and pari-ammobenzorc 1ad (738), m
which there 15 1chromotrichin and mositol (731) and try prophane (231)
deficiencies i which there 1s alopeein Understinding of the pithogenesss
of the dermal changes 1n fatey acid deficiency s il ewise very madequate
(742) The interreltionship of copper (137) pntothenic weid (606), md
pr-uminobenzoie 1wad (738) to 1 loss of color of the har should be -
vestigated  On 1 morphologic basis the chromotrichin produced by copper
and pantothenic 1e1d deficiencies appears to be different (137) Turthermorc
studics of positne chromotrichi fictors such s pheny Ithiocirbmde (749)
1 relation to the abos e nutrients should furnish dier which may be of greit
mterest
Sebaceous Glands  Although these structures may also show alterattons
such 1s atrophy or hy pertrophy m riboflavin or zinc deficiencics i the ma-
jority of the deficient stites thus far studied the cells composing these ghinds
tend to remun ntact and exhibie no specific morphological chinges
Cornr - Alterations m the corium are usually not very promment untl
late 1n the conrse of a deficiency when sccondrs alterations, as 1 result of
nfection, are scen  Vasculir disturbances how ever, mantfested by dilatatton
of the blood vessels may be obsers ed s tnimals deficient i magnestum (60)
pyndonne (642), orn the pelligra sy ndrome  The cause for such changes
1s not clear
The few pomted m cstigations on the cffect of muluple deficiencies on
the shin of rats have been referred to before (prge 11) This field would
seem to be a frurtful one for further mvestigiion  So too the reltion of
hormones to changes produced by nutritional means should be of imnterest,
for istance, the admunistrition of large amounts of estrogen to rats (7) leads
o changes i the shin w hich scem to be similir to those found i nibo-
flavin-deficient antmals (552) whose Iners cannot mactiiite estrogen

1 LHroe
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lens 15 m extremels sensine tissue to disturbance i metabolism so that e
1s not unll ly that other deficient cataracts will be described

Eye Bulb and Retina - Aside from the lesions of the cornea and lens which
have just been mentioned, little else has been observed 1n the eye bulb itself
Hemorrhages hnve been noted m and about the cihary body of 1 few
choline-deficient rats (690) Latensive degencration of the retina 1s said to
occur as 2 result of vitumn A deficiency (322) It 1s apparent, however
that this portion of ocular apparatus has not been extensively studied m ex-
perimenta] ammals and 1e 15 hikely that other lesions will come nto prommence
when 1t 1s more carefully mvestigated Lspecially mteresting will be 1n ex-
amination of the retnas of nboflivin deficient ammals since this substance
can be demonstrated 1n the normal reuna (559)

Lacrimal Glands The most extensive changes occur 1n the ducts of the
pertocular glands as 1 result of vitamin A deficiency (312) Hy perkeratosis
leads to obstruction of the ducts which results m atrophy of the glandular
epithelium and absence of secretion The tarsal glands of sodium depleted
rats are obstructed apparently by a cal ing of secretion along the Iid margins
(110) In rats deficient m pantothemc acid the Harder:an gland secretes
an excessive amount of pigment which has been demonstrated to be corpro-
porphyrin (607) A simular porphyrin pigment 1s elaborated when toxic
amounts of choline chlonde are admunstered to this spectes (750)

Lwer

Hepatie damage resulung from nutrimonal deficiency of one sort or
another has engaged the attention of numerous my estigators m recent y ears
One must always bear m mind that some fatty mfiltraton accompanies
partial snamtion  Preemmently, deficiency 1n choline with an attendant
deficiency in methionine leads to extreme fatty alterations m the liver celis
(665, 672, 673, 674 676) Such fatry infilraton may be followed by
necross of hepatic cells and replacement by scars, that 15, the production of
curhosis Other factors which mfluence the resultant changes such as the
fat and carbohydrate content of the dict have been discussed elsew here
(page 195) Cystine deficiency 1 the presence of adcquate dietars choline
leads to hemorrhagic necrosis of the hver From the evidence at hand 1t
would appear that the effects of cystine and choline deficiencies are different
—the former producing necrosis while m the latter fatts mfileration fol-
lowed by necrosis and scarring are seen  That a deficiencs of erther of two
substances which are denved from methionme and which appear to be so
closely related mn metabolic processes should produce dissimlar effects on
the lver 15 a curious fact that requires further study

In addition to these essential nutrients fatry mfiltratton of the Iner s
1ssoctated with deficiencies 1 others nositol 1n rats (686 733) pantothenic
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toned Calelem-deficient rations, however, lead to ulceration of the gastric
antrum tn rits (44) and to gastnc lestons of dogs (36)

Intestnes The only other nutntional deficiency besides that of caleum
to affect the mtestinal tract 1s n madequacy of pantotheme acid (610) Pn
manly m the colon, but mn the lower portion of the small ntestine as well
extenstse lterations of the mucosa are found n swine  Such changes lead
to severe ulceraton accompamed by copious dirrchea  The intestinal flora
of such animals has not been studied and olniously should be to determine
1f this has any role m the pathogencesis of the lesions The relation of such
changes to those encountered 1n the blacktongue syndrome of dogs must
hikewise be mmesugated for 1t will be recalled the lesions are althe

Eye and Paraocular Glands

Cornea Since the description of corneal vasculanizition n niboflavin-de
ficient anumls (557), this change has been obserted as a result of madequacy
of severil other nutrients  For mstance, mvasion of the substantia propna
occurs when dietiry sodm (110) and zinc (185) are msufficient, m ad
dition similar changes have been observed when diets deficsent 1n the amino
acids try prophane (233) Iysine (242), or hisudine (250) are employed
The ciuse for the mgrow th of capillanes 1s not at all clear, so that the entire
problem ruses sex eral interesting possibilities as to how damage to the cornez
1s produced One 15 mclined to ascribe the capillary ngrowth to mjun of
the cornea stself 1 change similar to that which 15 seen when the avascular
cornea 1s deliberatehy traumatized (597)  Injury can, of course, result from
interference with the nutrition of the cornea via the tears, blood vesels at
the himbus or aqueous humor, providing contact with the oxygen of the
externil environment 15 not impured  Morphologic studies reported thus far
have not stated whether damage to epithelium precedes capillary mvasion
Leukocytic mfiltration 1s obsers ed m sodmum deficient rats (110) before capil
laries penetrate the cornea A similar sequence occurs in vitarmin A deficiency
following | eratimzation of the corneal epithelum (557) That corneal 1as-
culirzation may result from damage to the epithelum as a result of made-
quate nutrients being furnished these cells by the tears has been mentioned
clsewhere (page 163) More studies must be made to determne 1if there 15
anv morpholgical cvidence of epithelial damage m other deficient states
Fqually mmportant 15 the need for an exammnation of the cornea i other
species since the question arises of course, as to whether this structure 1n
the rat 1s unique 0 that 1t 15 more sensitive to a variety of nutritional de-
fictences than 1s the cornea of other animals

Lens Cataract has been reported to result from a deficiency of Cnfcmn;

(467), tryptophane (232, 233), and nboflavin (561) The (;norpEO(llog;’I E
the different tvpes of change m the lens has alreadv been describe e
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Pancreas

Aside from the fumlnr lesion i the duce epithelum 1n vitwnmn A de-
ficieney no changes hne been desenibed m the pancrens i other nutrninonal
deficiencies  Thus i true of the slainds of Langerhans 1s well as the acinir
tssue

Idrenal

Lhe adrenal ghind s only imvolved 1 1 clewr-cuc w s by a deficiency of
one nutrient, pantotheme acid  This chinge the pathogenesss of which s
not 1t 1l elear, has only been deseribed 1n one species the rat (608)  Such
mumals exluibit ¢ hemorrhagic necrosis” of the adrenl tssues However
whether the primany site of dumage 15 the blood vessels, the medulla, or
cortreal cells 1s not 1t all cleir from the obsers 1tions thus far published The
adrenl 15 oceasionally sud to be damaged in choline-deficient rats i which
a vaseular leston may be the precipititing ficror (690)

Gemto-Urinary Tract

Kidueys Renal lesions have been produced thus far by deficiency of
any one of five nutrients potasstumn (87 89) magnesum (60, 64 65, 66)
chlorine (788), choline (615 66+ 682) and lnoleic acid (742) In all,
lesions appear to be most extenstie 1 the tubular portions

How much the pathogenesis of each may hve in common 15 difficult to
apprise until studies employing sumlar basic diets are made In potassum-
deficient rats accumulations of non-doubly refractile lipoid 1n the tubular
epithellum precede necrosis of the cells The caleificition which occurs 1s
apparently secondary to these cellular changes W hether fat accumulates
mn the tubulir epithelinl cells and precedes necrosts which 1s seen 1n choline-
deficient ammals 15 unknown and should be myesugated i view of the tre-
mendous fatty mfileration which occurs m the Iner  So too, the changes m
magnesium-deficient amimals should be ramvestigated especrally the early
stages so that some 1dea of the pathogenesis of the lesions may be obtuned
The damage hitherto described m fatty acid-deficient rats 1s difficult to n-
terpret  The most prominent change appears to be injury to the tubular
epithell cells, but here agun the pathogenesis 1s obscure In chlonde de-
fictency, Lidney disease 15 apparently produced by 1 precipitation of caleum
sits 1 the tubules with obstruction

Renal Pel.is, Ureter, and Bladder The epithehal hning these structures
undergoes kerininizing metaplisia 15 2 result of vitimn A defiacney. No
changes have been described n other deficient states

Testuis The male germmal epithelium 1s extremels sensitie to minition
COnSequentl\ testiculir atrophy 1s 1 pronunent part of many nutritional
deficiencies Specific and irrev ersible dimage occurs in vitamn T deficiency
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acid m dogs (612), pyridowne m swine (652) 1nd rues (656), and nibo-
flavin in dogs (554) and possibly swine (556) The histologeal distribution
of the fat in relation to the Iner lobule has not been pomtedly studied i a
single specics, this should be mvestigated  So too, the morphological distr-
bution of fat as resealed by histochemical studies should be correlated st
the partion of roal fat, fates acuds cholesterol, and phospholipids 15 de-
termined by chemucal anals sis
Because of the great meerest 1 dietars hepaie damge during recent
vears the role of nutntion in the pathogenesis of Iner disease m the human
has recened considerable attention  Some promusing results hne already
been reported  That 1 certun proportion of chronic alcoholies, whose dicts
are notoriously nadequate, will die with Iners contuming ncreased amounts
of fat has been demonstrated (751) Whereas the total fat content of dhe
normal Inver axvcrages about 5§ gm percent those from 1 group of chronic
alcoholics nveraged 12 gm  percent, wide vanations occurred mn this group
of 25 subjects the greatest amount bemg 348 gm percent In a series of
five crrhoties the fat values conformed more with the normal group It 15
wdl known that the cirrhonic Iver 2t qutopss m1v or mav not contain 1p-
precrable quanuties of fat histologically  The relanonship of far accumula-
tion 1 the human hver to cirthosis hs been a much discussed question, many
believing that carrhosis 1s the ultmate outcome of masstve fitry nfileration
of the liver cells 1n some cases at least (752) In view of the frequently
obseryed and simultancous occurrence of severe farry anfileration and carly
fibrosis, of the curatn ¢ effects of chohne m the Iiver lIesions of rats and cffect
of methionme on experimental Iner dunage m dogs 1t would scem desirble
to pasy careful attention to the nutrition of the patient with portal currhosts
This question 1s being studied today 1n several chinies where adequate diets
supplemented by yeast and Iiver extrict are being emploved  There scems to
be a significant difference m the chimeal course between treated and un-
treated groups, for instance 1 one study (753) 1 Jarger portion of the
treated patients sunned one or two vers followmng the onsct of ascites
than did those of the control group nd at the end of the second verr 457
of the former were alie while only 21% of the untreated group were buing
The effects of methionine 1n rerarding or amelioraung Iner lestons 1
protein-deplered dogs poisoned by a variety of agents hne been referred
to It s unlikly that this ammno acid will protect the normal ammal  There
are sev eral recent reports of the usc of methionme and casern digests hum:}ns
possoned by various tovie agents For nstance methionme and c'xsclm 1:
ave been used 1n the treatment of a patent who madvertently n
\lititers of carbontetrachlonde (754) Such treatment was
ly more cases will hnve to be obsersed before defimte

gests b
gested 30 o 40 mi
successful but obvious!
conclustons can be drwn
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rephiced by 1ertimizing epithelium - Studies of other deficiencies have fuled
to revell specific alteration m these tissucs

Ihyrod Gland

It will be recalled thit the thyroid ghnd 15 prone to exhubit morpho-
logical chnges (uswilly hyperplisin) under 1 vanety of sumuli e does
appear, however, thit 1odme deficency leads to epithelnt by perplisty (201,
202, 203, 204 205) The rewson for the hy perplasit 15 doubtless due to -
creased stmultion of the thyroid epithelium by the hy pophysis because of
1 decrese n circulung thyroid hormone It would be mnteresting to study
the effects of 1odme deficiency 1 the hypophysectomized ammal  The
counterpart of colloid goster, which i man 15 thought to result from 10dine
deficiency, his not been produced n expenimental ammals placed on low-
10dme regimens

Parathyroid Glands

Because of its mumnre role in calcium metabolism 1t 18 not surprising
that 1 deficiency of lime salts leads to parathyrotd hy perphisi (45) There
1s adequate evidence that 1 lowering of the blood caleum stimulates parathy ~
roid secretion and 1n certamn other metabohc disturbances such as nephritis
enlargement of this glind 15 encountered  Although 1t 1s climed that phos-
phorus deficiency 1lso produces enlargement of the pirithyroids, this ob-
servation requires confirmation since others mcluding ourselves (115) have
not observed simlir changes on diets deficient i phosphorus alone

Hypopbysis

In reports dealing with the response of ussues to defictency of m es-
sential nutrient, the hypophysis 15 seldom mennoned, which mewns of
course that 1t 15 not usually examined 1n routine studies It ks been clumed
that this importane glind of mternal secretion 15 tw1ce as large as normal in the
leucine-defictent rit an obsersation which certamly requires confirmation
A secondwy mamifestion of vitimm A deficiency which apparentls de-
pends on increased intricranul pressure 1s the presence of evsts i the hy po-
phyvais of calves deficient i this vitamin

Mesenchymal Tissues

Connectre Lissues  \scorbic acid 1s apparently of importwice tn de-
termining the differentiition of mesenchy mal cells 1nto fibroblasts, so that
when this vitanun 15 1bsent the potential connective tissue cell 1s unable to
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although 1t will be recalled (page 122) that only the rar (307 405) and
guinea pig (409) show this change In such animals if the deficient state s
severe enough there 15 complete destruction of the spermatogona, onls the
Sertolt cells remam  The paired-feeding techmque should be unlized to
study the effects of deficiencies of the other essential nutnients more care-
fullh This 1s cerramly true of argnine deficieney 1 which there 1s some
experimental evidence of a speaific effect of this nurnent on the tesus of
man (255)

Accessory Male Sexutl Apparatus  Charactensuc changes occur m the
epidids mus, prostate, semunal vesicles and coagulaung glands m sjamm A
deficiency  When the affects of mamtion are ruled our no other nutrients
have as vet shown to effect these structures

Ocary Invstamm L deficiency the ova can be said to be mvolved mas-
much as the dexeloping embryo and 11s tissues appear to bear the brunt of
the damage incurred (402 403, 404 405) Depending on the degrec of
maternal deficieney vanous pathological alterations are seen 1 the embnvo
from the tenth or eleventh dav on  Reproducnion 1s of course mterfered
with as a result of numerous other deficiencies However the question of
manition has not been ruled out 1 any thus far reported, that is. ammals
which fail to gun or gam weight poorly on deficient diets have not been
compared with ammals on the contro) diet whose food mtake 15 restrcted
so that the weight gain 1n both are comparable This 15 brought out n 2
studv of pantothenic acid deficiency on the reproductine actniny of the rat
1 which 1t 15 concluded that the factor of namuion w s ehmmated 1n animals
made defictent before and at the dav of matung Howeiver this experiment
exemplifies again the probable maccuracies inherent in the parred-feeding
techmque for the deficient ammals gamed an aerage of one fourth that
of their adequatels paired-fed and non-deficient controls (766) The role
of sitamin A needs to be clanfied smce localized areas of mflammanon have
been noted at the fetal-maternal juncuon the reason for this 15 not clear
Manginese defictieney mas lead to specific lesions m the ferus which have
therr mception 1n utero  Histological studies have not been reported m such
anmmals

Accessory Female Sex Organs ‘The uterus vagma and vuha of vitamin
A deficient ammals exhibit the charactensstic keratimzing metaplasia seen
elsewhere Lestons 1n these tissues as a result of a defictency of other nutnents
have not been reported, at least convincing evidence of changes other than
thase w hich must be ascnibed to nanition has not been brought forward

Respiratory Tract

i
Trachea and Bronch: The air passages exhibit a change n therr ll]xm g
chelum 1n viammn A deficiency when normal ciliated columnar cells ar
epl
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repliced by hemuimzing epithelum Studtes of other deficiencies have fmiled
to reseal spectfic alterition in these tissues

Tbyrod Gland

It will be recalled that the thyvrord gland 15 prone to exhibit morpho-
logical changes (usually hyperplasia) under a vamety of sumul It does
appear, howcver, thit 1odme deficiency leads to epithelnl hs perplasta (201
202, 203, 204 205) The reason for the hyvperplasia 15 doubtless due to n-
creased sumultion of the thyroid epithelum by the hy pophysis because of
a decrease 1n circulaung thyroid hormone It would be mtesesting to study
the effects of 10dine defictency 1 the hypophysectomized ammal  The
counterpart of collod gotter which i man 1s thought to result from 1odine
deficiency  has not been produced m evpenmenty ammnls placed on low-
10dme regimens

Parathyrord Glands

Because of tts intunate role in calcium metabolism 1t 15 not surprising
that a deficiency of lune salts leads to parathyroid hyperplasia (+>) There
15 adequate evidence that 1 lowenng of the blood calcrum stmulates parathy -
rowd secrenon and in certan other metabolic disturbances such as nephnus
enlargement of this gland 1s encountered  Although 1t 15 claimed that phos-
phorus deficiency uso produces enlargement of the parathvrowds, this ob-
servation requires confirmation since others meluding ourselves (115) have
not obsen ed sumlir changes on diets deficient n phosphorus alone

Hypophy sis

In reports dealing with the response of tissues to deficiency of an es-
sentill nutrient  the hvpophysis 15 seldom mentioned which means, of
course that 1t 1s not usually eximined in routne studies It has been clumed
that this important gland of nternal secretion 1s twice as large s normal 1n the
leucine-deficient rit an observation which certamnly requires confirmatson
A secondars manifestation of vitamun A deficiency which apparently de-
pends on mncreased intracranial pressure 1s the presence of cuvsts in the hypo-
physis of cihves defictent in this vitanun

Mesenchymal Tissues

Connect: « I'ssues  Ascorbic acid 1s apparenthy of mportance n de-
tecmning the differentiavion of mesenchymal cells nto fibroblasts so that
when this vitamun 15 tbsent the potentual connectine tissue cell 1s unable to
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lay down agyrophilic fibers wlich normally are comerted 1mto collagen
(463) The exact mechanism of this process in the formation of intracel
lular substances 1s not 15 yet entirely clear The theory that connectve tissue
cells, or at least potentl fibroblasts, are only able to deposit 1 flind like
materil that jells into collgen under the nfluence of ascorbic 1eid 15 an
ateractive hy pothesis but one which must be ms estigated further

The subject of “mntercellulic cement substince,” that 15 the materal
which holds endothelnl and other cells together, should be mennoned here
also Whether this maternl ss relited to the substinces which we call “col
lagen” 15 not clear at this ume It 1 thought by sonie that caleim 15 more
mmportint than ascorbic acid s muntuning the mtegriry of this maternl
(770) The whole problem 15 extremelv compley, espectilly smee we 1re
sosgnorant of the chenucal nature of colligenous materials and ¢ cement sub-
stiice  The relationships of cilaum and ascorbie acid have been reviewed
(34+4), espcenlly n relation to mtercellular substinces and cell surfaces

Cartlage and Bone Since these two speenilized tissues re so cosely re-
Ited, they will be discussed together  Bone growth, m which of course
cartulige growth 1v imolved e be impured in sever1l wys disturbince n
the osteagemic-astealy tic bilwce disturbince n grownth of citlige or dis-
turbance 1 the deposnon of the morgmic elements n crrthigenous mam
substance 1nd/or osteord

Scurvy 15 the disese which txemplifies the first ty pe, for m this mahds
there 15 1 mability of fibroblsts to form osteod  The prthologral conse
quences of this hve been described 1n detul  Lestons of vitumn C deficiency
develop because there 1s no disturbance in the growth of cirnhge thus
wcorbic 1etd deficieney differs from vitamin A deficiency 1 thae in the lateer
there 15 not only 1 decrease in osteoblistic actn 1y, but also 1 slowng up
of the grow th of cartilage cells Bone changes in vitumn A deficient sl
are morphologically 1dentical with those seen 1n mamition bue must be men
tioned because the sheleton 1s singled out from the rest of the tissues when
vitimin A s absent from the diet and the specific action of this vitinun on
bone cin be beaunfully brought out when evcessne amounts 1we admin-
istered (771)

Rickets furmshes an example of the third e pe of bone disease  defectine
deposition of caleum ind phosphorus m the cartilhge and osteord which, of
course may occur from 1 deficiency of calcium, phosphorus or vitunm D
Richets ¢an be produced not only by an abnormal ratio of calerum and phos-
phorus 1 the diet, but by excesstvely low dictiry levels of these tw olclc—
ments (377)  The cartilige growth component of richets 1s not clewr
Whether vitamin D or a deranged calerum phosphorus ritio or level in th?
intercellular flmds or mechanical effects predispose to the refrictoriness o
the cells to destruction arc subjects for further mvestigation
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1he role of manganese in bone formation 1s as vet not settled but since
bony deformuties have been noted (169, 171, 172, 183), this element may
play a role i osteogencsis which 1s nteresting m view of its relation to
phosphatase 1ctvary (165)

Teeth Asthe dental structures 1re dern 1ives of both epithelium (enamel
organ) 1nd dentine, they mu be discussed from two stand-pomnts depend-
ing on which of these two components 1s immilly affected The enamel
organ 1s prmnthy dimaged 1n both magnesium and vieamin A deficiencies
It 15 unfortunite that this structure his not been studied more fully 1n other
deficiencies in which ectodermal structures pirticulirly the shin are severeh
miohed In mignesium deficient animals ameloblasts atrophy with the re-
sult that the enamel 1s hypoplistic  Secondary changes occur 1n the forma-
tion of dentine  The enimel organ 1cts as an organizer of the odontoblasts
and in vitimmn A deficiency 1 lack of this organizing influence 1s strihinghy
seen Becruse of physiological abnormahties m the ameloblasts the odonto-
blasts do not differentinte with a resulr that the formation of denune 15 1r-
regular or absent The cnamel organ 1n this mnstance seems to have the same
effect on the organization of odontoblasts as does vitammn C

Interest has also been aroused m teeth because of another funcuional
actnany of the ameloblasts the formation of the familar vellow 1ron con-
taining pigment of the rats meisor  Failure of this pigment to be deposited
has been noted to result from deficiency of several nutnents 1ron try pto-
phane, v1tamin A, wnd alphi-tocoplerol  Smce this matersal contams 1ron 1t
is not surprising that 1ron deficiency leads to 1ts disappearance (616) The
relaons of try prophane to the pigment 15 less clear although this amuno acid
1s of course umately alhed to hemoglobin formation (229 234) Vitarmn
A deficiency leads to changes m the ameloblasts which would explan the
dental achrorma m thus defictency  Absence of the pigment m vitamin £ de-

fictent rats cannot be explained at present It 1s of mterest that when cer-
tam elements such as cadmium and fluormne e cluded m the diet of ris
the vellow pigment does not appear (755)

It was noted above (page 100) that the odontoblasts are organized by
the enamel epithelium <o that various secondary changes are seen 1n the den-
tine as a result of damage to the enamel organ  Certamn deficiencies, how ever
pomanly affect the phyvsiology of dentine for nstance vitamin C deprna-
tion leads to a cessation of formation of dentine 1n conformity with 1ts gen-
eralized mfluence on the elaboration or inter-cellular substances of which
dentine 15 one  Defects 1n the formation of denune and of the tooth sup-
porung structures are charactenstic of the scorbutic state (474 475 476
477) A somewhat different situation prevails 1n nchets here the odonto-
blastic actnity 15 not imparred bur the dentine which 15 formed 15 not caler-
fied because of the disturb mce m calerom and phosphorus metabolisn (380
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lay down agyrophilic fibers which normally are converted o collwgen
(463) “The exict mechanism of this process 1n the formation of mtracel
lular substinces 1s not 1s vet entircly clear The theory thit connectnse tissue
cells, or at lewt potentnl fibroblasts, are only ble to deposit 1 flud like
maternl that jells into colligen under the influence of 1scorbic 1crd 15
atractn e hy pothesis but ene winch must be m esugated further

The subject of “mtcrcellulir cement substinee,” that s the maternl
which holds endothelnl and other cclls together, should be mentioned here
lso Whether this maternat 1s rehited to the substinces which we call “col-
fagen” 15 not clear at this time It 1 thought by some that caleum s more
mportant thin ascorbic 1erd i muntuning the tegniey of this maternl
(770)  The whole problem 1 extremely comples especnlly smce we e
soagnornt of the chameal nature of collagenous maternls and ‘cement sub
stince T he relwnonships of cilaum and 1scorbic 2ad hnve been reviewed
(344), espeentlly 1n relition to intercellular substinces and eell surfaces

Cartilage and Bone  Since these two specnlized tissues are so closely re-
fated they will e disctissed together  Bone growth, m which, of coursc
carnhige growth s involved ¢ be impured 1 severtl wavs disturbinee
the osteogenic-osteoly e bilnee, discurbinee m grow th of crrulige or dis
turbanee 1n the deposttion of the inorgmmic clements m cartiligenous miern
substance wnd/or ostcord

Scurvy 18 the disewse which exanplifies the fire type for mn this mihids
there 15 an inabiliey of fibroblasts to form osteord  The pathological conse-
quences of this have been deseribed in det)  Lesions of virumn C deficieno
develop becse there 1 no disturbmnee in the groweh of ciralige, thus
wscorbic 1ad deficiencey differs from vitunin A deficiency 10 thit m the heer
there 15 not only 1 decrease mn osteoblistic activaey, but also 2 slowing up
of the growth of cartthge cells Bone changes i vitumn A deficrent amimals
are morphologically 1denucal with those seen in naniton but muse be men-
tioned bectuse the sheleton 15 sigled out from the rest of the tissues when
vitamin A 1s absent from the dict, ind the spectfic action of this vitumn on
bone can be beaunfully brought our when evecssive amounts are adnun-
istered (771)

Richets furnishes an cxample of the third ty pe of bone disetse  defectne
deposition of calaum nd phosphorus m the cartihge nd osteord which, of
course, m1y occur from a deficieney of calaum  phosphorus or vitamin D
Rickets cin be produced not only by an abnormal ratio of ealcium and phos
phorus m the dret, but by excessively Jow dietary levels of these [\\DICIL-
ments (377) The carnfage growth component of riclets 15 not cclll'
Whether vitamin D or 1 deranged calcium phosphorus ratio or level m n?

atercellular fluds or mechanical effects predisposc to the refrictoriess o
the cells to destructon arc subjects for further v esngation
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sults from 1nterference with the metabolism of the nucleated forms of these
cells (587) Such an hypothesis requires further study

When considering the formation of hemoglobm, there are a few more
dat1 watlble  Since glycine has been shown to be one of the precursors of

THE ESSENTIAL NUTRIENTS AND RED BLOOD CELL FORMATION
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Figure 72

erythrocyte proproporphyrin (756) 1t 1s obvious that a deficiency of the
essential amimo acids which are precursors of glycine, as well as any other
necessary ones will have an influence on the elaboration of protoporphyrin
Protoporphyrin combines with iron to form heme, an important reaction
and of course, a crucnal one 1 the deselopment of iron-deficiency anemia
That copper and pynidovine catalize this reaction must awat further proof
though when these nutrients are not present in the diet ron pigment ac-
cumulates 1n the tissues (146, 6>2) and hy perferrermia has been observed 1n
pvridoune-deficient ammals (652)  Although amino acids are necessary for
the formation of heme they are even more 1important n the synthesis of
globin  Since this materal contains most of the essental 1muno acids, 1t 1s
apparent that a deficiency of one or more of these building stones will lead
to poor production of globn, 1t will be recalled further from Table V thar

a deficrency of these essential amino acids leads to 2 depression of hemaglobn
foﬂ'n’“'lﬂn n cerrun species
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381) Although enimel hypoplasia has not been obser ed on fow phosphorus
diets, 1t has been noted when the caleium el e 1s restricted (382)

Blood-Forming Tissues, Vessels and the
Coagulation Mechanism

Red Blood Cclls A notable exvample of the cffeces of deficiencies of the
essentil nutrients 15 1 constderation of ers throcy tes and hemoglobim forma-
tion  The essentnrl wuno-icids e lewse 3 elements (1ron copper, and cobalt)
and severil vitmuns (pyndosme miboflnm mcotnic 2cid and folic acid)
have all been imphicated in ers thropotesss

To gun 7 better perspective, 1 brief review of norml red blood cell and
hemoglobm formtion will be advintageous It will be reealled that ery-
throcy tes 1re derned from 1 prumitin e stem cell which many call the hema-
tocytoblist  In the maturition of this cell 1 senes of increasing adult forms
15 encountered  biasophilic ery throblist —pols chromatophilic ery throblast
—normoblist or ervthroblist »normocyte or erythrocvte  Hemoglobin
which appears somev here 1t the end of the basophulic eri throblast stage, 15
an ovy gen carry ing pigment dern ed trom protoporphy rin whose precursors
are not all known though one appears to be gheme (756) At any rate,
ery throcy te protoporphy rin combines with 1ron to form heme  In the mean-
ttme the globin molecule 1s bemng synthesized from ammno acids Fmally,
heme 1nd globin are jomned to form hemoglobin  VWhether hemoglobim 15
formed i w hole or i pare by the devcloping ery throcy te 1s not known  We
are thus faced with the tasl of attempting to determmne just w here the various
essentinl nutrients fit 1nto the process of ery thropoiesis and hemoglobin svn-
thesis igure 72 has been devised m an attempt to effect this understanding
fully reiizing that such a diagrim must contrn many errors, since speeles
differencies 1re 5o very mmportant and our 1 now ledge 15 so in1dequate

Included 1n the figure 1s an offshoot, the megaloblist mnd 1ts successors
The plice of this cell in blood formation 1s extremely contrnversial Tor the
present discussion we shill lool upon the megiloblist s w bnorml cell
fully realizing that mans feel 1t 15 a normal component of the bone mirrow

Three nutrients appear to stmulate erythropoiests per se Copper 1s sard
to promote red blood cell formation even 1n the absence of hemoglobin pro
duction (141) The well known stmulation of erythropoiesis by cobalt
mahes 1t Iikely that, when this element is not present mn the diet, there will be

soion of red blood cell formation (620)  Since mcotsme acid 15 neces-
formaton of the phosphoy ridine nucleotides 1t has been sug-
1 which develops 1 micotnic acid deficient dogs re-

2 depre
sary for the
gested that the nemt
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Larly m the history of the discise, pernicious anemie, lirge cells were
noted m the bone marrow nd were called megiloblsts Todny, some hemn
tologists consider these cells to be abnorml forms, while others regard them
as normal components of the bone mrrow and 4 stage m the devclopment
of all ervthrocytes Thev are seen n largest numbers when as essentral ma
tenal the erythrocyte matunng factor (EMT) s lackmg  This factor 15
formed normmlly by the umon of 1n extrmsic dictary substanee, 1s yet um
denufied, 1nd an mtrinsic fictor elborated by the gastric mucost which has
also not been 1dentified or synthesized  Pernicious anenmt can be looked
upon 1s 1 condittoned deficiency resultng from a discised stomach which
1s unble to elaborate the mntrinsic factor T olic acid causes the megaloblaste
bone marrow of permicious anemit and other microcy tie anemms to revert
to 1 normoblasuc ty pe, this essentinl nutrient, therefore, appears to be re
fted to the erythrocy te mturing fictor At the present wnting, however,
the relnonsup of folc acid to the extrinsic, the intrnsie and the fiml
product, the CMT, must aw nt further mnvestigacion

Anema has been described 1n nboflivin deficient ammals—rats (712),
swine (555), and dogs (554 56%), the place of this vitamin hematopoiesis
15 obscure, how ever, since the anemt 1s not well enough characterzed Table
VIII summanzes some of the charctenistics of the various anemuas which
hnve been discussed  Alany species contaning question marhs reman to be
filled 1n

White Blood Cells Much less attention has been directed at the study of
disturbances m white blood cell formation than those of the red cell senes
Nutritional agranulocy tosts can be cured by the admimistration of folic acid
(719), the onlv other mnstince of 1 disturbance m white blood cell form-
tton results from deficiency of nicotinic acid 1n dogs (587)

Blood Vessels From studies of healing wounds m absolute scorbutus 1t
1s concluded that although endothelinl cells are able to prolhferate, capillaries
cannot form when ascorbic acid 1s not present (463) This question needs
further study since, for mnstance, there 1s no retardition of capillary mnsasion
n bones placed mn casts to prevent the mechanical mamfestations of stress
and strain (472) The question of mcreased capillary fragiliey an scurvy also
needs more careful 1mvestigation  So too, whether the hemorrhages which
occur 1 caleum (36 42) and vitimun K (443, 444) deficiencies are the
results of poor clotting alone or whether there 15 actual damage to capillary
endothelium, also requires pointed study

Tnasmuch as no mention has been made of so-called vitumin P or citrin
this 15 an approprate plice to discuss this maternal, a flavonal w fuch was

first described by Szent-Gyorgy: and his associates 1 1936 (598) The
material was extracted from citrus fruits and diffcred from ascorbic acid

It was postulated that 1t nfluenced the permeabilits of capillaries During



231

THE PATHO!I OGIC ANATOMY OF SPECIFIC TISSUES

Qiunogiun o,

AN NSHESEERARY

I N ] R L1ViOD
o | o o | 0 1w NIAS 1108
WA ooy
B I R A B : 4020 S0y Aoy DINILODIA
anuoysad iy
B I N : onk o |y I Do
SRaoY owou T
o 0 v o 304 ousioN INV HAOLA R
atutosy od {y
+ + + H RIS o 140D
siwoly od{y
+ + + + and oy INNOGRY Lt
- - . snmey addy
0 | o 0 ¢ a4 oanpy \out
MOMAUL I TNO WAL NITTIS
MO 1 TNO | | - VISVIduAd I INIDILOS
SIsSQNTAISON 111 AOMUVIN INOH N

SYIIVINY IVNOLLIMLAN NI § IONVHD ANSSIL ANV Q00 18

111A 2198l



232 THI PATHOI OGY O NUTRITIONAL DISE ASE

the following y ears there w1s confuston over the exict relionship ot virtmn
P to the scorbutie state  ITaw cver, some reports seem to indicite that vitwmn
P 15 imporint 1n muntumng the mtegries of capillaries even when 1scorbic
1cd 15 presenc (786, 789) At the present time 1t 1s wise to wichhold judg-
ment 1 uting further mestigations

Blood Clotting Mechamsm  Nutrmoml deficiencies plin - smportint
role m disturbances of the corgulition of blood smice two very mmportine
factors m blood-clotting 1re 1ffected  prothrombin and caleum  1he first
of course, 15 dependent on an dequate mgestion and bsorprion of vitamm
K and has been discussed elsew here (page 128)  Hemorchage 15 also @ mant-
festation of experimentil calaum deficieney (36, 42) smce calaum ons
are necessary for the rewction prothrombin —thrombmn A deficency m
fibrmogen c1n concenably occur as the result of Iich of dictirs muno 1cds
though ne specific experimentil evidence 15 walble on this pont

Muscle Tissues

Cardiac Muscle Necrosis of my ocardnl fibers has been found to resule
from both potwsswum (pige 33) nd thnmme (pige 146) deficrencres In
ether case, ndndual or groups of muscle fibers lose their strrtions and
become hyaline and necrotic There 15 1 varying degree of cellular infiltr-
uon If the ammnl sunnes long enough, connectn ¢ tissue scars replace the
areas where muscle fibers have been destroved  In potassum deficienes the
lesions tend to predommate m the ventricular musculature, hetle change his
been noted 1n the quricles In contrast, the latter nissues of thinmne-deficient
animals seem to be ffected before the ventricles but later the walls of all
chimbers are scvercly mvolied It 1s of mterest that i rats 1t least, when
potassium and thiamme deficiencies are produced simultaneousls, no myo
cardnl necroses develop It 1s of some mterest though the significince 15 not
at all clear, that when large amounts of ethyvl hurite (35-40 pereent) re
mcorporated m 1 choline defictent diet nn ocirdnl necroses smihr to those
encountered 1 potassmm or thinmmne-deficient ammals are found m s
(779) A combmation of these might 1 seld mteresting results

Rats pliced on vitumn I ricions for prolonged periods exhibie c\tensn?
scarrmg of the myocardium (425) Apparently there 1s first a deposition o
ceroid m the myocirdnl fibers followed by necroses Connective tissue 1>
found about the bundles of muscle fibers 1nd unl)ched 1 the collagen ';]l‘t
macrophages filled with this acid-fast pygment Dr Karl C Mason has ]1:"“ )\
allowed us to cxamine tes mutertal  The histological prcrare 15 strthinghy
different from that which 1s seen w hen potissum or th(;amlmle dcﬁ::‘xlsuii‘eiq;;
present  The chronicits and presence of ceroid 1re doubtless o
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many factors which will be found to account for this Deficiencies of cer-
tain other nutrients are satd to lead co heart damage  Ascorbic acid deficienes
i guinea prgs may produce focal lestons 1n the heart (478), then too cases
of sudden death have been observed n children who exhibir severe mani-
festations of scurvy 1n the sheleton (479)

Striated Muscle Ixtensne changes occur mn the sheletal muscles as a
result of defictency of alpha tocopherol  Such changes which have been
obseried 1n several species (page 124) are characterized by hyvaline de-
gencranon, farny nfiltmation necrosis, edema and sometmes calcification
Lestons 1n the skeletal musculature as a result of other deficiencies require
further 1mvesugation  Dhvstrophic lesions have been produced by simul-
tancous defictencs of potassium and thiamine although the muscle fibers are
unaffected when either of these nutrients 1s absent alone (96)

Studses of nurriional muscular dvstrophy are of course, of mmportance
because the lestons are 1dentcal wich those w hich are seen m many mstances
of human disease A further problem of great mterest 1s the relauonship of
the develypment of dvstrophic lestons to nerve supph It will be recalled
that when the nenes to a leg are cut morphologreal change 1 the muscle
fail to appear when the animal 1s placed on 2 viammn E-deficient diet It
would be mteresting to compare the respiratton of such muscle iz vitro with
that from the opposite side and normal controls 13 hether motor sensory
or sympathetic fibers are responsible 1s, of course another mtriguing question

In oluntary Vuscle In Vlammala no lesions have been described as vet
m the smooth muscle of anmmals defictent m one or more of the essenual
nutrients  Prgment, of course occurs m stooth muscle of s ieanun E-deficrent
ammals (42> 428) but the significance of this deposit 1s not clear at this tme

Nervous Tissues

Perspheral Nerves Lestons consisung of mvelm degeneration have been
noted m the peripheral nerves 1 a number of deficrent states However
many of these reports mdicate that the diets emploved have been laching n
several essential nutnents mn addion whether the site of the lesions 1s 1n
the motor or sensory fibers has 1 most mstances not been determmed A
faurly accurate esnmation of which pe of nerve 1s affected can be obtained
by examining the cells of the antertor homs and dorsal gangha as well as
the ventral and dorsal roots Specific alterations of the sensory neuron have
been produced 1n swine on diets deficient m pantothenic and/or pyvndoune
(611) The motor neuron 1s not mvolved by a deficiency of etther of these
™o nutrients since degeneration of the ventral roots and anteror homn
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the follow ing y ears there was confusion over the exace relattonship of vitinm
P to the scorbuticstite  IToweser, some reports scem to mdicate that vitammn
P 1s imporint 1 muntuning the integrity of cipillaries even when wcorbic
reid 15 present (786, 789) At the present tume 1t 1s wise to withhold judg-
ment wuting further v estigations

Blood Clotting Mcchamsmr  Nuwrnwom] deficiencies plny n imporeang
role w disturbances of the corgulwon of blood smce two vers smportint
factors 1 blood-clottng e 1ffected  prothrombin and caleium  The finst
of course, 15 dependent on n wdequate ngestion and bsorption of vitamm
K and has been discussed elsew here (page 128) Iemorrhage 15 also : mim
festawion of evperimental calerim deficiency (36, 42) since calcium 1ons
are necessary for the reiction prothrombin —>thrombin - A defictency m
fibrinogen cn concen by ocenr as the result of Ik of dietars ammo eids
though no spearfic experimental evidence 1s 11 ulable on this point

Muscle Tissues

Cardiac Muscle Necrosis of myocardil fibers has been found to resule
from both potisstum (prge 33) and thumine (page 146) deficiencies Tn
ether case, mdrvidual or groups of muscle fibers lose their straartons and
become Inline nd necrotic  There 15 1 v ey ng degree of cellular infiltra-
tion If the amimal sun v es long enough connectine tissue scars replice the
areas where muscle fibers have been destroyed  In potassum deficiency the
lestons tend to predommnate 1n the ventricular musculature, hretle change has
been noted 1 the auricles In contrast the latter ussues of thirmine-deficient
1nmals scem ta be affected before the ventricles but later the walls of all
chambers are severely mvolved It 1s of mnterest that in rats at least, when
potasstum and thramme deficiencies are produced simultancoushy, no myo
cardinl necroses develop Tt 1s of some interest, though the significince is not
at all clear that when large amounts of ethwl lwrtte (3>-40 percent) are
incorporated n 1 choline deficient diet my ocardnl necroses sumlir to thosc
encountered 1n potssum or thimne-deficient ammals are found m ries
(779) A combmtion of these nught yicld interesting results

Rats pliced on vitumin L rations for prolonged periods extubit extensive
searring of the myocirdium (425)  Apparently there 1s first a deposition of
cerord 10 the my ocardnl fibers followed by necroses  Connectie tissue Is
found abour the bundles of muscle fibers ind imbedded 1n the colligen ‘;ln.
merophages filled with this acid fast pigment Dr Rarl £ Mason has : n l‘
allowed us to examne his matertal  The histologieal picture flis seril ingly
ifferent from that which s seen w hen potissium or thiarmine deficiencies are

csent  The chromaity and presence of ceroid e doubtless only two of
prest
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Central Nervous Systemr Before commenting on the morphological le-
stons which myy be produced in the brun when animals are placed on de-
fictent dicts certun well defined mmfestations of physiological disturbance
must be mentioned  In several species 1 peculiar svndrome of hy per-excit-
abilies followed by tonie convulsiens has been produced by deficiencies of
erther magnestuin (54, 35) ar pyvrdovine (654, 655)  In swine deficient 1n
the htter nutrient nd «xlubiting such signs no pathological alterations have
been detected i the bram This 1s to be evpected since such ammals may
spontineoush recover from an attacl or mu be cured by the admimistra-
ton of approprite unounts of the mussing nutrient It 15 of interest that
sumilar ateacl s have been observed 1 rits on 1 potissium deficient diet which
hid been supplemented with esther rubidium or cestum n order to replace
the missing essentil nutriene (94)  Inmsmuch as all of these pecubiir con-
vulsions seem to mvolie the musculr svstem as well as the nertous tissues
the possibility thae the former v also pliv 1 role must not be lost sight
of Unul pomted phyvsiologicil studies e carried out the exacr locale or
locales responsible for these syndromes must be held 1 bevince It would
be most mteresting to obsen e the electroencephalogriphic pattern of immals
extubiting such seizures

Perhaps the most extensive morphologicil lestons which have been re-
ported to result from deficiency of v single nutrient e those which occur
m the bram when dietary copper 1s madequite (144 14>) Virtually com-
plete destruction of the white matter has been found mn the ussues of new-
born lambs w hose mothers apparently had msufficient dietars copper The
lesions are of great 1nterest to the neuropathologist since they closelv re-
semble cases of progresstve sy mmetrical demy elmzation W hich are obsered
m man  Morphological changes 1 the bram as a result of other deficiencres
e not ar all clear cut, thiamme deficiency leads to physiological disturh-
ances and these, as well 1s morphological rterittons hne been described
clsewhere (page 152)

Cerebral hemorrhage resulung from low prothrombin levels has been
noted 1n vitamin K-deficient ammals and a smular state of affairs may be
responsible for the hemorrhages which have been noted 1n choline-deficient
rats In this nstance one must postulate that the Iner 1s damaged (there 1s
of course, morphologicl and biochemical evidence that 1t 15) and 15 unable
to form adequiate amounts of prothrombimn  The hemorrhages wluch are
sad to occur 1n caleum defictent animals should be further studied

Vithamin A deficiency provides an excellent techmque with which to
study the effects of mcreased ntracranal pressure since 1t will be recalled
that the bran of y oung 1mmals deficient 1 this nutrient continues to grow
while 1ts bony coy ening stops mcreasing 1 size The effects of pressure on
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cells 15 not obscrved I py ridoxine-deficient 1mmlbs the sl site of 1nyury
1 10 the perpheral nerves where m dm degeneraton appears, such changes
bemng noted before degencratne phenomenon appear n the ganghon cdls
of the dorsal roots  As the deficioncs progresses the dorsal root fibers and
wscending tracts of the spinal cord arc nvolsed but during the course of
the discase chromotalysis 1 not obscrved 1 the ¢l body although atrophy
md neerosss occur In contrast the il change m paintothenie acd de-
fiuent swine 15 dissolution of the Nass! sulstance, 1 phenomenon which pre
cedes amy morphologic evidence of degencraton of mycdin and axoplasm of
the pesipheral or central pornions of the nene  As nme gocs on changes
m these structurcs sumilr to those seen minlls i pyndovine deficrency
ppear, and, i addion, there 1s degeneration of the dorsal root fibers and
the ascending tracts of the spiml cord  Thus there appear to be two different
patterns mn the pathogencas of the changes m the sensory ncuron n these
dcficient states and beeuse of this diffcrence the hy pothesis has been pre
scnted that py rdovne s intmately connceted with the metabolism of my elin
and that paintothenie aud ffects the mtegnes of the cell body nself  Such
an hy pothesis based on morphological evidence 2lone requires further physio
togical confirmation The subjece s of growe theorenc! interest however,
wew of the two 8 pes of neurological degencriion which one encounters
n the nervous ussucs of man, that s my chinochistic disease such 2s multple
sclerosss i which the mvddin s primanly affected and pohochistic diserse
such as eprdamisc encephalitss in w hich the cell body s first myured and myeln
degencration 15 sccondars The offcets of these two deficienacs on the
nenvous tissucs of other specics should be studied 1 order to confirm or
reject the obseryations which have been reported mn swine

s was noted above datr on changes 1 the porpheral ner ous tissues 10
other defiaene states are vers madequate Degencration of the sensory
ncuron has been observed m 1 few swine pliced on a diet low i proten
content and deficient m arotnie actd s well (592)  So too mvehn de-
generation s been observed m representarnes of several species deficrent
sn miboflavin (553, 555 556 563)  In such ammals, the site of Testons whether
1n the sensory or motor fibers has not been determined s ver Tt will be re-
called that in Mammals there 15 no good evidence that thiumne deficiency
lone leads to degencration of the periphertl nenes, the question of 1ts
relationship to the mtegnts of this portion of the nervous systan requires
furthcr study n birds

I com the investigations alrcidy reported it 1s obysous that the mctabolism
of motor and sensory neurons 1s different e would  thercfore seem de-
siethle to study the respiration of these neurons m wutro and to determunc
the response of clls from deficient anunals to the addition of certan speetfic
nutrients already Lknown to effect them
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Cemtrd Ner-ous $ysten Before commenting on the morphological le-
stons which mav be produced in the brain when anmals are placed on de-
ficient dicts certun well defined mimfestations of physiological disturbance
must be mentioned  In severnl species 1 pecular syvndrome of hy per-excit-
abilies followed by tome comvulsions his been produced by deficiencies of
ether magnesium (54 >3) or pyridonine (654 633)  In swine deficient in
the hitter nutrient ind eshibiting such signs no pathologieal iteritions have
been detected in the brun This 1s to be expected since such animals may
spontineoushy recaver from an attick or ma be cured by the rdministra-
ton of appropriate unounts of the mussing nutnent It 15 of mterest that
sl attacks hive been observed in rats on 1 potissium deficient diet which
had been supplemented with either rubidum or cesum m order to replace
the missing esentl nutrient (94)  Insmuch as all of these peculnr con-
vulsions scem to mvolve the muscular svstem 1s well 15 the nervous tissues
the possiahity that the former muv abo pliv 1 role must not be lost sight
of Unnl pomted phssiologiel studies e carried out the exact locale or
locales respunsible for these sy ndromes must be held m abeyince It would
be most mteresung o oben ¢ the dectroencephilogriphic pittern ot winnls
exhibiting such serzures

Perhaps the most extensne morphological lesions which hue been re-
ported to result from deficiency of 1 wingle nutrient are those which occur
w the bram when dietars copper 15 madequite (144 145) Virenalh com-
plete destruction of the white matter has been tound mn the ussues of new -
born lambs whose mothers apparentls had mnsufficient dietars copper The
lesions are of gret mnterest to the neuropathologist simce they closely re-
semble cases of progressive svmmetnictl dem elinization which 1re obserxed
mman \orphological changes m the brmn as a result of other deficiencies
are not 1t all clear cut, thumine defictency leads to physiological disturb-
ances and these, as well 1s morphologica] lterinons have been deseribed
elsewhere (page 152)

Cerebral hemorrhage resulting from low prothrombin levels his been
noted 1 vitamin K-deficrent animals and 1 similar state of affairs may be
responsible for the hemorrhages which have been noted in choline-deficient
rats In this instance one must postulate that the lier 15 damaged (there 1s
of course morphological and biochemical evidence that 1t 15) and 15 unable
o form adequate smounts of prothrombin  The hemorrhages which are
sud to oceur 1n caletum defictent animals should be further studied

Vitamin A deficiency provides an excellent techmque with which to
study the effects of mcreased ntracramal pressure since 1t will be recalled
that the brain of voung ammals deficient 1n this nutrient continues to grow,
while 1ts bony cov enng stops mcreasing mn swze The effects of pressure on
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cells 15 not observed  In py ndoxine-deficient vy the el site of mjury
1511 the peripheral nerves where myelin degenerition wppers, such changes
bemg noted before degeneritnce phenomenon appear m the ginglon cells
of the dorsal roots  As the deficiency progresses the dorsal roor fibers wnd
ueendmg trices of the spimal cord are mvolved but during the coune of
the disease chromotolysis 1s not observed m the cell body although trophy
nd necrosis occur In contrise the mimn! change m pmntothenic 1cid de-
fictent swine 1 dissolution of the Nissl substince 1 phenomenon which pre-
cedes amy morphologic evidence of degeneriton of myelin wmd asoplism of
the peripheral or centril portions of the nerie  As tune goes on changes
m these structures simihr to those seen il i pyndowne deficiency
ippear, and, n addition, there 15 degencrinon of the dorsal roor fibers and
the ascending tricts of the spmal cord Thus there appear to be two different
patterns i the pathogencas of the changes i the sensors neuron m these
deficient states and because of this difference the hy pothesis his been pre-
sented thit py ndoine 15 memmtely connected with the metibolism of myehn
ad that pantotheme acid affects the integrity of the cell body wself  Such
an hy pothesis based on morphologicil evidence 1lone requires further physio-
togical confirmation The subject 1 of grear theoreric1] interest, however
view of the two types of neurological degencriion winch one encounters
m the nervous tissues of man, that 15 my elmoclstic disease such 15 multiple
sclerosis 1n which the myveln s prnmanly affecred 1nd poliocdiste diseise
such s eprdemic encephahtis i which the cell body s first mjured and my elin
degeneration 1s secondiry The effects of these two deficiencies on the
nervous tissucs of other spectes should be studied m order to confirm or
reject the observations which have been reported m swine

As ws noted above daty on changes in the peripheral neryous tissues
other deficient stites are veryv mnadequate  Degenerition of the sensory
ncuron has been observed mn 1 few swme pliced on 1 diet Jow m protem
content nd deficient m nicounic acid s well (592) So too myvelm de-
generation his been observed m representitnves of severtl species deficient
mn nboflinan (553,55 556, 563) Insuch ammmnls the site of lesions w hether
1n the sensory or motor fibers his not been determmed as vet  Tr wall be re-
called that in Maunmaln there s no good evidence that thivimme deficiency
alone leads to degeneration of the penpheri! nerves  the quesnon of 1ts
rddationship to the meegnits of this portion of the nen aus o3 stem requires

further study m birds

From the invesugations alreidy reported 1t 15 oby1ous that the metibolism
of motor and sensory neurons s different It would therefore, seem de-
sirable to study the respration of these neurons w zitro and to ('Cl'(ﬂ'lnl{l]c
the response of cells from deficient 1nimals to the 1ddition of ceream specific

autrents tlready Lnown to cffect them
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nearons nd the devclopment of papilledema would seem two subjects which
could be imvestigated by this means

Deficiency disease therefore affords the neuropathologist a potent tool
with which to study some of the fundamental reactions to jury 1n the
central nervous system and 1t 1s to be hoped that such techmques will be
apphed in the future It may, of course, be added that competent neuro
histologists can doubtless add 2 great deal to the studies already reported and
should -lso find the myestigation of other deficiency states of mterest
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