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Preface to the Second Edition

THE preparation of a second editton of this book has pro
vided a welcome opportunity to correct some errors found
m the first It has also been possible carefully to examine
every part and to determine the need for alteritions or the
addition of new material In the 18 months since the book
first appeared rapid advance 1 the field of nutrition has
continued, but that which has been apphicable chinically has
not been great However, additional material has been
added on the changes n the eye n vitamin A deficiency
and the use of blood vitamun A determinations The sec-
tions on the diagnosis of thiamin, nicotinic acid, and
vitamin C deficiency have been largely rewritten and new
material added Current 1deas on the vascularization of the
cornea 1n relation to nboflavin deficiency are indicated
Chapter 13, on other possible nutritional deficienctes, has
been almost completely rewritten with respect to the present
status of other vitamins which may be significant 1n human
nutrition

To the appendix has been added a table of the recom
mended allowances of the Food and Nutrition Board of the
National Research Council, and 1n general throughout the
bool the suggested allowances of the various nutritive fac
tors have been altered when necessary to correspond to
those of the Board It 1s realized that these are probably
generous, but for application in chinical medicine a hiberal
factor of safety 15 desirable In the appendix the section on
Diagnostic Methods has had considerable revistion and some
new material has been added, manly the method for deter
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mming pyruvic acid m the blood The determination of
thiamin by the method of Melnick and Field has been
omitted Though satisfactory in expert hands 1t 1s not well
adapted to clinical laboratory work

The authors are grateful for the favorable attention the
book has received and for the many kind and complimen
tary notices They are equally grateful for the constructive
critiaasms nd helpful suggestions which have been given
Many are incorporated m the changes we have made
Wherever sound criticisms have not been followed equally
sound reasons for failure to do so have existed

We wish to express our thanks to our many associates and
others who have given helpful advice, to Mrs Macon
Somerville for her secretarial aid, and to the National
Research Council for permission to publish the Table of
Recommended Allowances We are likewise grateful to the
J B Lippincott Company for their patient and courteous
assistance

Jonn B Younmans
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Preface to the First Edition

RaPIp progress has greatly mncreased our understanding of
the clinical mamifestations of nutritional deficiencies, their
diagnosis and treatment But, this rapid progress has scat
tered the information in widely separated places, often dif
ficult of access, bewilderingly mixed with experimental lab
oratory data and 1n 1 state of confusion which makes the
acquusition, nterpretation, and use of this information dif
ficult for the phystcian This book has been written to bring
together 1 a useful and critical fashion such of this infor
mation as 1s necessary and helpful for a proper understand
ing and management of nutritional deficiencies 1n practice

Although the vitamins occupy a large part of the book,
other essential food factors, whose deficiency leads to recog
nizable signs and symptoms, are included to complete a
logical grouping of diseases whose mamn characteristic 1s that
they are caused by the absence, rather than the presence,
of the euologic agent Deficiencies of calories (starvation)
and water (dehydration) have, however, not been included
because they are not ordmnanly considered with defiency
diseases A discussion of the nature, function, and sources
of the various food factors 1s gwven to provide the necessary
background for an understanding of the diseases, which a
deficiency of them causes, but the book 1s not a treatise on
nutrition Nerther 1s 1t 2 book on dietetics although the
proper use of foods as sources of the essential dietary fac
tors 1n the prevention and treatment of deficiency diseases
1s discussed With few exceptions no material which 1s based
solely on observations on amimals has been 1ncluded for
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reasons which are discussed in Chapter 1 The few mstances
where 1t has been done have been clearly indicated

In so far as possible the various climical phases of these
nutritional diseases, etiology, pathogenests, diagnoss, et
cetera, have been presented 1 a uniform manner and 1 a
style made famihiar by the usual text books of medicine In
the discussion of treatment, however, prevention has been
given the added emphasis 1t deserves by placing 1t before
curative treatment The details of the technic of the various
laboratory tests are given 1n the appendix To have included
them 1n the body of the book would have lessened the force
of the general discussion To have excluded them would
have lessened greatly the ntended value of the book The
appendix ncludes also tables of umits, tables for the con
version of units, and certamn limited lists of foods

Relatively few bibliographic references have been given
1 spite of an enormous and growing literature on nutri
uon Recent developments have made much of this enor
mous literature mainly of historical interest Much of 1t
deals with experimental studies which have no direct ap
plication to chimcal medicine A great deal of 1t 1s scattered
1n 1solated fragments which must be interpreted 1n the light
of many other fragments and to include all these references
would require a bibliography unsuited to a book of this
kind

The speed of advance 1n this field at this time rmakes 1t
mevitable that changes and new developments will occur
between the time a book on nutritional disease 1s written
and the time 1t appears m print To avoid this, the inclina
ton 1s to 1nclude material which 15 so recent that 1t may
not have recerved sufficient confirmation On the other hand
too great delay 1n recording new discoveries makes the book
of little use With these facts in mind I have tried to avoid
either extreme and to present material which 1s not so new
as to be too controversial yet give as much helpful and re
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liable new information as possible In almost all cases such
new material has had the test of personal experience in
my own practice Some rish of prediction must be taken and
some dependence must be placed on the critical judgment
of pracutioners whose experience will, mn the long run, de
termne the worth of much that 1s proposed

To acknowledge individually the help of all who have
contributed to the writing of this book would require the
histing of nearly all who have contributed to the literature
of nutrition 1 the last two decades and many from earher
times My special thanks are due to many of my colleagues
who have contributed generously of time and effort 1n giv
ing nformation, advice and criticisms In particular, I am
grateful to my associate, Dr E White Patton, who has pre
pared the material for the appendix and 1n my absence has
read the proof and performed many other arduous tasks mn
connection with the detals of publication And, through 1t
all, T have had the untiring, willing help of my secretary,
Mrs Elma Lee West, without which such work would be
impossible and to whom I am deeply grateful

JBY
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2 STATUS OF DETICIENCY DISEASES

amounts and 1f the requirement for 1ron seems large at 10
mg the vitamin C needs are 5 to 10 times as great

A third characteristic 1s that they are fundamentally re
lated to the nutrition of many, if not all, of the cells of the
body They play an essential and basic réle 1n life processes
This characteristic appears to, but does not, contradict a
fourth characteristic whach 1s their spectficity 1n relation to
disease The fact that deficiencies of mdividual factors cause
specific and distinctive disease patterns does not mean that
only certamn tissues are affected (Many accessory food factors
have a non specific growth effect ) This speaific effect can be
attributed to the relatively greater effect of such a deficiency
on the more vulnerable tissues or organs

A fifth characteristic 15 that they cannot be formed or
synthesized by the body This, which 1s perhaps the most
distinguishing feature, 1s not an absolute characteristic, how
ever, and there 15 a considerable variation in different species
m this respect Thus, the rat, and other amimals can syn
thesize vittmin G Man and the guinea pig cannot Man can
make vitamin A from carotene, the final step 1n synthesis,
but cannot, nor, as far as 1s known, can any other ammal,
synthesize carotene Man can obtamn vitammn K from his
ntestinal tract where 1t 1s formed by the action of bacteria,
but this can hardly be called synthests He can form vitamin
D m the shin provided he 1s exposed to ultraviolet radia
tion Aside from these very limited abilities however, he 1s
dependent for his vitamins, as he 15 for mimerals and certain
ammo acids on the supply mn his food or drink Szent
Gyorgyr* speculates that the loss of ability to synthesize
vitamuns has come about m an evolutionary fashion because
an abundant exogenous supply has made synthests unneces
sary, a sort of * disuse atrophy ' of function Although man
and other primates are posstbly more dependent on an
exogenous supply than are other animals, there are few
studies 1n comparative physiology dealing with this topic
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A sixth characteristic of the essential accessory food fac
tors 1s their lack of toxicity or potentiality for harm Thus 15,
of course, consistent with their place as fundamental factors
1n the Iife of hiving cells As such, an 1nadequate supply of
them 1s mimical to the cell, an optimal supply favors
optimal growth and funcuon, while an excess 15 without
effect and 1s eliminated without mjury This means that 1n
general such substances are without pharmacologic actton
However, this characteristic also 1s relative and not abso
lute, and 1s variable with respect to the different food fac
tors Enormous amounts of some vitamins may be tahen
without any 1ll effect except for certun non specific re
actions, such as that caused by the acdity of ascorbic acd
(vitamin C)  Ascorbic acid can cause untoward effects by
1ts acedity just as can other acids However, some vitamins
extubit a toxic action 1n doses which, while very large, are
yet near the upper range of doses used 1n prevention or
treatment of the deficiency disese to which those vitamins
are related

It may be argued that the minerals are an exception to this
characterization and that they possess very decided and
definite pharmacologic as well as toxic properties This 15
true, yet when considered 1n the hight of the requirements
for these minerals the amount necessary for pharmacologic
or toxic action 1s truly enormous Iodine might be taken as
an example Common doses of 10dine when used as a drug
are 20 to 30 grams a day, 36,000 frmes the amount needed
for the normal functions of 10dine in the body Much the
same thing 15 true of iron The reason we give large doses of
1ron 1n 1ron defictency anemia 1s to secure 1dequate absorp
tion and not because any such amounts are needed by the
body

As has been remarked, this lack of toxic and pharmaco-
logic action of the essential food substances, vitamins par
ticularly, 1s relative, not absolute There 1s some suggestion
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that a defimite order 1n this regard, related to the function of
the substance, may exist In general those food factors which
seem to exhibit less special functions appear to be on the
lower end of the scale of toxicity However, no nvestiga
tions have been made of this interesting possibihity

THE RELATION OF RESEARCH TO
CLINICAL APPLICATIONS

The rapid 1ncrease m our knowledge of these accessory
food factors and of the deficiency diseases to which they are
related has stimulated much nterest and enthusiasm for the
clinical application of that knowledge At the same time 1t
has been difficult to Leep 1breast of new developments and
to transfer knowledge from the laboratory to clinical med:
cne, while a muluplicity of unus, doses, preparations,
names, and mixtures has been the source of much con
fusion As a result there has been an uncritical use of these
accessory food factors, the vitamns particularly, as well as
a failure to apply much of the knowledge which 1s available
and applicable

A source of much of the confusion has been the mnclusion
of data and findings referable to animals 1n writings and
discussions of nutritional disease 1n man Even with the
best of mntentions the mclusion of such material 15 apt to
be very confusing to persons who are not specally tramed
1 the field of nutrition A great deal of the current study
and 1nvestigation of nutrition deals with ammals and while
some of 1t 1s transferable to man, much of 1t 1s not The 1n
clusion of this material in chinical discussions almost
variably leads some to an uncritical and unwarranted as
sumption that the findings apply to humans The result 15
that false hopes and enthusiasm are aroused and useless and
often expensive treatment 1s instituted which delays correct
diagnosts and appropriate therapeutic measures
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It should be possible, however, by a careful considerationm
of the known facts concerning nutrition and by a recogni
tion of the potentialities as well as the limtations 1 this
field, to utilize our new knowledge 1n a sane and effective
manner 1n the practice of medicine To begin with, 1t
seems clear that the function and action of these essential
food factors 1s to mantain the health of the tissues and par
ticipate 1n the normal vital funcuons of the body Other
than this they have, with certamn excepuions httle or no
action All, then, we can reasonably hope to do with these
substances 1s to relieve a deficiency if one exists, or to pre
vent 1ts occurrence The use of these substances under other
conditions or for other purposes ts likely to be worth
less and 1n general 1s contraindicated unless the results of
critical study provide a justification, as m the case of some
of the minerals Too often 1n the past these substances, vita
muns 1n particular, have been used without any justification
whatever and solely on the basis of wishful thinking

It may be argued n this connection that deficiencies of
some essential factors are represented by clincal signs and
symptoms (perhaps diseases) which as yet are not recognized
as due to a deficiency and that by using a ‘shot gun  type of
treatment such a relationship may be discovered This may
be true, but as Szent Gyorgyr* has ponted out, 1t 15 unlikely
that many additional, important essential food factors re
mamn to be discovered or that important, hitherto unsus
pected relationships between nutritional deficiencies and
clinical syndromes will be disclosed Accessory food factors
are detected mainly by the result of their deficiency, that 1s,
by the corresponding deficiency disease Because of this the
more 1mportant the substance the sooner and more easily
will 1t be discovered The important vitamins A, B (com
plex), C and D, have been discovered, as has the dietary
significance of 1ron, 10dine, calctum et cetera Other pos
sible factors, not yet discovered, are apt to be of relatively
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much less importance For example, the recently discovered
vitamin K 15 for many reasons less important than vitamin G

GAPS IN CLINICAL KNOWLEDGE

There are, however, two fields of study of the essential
food factors m which little has been done although they
may contain much which bears importantly on health and
disease Irefer to the problems of the optimum amounts of
these substances and the interrelationships between them
For the most part we have been concerned 1n the laboratory
and m the climic with minimum amounts of the accessory
factors, 1€, with amounts necessary to prevent the appear
ance of disease Almost nothing 1s known about optimum
amounts and theur effect on health Mere freedom from de
tectable disease 15 not enough Optimum amounts may be
defined as those which would provide the utmost in health
as far as nutrition 1s concerned These amounts cannot, how
ever, as yet be expressed 1n a practical way mn spectfic weights
or unus Furthermore, they will undoubtedly be greatly
affected by interrelationships about which we know very
Iittle Why, for example, will one person develop scurvy and
another beriber: on much the same diet? Just what 1s the
nature of the Bisparingaction of fat?

Other phases of this problem of nutrition are the mflu
ence of other disease on nutritive needs and the effect of
nutritional deficiencies on associated disease Many de
ficiencies are, we know, conditioned, that 1s, they are n
duced by development of other disease without which
they would not occur We have little exact knowledge
of these effects, however In the opposite way nutritional
defictencies may affect other diseases, infections for mstance
Much has been written of this, but as one of us has pointed
out, there 1s very very little reliable data with regard to
these relationships Thus, although one cannot justify the
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loose thinhing and practice which characterizes much of the
clintcal work 1 nutrition, there are many opportunities for
critical experimentation and observation n the very broad
field of human nutrition

THE NATURE OF SUBCLINICAL
DEFICIENCIES

Regardless of these considerations deficiency diseases are
assuming mcreasmg 1mportance—partly because the control
of other diseases such as infections brings them 1nto greater
promunence, but 1 a large measure because our ncreasing
knowledge of them has enabled us to appreciate better their
frequency and effects I do not refer to advanced or severe
states of deficiency These are 1n fact becoming less fre
quent 1n this country and in many parts of the world On
the other hand we are learning that the incidence of mild
or subclinical deficiencies 1s much greater than had been
thought Such mild, or latent, or subchinical deficiencies are
of greater mmportance than the more advanced cases They
are less obvious more difficult to detect, affect greater num
bers of people and are more apt to pass unnoticed and hence
untreated Therr effects are often indirect, mnfluencing gen
eral health and efficiency rather than producng character
stic disease syndromes

There 15 hittle need to discuss here m detul the cause of
these deficiencies Sometimes they re due to poverty, often
to 1gnorance or custom, or to 2 combination of these On
the other hand they may be due to causes peculiar to the
individual, most often the influence of some other disese
1f due to the former causes they are usually endemic, but
they may occur m epidemcs as in wars or famnes, with
crop failures, or 1n mstitutions jails, and the hike Such
endemics and epidemics are primarily public health prob
lems Pellagra 15 a good example of an endemic deficiency
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disease 1n this country but 1t 1s not the only one In fact
there 1s reason to believe that most of the nutritional de
ficiencies are endemic to a greater or less degree in all parts
of the country, more so 1n some parts than others, changing
1 _incidenice and type rom time to tume On the other
hand, 1f due to ciuses peculiar to the mdmvidual they are
sporadic and belong particularly to the province of the prac
ticng physician The exact frequency of the various de
ficencies 1s unknown or difficult to determine accurately for
reasons which will be discussed later

It 15 clear that the first problem in practice 1s to determine
when a defictency exists or 1s likely to occur This 1s not
altogether an easy matter While sumple enough 1n the fully
developed deficiencies, such as scurvy and pellagra, 1t 1s
more difficult to diagnose latent or subclinical deficiencies
These are, however, the cases which must be diagnosed if
full advantage 1s to be taken of the newer developments 1n
nutrition and progress 1s to be made m the diagnosis, pre
vention, and treatment of these diseases It 15 of no advan
tage to wait until the deficiency diseases are fully developed,
and pellagra, scurvy, beribery, et cetera are obvious, before
a diagnosis 1s made and before treatment 15 begun

In general, there are four methods for diagnosing dietary
defictencies They are 1 an analysts of the diet, 2 the signs
and symptoms of a deficiency as determined by history and
physical examination, g laboratory tests, and 4 a thera
peutic trial With few exceptions, no one of these alone 1s
diagnostic 1n early cases There 15, however, new knowledge
of the clinical manifestations and the signs and symptoms of
the deficiencies, as, for example, 1n riboflavin deficiency,
and new and mproved laboratory procedures for detectng
still earlier evidences of the deficiencies are being devised
By the careful use of all these procedures, 1t will be possible
1 many cases exther to detect early deficiencies and 1nstitute
proper treatment or disprove the presence of a defiaiency
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A characteristic feature of nutnitional deficiencies
humans 1s therr multiple nature Single deficiencies are un
common, multiple deficiencies are the rule This 1s m sharp
contrast to the laboratory where smgle deficiencies pre
dominate by choiwce and are purposely produced singly
when possible This 15 desirable experimentally and has
been very valuable, but has undoubtedly been the explana
tion for delays uncertainty, and error m transferring labora
tory findings to clinical medicine In the clinic the multiple
nature of the deficiencies has favored a careless attitude
tow1rd diagnosis on the part of the physician The tendency
has been to foster careless and mcomplete diagnosis and the
complacent acceptance of such general terms as deficiency
disease  ‘ multiple avitaminosis and the hike This attatude
will 1n turn lead to the uncritical use of complex mixtures
m treatment Such a practice 15 no more justified than failure
to diagnose other diseases accurately One might as con
sistently make a diagnosis of heart disease and give digtalss,
glyceryl trimitrate, diuretics, and thyroid extract, without
attempting to determimne the cause, pathologic changes,
and functional disturbance The only proper procedure in
any case of suspected nutritional deficiency 1s to determine
as completely as possible the nature of the deficiency and
the pathologic and functional changes resulting from 1t In
this way the clinician not only insures accurate, complete
diagnosis and proper treatment but 1s able to contribute to
our knowledge of the vitamins as they relate to human
health

THE TREATMENT OF DEFICIENCIES

Having made the diagnosis of a nutritional defictency
the matter of treatment 1s relatively simple 1n the sense that
the treatment 1s specific, ats nature 1s known and the results
highly successful 1f treatment can be given There are how
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ever, certamn difficulties, often more social and economic
than medical, which must be overcome and certamn abuses
which must be considered

Treatment may be divided into preventwve or prophy
lactic treatment and curative treatment Under preventive
or prophylactic treatment I have preferred to designate a
subclass, protectie treatment, for reasons which will ap
pear later Though a subclass it 15 an exceedingly important
one, particularly m the practice of medicine

In perhaps no other group of diseases does prevention
offer as great possibility for complete success as n the
nutritional deficiencies Preventive treatment may be taken
to mean general prevention, prevention in the population
as a whole As such 1t 1s entirely a matter of diet alone,
except under certain abnormal conditions as war or famine
when supplements of concentrates or pure substances may
be included This general prevention 1s a matter of eco
nomics and education, the availability of adequate food
supplies at a proper cost to a population educated to a
knowledge of 2 balanced adequate dietary Such preven
tion 1s properly a matter for public health agencies and the
physician 1s less concerned with 1t than with other forms
of prevention to be considered later Nevertheless, the physt
cian must not forget his obligation to the public as a teacher
and a leader and 1n particular to hus clientele who look to
him for information and guidance on matters of health as
well as 1llness He should, therefore, be prepared to give
sound current advice m matters of diet and nutrition 1n so
far as this 1s available clinically, heeping abreast of new
developments 1n a critical but progressive manner

Protective treatment 1s, as indicated, a subdivision of pre
ventive treatment, but a very important one It 1s the pre
vention of deficiencies 1n persons who for ny reason are
especially or peculirly exposed to the possibihity of a defi
ciency It includes all of the cases of so called conditioned
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deficiencies, the sporadic cases due to circumstances peculiar
to the mdividual, and the deficiencies likely to be associated
with certain physiologic strains or stresses Therefore, pro
tective treatment apphes to individuals or certain groups of
ndviduals such as pregnant women children at certamn
ages, patients with certain diseases, such as gastrointestinal
disease, mental disease, et cetera, the particular groups and
individuals differing with respect to the different nutri
tional factors It 15 this group which 15 of particular interest
and mmportance to the individual practicing physician and
1t 15 this group for which he 15 particularly and almost
wholly responsible This responsibility 1s heightened by the
fact that 1f 1t 1s properly met such deficiencies can be entirely
prevented and the 1l effects, which are apt to be more than
usually severe and dimaging, can be avoided In this pro
tection or protectwe treatment diet alone may not be ade
quate and here concentrates and pure preparations find a
proper place

Curatie treatment 15 to a hugh degree specific, and suc
cessful, restoring the patient to normal even after long and
severe deficiencies m most (but not all) cases It may how
ever, present problems of dosage, adminstration, absorption
and the like as well as posstble economic and soctal diffi
culties, problems which are present with preventive and
protective treatment as well In considering these problems
1t will be helpful to Dist certain general principles of treat
ment To begin with the more natural 1s the source of
the nutritional factors, the better The reason for this 1s
obvious We know a great deal about nutrition but we do
not know all about 1t 1n particular we do not know what
may be lacking 1f dependence 1s placed solely on chemcally
pure products to the exclusion of possible but unknown
factors i foods Nerther do we know much about the inter
relationship of vitammns or therr relation to other con
stituents 1n the diet On the other hand we do know that 2
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hberal, well diversified diet will supply all necessary food
elements and maintain normal health as far as nutrition
1s concerned Therefore, the order of use should be natural
foods first, then concentrates of food or food like substances,
such as yeast, cod liver o1l and the like, and lastly pure
preparations This 1s particularly true in the case of pre
ventive or protective treatment and 1n the later stages of
curative treatment when pure preparations should be
replaced by concentrates and natural food substances The
fact, however, that food and certain concentrates contain
more than one food factor must not be taken as a recom
mendation for artificial combinations of food factors, espe
clally vitamuns, the use of which 1s m general to be
condemned Whenever possible, natural dietary sources,
even when 1t may be necessary to use concentrates or pure
products, should be used and emphasized This 15 1m
portant, not only for the value of the additional food ele
ments but to teach the patient the need and nature of an
adequate diet and to prepare hum for the time when the
diet alone will be used to mamntain the cure and prevent
recurrences

If emphasis on natural food sources and diet 1s important,
particularly 1n respect to general prevention and 1n the
period of recovery after curative treatment, 1t 1s equally
important that when concentrates and pure preparations are
used, especially i protection and cure, that they be given
1n amounts and by methods which will assure adequate
treatment To secure adequate protection, to mahe up for
deficits, and to raise the intake to a safe level, 1t may be
and often 15 necessary to use pure products and concentrates
sometimes 1n large amounts, and sometimes by parenteral
or special methods of admimistration One must, however,
beware of over dosage, not because of harm or danger which
15 almost non exstent with these substances but to protect
the patient s pocket book and to avoid waste generally, the
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possibility of which 15 greatly enhanced by the relattvely
high cost of some concentrates and pure preparations

CONFUSING FACTORS IN VITAMIN THERAPY

Thus problem of adequate yet proper dosage and treat
ment has been made difficult by the confuston arising from
a multiplicity of names, preparations, units, and dosage, the
use of 1rrational and often uncertain muxtures and to some
extent the lack of 1ccurate knowledge regarding the nature,
effects nd requirements of various products This confu
sion has lead on the one hand to a great deal of over
enthustastic, uncritical prescribing  with wasteful over
dosing, or mnadequate administration, and on the other
hand to a distrust of all vitamin and related medication
and a failure to make use of these valuable products This
state of affairs has not been helped by the action of many
manufacturers 1n providing innumerable preparations and
mixtures, using non informative or too suggestive names,
obscure untts, with unwarranted claims based on deceptive
evidence

The manufacturer 1s not altogether to blame, however,
and the physician on his part has the responsibility of know
ing the status of various preparations the nature and basis
of the units employed, et cetera In addition to the report
of current nvestigations which must always, of course, be
considered critically unul fully established, he has the aid
of such agencies as the Counail on Pharmacy and Chermstry
of the American Medical Association from whose periodical
reports he may obtain mformation concerning the status
and use of new nutritional substances and preparations

Nezther the dealer nor the physician moreover, are to be
blamed for much of the confusion which has 1ts source m
units and measures of potency Most of this 1s inherent 1n
the rapid advance m the field of nutriion Umts and
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measures of potency are usually established mn the begin
ning on the basis of ammal expermmentation They are apt
to be expressed 1n terms of animal units based on certain
functions 1 animals, not necessarily found in man This
does not mean that umts and the products to which they
refer should not be used 1n medical practice Often such
products are found to be very valuable, even life saving,
long before thewr exact composition 1s known and before
the dosage can be expressed in exact and absolute terms
Unfortunately, however, the difficulty and confusion are
mcreased by the mtroduction and use of more than one unit
for the same substance This may be very troublesome and
the units may be difficult to reconcile or equate Also, errors
may occur m defining or determining units, errors which
are afterwards corrected only slowly and with difficulty
Finally, there 1s 2 tendency to retan umts of an indirect
sort long after exact or absolute units (weight) can be
assigned Sometimes 1t seems that this 15 done purposely
with the object of concealing the strength or value of cer
tamn products Lastly, there 1s the possibility of error, fortu
nately rare, because products fail to possess the qualities
or potency which they are alleged to possess 1n commerctal
advertising

It can be seen from this rather brief discussion that when
ever possible a unit should be an absolute value such as
weight or volume The opportunity to use such units ords
narily depends on the 1solation or synthesis of a substance
in pure or relatvely pure form At present many of the
essential food factors mcluding the vitamins thramin, nico
tinic acd, niboflavin, ascorbic acid, alpha tocopherol (vita
min E), and the substituted naphthoquinone (vitarmin K)
can be prescribed and dispensed by weight (milligrams) and
no longer 1s 1t necessary to use vague and uncertamn umnits
for these substances In these matters the mdividual physt
can can, of course do httle directly but he can support
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proper agencies such as the Council on Pharmacy and
Chemustry of the American Medical Association 1n thesr
efforts to establish proper standards and umts and by his
patronage encourage the manufacturers to adopt, as soon
as possible, these proper units and standards

It may also be concluded that pure substances should ord1
nanly be given separately or at most 1 simple combination
of one or two 1tems Pure substances are ordmarily given
for curative or protective purposes and to meet specific
needs and indications This 1s best met by individual prep
arattons admumstered for mdividual purposes It 1s difficult
to adjust dosage 1 mixtures and their use easily degenerates
mto theold shot gun prescribing with all 1ts faults 1nclud
g madequate treatment waste and, more importantly, a
loss of critical faculties and judgment on the part of the
prescriber The truth 1s that many of the mgredients of
mixtures are present m such small amounts that in the
recommended doses the amounts are too small to be effec
twve and 1n adequate individual amounts the quantities are
excessive or impractical, the cost needlessly hugh There
1s often 1n these cases a waste of the other ingredients which
are either not indicated or are not needed i such Inrge
amounts To the argument that such preparations are good
for prevention if not for curauve treatment it may be
pomnted out that 1n the amounts needed for prevention
these factors are ordmarily better provided and at less ex
pense 1n food or concentrates of food

It 15 apparent that what has just been said does not apply
to concentrates of natural food stuffs or sem: food stuffs such
as fish o1ls, yeast, wheat germ et cetera The fact however
that such concentrates, which may contain more than one
nutritive substance, are recommended for curatrve uses
must not be taken as a recommendation for mixtures of
pure substances, the use of which 1s 1n general to be con
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demned Nesther 15 1t good practice to add pure prepara
tions to food or food like concentrates

Such considerations raise the whole question of the forty
fication of foods with accessory food factors such as vitamins
and minerals, a problem which 1s assunung ncreasing 1m
portance as the practice 1s broadened A complete discussion
of this problem cannot be given here but 1n general 1t may
be stated that the fortification of foods with the various
nutritive factors, foreign to the food i question, or m
unnaturally large amounts 15 inadvisable On the other
hand the restoration of substances removed from food dur
mg processing may, under some circumstances, be justt
fiable

When possible the essential food substances should be
given by mouth All the reasons why oral administration
should be preferred to parenteral apply here and there are
certatn others in addition In the case of several of the
vitamins the excretion 1s very rapid when they are admin
istered parenterally 30 rapid that 1n spite of a defictency
large amounts may be excreted in the urine unused and
hence wasted Some, such as K, appear to act more rapidly
by mouth than by other routes, and, though the latter may
be necessary in some cases, the oral route 1s best With 1ron,
the effective parenteral dose 1s very near the toxic dose and
1t 15 often mpossible to give adequate amounts, other than
by mouth, without producing untoward effects Parenteral
admimstration then 1s to be restricted to specific and clearly
mdicated circumstances and purposes The principal ones
are, of course, mabihity to administer by mouth or a dis
turbance 1n absorption from the gastrointestinal tract

Fmally, m concluding this introduction let me empha
size the need for as careful attention to these principles and
to the scientific practice of medicine mn the field of nutnt
tion and nutritional disease as mn other fields of practice
Thorough, pamstaking, scientifically honest observation and
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application of our knowledge of nutrition must be employed
not only for the benefit of the patient but to advance our
knowledge of the various food factors as they relate to man,
the final test of their relation to human health and disease
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Vitamin-A Deficiency

(Night Blindness (Hemeralopra), Xerosis, Xerophthalmia, Keratoma
lacwa, Vitamin 4 deficiency dermatosis, Hypoutaminosis A)

HISTORY

DEeFiciENCY of vitamin A 15 the cause of one form of mght
blindness or hemeralopia and of those diseases of the eye
long known as xerosms, and <erophthalmia, or Lerato
malacia It also causes a specific dermatosis and changes 1n
the epithelium of certain internal organs, and a mild, latent,
or subclinical deficiency may exist, presenting no clearly
recogmzable chinical signs or symptoms but detectable by
mstrumental means or by histological examination post
mortem

Night blindness, a lessened visual acuity in dim light, has
been known for centuries It was recognized by the Egyptians
who treated 1t by feeding hiver, a rich source of the vitamin
In more modern times it has been found among prisoners
and mmmates of nstitutions, m sailors, n soldiers and the
cvil population 1n times of war and during famines Within
recent times 1t has been common 1n Labrador during the
winter, the mhabitants practicing the ingenous custom of
bandaging one eye during the day to preserve 1t for use
during the mght At the present time 1t 15 reported from
China, India, Africa, and 1 a muld form, even in this
country

Xerosts, xerophthalmia, and keratomalacia may m gen

10
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eral be considered progressively severer stages of the same
disease of the eye, the last named complicated by secondary
infection and destructive changes All forms have been
recognized as occurring 1n assoctation with and under con
ditzons which produce night blindness In more recent times
xerophthalma and Leratomalacta have been observed most
often 1n mfants and children

The specific relation of vitamn A deficiency to an erup
tion of the skin was first reported by Frazier and Hu from
Chma 1n 1930 Smce then cases have been reported from
other countries, particularly Africa and the Orient but also
from England and the United States

Our knowledge of the pathologic changes m internal
organs 1s mamly the result of the postmortem studres of
‘Wolbach and his assocrites

NATURE AND FUNCTION

Vitamin A 15 a complex substance belonging to the group
of the higher alcohols ¥ Its chemrcal structure has a prac
tical significance 1n that 1ts alcoholic nature permits estersfi
cation and combination with fatty acids, bile acids, and
protemns This explains 1ts combination with a protemn to
form visual purple (rhodopsin) 1ts absorption as a bile

*Vitamin A 15 a hugh molecular primary aliphatic alcohol wath the
{following formula
CH: CH: - 1
7

C C{J,l CH,
HC, C—~CheCHACheH—Cr—CcH—decH_cHON

, HC )c—cH.
i Re:A

The optically inacuve beta 1onone ring {enclosed m the dotted lmes) 15 an
essential component of vitammn A structure Only carotenes with this
nng are convertible into vitamm A Beta Carotene whose formula 1s
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acid compound and 1its transport and storage n the hver
as a fat acid ester or similar compound Its unsaturated
bonds make 1t easily oxidizable and, since the highly oxa
dized compounds have no biological activaty, the practical
wmportance of protecting the vitamin from oxidization 1n
such procedures as storing, preserving, and processing food
1s apparent

Vitamin A 15 unique among the known vitamins 1n that
1t apparently 15 formed only by the metabolic 1ctwity of
the animal organssm from precursors or pro vitamins which
are produced only by plants The precursors or provitamins
of vitamin A are certain of the carotenes and carotenoids or
pigments commonly found m plants Of the carotenes, four
are important for man for conversion into vitamn A These
are @ carotene, a carotene, ¥ carotene, and cryptoxanthin
Of these § carotene 15 the most important because 1t 15 more
abundant m common plant foods of man and animals

given below has two of these rings and hence can be converted into two
molecules of vitamin A

CH; CH,
\C/ CH; CH,
HC, C-CH:CH—(LQCH — CH==CH—C=CH—CH~=CH—CH=
8 Carotene
H.C C—CH,
CH:

CH. CH;
CH,

i
E-CH—CH—CH-—}J—CH«——CH C(
CH—C

The unsaturated bonds mn vitamm A are xmg:nam 1n relation to oxndu
tton They are indicated by the double bon
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Under ordmary conditions man obtains vitamin A 1n part
as the actual vitamin from animal tissues and products but
the greater part i1s formed by converting the carotenes
obtained 1 plant and animal food mte vitamin A There 15
considerable difference among animal speces 1n their ability
to form vitamin A from the carotenes and some may not be
able to do so Man possesses this ability but differences 1n
the absorption and utilization of carotene as compared with
preformed vitamin A are of practical importance 1n con
sidering the supply of potential vitamin 1 the food or 1
medicaments The natural vitamin A has been 1solated 1n
pure crystalline form, but this product 1s not as yet avail
able for general use The synthesis of vitamin A and 1sola
tion of the pure crystallme natural vitamm have been
reported but such products are not yet available for clinical
use

Vitamm A 15 absorbed from the intestine and transported
m blood and lymph to the liver where by far the greatest
part of 1t 1s stored Under normal conditions the absorption
of vitamin A 15 very nearly complete for amounts near the
mimmum requirement though always there 1s some loss 1n
the stool When larger amounts are ingested absorption 1s
less efficient and with excessive amounts the greater part
may be lost 1n the stool In states of depletion however, the
absorption of large amounts may be more complete Bile 15
helpful in the absorption of A but 1s not necessary as n the
case of carotene The absorption of carotene 1s subject to
greater variations and factors which imterfere with absorp
tion affect carotene more than vitamin A 1itself Carotene
also 1s carried to the liver which 1s probably the place where
1t 15 converted into vitamin A Injury to the liver may cause
a decrease m the conversion of carotene to vitamin A and
m such cases an increase 1n the carotene of the blood may
occur 1 the absence of mncreased ntake of carotene

With sufficient intake large reserves of vitammn A are
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stored 1n the liver, sufficient to tide the subject over a con
siderable period of lowered mtake Thus store tends to n
crease with age and the reserves of the infant are always
lower than those of the adult irrespective of the mother s diet
With a restricted itake the loss from the liver appears to
be rapid at first but later the use 15 more economical When
the store becomes low the circulating supply 1s inadequate
and symptoms begin to appear In general the supply tends
to determine the reserve level, a pomt of clinical importance
because with a customary low ntake the liver store 15 low
and an acute shortage, caused by a sudden drop m ntake
or an increased demand, may precipitate the onset of symp
toms, a thing which would not happen with a good reserve
Infections and certain chronic diseases mncluding diseases of
the liver cause lower reserves by (1) decreasing mntake, (2)
increasing demand or (3) interfering with absorption and
storage

Aside from the general growth effect vitamm A 15 essen
tial for the formation of visual purple and for mamtaining
the health of the epathelial cells Except for 1ts part m the
synthesis of visual purple vitamin A, 1n contrast to some
of the other vitarmns, does not appear to parucipate mn the
activities of the cells, 1ts relation to function being ndirect
through s effect on the health of the epitheltal cells
themselves

Vision m dim light 1s mamly a functzon of the rods of
the retina and 1s dependent on an adequate supply of visual
purple (rthodopsin) Visual purple 1s a compound of vitamn
A and a protemn In normal viston visual purple 1s broken
down m bright hght to vitamin A and the protemn, part
bemng destroyed In the dark visual purple 1s regenerated,
1n part from the previously broken down products and n
part from new material An adequate supply of vitamn A
1s essential to the formation and regeneration of wvisual
purple
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An ant1 infective function has been ascribed to vitamin A
There 1s little evidence, however, that 1t has any positive
ant1 nfective action Such action as 1t appears to have 1s
probably non specific and related only to the mamtenance
of a healthy condition of the epithelium With regard to
certamn infections such as ‘colds, even this ‘ favorable
action * has probably little effect on the incidence of infec
tion though it may assist 1n shortening the infection and
decreasing the frequency and duration of complications
Even 1n the dermatosis due to vitamin A deficiency there
seems to be lttle tendency to secondary infectron when
ordmary cleanliness 1s mamntamed

Certamn other actions of vitamin A have been described
These include an ant1 thyroxine action, a sumulating effect
on epithelal growth m wound healing and antianemic
action, et cetera The exstence of such properties 15, how
ever uncertan

PATHOLOGY AND PATHOGENESIS

The effect of a deficiency of vitamin A on the epithelium
15 an atrophy of the cells followed by replacement with
undifferentiated epithelium through proliferation of the
basal cells Thus results in a stratified, cornified epithelium,
simular to the epidermis and the same 1n all structures 1rre
spective of their original structure or function Disturb
ances 1 function result from this altered nature of the
epithellum and the presence of masses of dead cormfied
cells Glandular structures such as the sebaceous and sweat
glands dimimsh their secretion or cease entirely Ducts are
plugged Specialized epithelial surfaces become replaced by
a flat, keratinized surface

In the eye this process leads to a metaplasia of the epr
thelium of the conjunctiva and cornea with stmlar changes
1n the ducts of the lacrimal glands
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The skin becomes dry and tough and there s hyper
Leratosts of the hawr follicles, developing nto 2 papular
eruption about the pilosebaceous follicles (Fig 1) Hairs
are brolen off and lost In some cases the dryness and rough
ness of the skin are less noticeable and the eruption resembles
acne There may be a dirty slate gray pigmentation and 1n
cured cases spots of pigmentation may remain about the
area of the papule

Microscopically, the papule 1s seen to arise from the pilo
sebaceous follicle and the lumen and mouth of the follicle
are dilated and plugged by a dense mass of horny, cornified
epithelium arranged 1n more or less concentric lamellae 1
which there 15 often a remnant of the hair There 15 hyper
keratinization of the epithehum lming the follicle, hyper
plasia of the adjacent eprdermal cells and moderate hyper
trophy of the horny layer The cuus vera around the follicles
shows a mild grade of wrritative inflammatory reaction with
but shight cellular infiltration The sebaceous glands are
absent or present only m remnants The sweat glands and
their ducts show changes similar to those seen m the pilo
sebaceous follicles Increase in the melanin pigment occurs
m the skin and conjunctiva The acne like papules resemble
microscopically those of acne vulgarss, except that cellular
mfltration 1s much less The epithelium of the respiratory
tract shows the kerattmizing changes in all sites  In the lungs
the plugging of bronchioles by desquamated cells leads to
areas of atelectasss and bronchectasss, the cavities often
filled with keraunized cells Intersitial or peribronchial
pneumonia 1s a frequent comphcation m mnfants Similar
Leratimization of the eptthehum 1s found 1n the accessory
sinuses, nares, and eustachian tubes as well as i the saliwary
glands

In young children there 15 keratinization, desquamation,
and replacement of the normal epithelum 1n the kdney,
peluis, ureters, bladder, and uterus Sumular changes prob



Fic 1 A biopsy section of the shin from a case of
sitamin A dermatosis Note the hyperkeratosis of the

superficial epadernus The didated hur follicle 1s filled

with 1 plug of kerwtinized epithchium and there 1

hyperplasia of the ¢pithehum about the follicle [he

sebiceons gland 15 1bsent and the swent glands are de

crevsed i number and size
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ably occur 1n adults to 2 less degree and Leratinization of
the vaginal epithelium 15 seen 1n women Absence and
defective formation of dentin and enamel, resulting 1n
deformuties of the teeth occur Changes in the ovaries and
testes 1s well as other structures are recogmzed 1n wnimals
but have not been established 1n man and there 1s as yet no
conclusive evidence that deficiency of vitamin A causes
specific changes 1n the central or peripheral nervous system

The resumption of a satisfactory supply of vitamin A 15
followed by reparr which begins m a few days micro
scopically but which requires a considerable time to be
clinically apparent and complete except for the restoration
of visual purple which takes place much more quickly In
the process of epithehal repair the cells which have been
irreparably damaged are cast off and the vinble cells proceed
to develop and differentiate mto the spectfic type of ep1
theltum originally present 1n that site Complete restora
tion does not occur 1n these places when secondary mfection
and destruction of tissue have been too extensive, as for
example m the eyes

INCIDENCE AND EPIDEMIOLOGY

Severe states of vitamin A deficiency such as are repre
sented by xerophthalmia severe dermatoses, and advanced
nught blindness are very rare mn this country, especially 1n
adults The literature 1n this country contains the report
of only one case of xerophthalm:a n an adult 1 several
years and according to the experience of ophthalmologists
it 15 very infrequent However, there 1s reason to believe
that muld deficiency or hypovitammosis A 1s fairly common
among the general population, even 1in those apparently
healthy, and particularly 1in younger children Recent re
ports mdicating the existence of mild deficiency among a
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large percentage of children and even adults are open to
question because of doubts concerming the accuracy and
rehabuility of the methods used for detecting the deficiency
Nevertheless the occurrence of the dermatosss, the detection
of mght blindness of suffictent severity to discount certain
errors 1n diagnostic methods, the finding of gross and his
tologic changes at autopsy, especially i children, and an
analysis of diets mdicates that the condition 1s not uncom
mon A deficiency of vitammn A occurs among those who
cannot or do not through ignorance, habit, or mistaken
1deas, include a sufficient supply 1n the diet Among patients
the incidence 1s considerably greater because of the greater
Iikelihood of a ‘ conditioned” deficiency and 1n practce 1t
15 found most often as a complication of other diseases It
15 apt to occur in nfections, particularly chronic infections
such as tuberculosis, 1n gastromtestinal disease and diar
rheas, among those on therapeutic diets, 1n surgical patients,
pregnant women and the insane The common practice of
adding vitamun A to diets of infants has lessened its mn
adence among them Certain diseases of the liver which
mterfere with the conversion of carotene to vitamin A or
the storage of the latter may result indirectly 1n vitamm A
deficiency

SYMPTOMS AND SIGNS

The detectable symptoms and signs of vatamin A lack are
those referable to vision, the structure of the eye, the skin
and vagina Changes n the internal organs are diagnosed
only by mference but may be detected at post mortem exam
mation, especially 1 children

Night Blindness Idiopathic night blindness varies from
mld states detectable only by mstrumental means to a
disability sufficient to make the subject blind 1 dim light
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In the mildest forms the subject 1s unaware of the defect
In the earher chnical stages questioming may reveal the
symptom or the patient may complain of 1t voluntarily
Difficulty 1n reading or sewing at might, i finding 2 seat
in a darkened hall, stumbling 1 the dark or trouble in
driving an automobile at might are common complants
In driving an automobile the subject may be more sensitaive
to blindness by approaching head lights and may fail to
see turns, road side obstructions and passing pedestrians
clearly In the more advanced stages the symptoms are easity
noted

Xerosis and Xerophthalmia These conditions are well
known results of the changes 1n the epithelal tissues of the
eye In the earliest stages (prexerosis) objective changes
are slight or lacking and the principal manifestations are
subjective, 1tching burning, asthenopia, and mild photo
phobia (Similar symptoms are found in riboflavin defi
ciency ) Later there may be a shight conjunctivitis with
redness of the hds The conjunctivae are, however, dry,
tears are lessened and when the lids are held open for a
few moments the conjunctival tissues and cornea become
drier than normal With xerosis the conjunctiva become
thrown 1nto greasy folds, pigmentation and Bitots spots
appear and the symptoms are more severe This stage 15 fol
lowed by mvalvement of the cornea which becomes ede
matous and infiltrated with leucocytes with resulting opac
1ty Secondary infection 1s usually present by this time, the
B xerosis being a common mvader More serious infection
may follow with ulceration and complete destruction of
the eye Kruse has described the finer changes 1n detail
(see Diagnosss)

Skin The specific dermatosts of vitamin A deficiency has
been recognized only recently having been first described
by Frazier and Hu from China m 1ggo It consists of a
pPapular eruption usually occurring first on the anterolateral
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surface of the arms and thighs, spreading to involve the legs,
abdomen, buttocks, back, and neck The lesions consist of
dry papules of varying size up to  cm 1n diameter, arising
at the site of the pilosebaceous follicles, principally on the
extensor surfaces of the thighs and arms but extending m
some cases to the shoulders, abdomen, bacl, buttocks and,
rarely the face and neck The papules are conical or her
spherical and contain a central mtrafollicular plug which
projects from the surface or 15 covered with a loosely ad
herent scale When expressed the plugs leave gaping cavities
In mild cases the papules are no larger than those of ordi
nary gooseflesh 'Washing may lessen the eruption consider
ably by mechanical effect The skin 1s generally dry, rough
and wrinkled, darker than normal and often of a dull state
color There 1s an absence of sweating Comedones often
are numerous

In some patients the lesions present a somewhat different
appearance They consist solely of dull red, flat, or shghtly
conical, discrete papules of varying size, usually about o 5
cm 1n diameter, similar to the lesion of acne The papules
are distributed over the anterolateral aspect of the arms, the
shoulders, upper chest and back, with few, if any, on the
face, abdomen, or lower extremities The individual lesions
often simulate a pustule, giving the immpression that by
pierang or removing the whitish top a bit of pus could be
obtamned When such attempts are made, however, the cap
15 found to be a thm, whiush scale whach, when removed,
leaves a raw surface and pus s not found In some cases there
are a few scattered pustules but comedones are uncommon
The skin does not appear dry or rough and does not 1tch

The dermatosis 15 said to be uncommon 1 children and
Lowenthal related the increased incidence after puberty to
the changes 1n the sebaceous glands and hair occurring at
that time Recent studies suggest that mild grades of the
eruption are not uncommon and will be found 1f looked
for carefully
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Vagmma Changes 1n the vagmal epithelium, similar to
those changes occurring n the skin, apparently may pro
duce a vagimtis of the type which 1s commonly called
senile vagmitis

Other Organs Alterations n the mucosa of the upper
respiratory tract (nose and accessory smnuses) and upper
gastro intestinal tract (mouth and salivary glands) produce
few demonstrable effects Deformuties 1n tooth structure
and caries occur but the changes have no specific chinical
charactenistics The effects on the trachea and bronchi have
been discussed m the section on pathology They seem to
be pronounced and early 1n children but the clinical effects
they produce are those of the complications, such as atelec
tasis, bronchiectasts, and pneumoma which do not daffer
from the same conditions arsing under different circum
stances Still earlier effects of the atrophic process m the
mucosa may occur but cannot be demonstrated as specific
effects of the vitamin A deficiency Changes in other mternal
organs such as the pancreas genito urinary tract, uterus, et
cetera, do not produce sufficiently charactersstic signs or
symptoms to establish recognizable chinical syndromes Al
though excessive numbers of epithelial cells 1n the urine
with the urinary tract as their source may represent the
changes 1n the epithelium of the renal pelvis, ureters or
bladder the evidence 1s as yet msufficient to establsh this
as reliable climcal evidence of vitamun A deficiency The
evidence 15 still msufficient to relate vitamm A deficiency
to the formation of renal calculr 1n man

The complications of vitamin A deficrency are usually
not true complications but are diseases which are the pre
disposing cause of the defictency Secondary infection of the
eye bronchitis and bronchopnenmonia, and renil infections
may be classed as complications Bronchopneumonia 1s the
common cause of death 1n infants with vitamin A deficiency
Secondary mfections of the skin are not common 1f ordinary
cleanliness 15 mamtained
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DIAGNOSIS

The dragnosis of vitamun A deficiency 15 made from
Lnowledge of a probably deficient intake or absorption and
recogmtion of the changes produced in the vartous struc
tures and functions affected In the severe deficiencies this
15 easy from the clinical signs and symptoms but such cases
are rare In the milder cases shght or mconspicuous signs
and symptoms must be checked by mstrumental or labora
tory methods or by the results of treatment

Analysis of the diet can be made from available food
tables A careful record of the food consumed should be
made over a period of several days, preferably two weeks
For recording the diet use may be made of check diet lists
or the subject may record carefully the food taken Children
and others mcapable of recording the diet should have 1t
recorded for them by a reliable person Careful attention
should be paid to the quantity eaten as well as to the various
ttems A patient may say he drinks milk and he may—a
glass or two a week Methods of storage and preparations
should be scrutinized and possible difficulties 1n absorption
taken 1mnto account

Inquiry should be made about the early symptoms of
night blindness, dryness of the eyes, burning, redness, con
junctuvitis, photophobia, and asthenopia Vaginal discharge
and 1rritation may be present and physical examination re
veal the early changes 1n the eyes and skin (Fig 2) All of
these signs and symptoms are, of course, suggestive only but
should lead to a consideration of the possible deficiency
In some cases knowledge of the diet will lead to careful
observation of shight signs In others, detection of the latter
will cause a careful scrutiny of the diet A therapeutic test
15 helpful

The laboratory tests and special procedures used for the
dragnosis of vitammn A deficiency are the test of dark adapta
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tion with the photometer or adaptometer (might blindness),
and determmnation of the concentration of vitamin A and
carotene mn the blood In addition Kruse has recommended
the detection of changes m the conjunctivae with a shit
lamp (blomicroscopy)

The principles and general application of the adap
tometer test are as follows * The amount of light required
for perception by the subject 15 measured, usually 1n ordy
nary room light The visual purple 1s then bleached by
exposure to a light of known mtensity for a given time
Following this the amount (intensity) of Light necessary for
perception 1s again measured Those with normal dark
adaptation (adequate regeneration of the visual purple)
require less light and a shorter trme to return to normal
after bleaching than deficient subjects, a difference which
can be measured quantitatively

A number of instruments have been devised for this pur-
pose but as yet no single procedure has recewved unqualified
acceptance for general use Various sources of error exist
mn both instruments and the subjective response of the
patient Vitamin A deficiency 1s not the sole cause of mght
blindness Nevertheless, when properly made such tests
are reasonably reliable as chimcal tests go partcularly
when repeated and supported by critical judgment of the
effect of treatment

Kruse* recommends the detection of changes m the con
Junctivae seen with the microscope under shit lamp illumina
tion  According to hum they are the early changes of xerasis
and are characteristic of vitamin A deficiency  They consist
of a loss of transparency m the superfictal and deep layers,
diffusely or 1n local areas forming spots, or plaques, often
elevated and opaque, and with pigmentation Many stages
of development are observed up to those grossly visible and

* Detailed directions for the vartous diagnostic tests are given 1n the
appendix
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the fully developed Batot s spots Additional changes 1n the
surface of the conjunctivae, the vascular network and at
times 1 the cornea utself, are observed Although such
changes undoubtedly occur in vitamm A deficiency, the
specificity of these lesions has been questioned and for the
present must be considered as suggestive only, to be checked
by continued observation and therapeutic trial

The concentration of vitamin A and carotene in the blood
can be determined chemically with reasonable accuracy and
rehiability by techniques which are not too difficult Al
though the concentration 1s subject to fluctuations not
related to the general state of vitamin A nutrition, when
precaution 1s taken to allow for such factors as meals, etc,
the concentration may be taken as an ndex of vitamm A
nutrition, subject of course to critical mterpretation Nor
mal values by the method commonly used and described
m the appendix are usually taken as 70 Internitional Umts
per 100 cc or above 45 for mfants Because of slower re
sponse of morphologc lestons to treatment and the quicker
fluctuations of the blood values, very close correspondence
between blood levels and other evidence of vitamin A de
fictency 1s not 1lways to be expected

TREATMENT

The treatment of vitamin A deficiency states 1s specific and
consists of the administration of adequate amounts of the
vitamin under conditions which msure s absorption
Therefore discussion of treatment 1s concerned matnly with
dosage, preparations to be used, absorption, methods of ad
ministration, duration, and possible 1li effects of treatment
Pure vitamin A has been prepared from natural sources but
15 not available for general use In practice, cod and other
fish liver ouls, concentrates of these oils, and carotene (pro
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vitamin A) are used U S P XII cod hiver o1l contams not
less than 8so 1international umits* per gram (about 15
drops) but most of the preparations 1n use todny are con
siderably more potent, many containing 2000 units per
gram (about 8,000 per teaspoonful) and are really con
centrates Twelve to 24 cc a day (3 to 6 teaspoonfuls) of
these will therefore provide 24,000 to 48,000 umits Still
more concentrated preparations of cod liver o1l and other
fish liver oils are available, some of them in dry (tablet)
form

‘The added food value of the o1l and 1ts relative cheapness
make cod Iiver o1l the preparation of choice 1n many cases
However, some patients object to 1t Also, when 1t 1s advis
able to gtve large doses the greater volume makes 1ts use
undesirable In these cases any one of the more concentrated
preparations may be used In the case of those who refuse
to take the cod liver oil, or 1n the case of children and
wfants when loss by spilling, breakage, et cetera, 1s apt to
occur, the use of the more concentrated preparations may
secure a surer intake and actually be cheaper Some con
centrates also have the advantage of being suitable for mix
mg with food, such as milk or milk formulas

All of the ordnary preparations of vitamm A (but not
carotene) contain some vitamin D but some of them contain
so little that 1t does not interfere with their use even as a
therapeutic test except 1n very precise experiments Many
preparations contain other vitamins wnd even minerals

Carotene or provitamin A possesses certain of the advan
tages listed above and 1n addition can be grven parenterally
n those occasional cases 1n which oral admimstration 1s
difficult or ympossible or absorption by way of the gastro
tntestinal tract 1s prevented Approximately double the dose
(n umts) should be given when carotene 1s used and 1t

* The mternational unut 1s the activity of 06 microgram of pure beta
carotene
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should be remembered that factors which interfere with
absorption affect carotene to a greater degree than vitamm A
1tself This 15 umportant 1n the treatment of vitamn A de
fictency 1n contrast to preventon because the very factors
which require a large 1ntake and rapid storage of the vitamin
often nterfere with the absorption of carotene

Whenever possible the giving of vitamin A should be
accompanied by a diet rich m vitamin A contaiing foods,
not so much for the value of the additronal vitamin but to
teach the patient the need and nature of an adequate diet
and to prepare him for the time when the diet wall be de
pended upon to mamtain the cure and prevent recurrences
of the disease Due consideration must naturally be given to
other requirements of diet

Prevention 15 as umportant as treatment Although the
optimum ntake under varying conditions of age, sex, and
phystologic needs remams to be determined, the recom
mended allowances of the Food and Nutrition Board con
stitute safe daily intakes These are y,000 nternational
units for an adnlt, man or woman, 6,000 and 8,000 during
pregnancy and lactation, and 1,500 to 4 500 units for chil
dren under one year to twelve, with older children 5,000,
and 6,000 for boys 16 to 20 Larger amounts should be
provided as a prophylactic for patients hiable to develop the
deficiency, particulwrly 1f the likelithood of the deficiency 15
due to an nterference with absorption Ordinarily g 000
to 5,000 units can be obtamned from the diet, and for many
reasons this source 1s to be preferred, but 1t must be remem
bered that much of vitamm A 1n the diet comes from
cwrotene, for which double the requirement should be
allowed For those individuals needing spectal protection,
such as some children and pregnant or lactating women,
1t 1s best to add a supplement

Although many mild states of vitamin A deficiency may
be cured by dietary intake alone the presence of any of the
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chincal syndromes described probably constitutes an nd:
cation for the giving of 1dditional vitamuin A This should
always be done when difficulties 1n absorption exist or are
suspected, or when there 1s any doubt regarding the ntake
of adequate amounts i the food This 15 often a factor
when the deficiency occurs as a complication of other disease

Daily doses of 20 000 to 40 000 nternational umts of vita
min A or equivalent nmounts of carotene should be ample
m any ordmary uncomplicated case of vitamin A defictency
This 15 approximately the amount contained 1n 32 to 64 cc
(two to four tablespoonfuls) of cod Irver o1l meeting the min:
mal U § P XII requirements (850 international units per
gram) Much smaller amounts cure mild cases of the de
fictency slowly but a liberal excess should be provided for
safety Some loss always occurs m the intestines but the
doses gtven above should compensate for the loss It 15 very
doubtful whether any advantage 1s gained 1n even the speed
of recovery by the use of amounts larger than 40 ooo to
50,000 units except perhaps 1n the case of night blindness
However, 1n rare cases of severe deficiency such as xeroph
thalma 1t may be advisable to give larger doses with the
1dea of preventing any possible delay in repair which might
allow permanent damage to occur Larger doses should be
used when there 15 difficulty 1 absorption or 1n patients with
liver damage which may mterfere with storage A great and
rapid 1mprovement in mght blindness 1n cirrhosis of the
liver when the dose of vitamin A was 1ncreased to 40 0oo
or 0,000 units has been reported

With adequate doses and satisfactory absorption night
blindness responds to treatment rapidly An improvement
has been noticed within a few hours but doubt of the ac
curacy of the method employed for testing the power of
dark adaptation makes this observation somewhat unreliable
In most cases a Tesponse cant be observed 1n 2 few days and
recovery 1 mild cases should occur 1n two to four weeks
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It 15 possible that 1n the case of mght blindness recovery
can be hastened by the use of larger doses

Xerosis also responds quickly but xerophthalmia, the
dermatoses, and probably the more severe changes m the
lungs and other internal organs, often require a longer
period Dark adaptation probably requires only a supply of
the vitamin sufficient for the formation of visual purple
Changes 1n the epithelium, requiring a process of anatomt
cal repair, respond more slowly Restoration of normal
vision should not be taken as an mdex of complete repair
of epithelial structures, a caution which 15 supported by
the observance of relapses in some cases of the dermatoses
The latter often require ten to twelve weeks to disappear
It may be doubted whether excessive doses are more effective
or more rapid 1n action 1 the cure of the epithelial lesions
than smaller doses provided reasonable amounts are given
and absorption 1s normal Simpson and Mason have re
ported cure of the vaginitis in one to four months, three
fourths of the subjects bemg free of symptoms m two
months

In Leratomalacia moist compresses and protective dress
gs should be used locally 1n addiuion to the speafic treat
ment Recovery from this severe mamfestation may be
accompanted by extensive scarring and permanent dis
ability Secondary infections of the skin, which are not com
mon, are usually adequately treated by sumple cleanliness,
the usual care given such nfections, and the specific therapy

Foods relatively rich i vitamin A or 1ts precursors, the
carotenes, are apricots, fresh or dried, green asparagus, green
beans, broccoli, butter, carrots, chard, cheese, collards,
dandelion greens, eggs, kale, green lettuce, liver, milk, pars
ley, peas, peppers, prunes, spmach, squash, sweet potatoes,
tomatoes, and turnip greens

Because of the many factors mvolved recommendations
of speaific diets are 1mpossible here nor 1s 1t advisable to
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foster excessive vitamin consciousness 1n the public as far
as the every day consumption of food 15 concerned In gen
eral a diet affording as 1t should liberal quantities of green
and yellow vegetables, milk and milk products, and eggs
can be depended upon to supply adequate protection for
normal subjects Larger amounts of milk should be given to
children It must be remembered, however, that variation 1n
the content of vitamin A and carotene of food occurs m dif
ferent samples and under different conditions of seasons,
feeding storage, and preparation and that the quantitative
factor 1n food 1intake 1s one which 1s 1mportant and often
neglected For more accurate determination of the vitamin
values of foods, particularly for use i diagnosis reference
should be made to tables of vitamin values of foods and an
analysis of the average diet consumed over a reasonable
length of time

Interferences with absorption constitute one of the few
mportant difficulties 1n the treatment of vitammn A de
ficiency states The amount and form n which vitamin A
and carotene are given, whether 1n the food or otherwise,
the kind of diet, the presence or absence of bile from the
mtestine the need of the body for the vitamin and the de
gree of saturation ali affect absorption Lessened absorption
occurs 1 mfections, diarrheal states ulcerative lesions of
the gastromtestinal tract and when bile 15 excluded from
the intestine (in the case of carotene) Injury to the liver
may not only nterfere with absorption but may lessen or
prevent storage Low fat diets decrease absorption as do
steatorrhea, celiac disease, and pancreatic dysfunction Orda
nanly mineral o1l mterferes with the absorption of carotene
but not of vitamin A

It 1s unhlely that mjurious effects result from even
excessive amounts of vitamin A 1tself In amimals various
toxic effects including cachexa, conjunctivitis, diarrhea loss
of weight, anemia, degenerauve changes m the paren
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chymatous organs and muscle, and fatty filtrations have
been described But grossly excessive doses have been used
and the possibility that the 1}l effects have been due to toxic
substances contamed 1n the o1l has not been disproved
None of the usual preparations contain sufficient vitamin D
to cause the toxic effects of that vitamin Occastonally mild
symptoms are seen at the beginning of treatment These
consist of a shght exacerbation of the symptoms of the dis
ease with a mild malaise which disappears in a few days A
few persons are found to be allergic to the fish oils Hyper
carotenemia resulting from the ingestion of large amounts
of vegetables contaiming carotene may cause a yellow dis
colorauon of the shin (xanthosis cutis) but no 1ll effects
result
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3
Thiamin (V1tam1n-B,) Deficiency

(Beribeni—Certain forms of penipheral polyneuritis—
Hypouvitammnosis By, et celera)

HISTORY

TuE classical result of By deficiency 15 benbers, a disease
characterized by multiple neuritss, muscular atrophy, cardio
vascular changes, and 1n many cases a massive edema These,
however, are the result of « severe deficiency and mild de
ficiency or hypovitaminosis B, which 1s much more common,
'presents a much less characteristic climical picture with
iague neuritic  pamns, anorexia, digestive disturbances,
and less severe cardiovascular mamfestations The fact that
single vitamun deficiencies rarely occur m practice makes
1t difficult to determine the exact part played by vitamin By
m some of the symptom complexes occurring i patients
apparently mildly deficient i this vitamin  Also the effect
of a shight deficiency complicating other disease, particularly
other diseases of the heart and circulation and gastrointes
tinal tract 1s not fully understood
Beriber: has been a problem for centuries, particularly in
those countries of the Far East, Japan, China India, the
Philippines, and Malay Peninsula, where 1ts incidence 1
epidemic and endemic proportions has made 1t a socio eco
nomic problem of great importance Conversely, socio eco
nomic problems poverty and ignorance, famine, et cetera,
have been responsible for the high incidence of the disease
References to 1t 1n occidental hiterature have occurred
39
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for centuries The first occidental physician to describe 1t
was Bontwus m 1642 Known also as kakhe, aspke, loempe,
and by such descriptive terms as endemic multiple neunis,
panneuntis endemica and polyneuritis endemica, 1t has 1n
the past probably included, or been confused with, other
diseases such as nutritional edema and scurvy Likewse
special names such as ship bertbert and infantile beriber:
have been given The latter, known as ‘taou,’ or ‘suba
disease, was not recognized as beribert 1 the Philippines
until 1904 Nevertheless, the disease 1n the countries where
1t 15 common presents a well defined and consistent climcal
picture This 1s not so true of the sporadic and particularly
the muld, subchinical cases, or hypovitaminosis B

It 15 scarcely an exaggeration to say that the disturbing
effects of beriber1 1n the Japanese Navy and the efforts of
the medical staff to control the disease led to the modern
attach on the problem and mutiated the series of studies
which have led finally to our present knowledge of the dis
ease Studies in the Japanese Navy gave firm support to the
theory of a dietary deficiency as the cause It was Funks
efforts to 1solate the antineuntic factor associated with ber
ber1 which gave us the name ‘ vitamine and started the
long series of researches which led to the 1solation of thiamin
(B1) by Jansen and Donath (1921 2%) and 1ts synthesis by
Wilbams and Cline (1936)

NATURE AND FUNCTION

Vitamin By 15 thiamin,* a pyrimidine thiazole compound
which has been 1solated and synthesized 1n pure crystalline
form In practice 1t 1s used m the form of the hydrochloride §
It 15 2 member of the socalled B complex, a group of
vitamtns closely associated 1n nature, and was the first to
be clearly differentiated from other members of the group

* known also as aneurin water soluble vitammn B vitamun B anuneurnstic
vitamin antibeniber: vitamin et cetera.
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Undoubtedly this was due 1n 2 large part to 1ts sensitivity to
heat which enabled investigators to distinguish 1t from
other members of the B complex Like other members of
this group 1t 15 water soluble It 1s easily destroyed 1n neutral
or alkaline mediums, much more resistant 1 acid mediums
Heat 15 destructive 1n neutral or alkaline solution but pure
solutions of thiamin chloride hydrochloride can be stert
hzed without loss at 120°C for thirty minutes because of
the protective acidity of this salt

Vitamin B, plays an important role 1n the fundamental
processes of oxidation mn the body and 1s active as a co
enzyme {cocarboxylase) 1n the oxidaron of carbohydrate
When thiamm 15 deficient pyruvic acid accumulates 1n the
tissues Pyruvic acad 15 a normal intermediary product of
carbohydrate metabolism which under normal conditions 1s
removed as rapidly as formed It 1s possible that other
metabolites may accumulate 1n abnormal amounts or that
abnormal metabolites may be formed As will be seen the
accumulation of pyruvic acid can be demonstrated and used
clinically to study thiamin deficiency In 1ts relation to
carbohydrate metabolsm 1t 1s significant that the need for
thiamin appears to depend n part on energy production and
to be influenced by the proportion of calorses furnished by
carbohydrates Fat possesses a sparing action on thiamin re
quirements, the mechamism of this 1s not altogether under
stood but may be due m part to the supplanting of car
bohydrates by fat 1n heat production

In spite, however, of this knowledge of the chemical prop

t Thramin chlonde hydrochlonide has the following structural formula
N=C NH; HC! Cl

CHy q H—] "——C CH;:

[l
N—CH HC, C CH: CH,0H
S
In the body 1t 15 phosphorylated to form the pyrophosphoric 2aid ester which
1s active as a coenzyme (cocarboxylase) mn the oxidation of carbohydrates
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erties and action of this vitamin and 1ts intimate relation to
oudizing processes, little 15 known of the mechanism by
which a deficiency of 1t produces the physiologte and patho
logic chinges which occur 1n patients or m experimental
amimals At present 1t seems unlikely that they are due to
the accumulation of metabolites, rather that the imterfer
ence with oxidation deprives the cell of normal nutrition
In man as well as m experimental ammals Bs seems necessary
for the maintenance of the health of nerve tissue, appetite,
normal intestinal and cardiovascular function as well as
normal growth and development i the young The latter,
which 15 2 property common to all vitamins, may be con
sidered a non specific function It 1s probable, however, that
its action and significance 1s much wider than indicated
above Itsaction 1s not confined to man or animals Thiamin
plays a fundamental part 1n the physiology of plants, seeds,
and micro organisms, as well as animals and 1s probably part
of the fundamental mechamism of most living thimgs

Thiamin 1s widely distributed 1n the body but, accord
g to animal expersments 1s particularly abundant mn the
lwver, heart, kidneys, and voluntary muscle The bram con
tamns about one third as much as muscle It has been sug
gested that the liver stores the vitamin These variations in
content may be significant 1n relation to the development
of pathologic lestons and the signs and symptoms of a de
ficiency Granted that there 1s parucular need for the vita
min 1 muscle the need for a larger amonnt 1 such a mus
cular organ as the heart and a particular sensttiveness of the
latter to a deficiency 1s concetvable The characteristic m
volvement of the heart 1n acute and fulminating beribert 1
mnteresting 1n this connection

Thiamn 15 present 1 the blood, both cells and serum, 1n
small amounts which can, however, be measured quantita
twvely by appropriate methods It 1s excreted mn the urine m
amounts which reflect intake and storage and this excretion
forms the basis for clincal tests of vitamm By deficiency
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(See Diagnosis) There 1s also some evidence that in addition
to thiamun 1tself, break down products of thiamin also are
excreted 1n this manner

The vitamin 15 readily absorbed from both the small and
large intestine and 1t 1s unlikely that much difficulty 1n ab
sorption occurs except under extreme conditions In normal
human subjects there 15 a small but fairly constant amount
of By 1n the feces Part of this may represent that synthesized
by bacteria but 1t 15 unlikely that such thramin 1s usable as
ammal experiments indicate that 1t 15 necessary to consume
feces by mouth m order to get the synthesized vitamin
There 15 some evidence to indicate that a considerable loss
may occur 1 the stool when large doses of the pure vitamin
are administered by mouth Such administration, parenteral
as well as oral, always produces a large excretion m the
urine, except perhaps when only moderate sized doses are
gwven for a short time to very defictent subjects

Milk contans the vitamin 1n amounts which reflect the
maternal mtake Ammal studies indicate that amounts ade
quate for the young require a constderably larger mntake by
the mother than that necessary for the protection of the
mother herself This 1s significant in relation to the occur
rence of infantile beriber: and perhaps even more so m
respect to suboptimal growth of infants 1n cases of mild or
subchnical deficiency

Thiamin has no pharmacologic action 1 the ordinary

sense that 1s, 1t 1s without established effect in deficient
subjects

PATHOLOGY AND PATHOGENESIS

In considering the effect of a lack of thiammn the earliest
changes are those i function the pathologic physiology of
the disease With the limrted storage capacity for B: 1n the
human organism evidences of disturbed function appear
quickly 1f the mtake 15 reduced to a very low level Studies



44 THIAMIN (VITAMIN By) DETICIENCY

on human subjects indicate that some symptoms appear m
as short a time as ten days Under natural conditions the
deficiency 1s usually not so complete and the onset 1s slower
Symptoms indicating a disturbed physiology, 1f not struc
tural pathologic lesions, are himited growth 1 children,
anorexia and vague 1ndigestion,” muscle soreness and
“neurnttic  pamn, fatigability and the symptoms of neuras
thenmia None of these 1s specific but their occurrence on
deficient intakes, progression with continuing defictency and
rehief when thnmin 15 given mdicate that they represent
disturbances i function due tosuch a deficiency With these
symptoms there 1s a decreased excretion of thramm 1n the
urine and under certain circumstances an crease 10 pyruvic
acid 1n the blood In the earher and milder cases this dis
turbance 1n the oxidation of pyruvic acid and 1ts accumula
tion 15 not demonstrable except following a period of mus
cular exeraise or the mgestion of glucose This places an
mcreased load on the oxidation mechanism, which with a
shortage of B1 causes an abnormnl accumulation of pyruvic
acid Thus even 1n early deficiency a chemical “leston” can
be demonstrated Just how the chemical lesion 1s related to
the production of morphologic lesions and symptoms 1s not
known It now seems unhhely that 1t 15 a result of the direct
toxic action of pyruvic or any simiar metabolite More
Likely 1t 15 due to a fulure of proper energy supply to cells

The lack of speaifiaity of the pathologic changes in bert
ber: or By deficiency 1s ndicated by McLaughim wnd An
drews criteria® for bertber1 on gross exammation (1) dilata
ton and hypertrophy of the right side of the heart, (2) con
gestion of the viscera () anasarca, and (4) absence of other
findings to account for death Microscopic changes though
clearly evident 1n sufficently developed cases show a similar
lack of specificity

The heart and the peripheral nerves exhibit the most con
stant and mportant lesions and the degree of mvolvement
of them varies with the type of the disease In the wet
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group and particularly 1n the acute cases the outstanding
feature aside from the anasarca, 1s the appearance of the
heart It 1s greatly enlarged, the enlargement being more
on the right side and more 1n the auricle than the ventricle
The right auricle 1s often greatly distended, the wall very
thin, while the nght ventricle though dilated has an
creased thickness of the wall which 15 often greater than the
left The cavity 15 enlarged, the trabeculae nd papillary
muscles are promment but the valves are normal There 1s
a dilatation of the conus arteriosus, which Wenckebach?
thinks 15 peculiar to this disease Microscopacally erther little
may be seen or there 15 degeneration and what some have
interpreted as edema of the muscle fibers

The edema vistble externally 1s matched by a hydro
thorax hydropericardium, and ascites as well as edema of
organs and tissues In chronic cases there 1s a chronic passive
congestion of the viscera, the liver in particular being nearly
always enlarged with congestion, and there may be pul
monary edema Microscopically there 1s some cloudy swell
ing, or fatty degeneration

The nature of neither the enlargement of the heart nor
the edema fld 1s certain A neuntis of the vagt fails to
explain the diference in the two sides of the heart and
changes 1n the heart do not parallel changes 1n the nerves
The enlargement does not seem to be a true hypertrophy
and disappears with astomsshing rapidity under adequate
treatment It has been suggested that edema 1s the cause of
the enlargement but this has been objected to on the basis
of the selective localization of the enlargement Such a
selective localization, however, possibly may be based on a
variation 1n thiamin requirements or greater sensitization
of certain parts to a lack of 1t Such a condition or state of
affairs 15 suggested by experimental studies of the accumu
lation of pyruvic acid m different sites 1n different amimals
the concentration of this substance varying in different
tissues and organs Furthermore, 1t has been shown 1n an1
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mal experiments that there 15 a difference 1n the uptake of
oxygen i different parts of the heart under conditions of By
deficiency Also, the changes are not confined to the heart
and 1t may be that 1t, by a greater sensitivity, merely shows
the changes oftener and earlier which would account for the
apparent selectivity

The changes 1n the heart are related to the nature and
mode of formation of the edema flmd The simplest ap
parent explanation 1s that the edema 1s that of congestive
farlure This 15 supported by the changes mn the heart, by
the evidence of elevated venous (capillary) pressure and by
the chronic passive congestion of various organs It 1s also
consistent with the nature of the edema flmd which seems
to be a simple transudate Most of the cases of true wet
beriber1 occur 1n the Orient under conditsons of diet which
suggest a protemn deficiency and a hypoprotememia as at
least a contributory factor These more simple explanations
for the cause of the edema have been objected to, however,
and 1t has been attributed to a specific effect of the vitamin
Just how this acts 15 not explained The easiest explanation,
that of increased capillary permeability, 15 opposed by the
nature of the edema flurd which n the few cases 1 which
1t has been determined, has not shown the content of protem
which would be expected if this were the mechanism Yet
the careful study of one or two cases in which the edema
did respond directly to the admimstration of pure thramm,
makes such a relation possible More thorough study of char
acteristic cases with madern methods 1s necessary to explain
the mechanism Sporadic cases seen 1n this country, often m
association with other diseases, are not good matersal for
such studies

The lesions of the peripheral nerves are found predomt
nantly m the dry (usually chronic) type but m the so called
mixed forms as well They are not apparent grossly and
constst of a panneuritis beginning with 1 degeneration of
the myelin sheath, later including fragmentation of the axis
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cylinder and wallerian degeneration The various changes
especially the earlier lesions, are shown best by the special
stains The nerves mn the legs are ordinarily affected first and
1n all nerves the process begins 1n the distal portion Not all
the fibers are involved, the number increasing with the
severity and increasing duration of the disease In addition
to the nerves to the extremities the cranial nerves, particu
larly the vagi and phrenic, and those of the trunk are
affected Lesions have also been described 1n the sympathetic
fibers

The central nervous system 1s little affected though de
generation of the sheaths of scattered fibers, especially in
the postertor columns, and anterior and posterior nerve
roots are observed together with changes 1n some of the cell
bodies 1n the ganglia, anterior horn cells, and 1n the medulla

None of the changes m the nerve tissue are specific In
deed, some observers deny that they are the result of B;
deficiency Recent amimal studies, besides casting doubt on
the specificity of thiamimn 1n relation to neuritis, implicate
others of the B group, notably pyridoxine Also there 15 a
tendency to separate etiologically the cardiovascular and
peripheral nerve manifestations of what has been considered
thiamin  deficiency Nevertheless, for the present, the
changes described may be considered clinically the effect of
thramm lack  Muscles supplied by the affected nerves show
on microscopic examinition atrophy with loss of striations
and cloudy swelling or fatty degeneration They are not
however, specific for bertber1 or vitymin By deficiency and
are found m other forms of neuritis Besides these changes
and those 1n the heart and nervous system other lestons such
as hypertrophy of the 1slands of Langerhnns, enlargement of
theadrenals (medullary) thyroid nd hypophysis have been
reported but as yet nothing certain 1s known of the possible
relation of such changes to the deficiency of vitamimn By

These apparent, 1f non specific, lesions are those of ber:
ber1 or moderate to severe vitamin B: defictency Unfor
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mal experiments that there 15 a difference m the uptake of
oxygen 1n different parts of the heart under conditions of By
deficiency Also, the changes are not confined to the heart
and 1t may be that 1t, by a greater sensitvity, merely shows
the changes oftener and earlier which would account for the
apparent selectivity

The changes m the heart are related to the nature and
mode of formation of the edema flmd The simplest ap
parent explanation 15 that the edema 1s that of congestive
failure This 1s supported by the changes in the heart, by
the evidence of elevated venous (capillary) pressure and by
the chromc passive congestion of various organs It 1s also
consistent with the nature of the edema fluid which seems
to be a simple transudate Most of the cases of true wet
beriber: occur 1n the Onent under conditions of diet which
suggest a protem defictency and a hypoproteinemia as at
least a contributory factor These more simple explanations
for the cause of the edema have been objected to, however,
and 1t has been attributed to a specific effect of the vitamin
Just how this acts 15 not explained The eastest explanation,
that of increased capillary permeabihity, 1s opposed by the
nature of the edema fluud which m the few cases i which
1t has been determined, has not shown the content of protemn
which would be expected 1f this were the mechanism Yet
the careful study of one or two cases in which the edema
did respond directly to the admunustration of pure thiamin,
makes such a relation possible More thorough study of char
acteristic cases with modern methods s necessary to explan
the mechamism Sporadic cases seen 1n this country, often n
association with other diseases, are not good material for
such studies

The lesions of the peripheral nerves are found predom:
nantly 1 the dry (usually chronic) type but in the so-called
mxed forms as well They are not apparent grossly and
consist of a panneuritis beginming with a degeneration of
the myehin sheath, later imcluding fragmentation of the axis
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cylider and wallerian degeneration The various changes
especially the earhier lesions, are shown best by the special
stains The nerves mn the legs are ordinarily affected first and
1 all nerves the process begins 1n the distal portion Not ail
the fibers are involved, the number increasing with the
severity and mcreasing duration of the disease In addition
to the nerves to the extremities the cranial nerves particu
larly the vagi and phrenic, and those of the trunk are
affected Lesions have also been described mn the sympathetic
fibers

‘The central nervous system 1s little affected though de
generation of the sheaths of scattered fibers, especially in
the posterior columns and anterior and posterior nerve
roots are obgerved together with changes in some of the cell
bodies 1n the ganglia, anterior horn cells and 1n the medulla

None of the changes in the nerve tissue are specific In
deed, some abservers deny that they are the result of By
deficiency Recent amimal studies besides casting doubt on
the speaficity of thiamin 1n relation to neuritss, implicate
others of the B group, notably pyridoxine Also, there 15 a
tendency to separate etiologically the cardiovascular and
peripheral nerve manifestations of what has been considered
thiamin deficiency Nevertheless for the present, the
changes described may be considered clinically the effect of
thiamin lack.  Muscles supplied by the affected nerves show
on muicroscopic examinition atrophy with loss of striations
and cloudy swelling or fatty degeneration They are not
however, specific for beribert or vitammn B, defictency and
are found i other forms of neurius Besides these changes
and those 1n the heart and nervous system other lesions such
as hypertrophy of the 1slinds of Langerhans enlargement of
theadrenals (medullary) , thyroid nd hypophysis have been
reported but as yet nothing certam 1s known of the possible
relation of such changes to the deficiency of vitarnin By

‘These apparent, if non specific lesions are those of bert
ber1 or moderate to severe vitamin B: deficiency Unfor
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tunately, little or nothing 1s known of the pathologic changes
1n deficiencres which, while mild, yetare sufficient to produce
symptoms It 15 not known whether the neuritic pains and
tenderness of muscles 1 these mild cases are accompanied
by demonstrable lesions in the nerves or whether the
milder cardiovascular symptoms have a background of
demonstrable lesions i the heart It 15, perhaps, not to be
expected that the earlier and mulder stages of the deficiency
will be accompanied by morphologic lesions, rather that the
search for the lesion m this early stage must be m the field
of function

INCIDENCE AND EPIDEMIOLOGY

Beribert 1s endemic in the Far East, where 1t assumes ep1
demic proportions from time to time In the United States
there 1s said to be a small area of endemic beriber: m the
rice growing sections of Lowsiana Occasional, small eps
demics 1n jails and mstitutions occur m this country and 1n
Europe but only rarely, n times of war or famine, does 1t
appear 1n epidemic form i the Western World Here by
far the greatest incidence 1s 1 the form of sporadic cases,
1n persons who, for some reason peculiar to the individuals,
fail to ingest or absorb an adequate amount of the vitamin
The common reasons for this failure are 2lcoholism, gastro
mtestinal disease, psychoses and psychoneuroses, therapeutic
diets, dietary faddism, 1gnorance, and poverty Some cases of
polyneurtis associated with infectious disease are probably
due to this cause 1nd the polyneuritis of pregnancy 1s most
Iikely 1 neuritis due to B deficiency Neuratis due to lack of
B 15 2 common associate of other deficiency diseases and 1s
frequently seen with pellagra

If only cases of manifest deficiency or beriber are con
sidered the mcidence of the disease 1n this country 1s very
low It 15 probable, however, that in the milder grides 1t
1s very common Numerous cases exhibiting the cardiovas



SYMPTOMS AND SIGNS 49

cular manifestations of the disease have been reported from
New York and other large cities by Weiss and others,* and
neuritic mamfestations are frequently seen in pellagrins n
the South Cases of mild alcoholic neuritis are farrly common
and 1f pattents with mild neuritic pamns anorexta, and
gastromntestinal disturbances which appear to respond to
treatment are accepted as mstances of the deficiency the
disease 1s relatively frequent in ordinary practice However
mn the current enthusiasm for vitamins an uncritical atti
tude toward diagnosis fostered by the unrestrained promo
tion of some manufacturers has developed and 1n the ab
sence of specific and simple clinical tests for mild states of
the defictency, little reliance can be placed on this evidence
Even other deficiencies, such as calcium lack, may produce
similar symptoms Often no attempt 15 made to use such
diagnostic aids as are available, as for example a careful
analyss of the diet Nevertheless mild deficiencies are more
common than has been thought in the past and should be
watched for, particularly m pauents who for some reason are
particularly subject to a possibly deficzent intake or diff
culty 1 absorption of the vitamin

In areas of endemic beriber: the disease 1s common 1n
mfants and children as well as in adults but 1n this country
1t appears to be less frequent 1 children This 15 probably
because of the greater number of conditioned cases, a
type which 15 less frequent 1n children However, 1t 15 pos
sible that a slight deficiency 1n children expresses itself as a
detriment to optimal growth though other effects of the
defictency are not manifested

SYMPTOMS AND SIGNS

Classical beriber1 occurs m two primary forms the so
called wet and dry The former 15 characterized by edema
and cardiovascular symptoms and signs the latter by pe
nipheral neuritis and muscle atraphy However, the neurttic
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mantfestations often occur with the wet form, the “mixed
cases Beriber1 may appear abruptly—acute beriber1 This
1s most often the wet form m which the patient becomes
suddenly and grossly edematous It may develop more
slowly, as subacute beribers, or very gradually, as chronic
beriber: In wet beriberi, appearing suddenly or gradually,
edema 15 the outstanding symptom, often masking a loss of
weight, which accompanies and often precedes 1t

In chronic beriber1 i adults the onset 15 gradual with a
prodromal period marked by the vague and 1ll defined
signs which constitute the mamfestations of mild deficiency
or hypovitammosis, loss of weight and strength, fatigue,
heaviness and stiffness of the legs, soreness of the muscles,
neurttic pans, loss of appetite, headache, msomnia, dizz1
ness, and indigestion After a variable length of time de
pending upon the degree of deficiency or the occurrence of
precipitating factors the major symptoms and signs develop
In the wet form the most prominent 1s edema, often amount
ng to anasarca with pleural, pericardial, and peritoneal
effusions The edema commonly begins and 1s most severe
1n the legs, being influenced by gravity With this there 15
a variable amount of palpitation shortness of breath, tachy
cardia, and cyanosts, the signs of congestive failure There
may be precordial pam Examnation discovers an enlarge
ment of the heart, usually greatest on the right, murmurs
of the type associated with enlargement, a rapid, thready
pulse, mcreased venous pressure and signs of pulmonary
congestion There may be temporary elevation of the sys
tolic blood pressure with 1ncreased pulse pressure, a full,
pootly sustamned pulse and a pistol shot sound over periph
eral arteries Electrocardiographic tracings show changes
consisting of deviation of the RS T segment, lengtheming of
the Q T mterval and dummution or shght nversion of the
T waves m any of the leads These changes are not specific
but are very suggestive 1n a proper setting and particularly
if promptly and completely abolished by adequate treat
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ment with thiamin Although the enlargement of the heart
1s usually right sided, cases of the sporadic type may show
enlargement of both ventricles and a mixed rather than a
pure right sided type of failure Also cardiac changes due to
B: deficiency complicate other forms of heart disease Pa
tients with chronmic and mild cardiovascular symptoms or
even those with the neuritic type of beriber: may at any
time suddenly develop alarming symptoms of cardiovascular
collapse leading to death, with pulmonary edema, severe
dyspnen and cyanosis enlarged liver, increased peripheral
edema falling blood pressure, and peripheral vasodilxtation
In acute or permictous beriber1 these symptoms appear
abruptly with few, 1f any prodromal signs and the patient
may die suddenly of cardiovascular failure Infantile ber:
ber1 15 usually of this character with an abrupt onset of
dyspnea edema, cyanosts cardiac enlargement, and a rapid
and irregular pulse Additional symptoms are irritability
weakness spasticity, ohguria, and constipation

Peripheral neuritis often accompanies the chronic type of
wet beriberi, giving a mixed type, but 1t also occurs as dry
beriber1 with few, 1f any, of the cardiovascular symptoms
Many of the subacute wet cases lose the edema and the
cardiovascular symptoms, leaving a residue of neuritis In
dry beriber1 the picture 1s that of a peripheral neuritis, be
ginning with the vague and indefinite neuritic manifesta
tions already described under the latent or subclnical
forms Weakness, tenderness and paresthesias begin first
the feet and legs and develop nto a definite neuritis with
paralysis and atrophy The Achilles and patellar tendon
reflexes, at first exaggerated become diminished and disap
pear Burming tingling, superficial hyperesthesia and muscle
tenderness are followed by numbness anesthesia, loss of
touch discrimination and vibratory sense Atrophy of the
muscles may develop until the legs are mere sticks, hidden
m mixed cases by the edema, and revealed as the edema
disappears Foot drop and contracture deformities may de
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velop Ataxia and lack of coordination of a peripheral type
dependent on loss of sensory mmpulses may appear As the
process progresses 1t ascends to involve the upper extremt
ties or even muscles of the trunk and the diaphragm The
earlier signs and symptoms may appear 1n the upper ex
tremities before the process 1s complete 1n the legs but the
upper extremity 1s seldom involved before the process 15
well advanced below Mental confusion may occur mn severe
cases In many cases the upper arms and hands are involved
Little, 1f at all, improvement or recovery occurring naturally
(or under treatment) before a more extreme nvolvement
appears In early or milder cases treatment, intentional or
otherwise, may cause a prompt loss of symptoms and restora
tion of function, energetic treatment, a dramatic recovery,
often belying the apparently extreme damage In any case
however, m which neural degeneration has occurred re
covery may be slow and m many severe cases complete re
covery may not occur as far as atrophy and weakness are
concerned Inaddition to the peripheral neuritis and cardio
vascular symptoms there may be nausea, vomting, and
diarrhea, particularly in the more acute cases Disturbances
of vision and hearing, as well as of taste and smell are re
ported Ina few cases, optic neurius with shght papilledema
disappearimg on treatment with thiamin, has been observed
The syndromes just described, however, are those of fully
developed or severe deficiencies and 1t 1s unfortunate that an
apparent emphasss 1s laid upon them by the necessary de
scription of their characterssnc and 1mpressive chincal signs
and symptoms, an emphasis which 1s not jusufied by the
relative mfrequency of these severe forms Another form of
the disease, much more 1mportant because of 1ts greater
frequency, 15 the latent or muld deficiency, hypovitaminosis
B: Unfortunately, emphasis cannot be given to this type by
a description of the clinical signs and symptoms They are
not mmpressive and, because they are non specific, to over
emphasize them would be to give them greater weight mn
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diagnoss than they deserve Such emphasis as these milder
cases should recewve must come from therr much greater
frequency and the insidious and often unsuspected 111 effects
they cause 1n considerable numbers of people It must also
be remembered that 1t 15 this larger group of muld cases
which forms the reservorr from which most of the severe
cases develop

Symptoms and signs of mld vitamin B deficiency may
be divided roughly into the following groups general or
constitutional gastromtestinal neurologic and cardiovascu
lar The general or constitutional mnclude weakness and
fatigability loss of weight headache, msomnia, nervousness,
writability and dizziness Recent studies of experimental
deficiency mn humans suggest that the clinical picture of a
psychoneurosis appears in the earher stages of the deficiency
Gastromtestunal symptoms are loss of appetite mdigestion,
gas and constipation Early neurological symptoms are
neuritic pains of various sorts weakness and heaviness of
the legs and feet, stiffness cramps mn the legs, tenderness of
the calf paresthestas such as burning numbness and
tingling of the feet and legs The cardiovascular symptoms
mnclude palpitation and shortness of breath Shght edema of
the legs may be noted

On evamination 1n the early stages there 1s hittle to be
found The subject may show evidence of loss of weight
Pressure on the muscles of the legs may cause pamn and areas
of hyperesthesia or diminshed superficial sensiivaty to
touch and pain may be found Vibratory sense 1s often dr
minished The anlle and patellar tendon reflexes m1y be
disturbed Very early they are overactive, later diminished,
and fmally lost The latter finding however, 1s usually asso
ciated with a definite peripheral neuritis Weakness of the
legs may be observed as when the subject attempts to arise
from a squatting position

Sigmficant cardiovascular changes are usually lacking un
less there 15 2 manufest beribers of the wet type, generally
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acute An exception should be made of these cases in which
vitamin B, deficiency complicates other forms of heart dis
ease In the milder and earlier cases one may observe an
otherwise unexplained tachycardia, a slightly enlarged heart,
espeaially to the right, variable systolic murmurs, alterations
1 the intensity and character of the sounds, and overactive
pulsations There may be a shight elevation of the blood
pressure The electrocardiograph 1s thought by some to
reveal changes (previously described) suggestive of B, defi
ciency at an earlier stage than the physical findings

It 1s obvious that these symptoms and signs are non spe
cific and mmght be the result of 2 number of diseases other
than Bi defictency Nevertheless, when otherwise unex
plained and when considered in the light of the dietary his
tory they should lead to a consideration of this diagnosis
In particular they are to be given greater consideration
when they occur m persons who are prone to develop such
a deficiency These include 1ndigents, the aged and infirm,
and those confined to mstitutions who are unable to control
thewr own dietary patients on therapeutic diets, those with
organic disease which may affect the appetite, intake, or
absorption of food, and persons whose vitamin B requure
ments are increased as by growth, pregnancy, lactation, fever,
increased metabolism, or very heavy work

Special Types Recent mvestigation has shown that cer
tain types of neurius, hitherto classified as separate disease
are 1 reahity due to Bi deficiency The two outstanding
examples are alcoholic neuritis and the polyneurits of preg
nancy Certan other types of neurits, such as the polyneu
ritss associated with some infectious diseases and possibly
some of the other disorders associated with chronic alco
holism may also be due to this deficiency Finally, mamfes
tations due to B: deficiency may occur with other deficien
cies, notably pellagra

Alcoholic Neuritis There now seems little doubt that the
polyneuritis occurring m chronic alcoholics, and for a hun
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dred and fifty years attributed to the toxic effect of
alcohol 15 m reality due to vitamin B: deficiency Clinically
and pathologically there 1s no difference mn the neuritis 1n
the two conditions There 1s adequate explanation for the
deficiency of B: m the dietary habats of the chronic alcoholic
as careful dietary studies of such patients has shown The
presence or absence of polyneuritis in any given patient
can be expluned on the basis of the varying requirements of
B: depending on the calories consumed as explained mn a
previous paragraph Here also, careful dietary studies have
correlated the presence or absence of neuritis with this rela
tionship between calories and the mtake of the vitamin and
1 this connection 1t must be remembered that alcohol, while
accounting for a constderable number of calories m the diet
of an alcoholic, carries with 1t no vitamuin B The gastro
mtestinal disorders of the chromic alcoholic may act to
lessen intake and decrease absorption Alcoholics with poly
neuritss allowed to continue their usual intake of alcohol
but mnduced to take a high caloric high vitamin diet with
supplements of Bi have shown steady improvement and
often cure of the polyneuritss 1 spite of the continued con

sumption of lIiquor In a sumlar way polyneuritis has been
prevented 1n persons drinking heawvily Finally patients
with alcoholic neuritis have been cured of the neuritis while
taking liquor by admistering pure crystalline B, a pro

cedure which eltminates the possible effects of other sub

stances contained i supplements such as yeast and yeast
products Since m the studies with pure Bi the possible
effects of other substances 1n the diet were not rigidly con

trolled final proof of the relation of B: defictency to alcoholie
neuritis has not been provided Nevertheless the evidence
avatlable 15 sufficiently strong to warrant the clinical assump

tion that B. deficiency 1s the primary cause of alcoholic
polyneuritis It may be added that some at least of the
cardiovascular disturbances occurring m chronic alcoholics

are the result and mamfestation of B: deficiency
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Delirium Tremens and Korsakoff's Syndrome Korsakoff s
syndrome 1s a chronic delirtum usually considered to be asso
ciated with chronic alcoholism although 1t 1s mteresting to
note that 1t was first described by Korsakoff m a discussion
of the relation of polyneuritis and psychosts to the vomiting
of pregnancy, a syndrome now recognized as being due to B
deficiency Polyneuritis often accompantes Korsakofts syn
drome While there 15 no proof that Korsakoff s syndrome 1s
caused by B deficiency Williams and Spies* have observed
that pavents with this disease who eat a large and well
balanced diet supplemented by vitamin products (yeast and
liver) recover more often than those who do not

Delirium tremens 1s 2n acute alcoholic delirum which
occurs 1n chronic alcoholics, often 1n association with other
complications of chronic alcoholism such as polyneuritis Be
cause of the evident mnvolvement of the nervous system 1n
these cases 1t mght be thought that B deficiency 15 the
cause of the symptoms No substantial body of evidence
supports this suppositon However, I have successfully
treated three cases of delirum tremens (one with optic
atrophy, a rare complication) with thinmm, the patients re
spondimg dramatically to this alone Others have reported
sumilar effects

Polyneuritis of Pregnancy Polyneuritis has been recog
nized for many years as an uncommon but serious compli
cation of pregnancy, often with a slow recovery, not mfre
quently with permanent atrophy and deformity, and at
times, a fatal termination Although a dietary deficiency as
the cause was suggested many years ago 1t has until recently
been generally attributed to a toxin Recently and on much
the sume type of evidence as that advanced for alcoholic
polyneurits, 1t has been quite clearly shown to be due to
vitammn B, deficiency The disorder 1s frequently associated
with vomiting often the permcious vomiting of pregnancy
It 15 uncertain whether the vomiting, by nterfering with

the 1ntake of food, induces the deficiency or whether the de
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ficiency which causes anorexta and other gastrointestinal dis
orders mnduces the vomiting Esther would account for the
chatn of circumstances which leads to the development of
the neuritis and 1t 1s probable that exther may mitiate a
vicious circle which finally leads to a deficiency of thramin
The well known occurrence of minor digestive disturbances
and temporary 1diosyncrasies of diet, together with an m
creased requurement for essential food factors i pregnancy,
provides a smitable setting for such a disorder

Neurnitis Associated with Other Diseases Peripheral neu
ris has long been known to occur as a comphication of
other diseases, infections, chronic mtestinal disease, meta
bolic diseases, especially diabetes other deficiency diseases
such as pellagra and sprue, and m the cachexia resulting
from malignancies and chronic renal and liver disease It 1s
mmpossible to state as yet how much of a réle vitamin By
deficiency plays m these disorders and how often yet the
effect of these diseases on the intake and absorption of food,
and in some cases on the requirements for thiimmn makes
1t probable that 1 some, at least a deficiency of By 1s a
factor, perhaps the sole factor, 1n causing neuritis

DIAGNOSIS

Although studies being carried on at the present time
on the metabolism of vitamin Bi and its excretion lead to
the hope that a simple and rehable clinical test for its de
ficiency will soon be available there 15 no such test at the
present ime  The dragnosis of thiamin deficiency rests on
an analysis of the diet, the symptoms the physical examina
tion including the electrocardiogram, certain laboratorv
tests, and a properly controlled therapeutic test Diagnosis
15 easily made mn the fully developed cases by ordinary
phystcal examiation particularly 1n regions where the dis
ease 1s frequent It 1s much less easily accomplished 1n the
mild or early cases 1n the sporadic cases complicating other
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disease, and 1 some of the more atypical forms Because
these are of greater importance and more common 1n this
country, greater emphasts will be placed on therr diagnosts
It 15 m this group that the laboratory tests though not
highly satisfactory are useful

A history of an madequate diet ntake (dietary lack or
mmpaired absorption) may lead to a consideration of By
deficiency In the case of the diet we have the advantage of
being able to predict with greater certanty a probable defi
ciency of thiamn (within the symptom range) than 1s the
case with the other vitamins As the result of his extensive
studies on the vitamin B; requirements of man as well as
animals Cowgill® devised a formula for expression of the By
needs Williams and Spies? and others have prepared similar
formulae These formulae can be used to determme the
probable adequacy of the diet (in thiamin) taken by a given
subject These formulae depend on the fact, discussed
under Nature and Function, that the requirements of B;
depend on the metabolic activity, the heat production of the
subject, and probably on his weight These formulae have
been cheched agamnst large numbers of reported diets known
to cause, or protect agamst, bertbern It 1s apparent, of
course, that such requirements as are determined by these
formulae are those necessary to protect aganst beriber1 and
do not represent optimum requirements or even those suffi
cient to protect agamst mild deficiencies Furthermore, the
duration of the abnormal diet must be considered

The two principal formulae used for calculating the prob
able adequacy of a diet for B1 are those of Cowgill® and of
Williams and Spies * The formula of Wilhams and Spies
differs from that of Cowgill 1n omutung calories dertved
from fat and neglecting the factor of weight There 1s also
some difference 1n the values for B1 assigned to certam foods
by these mvestigators In practice Cowgill's formula 1s used
n the form of a prediction chart* 1 which the vitamin/

¢ The prediction chart 1s gwven in the appendix
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calory ratio 15 plotted agamst body werght in Lilograms The
vitamin mtake 1s determined from a record of the diet con
sumed If the vitamin/calory ratio of a diet for a given body
weight falls well above a predetermined line the diet 15
considered adequate with respect to vitummn By, if below
the line, mnadequate An nbetween 20ne indicates a
borderline diet

The formula of Williams and Spies 15 merely the thia
min/non fat calory ratio, with the vitamin expressed 1n
micrograms In practice the diet consumed over a period of
several days 1s recorded and the calories excluding those
from fat, are calculated From the table of vitamin By value
of foods the vitamin B in micrograms 1s calculated and
divided by the number of calories If preferred the average
daily value for calories and vitamin may be determined and
the ratio calculated According to these authors the thiamin
non fat calory ratio necessary to protect against beriber1 1s
very close t0 03 Values shightly less than this mndicate a
border 7one while values below o 25 may be considered as
indicating a deficiency Values 1n the border zone mght be
expected to be associated with latent or subchinical cases or
hypovitaminoss, without the occurrence of the signs and
symptoms of manifest beribert Williams and Spies believe
that their formula 1s better suited to occidental diets and
that their tables of vitammn B: values of foods are more
nearly correct than some others The use of these formulae
and the prediction chart of Cowgill are given 1n detail 1n
the appendix

The signs and symptoms of bertber: and mild By de
ficency have been given, while the clinical features of
multiple peripheral neuritis are well known Little diffi
culty will be had 1n recogmzng the picture of fully devel
oped berber: and the various special forms of polyneuritis
require only that thiamin deficiency as their cause be re
membered In the mild cases however, one must be alert to
detect shght symptoms and suggestive physical findings,
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regarding them cratically because of their non specific nature
but giving them due weight as suggesting or indicating a By
deficiency—a possibility to be checked by farther study
Laboratory AMethods The laboratory dragnosis of thiamin
deficiency can be made by determiming the excretion of the
vitamin 1n the urine, exther spontaneously or following the
administration of a test dose, and by measuring the amount
of pyruvic acid 1n the blood Other tests have been devised
and presented but as yet have not received sufficient trial to
be accepted clmically For example, the concentration of
thiamin 1 the white blood cells has been studied and may
be a valuable test, as yet 1t has not become established
The urmary excretion of thiamin can be determmed on
a 24 hourly basis, or shorter periods can be used and the
excretion calculated at an hourly rate Besides the spon
taneous excretion the response to a test dose can be meas
ured Because the normal standards and interpretation vary
with the method for determining thiamin, they will be
summarized following a discussion of the techmques
Thiamin can be dctermined 1 the urine by several
methods, the most commonly used being the yeast fermenta
tion method of Schultz, Atkin and Frey® and the various
thiachrome methods * The yeast fermentation method of
Schultz Atkin and Frey measures certain fermentation stim
ulating substances other than thamun, but the results are
expressed 1n terms of thiamin and have the same relatve
significance as by the other tests
The normal daily (24 hour) excretion of thiamin by the
yeast fermentation method 15 considered to be 2bove 400
gamma (micrograms) for men and goo for women Stand
ards for children seem to be essentially the same as for adults
By the thiachrome methods an excretion of 6o to 340 gamma
(micrograms) constitutes the generally accepted normat
range An upper level 1s of itde sigmificance, ffected as 1t
1s by the ntake of more than adequate amounts

* The technique of the test 15 described more fully m the appendix
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The excretion of thiammn 15 greatly affected by the diet
immedately preceding the test a few days of 1 very low
mtake giving values below normal but not indicattve of a
significant deficiency This dafficulty, which 1s often crted as
an objection to the use of excretion test, can easily be over
come 1n several ways (1) By a hnowledge of the diet If
the diet has been poor and the intake low for more than a
few days the low excretion indicates a significant deficiency
(2) By placing the subject on a normal diet for a day or
two before the test This will result in a normal output 1n
subjects whose low intake 1s temporary and has not caused
a significant deficiency It will not affect the low output of
a true definency subject (g) By the use of a load test

Load tests overcome the mnfluence of varrations in wmtake
mmediately preceding the test by the administration of 1
known amount of the vitamin of which the normal sub
ject excretes a certain percentage while the greater part 1s
retained by the truly deficient subject Several such load
tests have been devised, differing 1n the amount of thinmin
administered, the route, oral or otherwise and the period
over which excretion 1s measured A satisfactory test using
the fermentation method for determining the thiamin 1s that
of Pollock,® who gives 1 mg intramuscularly and collects the
urine for four hours An excretion of 180 gamma or more
1snormal Najpjar and Holt,” using a stmilar method 1nject
1o mg ntravenously and find a normal excretion of 120
gamma or more 1n 4 hours Mason and Walliims 1! using
the same method for thiamin, give the same dose mtramus
cularly and find a normal excretion of 20 per cent or more
of the test dose 1 24 hours

Thiamin deficiency may be detected by measurmg the
concentration of pyruvic acxd 1n the blood The more severe
deficiencies canse an increase mn the fasting, basal state, a
concentration above 1 2 mg per 100 cc of whole blood con
stituting an abnormal level In less severe deficiencies exer
ase will disclose the defect 1n pyruvic acid metabolism
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regarding them critically because of thewr non specific nature
but giving them due weight as suggesting or mndicating a B,
deficiency—a possibility to be checked by further study
Laboratory Methods The laboratory diagnosis of thiamn
deficiency can be made by determining the excretion of the
vitamin 1 the urine, either spontaneously or follow:ng the
admamistration of a test dose, and by measuring the amount
of pyruvic acid in the blood Other tests have been devised
and presented but as yet have not recewved sufficient trial to
be accepted clinically For example, the concentration of
thiamin 1n the whte blood cells has been studied and may
be a valuable test, as yet 1t has not become estiblished
The urmary excretion of thiamin can be determined on
a 24 hourly bass, or shorter periods can be used and the
excretion calculated at an hourly rate  Besides the spon
taneous excretion the response to a test dose cin be meas
ured Because the normal standards and mterpretation vary
with the method for determining thiamin, they will be
summarized following a discussion of the techniques
Thiamin can be determined in the urine by several
methods, the most commonly used being the yeast fermenta
tion method of Schultz, Atkin and Frey® and the various
thiachrome methods * The yeast fermentation method of
Schultz, Athin and Frey measures certain fermentation stun
ulating substances other than thiamm but the results are
expressed 1n terms of thiimin and have the same relative
significance as by the other tests
The normal daily (24 hour) excretion of thiamin by the
yeast fermentation method 15 considered to be above 400
gamma (micrograms) for men and 300 for women Stand
ards for children seem to be essentally the same as for adults
By the thiachrome methods an excretton of 6o ta 340 gamma
(micrograms) constitutes the generally accepted normal
range An upper level 1s of little significance, affected as 1t
15 by the wmntake of more than adequate amounts

* The technique of the test 1s described more fully i the appendix
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The excretion of thramin 1s greatly affected by the diet
immediately preceding the test a few days of a very low
intake giving values below normal but not indicative of a
significant deficiency Ths difficulty, which 15 often cited as
an objection to the use of excretion test, can casily be over
come 1m several ways (1) By a knowledge of the diet If
the diet has been poor 1nd the mntake low for more than a
few days the low excretion indicates a significant deficiency
(2) By placing the subject on a normal diet for a day or
two before the test This will result m a normal output m
subjects whose low ntake 15 temporary and has not caused
a sigmificant deficiency It will not affect the low output of
a true deficiency subject (3) By the use of a load test

Load tests overcome the influence of variations in ntake
mmedrately preceding the test by the administration of a
known amount of the vaitarmin of which the normal sub
Ject excretes a certain percentage while the greater part 1s
retamed by the truly deficient subject Several such load
tests have been devised differing i the amount of thiamm
adminstered the route oral or otherwise, and the period
over which excretion 1s measured A satisfactory test using
the fermentation method for determining the thiamin 1s that
of Pollock ® who grves 1 mg 1ntramuscularly and collects the
urine for four hours An excretion of 180 gamma or more
1snormal Najjar and Holt," using a similar method 1nject
10 mg 1ntravenously and find a normal excretion of 120
gamma or more in 4 hours Mason and Willinms ** using
the same method for thiamin give the same dose mtramus
cularly and find a normal excretion of 20 per cent or more
of the test dose 1n 24 hours

Thiamin deficiency may be detected by measuring the
concentration of pyruvic acid in the blood The more severe
deficiencies cause an increase 1n the fasting, basal state, a
concentration above 1 2 mg per 100 cc of whole blood con
stituting an abnormal level In less severe deficiencies exer
cse will disclose the defect m pyruvic acid metabolism
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Failure of the concentration to return to normal after exer
cise or an 1njection of glucose 1s indicative of a deficiency
The ncrease m concentration of pyruvic acid 15 not specific
for thiamun deficiency Anoxia, exercise, fever, and diabetes
are other causes However, due regard for the clinical state
of the patient should serve 1 most cases to distingush the
probability of these other causes and with the proper care
i interpretation due all laboratory tests the procedure 1s of
definite value

In addition to the study of the diet and the symptoms and
physical signs the therapeutic test 15 a valuable aid 1 diag
nosis Its greatest drawback 1s the lack of critical evaluation
which so often weakens such a test The availability of the
pure vitamn, which should 1lways be employed when treat
ment 1s to be used as a diagnostic test, has increased 1ts value
and rebability greatly Nevertheless, one must always guard
agamnst the dangers of misinterpreting difficulties in absorp
tion, madequate dosage, and msufficient treatment Other
more common errors are the failure to recognize spontaneous
mprovement, the psychic effect of treatment, particularly
when tnjections are given, the effects of other treatment and
the presence of other causes for the symptoms causes which
may be relieved by nature or by other treatment Bi de
fictency 15 not the only cause of neuntis, gastromtestinal
disturbances, or heart failure, and errors of the kind listed
above must be guarded agamst, particularly mn a tume of
enthusiasm for a new method of treatment

TREATMENT

Treatment 1s to a high degree spectfic and consists mn the
admimstration of a sufficient amount of the vitamin to re
lieve the deficiency, restore the body s reserve, relieve the
signs and symptoms of the disease as quickly as possible and
provide for the mantenance of a contmmuing adequate
mtake Accessory factors mn treatment are the elmmnation



TREATMENT 63

of causes for inadequate mtake or Absorption, the removal,
if possible, of conditions causing an ncreased requirement,
the treatment of complications and sequelae, the control of
coexisting disease and any symptomatic treatment that 1s
necessary In clearly established cases of the deficiency such
treatment 1s clearly wmndicated whether the clinical diag
nosts 15 beriber1 alcoholic polyneuritis, or some other form
Occasions for the treatment of fully developed cases of
beribert and sumilar types of thiamm deficiency will nat
occur frequently 1n this country Treatment will be required
mainly for mildly deficient states, for prevention and for the
protection of special groups

Preparations Besides pure crystalline thiamin there are
hundreds of preparations of the vitamin, many of them con
centrates prepared from yeast, wheat germ, liver, rice
polishings, etc, contaming other substances Some of the
preparations are mixtures or combinations of several pure
vitamins  The preparations vary greatly i potency and
some cases analyses fail to confirm the declared potency
Many difficuluies arise because of vanations and maccuracies
1n methods of determining the potency and confusion 1n the
expression of potency (units) Several units are 1 common
use and 1t 15 often difficult to convert satisfactorily one unit
into another This may be very confusing to physicians who
are often unfamhar with the various units, many of which
have been developed 1 connection with experimental work
with anmmals A further dfficulty 15 that the potency of nat
ural substances (yeast for example) varies Not all yeasts
are rich 1n By and the potency may vary with stramn, condi
tions of growth and similar factors For these reasons phy
sictans will do well 1o use preparations of known potency
manufactured by reputable concerns which declre the
potency 1n well established units, preferably i milligrams
of thramin

Pure thiamin, natural or synthetic, when properly pre
pared and handled, 1s of constant composttion and potency
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Because of this 1t 15 to be preferred 1n manv cases but be
cause of the expense, as well as for reasons to be discussed
below, may often be replaced by other rehiable preparations

Umts Because of the ewsting confusion the following
discussion of units 15 presented Now that B: has been 1den
tified chemically as thiamin, 1solated, and synthesized, the
dosage should be expressed 1n terms of weight (milligrams)
‘To some extent this 1s being done and some manufacturers
are cooperating in giving the dose and potency of therr
preparations m milligrams or i both milligrams and untits
However, not all preparations are so described Equally 1m
portant, many food tables still express the vitamin B: con
tent of food 1n units Consequently, some description of the
two commonest units 1s grven Sherman umts are the older
and much of the early work of assaying foods determmning
requirements and the hike was expressed 1n terms of Sherman
units The Sherman unit 15 based on the growth response of
rats placed on graded doses of the substance contamning B,
which 1s to be tested The umt 1s the least satisfactory be,
cause of vartability mn the methods and failure to mnclude
the influence of other dietary factors now known to affect
the result

The standard of weight has now replaced older standards
and dosage 15 ordinarily expressed in milligrams The Inter
national umt 15 now g gamma (micro micrograms) of
pure crystallme thiarmin hydrochloride Earlier 1t was ex
pressed m terms of a standard substance which was a special
absorbate

Conversion of Umts It 15 dufficult to convert Shermn
units 1nto the older International units or to convert exther
mto milhgrams (or gamma) of thiamm hydrochloride be
cause of the variability of methods of determining Sherman
and International units Some authorties consider 13
Sherman umts equivalent to ten older International units,
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et cetera In general the following converston may be con
sidered satssfactory for practical chinical purposes

2 Sherman unis =1 old International umt
333 International untts=—=1 mg of thramin hydro
chloride
1 International unit = 033 mg of thiamin hydro
chloride
1 Sherman unit = 0015 mg of thiamm hydrochloride

Or, to put 1t another way, 1t takes 6oo Sherman units and
300 International units to equal 1 0 mg of thiamin hydro
chloride, the probable average mmmmum daily requirement
for an adult On this basis 1t 1s seen that 1t would require
6,000 Sherman units or g ooo International units to equal
1o mg of thlamin a common therapeutic dose

Most concentrates (yeast, wheat germ, et cetera) are suit
able only for oral use They are available 1n powder and
tablets and in capsule form as well, and 1n many cases are
suttable for mixing with foods (mulk, et cetera) Certan
preparations of liver may be given parenterally but for the
latter purpose solutions of thiamin are usually employed
Such solutions are available mn ampules or may be prepared
by dissolving the crystals 1n sterile salt solution

Prevention Prevention 1n general 1s a matter of the
proper diet The exact human requirement 1s unknown
but a consideration of the various data mdicates that 1t 15
approximately o g5 mg per 1 ooo calories (of the diet or
energy expenditure) It 1s affected by weight activity the
proportion of carbohydrate 1n the diet, and perhaps environ
mental temperature (sweating) This however 1s the
minimal requirement, and for safety the amount should be
Increased The recommended allowance of the Food and
Nutrition Board calls for o5 mg For average men and
women this amounts to from 1 2 to 2 § mg depending on
$¢X and acuvity For pregnant 1nd lactating women the
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allowance 1s 1 8 to 2 3 mg, while for children amounts from
04 mg for those under one year, to 2 3 for boys 16 to 20
are recommended  Amounts such as these are perhaps larger
than necessary but a good margin of safety 1s advisable
These amounts can be derived from the daily diet but
not with much to spare  No foods commonly eaten re very
rich 1n thiamin and 1t 15 necessary to depend on more than
one or two to get the daily supply In addition, modern
occidental diets are weakened 1 their B, value by processes
of milling storing, canning and preserving which unfor
tunately tend to affect particularly certamn of the better
sources of the vitamm such as the cereals Whole gramns are
good sources for example, but refined flours and cereals con
tamn almost none Recently, however, much of the bread
which 15 sold has been ‘enriched,’ bringing the thiamin
content to about 1 mg per pound Other enriched cereals
are avatlable A recent governmental order requiring en
richment of all white bread will provide this good source of
thiamin, presumably for the period of the war at least
Foods contaming relatively large amounts of Bi are
whole gramn or partially milled cereals and products made
from them, such as ‘whale wheat and ‘grabam bread,’
enriched bread, rolled oats, unpolished rice, old process
corn meal, and partially mulled rye bread, fresh meat, espe
cually pork and the viscera and eggs, legume vegetables,
especally dried peas and beans, and nuts Vegetables 1n
general are from a practical pont of view one of the impor
tant sources The mntake of the vitamin depends not only on
the concentration but on the amounts eaten Foods rich 1n
B: but consumed 1 small amounts may be less valuable
than food poorer i By content but consumed 1n large quan
tities  Because vitamimn By 1s very soluble 1n water the loss
1n coohing by boiling, a common method with vegetables,
may be very large Such foods should be steymed or cocked
with little water and when possible the cooking water should
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be mncorporated m the food as served Prolonged cooling
leads to greater loss of B1 by solution It1s relatively msen
sitive to heat and little loss occurs from esposure to tem
peratures of 100 degrees during cooking Cooking under
pressure however imcreases this Joss rapidly  Alkalinity
creases the loss and the use of soda m cooking vegetables 15
very detrimental Preservation by canning (commercial)
has lictle effect on the thramin content

Carbohydrates mcrease the requirement of B; and diets
rich m cwbohydrates espectilly m concentrated forms
(sugar, white bread macaron, potatoes) although valuable
for providing energy at low cost and possibly balanced 1n
other directions may result 1n a By defictency On the other
hand fats have a B: sparing action and lessen the need for
the vitamin

At the present time several companies are providing flours
and breakfast cereals with added thiamin In most cases the
amount which 1s added 1s no more and often less than that
removed from the grain when 1t was milled Without dis
cussing here the advisability of such processes 1t may be
noted that this process must be kept 1n mind 1n calculating
B: intake in the diet

Protective Treatment This should be given to pregnant
and nursing women especially those with gastrointestinal
disturbances chronic alcoholics patients with other defi
caencies, and those with gastromtestinal disease mterfering
with the mtake and absorption of food those with metabolic
and other disorders requiring modified diets patients with
chronic mfections and febrile 1llnesses and with cachexias
psychiatric patents and psychoneurotics with dietary diff
culties and others who for various reasons may be mm
properly fed

While protection can often be afforded by diet 1n many
instances supplements will be required These can often be
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m the form of concentrates of yeast, wheat germ, or siml
products However, pure vitamm B, may be given and
there 1s reason to doubt the mtake or absorption by mout
1t should be given parenterally In the latter case the da
dose may be provided by large single doses at longer mte
vals to avoid the discomfort of mnjections In the absence
urgency, mtramuscular or subcutaneous myjection will avor
some waste caused by mtravenous injection

Breast fed mnfants are ordinanly protected if the By intak
of the mother 15 adequate and protection should be pr
vided by this means except when difficultses of retention
absorption of food exist In these cases parenteral admin
tration 1s necessary and should be given in amounts of o
mg daily Bottle fed mfants consuming an adequate amour
of mulk will recerve sufficient By provided the content of th
mlk 1s sufficient Factors tending to lessen the latter are i
proper feeding of the cow and loss in handhng of the mil}
Infants who, for any reason, are taking inadequate amoun!
of mulk or another food or suffer with digestive disturbance
should recewve supplements of the vitamun, parenterally :
necessary As the age mcreases stmilar precautions should b
observed Children are partcularly susceptible to the nee
for adequate Bi, particularly with reference to norma
growth, and require relatively larger amounts of the vitamu
than adults It 1s possible that many of the falures of appe
tite and eating m children are the result of mild deficiencie
of B: which has a powerful effect on appetite

Chronic alcoholics are especially liable to develop B: de
fictency While some success may be had by encouraging
these ptients to partahe of an adequate det the very nature
of therr 1llness makes an adequate intake unlikely, while the
calories furnished by the alcohol increase the need for B and
make the Likelihood of deficiency greater Laberal supple
ments (10 mg or more daily) are advisable and because of
the nature of the 1llness may require parenteral administra
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tion There 1s some evidence that adequate B: intake, by
improving general health 1f for no other reason may make
the control of the alcoholism easier In the presence of early
signs or symptoms of neuritss, alcoholic delirum, or diges
tve disturbances energetic treatment with even larger doses
1s indicated

In patients with other defictency diseases, especially pel
lagra adequate provision of B should be made, because m
these cases the diet 15 usually lacking in several necessary
substances It 15 particularly needed when nicotinic acid
or simlarly highly purified products are used Everyone
with experience 1n deficiency diseases has seen the symp
toms and signs of B, deficiency appear in pellagrous patients
treated and improving with nicotinc acid

Patients with gastromntestinal dssease require special pro
tection because B: mntake 1s apt to be lessened by anorexia,
loss by vormting and diarrhea, poor absorption, therapeutic
diets poor 1 B: Such patients may well be given amounts
considerably larger than the usual protective dose up to 5
to 10 mg daily Because such patients are liable to be de
ficient 1n other respects as well, concentrates of the entire B
group are used to advantage and when pure B; 15 used cau
tion must be exercised to supply the others as well Diffi
culty with absorption and vomiting necessitate parenteral
admimstration

In diabetes and simular metabohic diseases 1t 1s usually
possible to adjust the dietary so that adequate B; 15 pro
vided When control of the primary disease makes 1t neces
sary to employ rigid diets deficient yn B, supplements should
be provided and the occurrence of signs and symptoms of
so called diabetic neurtis or cardiovascular complications
should always lead to 2 careful check of the diet with respect
to 1ts By content Consider the quantitative spects of the
diet 1n particular 1n the case of all therapeutic diets

Arvita 11lortimete dicomcar b ol oot derrm bemo oo, UK PR P
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in the way of protection provided an adequate store of the
vitamin existed before the onset However, proper mtake
secured by dict or supplements may avoid the loss of appe
tie and the development of a deficiency Infections of long
duration, such as tuberculosis, may have resulted 1n a de
fictency and supplements may be required to restore the
body reserves

Finally, many patients with the cachexa of chronic 1l
ness such as cancers, chronic nephritis, heart disease, mental
disease, and senility should be assured of adequate intake of
By, by diet 1f possible, if not, by supplements

Curauve Treatment In clear cut cases of thiamn de
ficiency 1n the adult 10 to 20 mg of crystalhine B; (thiamin)
should be given daily as scon as the diagnosis 1s made In
some cases such as severe neuritis and cardiac failure (ben
ber1 heart), somewhat larger doses (20 to 40 mg) may be
gven It 1s doubtful whether any more than this 15 worth
while and 1n most cases larger amounts are wasteful Excep
tionaily, as a matter of trial i cases which seem to offer
difficulties 1n utilization or 1n conditions whose relation to
B: deficiency 1s doubtful but worthy of nvestigation, much
larger doses may be given

The drug may be given by mouth or parenterally In the
mlder cases and when there 1s no difficulty in oral admmns
tration or absorption 1t may be given by mouth The use of
the larger tablets (3 mg or more) 1s advantageous Paren
teral administration should always be employed mn severe
cases of neurtis, cardiac fatlure, or those with nausea, vormt
ing and diarrhea Also, this method 1s to be employed when
the patient 1s very 1ll, when mngestion may fail because of
lack of cooperation or carclessness, or when there 15 wnter
ference with absorption It may be given tramuscularly
or wntravenously Ampules contamning sterile solutions are
avaslable 1n different sizes or the crystals may be dissolved

U T P
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Parenteral njection ensures prompt action adequate
dosage and certain absorption In many cases 1t will be suffi
cient to give only the first few doses by mjection after which
sufficient improvement will have occurred to allow the drug
to be contmued by mouth

After the major symptoms have disappeared the crystalline
B; may be supplemented by various concentrates and sub
stances tich m Bi These mnclude dried brewers yeast,
powder or tablet wheat germ extract of rice pohishings and
sumlar preparations Dried brewers yeast and wheat germ
are more commonly used 1n this country Dosage should be
based on the thiamin content and should be equivalent to
not less than 10 mg of the latter daily Since the content of
B: 1n these preparations 1s as yet ordinarily given i various
units (International, Sherman et cetera) 1t 1s necessary to
convert these into mg (See note on conversion of units on
page 64) In general terms about 6 ounces of a good quality
of brewers yeast or of wheat germ should be given daily

Besides the vitumin however given the patient should be
placed as soon as possible on an adequate well rounded,
high caloric diet Thus 1s of great importance because 1t 1s
desired not only to cure the existing disease but to establish
a diet which will protect the patient aganst the return of
the disease and other nutritional disorders Furthermore al
though B: will correct the disorders and cure the symptoms
resulting from 1ts lack most patients with B: deficiency suffer
from other nutritional disorders as well, disorders which By
will not relieve, and which will interfere with recovery from
that deficiency and prevent the complete recovery of the
patient The use of the various concentrates which contin
other vitamins and essential substances as well as By are
valuable for the same reason *

* This statement should not be construed as 2 recommendation for a
large group of preparations consisung of muxtures of vitamms often
with minerals which are offered by drug companies Bestdes other objec



72 THIAMIN (VITAMIN B\) DEFICIENCY

A dset containing 4000 5000 calories, with liberal amounts
of fresh vegetables and frust (much of st raw), fresh meats,
especally liver and pork, whole gram cereals, legume
vegetables, milk and eggs, 1s advisable In many cases such
a diet will be taken readily, even avidly, after an umprove
ment of symptoms has resulted from treatment with the
vitamun  In some cases, however, the effect of accompanying
diseases, gastromtestinal lesions, et cetera, will interfere with
an adequnte diet and 1t will be necessary to continue supple
ments over a long period Especal care must be taken in
chromic cases that adequate treatment 15 contimued over a
tume sufficiently long to secure a cure or the miximum im
provement possible This 1s particularly true mn the cases of
severe neuritis, which may respond slowly and show com
plete recovery only after months, and in patients with
gastromntestinal lesions m whom absorption 1s poor In the
latter absorption may be so madequate that they require
special dietary attention and dequite supplements over
ndefinite periods Fmally, 1n the more severe and acute
cases the prompt and gratifying response to early treatment
should not cause one to neglect continued treatment, espe
cially by means of diet which 15 necessary to complete the
cure
Infants Older children are treated as adults but infants
1n particular require prompt and energetic treatment 1f they
present the mamfest symptoms which constitute beriber:
In these cases parenteral treatment 1s advisable The re
quirements of nfants are relatively greater than for adults
and  to 10 mg should be given intravenously or intramus
cularly twice dally When this cannot be done, or 1n the
milder cases crystalline vitamin Bi cin be dded to the
formula and 1n still milder cases after the 1nitial mjections

tions these while containing several vitamins usually have an; xndxvndtu::
one 1 such small quantities that adequate dosage 15 :mpossible excep!

excessive cost and trouble
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concentrates may be given by mouth, alone or mixed with
the food In the Far East ikx tiky, an extract of rice polish
mngs, 15 used successfully As m adults the diet should be
altered to provide a hiberal ntake in the food In nursing
nfants energetic treatment of the mother, upon whose de
fictency 1s contingent that of the child will help the child
However 1n the more severe cases treatment of the mother
should not be solely relied on and the mnfant should be
treated directly

Other Treatment Although vitamin By 1n some form or
other 1s the only spealfic treatment for the deficiency, other
forms of treatment will often prove helpful in relieving the
patient, preventing complicattons and shortening the
period of disability All patients with the severe forms of the
deficiency should be at rest in bed to lessen the likelthood
of cardiovascular collapse, promote the relief of symptoms,
and hasten recovery Rest diminishes the need for the vita
mun and hence indirectly increases the effectiveness of the
dose It also serves to protect weakened or paralysed mus
cles Inacute heart failure venesection may be an immedtate
life saving measure Digitalization 1s usually not effective and
tts actton 1s no faster than that of thiamin uself which 1s to
be preferred Dmretics 1n particular the newer mercurial
durettcs, may be used to relieve edema but the effect of
adequate doses of thiamin 1s nearly as rapid Large effusions
may often be relieved most rapidly by tapping but this re
sults 1n a considerable loss of protemn from the body which
may be undesirable 1n these patients

Patients with neuritis often obtain considerable relief
from pain through cradles though the more severe pain 1s
usually promptly relieved by adequate doses of thramin pro
vided proper absorption 1s secured In the latter stages of
cure of severe neuritis 1n which there may be a complete
paralys:s, massage and careful and progressive exercise 1s
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beneficial Sphints, casts, and similar orthopedic methods
may be required and tendon lengthening may be needed

Analgesics may be required with severe neuritis but sel
dom are needed for long In acute, severe stages weaher
drugs than codeine or morphine are of ittle use, being no
more effective than thiamn 1tself Codeine and morphine
may be indicated temporarily but should be discontinued as
soon as possible, because of the tendency to habituation

Lattle need be said here of the treatment of concurrent
disewse The mmportant thing 15 to emphasize that certain
diseases predispose to the development of B: deficiency by
increasing the needs for the vitamin, lessening 1ts mtake or
mterfering with the absorption To these should be added a
special group of those diseases which of themselves requre
special diets which unless care 1s taken, are apt to be mnade
quate In any of these diseases the longer they are present
the greater likehihood there 1s that a deficiency will result
In chronic disease particularly the need for prompt and en
ergetic treatment and alertness to provide adequate nutrition
should be emphasized Diseases which increase the demand
are those which speed up metabolism such as thyrotoxicosis
and fevers Those leading to lessened ntake and often de
ficient absorption are gastroimntestinal disorders, food sensitz
zation, cachexias of malignancy, heart disease Those requir
ing special diets which may include some already mentioned
are diabetes peptic ulcer, obesity, and heart disease In all
these divisions the possible need for the parenteral adminis
tration of B; must be recognized

Prognosis Recovery from vitamin B, deficiency, even m
severe cases 1s often prompt, even dramatic when proper
treatment 15 instaituted Even 1n cases of severe heart failure
or acute severe neuritis, lmprovement may occur in a few
hours and the symptoms disappear 1 a day or two The same
15 not true 1n chronic cases, however Although partal relief,
especially from pamn, may occur rapadly, progress thercafter
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15 slower and for weeks or months the patient may complain
of annoying paresthesias and weakness 1n the extremities As
already indicated 1 some cases of paralysis, permanent
residual weakness may result The results in cases of neuritis
are, of course, dependent on the degree of damage to nerve
fibers and cells Those severely damaged recover slowly, the
time needed being related to the speed of regeneration from
the nerve cell toward the periphery, which 1s slow This
difference between acute and chronic deficiency 1s the basis
for certain doubts of the specificity of the nerve changes
Gastromtestial symptoms are ordinarily reheved quickly
and completely the anorexia due to the deficiency often
responding 1n a few hours

Contra indications and Toxic Effects As far as 1s known,
there are no contra indications to the therapeutic use of
vitamin B; even 1n pure form and no toxic effects 1n single
doses or from cumulative effects Experimentally animals
can be powsoned and even killed by thiamm (vitamin Bi)
but the amounts needed far exceed any conceivable thera
peutic doses Amounts as large as o5 Gm have been
given daily for months without any apparent toxic effect and
ntravenous injections of even 2o times the usual dose have
caused no untoward reaction
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Nicotmic-Acid (Nlacm)
Deficiency

Pellagra—Pellagra sine Pellagra

HISTORY

PELLAGRA has been considered a deficiency disease since the
early part of this century but particularly since the work of
Goldberger Although other theories postulating infectious
and toxic causes have been advanced 1n the past and are still
advanced, 1t 1s now generally accepted on almost conclusive
evidence that 1t 15 a deficiency disease
In the confusion which has existed in respect to the
B Complex of vitamins and sull exists to a considerable
extent chnically it may be premature to consider pellagra
the result of the deficiency of a single member of this com
plex of vitamims Nevertheless the discovery that nicotinic
acid 15 the primary, if not the sole, factor concerned 1n the
prevention of black tongue in dogs and 1s responsible for
the principal symptoms of pellagra 1 man 1s sufficient jus
uification for the present for considering pellagra the chinical
expression of nicotinic acid deficrency
Other members of the B complex may be and undoubt
edly are often deficient 1n patients with pellagra The de
ficiencies may even contribute to the symptoms Thiamin
may be deficient and produce symptoms yet these are not
symptoms of pellagra but symptoms of B: defictency com
plicating pellagra In the same way the possible symptoms
produced by a deficiency of other members of the B group
may complicate pellagra as has recently been shown to be
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the case with riboflavin Therefore, I prefer for the present
to consider pellagra the expression of nicotinic acid de
ficiency, recogmizing that 1t may be and often 1s complicated
by other deficiencies So far conclusive evidence of a neces
sary relation to the human orgimism of members of the
B complex has been shown for only B; (thiamn), ribo
flavin, and nicotmic acxd

Pellagra has undoubtedly existed for many years, appear
ing with other deficiencies produced by war, famine, pov
erty, ind diserse Its clear recognition as a separate dsease,
however, dates from the description by Casal mn 1735 who
labelled 1t mal de le rosa It was well known m Italy and
1t was an Italian, Fripolli, who named 1t pellagra (rough
skin) Although apparently not recognized 1n this country
except for 1solated cases until 1906 1t undoubtedly existed
earlier and was known to physicians who were unaware of
the description by European physicians and the names given
to 1t by them Even casual reading of case reports or text
books of an earher day, or the description by physicrans or
laymen of disease among troops and 1 prisons during the war
between the States will allow one to recognize cases of the
disease In more recent years many reports of epidemics as
well as endemics and sporadic cases have established 1t as one
of the most common nutritional diseases, at least in manifest
form, i this country

NATURE AND FUNCTION

Nicotinic acid 1s an organic compound related chemcally

»
to micotine but with very different physiologic properties
* Nicotimic aaid 15 3 pyridine carboxylic acid and has the following struc
tural formula

H
Ié O C\ H,C'——f:H.
HC/ \C—C/ H(lf/ I(}—CH\ CH;
H(u‘ (l:H \OH HC CH N
\ \, |
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It has long been known having been discovered and pre
pared by Hyber 1n 1867, and 1solated from yeast concen
trates 1n 1918 by Funk who thought 1t might be the ant1
neuritic factor (Bi) Funk failed to discover 1its relation to
pellagra Lattle more was done with 1t until Warburg and
Christian found 1t to be a constituent of one of the co
enzymes Subsequent progress was rapid and demonstrations
of 1ts curative action i black tongue of dogs by Elvehjem
was rapidly followed by demonstrition of 1its effectiveness
m pellagra Nicottnic acid and nicotinic 1aad amude are
available 1 pure form for use chinically

Nicotinic acid 1n the form of the amide 1s combined by
the body wath phosphoric acid, an amino acid, adenine, and
a sugar ribose to form a coenzyme * It thus 1s a part of one
of the essentral enzyme systems, used for transferring oxygen
in oxadations concerned with fundamental life processes 1n
the cells Lack of nicotinic acid prevents the formation of the
coenzyme because the body cannot synthesize nicotinic acid
However despite the fact that much 1s known of the man
ner in which this coenzyme acts in the biologic processes of
cells and 1solated tissues almost nothing s known of the
relation of this action, or disturbance n this action, to the
pathologic physiology and structural changes which char
acterize the disease, pellagra Just how the mflammation of
epithehial tissues (dermatins, glossitis proctins) and the
changes 1n the nervous system (dementia) are to be related
to a disturbance 1n this enzyme system remains to be deter

The relation of this compound to nicotine 1s seen from the formula of
ucotine which is given here for comparison So far as 1s known nicotine 13
not utihized by the body 1n any way related to nicotinic ad Certain related
tompounds such as ethyl nicotinate nicotinic 2ad N methyl amide mco
unuric acid etc possess certamn acuvity others such as pyndine picolime
acd sontcotime acd trigonelline etc do not  Appatently whether or
not such compounds are active depends on whether the body can convert
them to micotmic acid

* Nicotnic aaid 15 used to form two coenzymes known variously as
coenzyme I Harden and Youngs Y [: II or
EVarburgs coferment They are better designated by the chemical names

t de and hasoh leatide Te

phosphopynidine 1 yridine
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mined The fact that the enzyme system in which 1t 15
corporated includes other essential substances, available to
the body from external sources only suggests that a de
ficlency 1n these other substances may disturb the system
and be responsible for some of the disease manifestations
commonly assocrated with a deficiency of nicotnic acd
Those due to lack of nicotinic acid are, however, the prin
cipal ones and for the present 1t seems best to consider other
deficiencies if present as conflicting deficiencies

Nicotimc acid and nicotinic acid amide are soluble m
water and easily and quickly absorbed from the gastro
mtestinal tract Most of the micotinic acid appears to be
present m the body as the amide to which the acid seems to
be converted soon after absorption Furthermore, 1t 15 prob
able that the greatest part 1s present m the cells as the
coenzyme, relatively little remaining as the amide or free
acid Judging from amimal studies relatively large amounts
are found m the lwer, muscles, and kidneys Storage ap
pears to be better than 1s the case with thiamn or vitamm
C The amount 1n the blood 15 relatively small (1n man) and
nearly all 1s present 1n the cells in the form of the coenzymes
Small amounts of the amide and perhaps the free acid are
found in the plasma, possibly as a ‘transpert portion
Feeding large amounts of mcotinic acid or the amide
creases the content of whole blood and cells even 1n normal
persons but not beyond a certain maximum When this
1s reached continued adminsstration fails to increase the
concentration and the excess 1s probably excreted un
changed It 15 probable, though not certain, that a sumular
process takes place 1n the other tissues During a deficiency
the blood holds on to 1ts mcotinic acid (i the form of
coenzyme) so tenactously that with even manifest pellagra
the concentration 1n the whole blood often fails tofall below
that ohserved n normal subjects Hence determination of
the concentration 1n the blood 1s of no value 1n diagnosis

Nicotinic acid appears m the urme as the free acid, as
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the amide, and also, under certain circumstances at least,
as micotinuric acid and trigonelhne It 1s these latter sub
stances which make the determination of nicotinic acid i the
urine of doubtful value 1 diagnosts, at least for the pres
ent Although nicotinuric acid and trigonelline can be con
verted to micotinic acid and measured as such, both are
excreted following the ingestion of such substances as tea
and coffee, nicotine, cocoa, and perhaps other substances
m the diet It 15 difficult, therefore, to determine the sigmf
1cance of total nicotinic acid excretion

In contrast to most other vitamuns nicotimc acid has a
certain pharmacologic and, 1n a sense, mildly toxic action
That 1s to say, 1t causes certain phystologic reactions 1n indi
viduals who are not deficient m 1t These occur whenever
a single dose exceeds a subject s tolerance or when smaller
doses, repeated at frequent intervals exceeds the tolerance
within a given time, probably by increasing the blood con
centration beyond a given level Tolerance varies but for
most persons 1s 1n the neighborhood of 50 mg 1n a single
oral dose, 10 mg intravenously The symptoms consist
of flushing, burning and tunghng of the skin, begmnning
m a typical case in the head and neck and passing progres
sively down the trunk and extremities With this there 15
a diffuse redness of the skin, resembling even a scarlatimi
form rash There 15 obviously a dilatation of the superficial
vessels but no change 1 blood pressure, temperature (body)
or respiration The effect passes off 1n a few minutes Fol
lowing large intakes over some days the effect seems to
be produced by smaller doses Recently Najjar and Holt
have reported two fluorescent substances, named by them
F1 and Fs, which appear to have some relation to nicotinic
aad  F,, developed only on addition of alkali 15 present
normally in the urine but lessens and disappears m nicotinic
acid deficiency, while Fy normally present m small amounts
Or not at 2all, increases m the defictency Therr exact sig-
mificance 15 yet unknown
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Because the amide does not cause these symptoms 1t 15
probable that the effect 1s due to an mability of the body
to change the free acid to amide with sufficient rapidity
Thas 15 supported by the fact that glycme admmistered
with the nicotinic acid will prevent the symptoms

No serious toxicity has been observed and 1t 15 unlikely
that any will occur except with relatively enormous doses

Nicotinic acid m the form of the coenzyme (known as
factor V) 1s necessary for the growth of certamn micro or
gamsms, a fact which illustrates 1ts fundamental importance
m hife processes This function 1s also the basis for certan
biologic tests for mcotimic acid It 15 of some mterest that the
bacteriostatic action of certain chemotherapeutic drugs
against certain micro organisms 1s due to the action of the
drug mn blocking the nicotmic acid (as coenzyme) for use
by the bacteria The exact signtficance of this reaction m
the human organism 1n connection with the use of chemo-
therapeutic agents 1s not yet clear

PATHOLOGY AND PATHOGENESIS

The individual pathologic findings i pellagra are n
no way specific but nevertheless ther composite appear
ance 1s usually sufficiently characteristic for the diagnosis
to be made 1 a person dymng of pellagra According to
Eddy and Dalldorf the early lesions m the shin and colon
present a highly characteristic if not specific appearance
Grossly the charactersstic changes are mflammatory lestons
of the slun, inflammation of the mucous membrane sur
faces of the gastromtestinal tract from mouth to rectum,
and a vaginitis mn women In chromc cases the lesions of
the shin may change, the flammatory process subsiding,
leaving either a roughened thickened shin or 2 thin, at
rophied one, with increased prgmentation in either case
Lestons 1 the colon show sumlar changes in the later stages

The mcroscopic lestons in the skin and colon said to
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be characteristic 1 the early stages were first described by
Denton and have been confirmed by Eddy and Dalldorf,
whose description 1s the basis of this account In the skin
they precede the erythema and consist of edema of the
papiliae, dilatation of the papillary blood vessels and de
terioration of the superficial fine collagen layer of the
corium  Later, the capillary endothelinm 1s swollen and
the finer collagen fragmented Vesicles are found and be
come 1nfected causing sloughing of the epidermis Stll later
the superficial layer becomes atrophic or has an overlying
thickened horny layer There 1s an 1ncrease in pigment the
nature of which 1s uncertamn In the oldest lesions there 1s
atrophy of the rete malpighu, and a thin epriderrms

The colon walls are thickened, mflamed with patches of
pseudo membrane and a stippled appearance due to small
gray bodies seen on histologic eximination 1o be cystic crypts
of Lieberkuhn said by Herzenberg to be practically pathog
nomonic of pellagra occurring m only one other disease,
spruc In the late stages there 1s trophy of the mucosa

It 1s difficult to see how these lesions, those 1n the colon
at least can be considered early lesions Presumably the
material was obtamed at necropsy from subjects who had
died of pellagra In any event by the modern pornt of view
they are expressions of a severe and advanced defictency

Nervous system lesions consist of scattered degeneration
of axis cylinders of the pyramidal cells of the cortex and a
myelin degeneration of fibers m the spinal column mostly
in the posterior columns, the lesions resembling those of
subacute combined sclerosis  Peripheral lesions are uncom
mon None of the nervous system lesions 15 specific

INCIDENCE AND EPIDEMIOLOGY

Pellagr 1s found in endemic or eprdemic form 1n a good
many parts of the world and by 1ts nature may occur spo
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radically anywhere It 1s said to be frequent 1n Egvpt, the
Balkans, Spam, Italy, and the Soviet Union It 15 2 common
disease 1n the United States and although undoubtedly more
frequent 1n certain regions such as m some of the Southern
States, 1t 15 by no means confined to those regions The
cidence 15 thought by some to be decreasing 1n this coun
try and personal observation suggests that this 15 true if
the incidence of fully developed cases 1s meant However, re
porting of the disease has been notoriously poor and mcom
plete even 1n those states where reporting 1s required and
1f one ncludes subclimical stages of the disease, or nicotinic
acid deficiency, as should be done, there 1s no way of know
g how frequent 1t 15 No doubt cases must be present
constderable number 1 all parts of the United States
Pellagra 15 primanly a disease of the poor although spo
radic cases can occur as the result of a wide variety of ‘con
ditioning factors,” such as carcinoma of the stomach, alco
holism, food faddism, etc Also among certain groups dietary
habits and 1gnorance rather than actual poverty may mam
tamn a reservoir of mild endemic deficiency from which
develop a certamn number of fully developed cases as ind1
vidual circumstances give occasion The disease 1s most fre
quent in the mddle years and women are more often af
fected than men It 1s rather uncommon 1n children Negroes
and whates are both affected and there 15 probably lttle
or no true racial vanation The greatest incidence in this
country 15 1n the spring and early summer whch 1s prob
ably the result of the lag 1n the development of symptoms
from deficts occurring during the winter months Sunlght
at this season probably hastens the appearance of certan
symptoms (dermatitis) but does not cause the disease

SYMPTOMS AND SIGNS

The signs and symptoms of fully developed pellagra are
familiar to most physicians though they may occasionally
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be missed 1n regions where endemic pellagra does not occur
and only occasional sporadic cases are seen Chronmic and
muld or latent cases are much less easily recognized though
they are more important because of their greater frequency

Typical severe, acute pellagra 1s characterized by a der
matitis a glossitis and stomatitis, diarrhea and mental
symptoms, often delirrum Not all the symptoms need be
equally severe, the dermatitis and gastrowntestinal symp
toms bemng the most frequent There may be fever and
extreme prostration ending with death Although such
cases may appear to develop suddenly they are preceded
m nearly all cases by a prodromal period during which the
patient complains of weakness, lassitude anorexia, indiges
tion, mental depression or irritability and a tendency to
diarrhea Most of the cases in endemic areas appear 1n the
spring and 1n many cases are the final expression of a dis
ease appearing each year for several years in gradually more
severe form until the acute attack develops Sporadic cases
often do not have this seasonal incidence

In addition to these severe acute cases many instances
occur 1 which the disease, while presenting typical and
easily recognizable signs 15 much more mild In them there
Is an acute, typical dermatitss, moderate glossitts, and diar
rhea, anorexia and indigestion, weakness, and nervousness
or mental depresston without the severe prostration, fever,
delirtum and grave prognosis of the severe cases Such cases
not nfrequently dlear up, or partially clear up spontane
ously, only to recur, perhaps mn a more severe form the
following year or settle 1nto a chronic stage Lattle difference
1s found between children and adults, men and women

Dugestive System Glossitis and diarrhea are the outstand
ing symptoms of this system The glossitis and stomatitss,
vary from a mild redness soreness and smoothness of the
tongue and mouth to an extreme mflammation with fiery
Tedness of the mucosa, atrophy of the papilla of the tongue,
dryness ulceration and secondary infection of the tongue
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and buccal mucosa The sore tongue 1s one of the first signs
of the disease The pharynx and esophagus are wnvolved as
well as the mouth and the taking of food and swallowing may
be difficult or impossible With the stomatitis there may
be saltvation Nausea and vomiting are seen 1n the more
severe cases The diarrhea ranges from several loose stools
a day to 15, 20, or more watery, bloody passages with mucus
and tenesmus There 15 often a severe proctitis with red
ness, burning, and 1ching about the rectum In women there
may be a vaginitis as well

Skin The dermatitis 15 perhaps the most characterstic
symptom though 1t may be absent entirely The acute le
sion 1n the early stages 15 a bright red erythema resembling
sunburn, occurring characteristically over the exposed parts
of the body with a bilateral symmetry which 1s quite accu
rate The commonest sites are the back of the fingers and
hands, the forearms, the dorsum of the feet and ankles and
the ‘ V'’ of the neck In the latter area 1t forms the so called
“necklace or Casals cravat There also occurs a  butter
fly’ lesion over the bridge of the nose and cheek, but this
1s perhaps due to assocrated riboflavin deficiency In the
beginning the shin 15 red and shghtly swollen, 1t 1tches,
burns and stings In this stage the effect very closely re
sembles sunburn The margins of the areas are sharply out
lined and shightly raised but as a rule the periphery 1s less
severely affected than the center The leston may progress
to the formation of vesicles and bullae with cracking of
the skin, exudaton of a sero sanguineous exudate, and crust
ing Secondary wfection and ulceration are nearly always
present to some degree 1n these cases With improvement
the skin becomes dry, less red, and the surface desquamates
leaving a pinkish thickened shin with a pigmented edge
Following repeated attacks and 1n chromc cases the pig
mentation 1s more general and the skin, especally over
such parts as the elbows, knuckles, and knees 1s brm}:'ln,
dry, scaly, and thickened In recently healed cases the shun
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festations of the disease 15 not uncommon i regions of
endemic pellagra Such cases are to be distinguished from
the subclinical or latent cases which scarcely emerge above
the chinical horizon and fall between the former and the
acute cases These chronic pellagrins may have chronic der
matitss, may suffer with muld forms of diarrhea, or stoma
tiss, or may exhibit mild and indefinite mental symptoms
The dermatitis 1s frequently present as a roughtning and
thickening of the skin with dryness and scaling over the
backs of the hands, dorsum of feet and ankles, and over
the knees and elbows In the exposed areas there 1s fre
quently some brownish pigmentation Erythema 1s shght
or absent and vesiculation, ulceration, and crusting are
lacking In these cases the bilaterally symmetrical distribu
tion and the well defined border are less apparent though
the hint 1s usually there The diarrhea seldom exceeds 3
to p stools a day, the stools soft rather than liquid There
15 usually associated 1ndigestion and often anorexia which
may be due to associated deficiencies The glossitis 1s shight
or mild, often with little atrophy and but slight redness and
soreness, which 1s confined to the tip and sides With the
glossitis there may be a low grade proctitis and vaginitis
Mental symptoms comprise 1rritability, change in dispost
tion, faulty memory, poor powers of concentration, and
sometumes more significant changes such as depressions or
even mld delusions—symptoms simulatng those of a psy
chonenrosis and whose essential origim n a vitamnn deficiency
1s shown i the favorable response to treatment, forming a
large part of so called cases of pellagra sine pellagra
Latent or Subchinical Pellagra (Nicotimc Aad Deficiency)

As 15 the cise with other deficiency diseases, early or mid,
subclimeal or latent pellagra must occur under conditions
which cause a deficiency of nicotinic acid not severe enough,
or of too short duration, to produce the clinical picture of
the disease There 15 reason to believe that such cases far
outnumber those of clinical pellagra but, in the absence
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of suitable laboratory tests to demonstrate the deficiency,
their detection 1s difficult and knowledge of their exact num
ber difficult to estimate For the present their recognition
depends on the detection of the earhest and mildest of the
clinical symptoms and signs, an analysis of the diet and the
results of a therapeutic test as will be discussed under diag
nosis Such cases are to be distinguished from the chronic
cases which present definite, :f mild or atypical, manifesta
ttons and 1n most 1nstances a history of previous acute or
manifest attacks

Special Types Special types of pellagra are described
These are cases of pellagra in which the deficency nstead
of being of sumple dietary origin 1s conditioned by some
other factor, usually a disease, such as ‘ alcoholic pellagra
but they differ 1n no essental respect from endemic pel
lagra Such deficienctes as occur are due to the effects of
the associated disease Because these forms occur as sporadic
cases, often 1n areas m which endemic pellagra 1s not found
the diagnosis 1s less easily made by those unfamiliar with
the disease

DIAGNOSIS

The diagnosis of pellagra rests as it does 1 other de
ficiency diseases on a knowledge of the diet the detection
of signs and symp of the 4 whether they be
shight or unmustakable, the results of laboratory tests and
the response to a therapeutic test In pellagra the labora
tory tests are as yet not well established

Ductary Inadequacy Dietary inadequacy can be discovered
from a careful scrutiny of the diet i the case of pellagra
but not with the same degree of certamnty s in the case of
vitamin B: Recently the content of nicotinic acid has been
determined for many foods 1n terms of absolute value (milly
grams) so that 1t 15 possible to measure quite accurately
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the nicotnic acid content of the diet  However, 1t 15 not
known certainly whether other substances are concerned 1n
the production of pellagra, and if they are, what their num
ber and relationshup may be Nevertheless, a careful analysis
of the diet will help 1n the diagnosts of a possible deficiency,
and a small intake of such foods as fresh meats, milk, eggs,
and green vegetables will be suggestive Not all vegetables
are a good source of nicotinic acid, but some are and failure
to mclude a farr amount and variety 1s an ndex of possible
shortage unless the diet has much meat and dairy products

In pellagra the occurrence of complicating diseases or
pathologic states 1s of particular 1mportance because of the
frequency with which these predispose to pellagra and the
frequency with which sporadic pellagra occurs in assoctation
with other disease

Symptoms and Signs of Pellagra

Dermatitis Most of the symptoms and physical signs have
been described In acute, fully developed cases, the charac
teristic, symmetrical dermatitis, diarrhea, and mental symp
tomns can scarcely be missed The significance of diarrhea and
psychic disorders should not be mussed 1n patients without
dermatitis Dermatitis 1s often absent or shght in patients
little exposed to sunlight Whle the dermatitis 15 commonly
confined to exposed areas it may mvolve areas covered by
clothmg Conversely 1t may be laching n some parts which
are exposed In early or mild cases the mexperienced ex1
aminer may mss a shight erythema and 1ts symmetrica
distribution With a distinct dermatitis the border marked
by swelling 1s usually sharply defined but mn these Casct;ls
there 15 often a hordering zone of shght erythema whi
merges 1mperceptibly mto the adjacent region Sunburr:1
1s too often the mistaken interpretation of the mexperienced,
hasty or careless exammner In severe cases with vesiculation,
ulceration and secondary mnfection the cause of the derma
titts may be mussed if attention 15 focused on the process
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as a “skin disease and the general eximination, which
would reveal the glossitis, mental signs, et cetera, 15 neg
lected Failure to examme the vagina, rectum, perianal
region and scrotum may cause one to miss tnflammatory
changes 1n those areas Such lesions may be present without
a dermatitis of the extremities In chronic cases the rough
ness, pigmentation, thickening of the skin m sites of pre
dilection, often with the telltale shadow of their symmet
rical distribution, may be very helpful and suggestive
Glossitis and Stomatitis The glossitis of pellagra differs
from that seen 1n certam other nutritional states by the
greater mflammatory reaction In the earliest stage a shght
redness just at the tip, then the sides 1s apparent With
this and even preceding 1t there may be indentations from
the teeth which some think represent one of the earhest
changes Atrophy of the papillae occurs but 1s less constant
and less severe than in other types of glossiuis Although
glossitis may be absent wn the presence of other signs of
the disease and may vary in ntensity 1t 1s most often pres
ent to some degree and 1s one of the most constant and
earliest signs  Recently Kruse has described 1n great detail
not only the gross changes but those changes i the papillae
observable with the microscope under shit lamp illummation
Acute and chromc forms, each of varymg intensity or
severity, are described and acute forms may be superimposed
on the chronic Different areas may show different stages
In the acute forms hyperemua and proliferation, hyper
trophy and extinction of the papillae occur successively 1n
the chronic forms hyperemia and proliferation infiltration
and atrophy The fungiform papillae are affected first
Restoration occurs with specific treatment but may require
very long periods (months) 1n chronic cases Whether these
changes especially those observable microscopically are
sufficiently specific for diagnostic reltability 1s not yet certam
Nervous Manifestations In acute cases a toxic delirtum
characterizes the mental changes in the more chronic types
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of apathy, loss of memory, depression, and disorientation
Many of the mild and especially the latent cases present the
symptom complex commonly referred to as a psychoneuross
As previously mdicated, symptoms referable to the peripheral
nervous system are probably due to associated deficiency
(B1) However, the signs of combined system cord disease,
and dsturbances of sphincter control seem to be a part of
the pellagra tself

A diagnosis of nicotinic acid defiaency must be made
from an analysis of the diet, the symptoms and physical
sighs, and a therapeutic trial At the present ume there
are no laboratory tests for the diagnosis of pellagra Such
tests, while little needed for the well developed cases would
be very useful 1 detecting mald or latent cases Tests for
porphyrinuria have proved unreliable, and the determina
tion of the nicotinic acid concentration in the blood by
chemucal or biologic tests fails to show consistent decreases
even 1n patients with pellagra So far the measure of the
excretion of micotinic acid n the urine with or without
a test dose has not proved practical

Laboratory and Special Tests

Several tests using the urinary excretion of nicotinic acid
have been reported, that by Perlzweig and his associates
being the more completely designed for clinical use The
excretion of nicotnic actd and dertvatives (with trigonellne
determined separately) 1s measured by the authors tecl:i
nique following a test dose of 500 mg of nicotimc act
amide However, the procedure 1s rather mnvolved, requiring
a special three day diet and the collection of two 12 homi
urine samples In patients with difficulties 1n mtes:im;
absorption 1ntravenous admunistration 1s recomimen eb
There 1s a rather wide range of excretton n mdividual su
jects and as yet no well established standards have been i;;

Najjar, Stern and Holt have utthized the varrations mF
presence and amounts of the fluorescent substances X1
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and F:' described previously as a test of nicotinic acid
deficiency In nicotinic acid deficiency (pellagra), Fz, which
1s abundant 1n the urine normally, lessens or disappenrs, and
F: which normally 1sabsent or present only in smallamounts,
increases greatly These substances are detected and meas
ured with a fluorimeter, as yet the test s exact clinical value
and generally ccepted standards have not been set up

TREATMENT

The ntroduction of nicotimic acid has revolutionized
the treatment of pellagra In the vast majority of cases 1t
will promptly, even dramatically relieve the acute symp
toms, bringing about an early clinical cure 1n the mmlder
cases and a progressive, tf somewhat slower, return to nor
mal 1 the more severe ones Dependence should not be
placed on 1t alone, however As in the cases of other de
ficiency diseases proper treatment requires the mstitution
of an adequate and complete diet mn addition to the ad
minstration of the purified specific substance Such dietary
treatment and correction should be instituted as soon as
possible, the pure or concentrated preparations being used
to treat and to relieve the effects of the deficency and restore
the body stores to normal the cure being completed and
mamtamed by a proper dietary mntake Only when there
15 difficulty n absorption or utilization or in the presence
of excesstve demands for the vitamm (apparently uncom
mon 1n the case of nicotinic acid) should 1t be necessary to
continue supplements of the vitamin in pure or concen
trated form In the course of treatment the use of a con
centrate or product especially rich i nicotimc acid but
also contamning other necessary accessory substances which
may be involved 1n the disease 1s helpful The reasons for
this procedure have been given elsewhere but are particu-
larly applicable 1n the case of pellagra because of the fre
quent association with this disecase of other deficiencies
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a{ld even more because of uncertainty regarding the exact
role (mechanism) of nicotinic acid 1n the prevention and
pathogenes:s of this disease Indeed, as already mentioned,
nicotinic acid alone, n pellagra patients continuing on a
pellagra producing diet, may fail, even with meresing doses
to prevent a recurrence of the disease

Nicotinic acid and micotinic acid amide are available 1n
pure form In general the amude 15 to be preferred because
1t 15 Just as effective as the acid and 15 free from unpleasant
reactton Besides the free acid and the amude a number of
related substances including coramine (nicotime aad N
diethyl amide) can be used but offer no particular advantage
and are less effective Dosage 1s expressed 1n mlligrams
and there 15 fortunately no confusion with other units #

Nicotinic acid and nicotinic acid amide can be given by
mouth, 1n capsules, or 1n solution In solution 1t can also be
given subcutaneously, intramuscularly, or intravenously
When given parenterally the amount which will give un
pleasant reactions 15 much smaller than when given by
mouth Solutions of the acid and the amide are quite stable
but fresh solutions or material from ampules should be
used for parenteral mjection

Nicotinic acid and the amide are also suppled 1n the
form of concentrates such as yeast Such products are valu
able sources and are to be preferred under many circum
stances as will be shown below However, they, of course,
contain other vitamins

Prevention For the prevention of pellagra and nicotumc
acid defictency in otherwise normal individuals nothing
more 1s needed than an ordinary, good diet, adequate 1
calories and containing usual amounts of a variety of fresh
or properly canned vegetables, fresh or canned meat at
least several times a week, mulk, and eggs Conversely the
diet should not consist manly of highly milled cereals,

ed to
* Except for the short period during which niboflavin was believ
be the arxxlupellagra (or vitamin G) factor and was expressed m Sherman

Bourquin units
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purified carbohydrates (sweets), and fat As 1s the case with
all vitamins, diets can be arranged so that protection 1s
secured by only one or two items, but such diets are apt
to be defictent 1n other respects and a liberal well divers:
fied diet 1s the best The relatively large amounts of nico
tinic acid 1 even a moderately ‘ good * diet the stability
of this factor to heat and other processes of preserving and
cooking and the apparently good storage male this de
fictency unlikely to occur and easy to prevent except under
rather extreme circumstances Such a conclusion agrees
well with the known facts regarding the madence and
epidemiology of the disease That 1t occurs m endemic form
m certamn large groups of the population 1s less a measure of
the general availability of the protective factor than an
indication of the severity of the economic 1lls which make
even a moderately good diet impossible 1n the group among
which the disease occurs endemically

Protection Special protection, often requiring supple
ments 1 addition to the diet, 15 indicated for those who
cannot obtain proper food and 1n those cases mn which
other disease mterferes with the intake and absorption of
food Such supplement 1n addition to diet 15 best provided
by concentrates such as brewers yeast which will supply
not only nicotinic acid but other vitamins which are also
apt to be deficient Only occasionally or when for some rea
son concentrates cannot be tahen will it be necessary to
use pure nicotinic acid or amide Doses of 30 Gm (one
ounce) or more daily, depending on the amount available
in the diet, of a good grade of dried brewers yeast or sim1
lar preparation will suffice to protect agamnst the develop
ment of a deficiency In those cases 1n whach severe hmita
tions of intake or mterference with absorption exist as
patients maintained on parenteral feeding, or in the nsane,
delirious or severely alcoholic micottnic acid tself may be
used though mn such cases supplements of the other neces
sary food factors will be required 1n addition For pur
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diet should contamn liberal amounts of milk, animal pro
temn including hver if possible, eggs, and a considerable
proporuon of fresh and raw vegetables and fruits Some
difficulty may be encountered n securing the mtike of a
complete diet at first but as the patient’s general symptoms
mmprove, the mouth lesions clear, and the appetite returns
no difficulty will ordinarily be encountered, aside from an
economic one, In securing an adequate ntake of natural
food stuffs

When adequate doses of nicotimic acid are given fol
Iowed or accompamied by a concentrate such as yeast, and
a hiberal, adequate dret, the rdminmistration of nicotmni
aad can usually be stopped 1n a few days and the patient
continued on the concentrate for a few weeks after which
the diet 15 sufficient provided 1t 15 taken In pauents who
for one reason or another cannot or will not take an ade
quate diet nicotinic acid even 1n ncreasing doses may fail
to prevent recuriences There 1s some evidence that m
these cases the addition of riboflavin will make the smaller
doses of nicounic acad effective and prevent relapses Or
dinarily, this 1s provided by the yeast or similar concentrate
but at times it may be advisable, particularly n the begm
ning, to give pure riboflavin This can be given m doses of
3 to § mg per day by mouth and 15 available m a variety of
preparations Riboflavin 1s available n 5 mg tablets or 1n
powder It 15 very unstable to light and 15 rather rapudly
destroyed 1n solution For this reason the tablets are pre
ferred If desired the powder may be weighed out in proper
doses, placed dry 1n gelatin capsules and kept 1n a box away
from the light

In addion to mcotmic 2ad and some of the more ob
scure factors of the B complex which may be concerned m
pellagra, other deficiencies are often present These 1n
clude thiamm (vitamin Bs), ascorbic acd (vitamun C), pﬂ:i
tein, and wwon A deficiency of thiamin (Bs) 15 common ar;
15 responsible for the pertpheral neuritis which 1s frequently
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found 1 pellagrns, especially m the sporadic cases asso
ciated with chronic alccholism If mild this deficiency 1s
relieved by such concentrates as yeast and by the diet In
many cases, however the deficiency 1s sufficiently severe or
advanced to require supplements of the pure vitamin In
this case thiamin may be given 1 doses of ten milligrams
1 day until improvement occurs In severe cases larger
doses may be given and admmistered mtramuscularly or
mtrwvenously (See Chapter g) Deficiencies of ascorbic acid
(vitamin C) and 1ron may be treated 1n the same way (see
Chapters 6 and 11) Protemn deficiency 1s ordmnarily treated
by liberal mntake of food high in protein but m severe cases
and especrally mn those 1 whom chronic or repeated pel
lagra may have caused difficulty m absorption, transfu
sions may be given to secure quicker results

Few of the manifestations of pellagra will require treat
ment other than that heremn outlined The dermatitis how
ever 1san exception Simple erythema responds readily and
even more severe dermatitis with blebs and superficial
ulceration and crusting wall heal readily, though the time for
duration of complete healing 15 longer because of the requure
ment of desquamation and anatomic repair Where there
15 secondary infection local treatment may be required
temporarily For this purpose wet dressings of saline and
a protective coverng will usually suffice A mild antiseptic
dressing may be necessary but 1n general the less irmitating
the applications the better During the first hours of treat
ment a sedative may be necessary and restraint may be re
quired Treatment of complicating diseases 1s, of course,
mmportant and may have an unportant bearing on the re
sponse and cure of the pellagra

Latent or subclinical cases can be handled by diet alone
or with the addition of a concentrate such as yeast which
will help by supplying thiamin to mncrease the appetite and
thus secure an adequate ntake of food Even mn these cases,
however, micotme acid may be employed to advantage
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at the beginning when they serve both as a therapeutic
test of the diagnosis and as a means of quickening the re
covery For this purpose, doses of 50 to 150 mg per day i
divided doses will be sufficient In these cases, however, as
in all others the ultimate aim 15 to secure the mtake of a
proper amount of food and every effort to accomplish this
must be made by education of the patient and all other
means Failure to do so means recurrences
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5
Riboflavin Deficiency

(Anboflavinosis—Hyporiboflavinosis)

HISTORY

THE charactenistic clinical expression of nboflavin de
ficiency was first described by Sebrell and Butler 1n 1938?
It consists of a cheilosis, a stomatitis at the angles of the
mouth, a seborrheic dermatitts a glossitis  Later Syden
stricker, Sebrell Cleckley and Kruse added vascularization
of the cornea The lestons of the lips and mouth have
been famihar to clinicians for years but their relation to
a vitamn deficiency was unknown until 1t was demonstrated
by Sebrell and Butler The lesions are commonly found 1n
pellagra in which there 1s frequently an associated riboflavin
deficiency

NATURE AND FUNCTION

Riboflavin,* known also as lactoflavin vitamin B: or
vitamin G, 15 a complex water soluble pigment with a green
1sh yellow fluorescence It 1s found widely distributed 1n
plant and animal tssues and may be a part 6t every living
cell The flavins have been known for many years and have
been 1solated from many sources such as milk, eggs, liver,
yeast, et cetera Before the essentially single nature of ribo
flavin was known the pigment was designated according

® Riboflavin 15 6 7-dimethylg (dr nibatyl) 11 with the follow
mg structural formula Other flavins and flavin dernvatives have been
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to 1ts source as lactoflavin, ovo flavin, hepato flavin, et cetera
Later the flavins were recognized as a part of Warburgs
yellow ferment and about the same time 1ts growth promot
mg and vitammn like properties were recognized It has
since been 1solated m pure form, synthesized, and 1ts var
ous physical and chemical properties fully determined One
of the most characteristic properties 1s 1ts fluorescence—a
property utilized 1n tests for 1ts presence and concentration

Riboflavin 15 water soluble, relatively stable to mineral
acids and oxadizing agents, but sensitive to alcohol and
eastly decomposed by light In the body riboflavin forms
a phosphoric acid ester which 1s combmed with a protem to
form an oxidation enzyme, the yellow oxidation enzyme
(yellow ferment) of Warburg and Chrisian As such an
enzyme 1t acts as a hydrogen carrier in the cell Thus 1t 15
a part of the oxidation reduction mechanism of the body
which we encountered 1n the case of thiamin and nicotinic
acid Although much 1s known of the chemustry of ribo
flavin and 1ts function 1n oxidation systems, little or nothing

synthesized and some possess vitamimn activity but none more than nbo
flavin and probably all have less In the body 1t forms a coenzyme system
but also occurs free and combined with phosphoric actd
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15 known of the manner 1 which a deficiency produces the
pathologic changes which are observed clinically The
mechanism of the functions of the various coenzymes, 1n
cluding that in which riboflavin 1s concerned, are so com
plex that for the present 1t 15 unpossible to separate with
assurance the disorders of metabolism which result from
defects 1n anyone of the various components of the complex
system and 1ss1gn to 1t a characteristic disorder in the chinical
sense However 1t 15 felt that adequate amounts of riboflavin
are essentral for the transport of hydrogen n the cells And
1t has been suggested that, mn avascular structures such as
the cornea, a deficiency of riboflavin prevents this trans
port and initiates vascularization as a compensitory pro
cess Hence the development of the characterstic lesions 1n
the eye mn this defictency In any event a deficiency of ribo
flavin produces a charactersstic climcal disorder distinct
from any part 1t may play m association with other vitamins
Evidence for this 1s available both m animals and i man
Until recently, nd only after the discovery of the role of
nicotimc acid riboflavin had been rather generally and
prematurely considered the anti pellagra substance 1n spite
of constderable experimental and clinical evidence to the
contrary Thus error has led to much confusion 1n both the
expertmentil and clinical fields For instance the pellagra
preventive value of many foods was based on their vitamun
G (riboflavin) content as determined by the rat growth
method rather than on their true pellagra preventive value
which may differ greatly

Relatvely hittle 1s known of the absorption storage, and
excretion of riboflavin 1n man Presumably 1t 15 widely dis
tributed m the cells It has been found 1n the eye of man and
1s present 1n mother s milk Rather Iarge amounts are ex
creted 1n the urine o508 mg daily and in the stools,
and this 15 increased if the amount m the diet 15 greatly
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augmented In certan instances excretion fails to parallel
large mtakes suggesting storage though no large depots are
known When intake 1s greatly reduced, excretion continues
m reduced amounts The daily requirement 15 not known
with exactness but 1s estimated to be about 1 2 & malligrams
varying with the calories No toxic effects have been reported

PATHOLOGY AND PATHOGENESIS

Little 1s known of the pathologic changes produced by
riboflavin other than the gross appearance of the lestons of
the mucus membranes and the shin and the microscopic
changes in the eye as seen with the shit lamp The latter are
described under Symptoms and Signs Histologic studies of
the characteristic lip and skin lestons have not been reported
Very likely they will prove no more specific than the cellular
changes found 1 pellagra to which they appear quite sumilar

INCIDENCE AND EPIDEMIOLOGY

Lattle 15 known of the actual mcidence of the deficiency,
particularly 1f one mcludes the mild or subclinical cases 1t
appears now to be a common accompanmment of pellagra
and 1t 1s likely that 1t has about the same mcidence as that
disease as far as cases of frank deficiency are concerned The
conditions of dietary error associated with the two defi
ciencies are simlar and 1t would be expected that the two
would occur with much the same frequency However, a
startlingly high meidence has been mumated even among
ndividuals whose diets presumably are satisfactory and who
are not known to be suffcring from other disease Recent ob
servations suggesting that shight degrees of corneal vasculan
zation may not be evidence of a general riboflavin deficiency
may explun some of this apparent frequency More exact
statement as to mcidence must await further study
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SYMPTOMS AND SIGNS

The symptoms of riboflavin deficiency are closely asso
ciated wath the charactersstic lesions which are the inflamma
tion of the lips fissures (rhagades) at the corners of the
mouth, glossitis a dermatitss, and 2 vascularizing keratitis
‘The ocular symptoms are the most constant and may appear
before other symptoms of the deficiency They consist of
photophabia, burning, itching and imitation’ of the eyes
visual fatigue, and drmness of vision which 15 not relieved by
the correction of refractive errors With these ocular symp
toms the physical changes 1n the eye occur which are char
actersstic and may appear before the other lesions The
earhest and commonest change 1s a circumcorneal mjection
This may be visible grossly but 1s better seen on examnation
with the sht lamp as a congestion and proliferation of the
Limbic plexus Accompanying this there are a great number
of narrow capillary loops at the edge of the scleral digita
tions, obliterating the normal avascular zone between the
plexus and the sclero corneal junction The next stage 1s an
actual nvasion of the cornea by small capillaries arising
from the apices of the scleral loops They are best seen 1n the
nasal and inferior quadrants and Ire just below the epithel
m As the lesion proceeds a progressive series of anasto
motic capillary loops and projections 1s formed unul an
extensive superficial vascularization takes place As the le
sions progress, deeper invasion occurs untul finally general
vascularization develops The superficial vascularization 1s
more intense than the posterior n contrast to the greater
posterior vascularization 1n syphilitic interstitsal keratitis
With the greater degrees of vascularization opacities occur
Superfictal nebulae first appear as shght steammess and
later mterstitial nebulae occur Superficial punctate opact
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ties and postertor opacities are less common Changes 1n the
ir1s occur with a frank mntis 1 some cases but more often
there 1s only congestion with accumulatton of pigment on
the anterior surface The latter may be difficult to dis
tinguish from variations n the appearance of the normal
1r1s but may be detected by the changes following treatment
There 15 a mydriasis in some cases

The symptoms and objective changes in the eyes disappear
rapidly under treatment Within 48 hours photophobia,
burning and 1tching have usually disappeared and there 1s
lessened circumcorneal ijection The acuity of viston 1s
soon restored In early cases the invading capillary loops
have been observed to empty 1n as short a time as 24 hours,
more severe cases require several days Superficial opacities
clear sooner than the mnterstitial nebulae and the posterior
opacities disappear last of all With the clearing of these
lesions there 15 a resolution of the changes in the s

If relapse occurs because of interruption of treatment or
for any other cause there 1s a prompt return of symptoms,
photophobia appearing first and within a few days Objec
t1ve changes are vistble with the slit Jamp

Burning and soreness of the lips and tongue and soreness
1n the corners of the mouth accompany the oral and Iingual
lesions Burnung of the tongue may be a particularly trouble
some symptom The discomfort may be great enough to
terfere with eating and the tongue may be so sore that
swallowing 1s difficult The lesions on the hps begin with
a redness of the vermilion border of the lips, the latter
area at this stage being covered with a thin grayish coat
which later desquamates leaving the hips redder than before
In severe cases there may be a shallow ulceration and crust
g With this, or independently, there are shallow radlatlrzlg
fissures (rhagades) at the corners of the mouth, slightly re .
often covered with a shightly yellowish greasy exudate whic
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Fic 6 Diagram indicating the grade of congestion
and proliferation of the limbic plexus This 15 found
1 the earliest stige of riboflavinosts (Iigies 6 7 8
and g are here reproduced by courtesy of D V. P
Sydenstricker and the Journal of the American Med:
cal {ssociation )



Fic 8 Further invasion of the cornea by the capillaries
wd ncrensed sasculanization

Fic g More marked imiaston and vascularization m
the cornen



SYMPTOMS AND SIGNS 107

may be removed leaving a raw but non bleeding surface
Healing may leave shallow linear scars In some cases there
may be a fine, scaly, seborrheic dermatitis about the nose m
the nasolabial and nasomalar folds and on the chin and
malar prominences Sometimes 1n the latter area the lesion
hasa butterfly outhne Follicular keratosss of the cheels,
forehead and chin have been described

The glossitis 15 characteristic but 1s very apt to be confused
with that of pellagra with which 1t 1s often assocrated It 1s
best observed after a pellagrous glossitis has been cured
leaving the distinct and characteristic glossits of riboflavin
deficiency The tongue 1s 2 purphsh or magenta red, with a
clean surface, often fissured The papiliae are large and fiat
and there 1s no true atrophy of them In some cases the
borders of the lips seem to have the same peculiar magenta
hue

Sydenstricker et al? have described a dermatitis of the
hands (without the mvolvement of the feet) quite different
from that of pellagra from which their patients had suffered
previously Whether a dermatitis n other areas than the
face and lips may be due to riboflavin defictency 15 as yet
unknonn

Lestons such as have been described above have been
observed for years, 1n association with pellagra and inde
pendently, and have been described under such terms as

marginal stomatitis (Stannus) When encountered 1n pel
lagra they have been considered as an accessory lesion of
that disease Whether other manifestations of the pellagra
syndrome may be due to riboflavin deficiency cannot be
determined at present any more than whether riboflavin
deficiency 1s an essential part of that clinical disorder For
the present 1t seems best to consider pellagra as a disease
entity to which there may be added at times the spectfic
expression of nboflavin deficiency
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crrcumstances The doses described 1n the chapter or
lagra will be adequate 1n most cases Only occasionally
1t be necessary to employ the pure vitamins

Riboflavin 15 rather widely distributed m foods 1
especially rich m at are mulk, liver, eggs, green veget:
and fruits

Gurative treatment likewise 1s eastly accomplished n
cases by diet alone or with the added use of concent
such as yeast and wheat germ In more severe cases, .
ever, and 1f the intake or absorption of food 1s greatl
stricted, treatment with the pure vitamin may be neces
Doses of g to 5 mg a day are usually sufficient In ¢
cases considerably Jarger doses are necessary, 10 to g0
a day In some cases 1t may be necessary to give the vits
parenterally, particularly since some patients seem to .
difficulty 1 utilization as well as i absorption from
gastrointestinal tract For this purpose 1t may be gwe:
doses of 10 to go mg hypodermically or intravenol
Usually the smaller doses are effective
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Ascorbic-Acid (Vltamm-C)
Deficiency

(Scurvy—Infantile Scurvy or Barlow s Disease—Hypontaminosis C)

HISTORY

TuE cLINICAL expression of severe vitamin C deficiency 15
scurvy, a disease characterized by weakness, anemia, swelling
of the gums, and multiple hemorrhages In 1ts classical form
1t has been known for centuries and recognized as likely to
occur among soldiers and sailors 1nmates of prisons and
mstrtutions and those suffering from poverty and exposure
As a result of Lind s classical observations among the crews
of sating vessels 1t was one of the first diseases to be recog
mzed as due to lack of some food factor and preventable by
supplying the missing substance Infantile scurvy 1dentical
In 1ts essential etiology and pathogenests to scurvy 1n adults
was unrecognized until the studies of Cheadle and Barlow
m the 1gth century, due to the fact that the clinical manifes
tations were modified by factors of growth and development
In recent years actual scurvy 1s uncommon 1n exther adults
or children though there appears to be an mcrease 1n 1ts
ncidence recently 1n certamn groups of the population whose
economuc status has been lowered There 15, however alarge
amount of hypovitammos:s G, a subclinical or latent form
of scurvy which presents few or none of the characteristic
$1gns and symptoms and 1s detectable only by vague and
nonspecific symptoms and signs by a knowledge of an 1nade
quate intake, and by laboratory methods
1
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NATURE AND FUNCTION

Vitamin C 15 ascorbic (cevitamic) acid, a six carbon chain
acd related to the hexurontc acids which 1n turn are derva
twves of the simple sugars * It 1s a powerful oxidation
reduction agent, that 1s to say a substance capable of reduc
g many orgamc compounds during which process 1t 15
reversibly oxidized to dehydroascorbic acid Dehydroascorbic
aad m turn 1s readily reduced back to ascorbic acd or
vitamin C by oxadation processes in the body Ovudation 15
also accomplished by various metals, particularly copper,
and other mnorganic substances In the body 1t 1s acuve only
m the reversibly oxidized or reduced form When 1re
versibly oxidized 1t 15 no longer biologically active

Vitamin C cannot be synthesized by the human body and
1ts entire supply 1s normally obtained from the food There
15 a considerable difference among species 1n this respect
Some animals such as the chicken, rat, and dog are able to
synthesize 1t, others cannot The guinea pig 15 lihe man 1

* Vitarmn C or ascorbic acid 15 2§ encdio! 4 lactone wath the following
structural formula Two forms (1somers) exist 1ascorbic aad and d ascorbte
aad Only the | form 1s physiologieally actuive

ocC H—J}—OH

HO—é H H

|
HO-—(I: H H
PP S H—d—oH
' S
HO—C~H Hi
H.0H H,0H
1 ascorbic acid « glucose "
hich 18
Its close relation to glucose 1s shown by the formula for glucose w
given for comparxsongA number of relted compounds wu%n s}:lx:n‘;z;r Cehciu:f
cal properties have been prepared some of which shoewa: ;’gnsemgf

antl scorbutic acuvity None are of practical smportanc
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thisrespect, a fact which explains 1ts smitability and frequent
use as an experimental amimal 1n studies of this vitamin

Vitamin G 1s rtapidly and completely absorbed 1n the mntes
tne It 1s distributed throughout the bedy but 1s found 1n
higher concentrations 1n certain organs and tissues than
elsewhere Structures rich in vitamin C are the adrenal
glands, pitustary gland, and intestinal wall It 15 unhkely
that greater concentrations 1n these organs represent storage
depots Instead 1t may reflect a higher level of metabolic
actwvity 1n those sites or a peculiarity of functioning requir
ing larger supplies The vitarmn 15 found 1n the circulating
blood 1n concentrations which apparently reflect, except for
fluctuations caused by immediate variations in intake and
absorption, the general level of the vitammn 1 the tissues
An exception to this general statement 15 the fact that sharp
restriction or complete lack of mtake 15 followed 1n a short
time by a drop 1n the concentration 1n the blood to a rather
low level wrrespective of the fact that relatively large stores
may still be present 1n the tissues Thus fact has a bearing
on the use of concentration in the blood as a dragnostic test
and suggests a tendency to restrict the loss of the vitamin
from the body when the intake 1s reduced, similar to the
drop 1n nitrogen excretion which occurs when the intake
of proten 15 reduced

Under conditions of fasting there 1s more vitamin G in
the blood cells than the serum The amount n the white
cells 1s much greater than 1n the red cells but of course the
mass of white cells 15 less An excess 1n the serum may occur
followmg the mtake of vitamin C and before a balance has
been established between the cells and serum Fluctuation
In both plasma and serum 15 greater than m whole blood
The latter represents better the state of the body with respect
tovitamin C metabolism but technically, determmations on
serum or plasma are to be preferred for clinical use

Under ordinary conditions there appears to be Iittle loss
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of vitamin C 1 the stools It 1s possible that destruction of
the vitimin may occur 1n the ntestine thus accounting for
the farlure to recover 1t 1n the feces Certam organisms have
been reported to cause considerable destruction of the vita
muns These, however, are not ordinary mhabttants of the
mtestine and conclusive evidence 1s lacking that this mechan
Ism 1s a common or even actual cause of fatlure of proper
supply Excretion and storage studies suggest that utitization
loss 15 msignificant under most circumstances

Vitamin C 15 found 1n the cerebrospinal fluid n a concen
tration somewhat greater than in the blood, and 1s also
found 1n the tears and perspiration It 15 secreted mn the milk
in both those species which synthesize 1t and those which
must depend on a dietary intake In the latter, the amount
m the milk depends on that in the diet Thus 1s the case n
man and 1t 1s of interest 1n this connection that human
mother s milk, if she 15 on a proper diet, 15 several times
richer 1n vitamin G than cow s milk

Although, as mndicated above, vitamin C may be stored to
some extent, 1ts storage appears to be less than 1s the case
with some of the other vitamins In guinea pigs a complete
absence of vitamin G from the diet 1s followed by histologic
evidence of the deficiency 1n as short a time as a week
Storage, saturation, and excretion studies 1 man as well as
clinical experience mdicate a similar behavior in humans
A complete lack of the vitamin 1n the diet 15 not common,
however, 1n human subjects

In addition to that portion utihzed, and the wear and
tear loss of the vitamin, there 1s a constant but variable loss
m the urme Vitamm G 1s excreted by glomerular filtrauon
and 1s resorbed by the tubules There 1s 2 maximum rate at
which the tubules can resorb 1t and 1if this 15 exceeded the
excess appears 1 the urine Under conditions of normal
intake the excretion 1n the urine 1s an expression of this
excess However, with a low mtake, low stores, and a low
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concentration 1n the plasma, a certamn amount 15 still ex
creted daily 1n the urine and continues to be excreted as long
as there 1s any 1n the blood Even 1n the presence of mam
fest signs of scurvy the excretion seldom falls to zero

Vitamin G has been 1solated and synthesized 1n pure crys
talline form Although vitamin C 15 very easily oxidized the
dry crystals are stable to air and dayhight over a period of
several years In aqueous solution 1t 1s very sensitive to hight
under ordinary conditions However mn aqueous solution
with an acid reaction (pH below 4 o), and protected against
such catalytic agents as traces of copper, et cetera, 1t 15 quite
stable and 1t 15 not auto oxidizable within the normal pH
range of animal and vegetable tissues

Prolonged cooking and drying storing and aging destroys
vitamin G n foods Copper catalyses such 1n oxidation 1nd
even traces of this metal greatly mcrease the loss Under
proper conditions pasteurization causes nsignificant losses
but, 1n general, cooking and storing are apt to destroy a con
stderable portion The loss 1s much greater 1n alkaline solu
tions and one of the advantages of the ctrus fruits as a
source of the vitamin 15 the protective effect of thewr acd
reaction

Although a great deal 15 known about the chemical prop
erties of vitamin C and 1ts biochemical activity as 1n oxida
tion reduction agent, almost nothing 15 known of the way
n which those activities accomplish the function of vitamin
G 1n the body Vitamun C 1s necessary for the maintenance
of the normal structure and proper formation of the nter
cellular ground substance of mesothelial tissue or structures
derived from this tissue such as connective tissue, bone,
teeth, capillaries, et cetera In the mtercellular ground sub
stance are the collagen bundles Vitamin C appears to con
trol the formation of this collagen although 1t 15 not known
whether 1t does so through 1ts action 1n the cells themselves
or by acung on the colloids of the ntercellular substance
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directly In the absence of an adequate supply of the vitamn
the mntercellular ground substance loses 1ts normal character
and the collagen bundles disappear New mtercellular sub
stance 15 not lard down With a partially deficient supply an
mmperfect or defective ground substance my be found, with
greater deficiency none 1s found, and that previously present
disappears As a result the pathologie changes typical of the
disease appear

PATHOLOGY AND PATHOGENESIS

The disappearance or defective formation of proper nter
cellular ground substance (lach of collagen fibers and
bundles 1n tissue of mesenchymal onign) 1s the fundamental
pathologic lesion of scurvy and vitamun C deficiency This
leston and the \ind of tissue affected (capillaries and con
nective tissue especially) explam the nature and widespread
distribution of the lestons The histologic appearance 15
easily recognizable and hns been well studied In addion
to the general lesions, 1ts effect on particular structures and
tissues account for the characteristic gross lestons These
are found 1 assoctation with the capillaries, bone, teeth, and
gums
The capillary lesions are umque 1n that the exact loca
tion of the defect 15 unknown Although the endotheliil
cells are believed to be bound together with a cement sub
stance, this has not been demonstrated Hence morphologic
changes cannot be demonstrated The defect may lie 1n th;
thin connective tissue and collagen bundles that surroun
the vessels In any event the capillary wall becomes defective
and loss of blood (hemorrhage) occurs

The skeletal changes are among the most constant features
of scurvy 1n children and the histologic changes 1n growing
bone constitute the classical lesion of infantile scurvy Bt_OHe
growth slackens and finally stops The regions most 0 ten
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affected are the costochondral junctions the distal end of the
femur, and prowumal end of the tibia and humerus The
lestons both gross and microscopic, while characteristic and
generally easily recognizable may be sunulated by other
disease, such as rickets and may be difficult to detect when
that disease complicates the scorbutic lesion Histologically
one of the earliest changes 15 an alteration 1n the osteoblasts
The osteoblasts lose their shape, leave the trabeculae tend
to resemble fibroblasts, and may produce collagen and fibrils
(Dalldorf) Irregularities develop in the columns of cells n
the proliferative cartilage and at the cartilage shaft junction,
the normal lattice of calcified cartilage being replaced by
irregular masses of calaified cartilage m fibrous tissue Until
growth ceases entirely, these are pushed forward and piled
up 1 an irregular fashion 1n an area of the shaft normally
occupied by marrow tissue Thus the normal latnice 15
widened and irregular This matrix seems brittle and micro
scopic fractures appear leading to displacement of fragments
and a disorgamization of the lattice ’

At the same time osteoblasts which are often atypical mn
appearance fail to form new bone and new trabeculae Thus
between the older trabeculae previously formed and the
calafied matrix, there 15 a zone free of tribeculae constitut
g the zone of rarefaction This 15 essentially a zone of
fibrous tissue, hence an area of lessened resistance to stress
and the zone through which the subepiphyseal infractions’
or epiphyseal separation  accur

While bone formation ceases bone resorption continues
perhaps at an accelerated rate so that there 1s a general
thinning or atrophy throughout the whole bone mcluding
the cortex The latter 1s particularly thinned next to the
cartilage The bone often becomes so thin that 1t 15 less
strong than the cartilage

Changes 1n the marrow occur, the normal hematopozetic
tissue being replaced at the epiphyseal end by so called






T 10 Bone changes due to scurvy Note the clefts
and micks 1t the metaphysis caused by hemorrha e
and the thin cortices wnd genaralized rarefaction of
the bones
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affected There 1s hyperemia and edema of the pulp fol
lowed by atrophy and degeneration of the odontoblast layer
Hemorrhage mnto the pulp m1y occur with the formation of
cysts, areas of calaification, or actual osteord tissue The teeth
are loosened due to rarefaction of the alveolar processes and
may be lost Cure cin be effected but histologic evidence of
the attack always remains Relatively few studies have been
made of the teeth of children with scurvy but there 1s good
reason to believe that changes occur similar to those found
m adults Normal dentition 15 almost certanly interfered
with and defective formation of the teeth probably occurs
The opimion 15 still divided as to the relation of vitamin C
deficiency to caries but there 1s increasing evidence that 1t 15
a factor and probably an 1mportant one

The gums are affected characteristically only when there
are teeth Thus nfants and toothless persons my fail to
show one of the typical lesions Lesions of a sort do occur
however and a certain number of nfints will exhibit swell
ng redness and other changes in the gum over unerupted
teeth Hemorrhage of the gums may occur just s from any
mucous membrane surfice The charicterstic gingivins
begins with hyperemia and redness of the papillne followed
by swelling hemorrhage retraction ulceration 1nd sec
ondary mfection For additionnl changes see Diagnosis

The lesions of the capillaries cause hemorrhages n many
parts of the body Those in the shin are very frequent and
becruse of their visibility are umportant n the dingnosis
The most characteristic lesion 1s 2 petechial perifollicular
hemorrhage but there may be large ecchymoses 1nd suggilla
tions Some variation in the mcidence of hemorrhages
the skin occurs Infants have them less frequently nd they
are less severe 1n some mdividuals than 1n others with the
same degree of deficiency Other changes 1n the skin such
as hyperkeratosis often associated with perifollicular hemor
thage are probably due to other deficiencies In addition
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to cutaneous hemorrhages, deep hemorrhages occur sub
cutaneously or itramuscularly The deeper ones often
extend along fascial planes They are much more common
the lower extremities Subperiosteal hemorrhages described
under skeletal lesions are uncommon m adults but may
occur There may also be hemorrhages into the various struc
tures of the eye or within the orbut, hemorrhagic effusions
in the serous cavities, and much less often bleeding into the
gastrointestinal tract Epistaxis 1s not uncommon The weak
ening of the capillaries causes an edema which appears early,
and may appear 1n the legs m even mild cases Pericardial,
peritoneal, and pleural effusions (transudates) occur 1n that
order of frequency

In addition to these well known pathologic changes, ad
vanced cases may show severe degenerative changes n the
skeletal muscles, cardiac hypertrophy, atrophy of the bone
marrow with anemia, and atrophy of the adrenals Calcifica
tion of hemorrhagic areas occurs 1n advanced cases

As Dalldorf has pomted out the factors of growth and
stress are 1mportant 1 nfluencing the type and location of
the lesions m scurvy For this reason the most severe bone
lesions occur 1n the young growing chuld Adults show little
more than subperiosteal hemorrhage, and this only m the
more severe cases The sites of greatest growth or metabolic
actwvity are most affected, and these sites vary at different
ages Normally trauma plays a part in the location of skin
hemorthages the lower extremnties with their greaterf
venous pressure are especially susceptible The pressure O
clothing or the use of certam muscles may be determining
factors

The lestons just described are, however, those of ad1;a"5;‘;
defictency, 1 e, of actual scurvy In the latent or subci lmare
cases, 1 €, hypovitaminosis G, many or most of ”(’;’"J .
lacking and only by histologic examination, or un er sp



PATHOLOGY AND PATHOGENESIS 121

cual circumstances and in specal sites can thewr presence be
detected Only by reference to animal experimentation and
occasional postmortem studies are these minor changes of
shght deficiency related to the chinical picture of latent or
subchimeal scurvy Yet st is this type of defictency which at
the present time 1s of greatest ymportance because of 1ts much
greater frequency and nsidious effects Even the mulder
defictencies cause structural and functional changes and
even 1f these changes are not 1ccompanied by gross morpho
logic lestons they are nevertheless important Vitamin C
has an essential role 1n general growth processes which must
be affected by even limited deficiencies Reparative processes,
particularly those concerned with connective tissue, are
affected Shight grades of vitamin C deficiency interfere with
wound healing and 1t 1s probable that many cases of improper
healing and rupture of surgical mcistons are the result of
such deficiencies This 1s particularly important 1n patients
with gastrointestinal disease smnce they frequently require
operative treatment and are also quite hikely to be deficient
m vitammn C Clinical experience has demonstrated a high
meidence of nfectious disease 1 scurvy and although a
specific relationship of vitamin C to mmfections has not been
demonstrated, 1t 1s very probable that even mild deficiencies
exert an mnfluence on the course of an infection 1f not on 1ts
actual occurrence Local infections pneumonta, diphtherra,
and bacillary dysenteries are complications found to be com
mon 1 scurvy

The repair of the soft tissue lestons caused by vitamin C
deficiency 1s very rapid Adequate treatment 1s followed n
twenty four hours by signs of regeneration of proper con
nective tissue Fibroblasts put out collagen fibrils and capil
lary buds invade bloodclots There 15 no record n the

hiterature of pathologic changes due to excesstve amounts
of vitamm G
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INGIDENCE AND EPIDEMIOLOGY

The exact incidence of vitamin C deficiency 1s unknown
Frank scurvy 1s uncommon 1n adults, and due to the more
general use of Antiscorbutics {orange juice, et cetera) 1n the
feeding of nfants 1t 1s becoming uncommon n them Re
cently there appears to have been an increase m the m
cidence of scurvy comnciding with the general lowering of
income levels It 15 mteresting that the greater increase m
incidence 1s found among those who have dropped from a
previously satisfactory economic status rather than mn those
permanently m the lower levels In spite of this mncrease
frank scurvy 1s infrequent

On the other hand subclintc1l scurvy or hypovitaminosts
C appears to be a fairly common condition Recent studies
m as widely separated regrons as the North East, and the
South Central states have reported an incidence as great as
30 Or 40 per cent 1n groups of persons whose diets were be
Lieved to be farrly stusfactory Some doubt may be expressed
as to the correctness of those conclusions beciuse of differ
ences of opinion as to what constitutes hypovitaminosts C
and the mterpretation of the tests which have been em
ployed Nevertheless, there 1s increasing evidence to indicate
that a relatively large number of persons have hypovi
tammosis C or subclinical scurvy and that these mclude
individuals whose diets are generally considered satisfactory

As 15 the case with the deficiency of other food factors
vitamin C deficiency may be considered to occur 1n endemic
eprdemic and sporadic forms In the endemic and cpxden':yl;li
types the defictency 1s due to an mabality to secure €noug
of the vitamin mn the diet because of factors common to ;
group Sporadic cases are the result of dividual factors sucn
as mablity to obtamn proper food, 1gnornce as to what coe
stitutes a proper diet, or 1mproper methods of storage
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handling and preparation of food The latter 1s an 1mpor
tant factor n both endemic and sporadic forms because of
the easy destructibility of the vitamin Interference with ab

sorption 1s much less of a factor than 1s the case with other
vitamins but many conditions, including the effects of other
disease, may affect the intake mn an mdividual There 15
also reason to believe that certain diseases, infections, fevers,
and those associated with increased metabolism, increase the
need for vitamin G or cause an mcreased destruction and
make an otherwise normal mntake inadequate The new born
mfant s store depends on the nutrition of the mother and
1n any case 1s rapidly depleted after birth An artificially fed
wmfant 1s liable to develop a deficiency unless supplements
are provided and breast fed infants may suffer 1if the
mother s nutrition 1s 1nadequate Poor hygiene, overcrowd

g dampness cold, and physical work favor the develop

ment of a shortage Obviously any of the factors pecular to
the individual may affect a member of a group already de

ficient 1nd exaggerate the deficiency

SYMPTOMS AND SIGNS

The signs and symptoms of scurvy are well known In the
adult the classical picture 1s that of an afebrile 1llness with
an onset characterized by a few days of lassitude and weak
ness and muscle and jomnt pamns Subsequently petechial
hemorrhages m the skin swelling and tenderness of the
legs swelling and bleeding of the gums palpitation and
shight shortness of breath appear These earlier symptoms
are 1n turn follow ed by greater swelling larger hemorrhages
m vartous sites effusion nto the pleura and pericardium,
pallor due to edema and wnemia greater mental depression
and apathy The teeth become loosened and may fall out
and infection and ulceration of the gums develop Epistaxis
and 1n severe cases bleeding from stomach bowel or genito
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urinary tract occurs Painful subcutaneous hemorrhage oc
curs which may be followed by mfection and ulceration
Death may occur from hemorrhage or shock but 15 most
often due to ntercurrent nfections, particularly broncho
pneumonia

In infants many of these mamifestations may be lacking
even with severe deficiency The symptoms and signs are
related mamly to the long bones There 1s pain, particularly
of the legs, and this 15 followed by swelling Frequently the
pain 15 sufficient to cause immobility and simulate paralyss
particularly in the adult Tenderness in the legs 15 by far the
most frequent symptom 1n mnfants The ends of the bones
may enlarge as 1n rickets and in advanced cases there may be
separations of the epiphyses or even fractures A common site
for enlargement (and tenderness) 1s the costochondral junc
tion wherea rosary smmilar to that seen mn rickets may form
Tenderness 15 not necessarily confined to areas of hemor
rhage Disturbance mn general health 1s manifested by
pallor, failure to gamn weight (edema may mash this) or loss
of weight, weakness, and writabihity Fever 1s common 1n
ifants with rapid shallow breathing (due to changes in the
r1bs) and a rapid pulse In some cases there 15 vomiting and
diarrhea Occasionally other less common symptoms such as
melena, hematemesis, or protruston of an eye due to hemor
rhage may be the presenting symptoms

If the teeth have not erupted the gums may show no
changes but often, over teeth soon to erupt, the gums will
be swollen, dusly red and tender (frequently falsely at
tributed to ‘ teething ) If teeth are present there will be
the typical gingivitis Subcutaneous hemorrhages are less
common than 1 adults but purpuric spots are likely to be
present, especially 1 areas of pressure or trauma s on the
buttocks, on the face and neck (from crymg), where the
clothes bind, et cetera Occasionally a large cutaneous hemor






Fic 12 Bone changes due to scurvy after treatment
for nme d1ys Note the subperiosteal hemorrhages
(calafving) heahing of the mietphyseal lesions and
the rings of increased calafication about the centers
of osaficrion (\Wimburger s rings)
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laboratory tests mcluding the x ray Although a diagnosis
by history and climical signs may be made easily m frank
cases of scurvy, these means are of little assistance m the
much more numerous cases of latent or subchnical scurvy
or hypovitaminosis G The changes seen 1n x ray pictures are
characteristic when present but are absent or confusingly
indefinite m carly cases, especially 1n older children and
adults For the diagnosis of the milder or earlier deficiencies
laboratory tests are needed though the diagnosts may be sug
gested by indefinite symptoms, and knowledge of a de
ficient intake or absorption Fortunately, the clinical labora
tory tests are quite simple

Laboratory tests and special procedures for the diagnosis
of hypovitammnosts G include the following 1 a deter
munation of vitamun G excretion i the urine, 2 a deter
mination of the vitamin G concentration 1 the blood 3
“load’ or ‘saturation ’ tests, 4 the capillary resistance test,
5 the xray, and 6 biomicroscopy of the gums

Excretion Tests A number of chemical tests have been
devised for the estimation of vitamm G (ascorbic acid), and
most of them can be apphed to the urine However, the one
which has been most widely used and 1s most simple and re
Iable 1s the test using the dye dichlorophenolindophenol
This test 15 well sutted for chinical use and 1s the one de
scribed here * Dichlorophenolindophenol is decolorized by
vitamin C and 1n practice a standard solution of the dye 1s
utrated agamst an unknown specimen of unine Although
the reaction 1s not strictly spectfic for vitamun G, the dye
bemng reduced by other substances, the circumstances are
such that reduction due to vitammn C and that due to other
agents can be distinguished under certain conditions and
when properly performed the test 1s reasonably speaific for
vitamin C By this means the amount of vitamin G 1n urine
can be quickly and easily determmed Testing of single
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specumens 15 of lutle value Twenty four hour specimens
however level out variations n single spectmens and reflect
with fair accuracy the status of the body with respect to vita
mn G nutrition

Objections have been raised to the determination of the
amount of the twenty four hour urinary excretion of ascor
bic acid as a diagnosuc test The major objections have
been that normally there 15 a large variation 1n the amount
of ascorbic acid excreted daily 1n the urine, and that tem
porary variations n the dietary intake cause rapid decreases
mn the amount of the vitamin excreted in the urine Hence
the objection may be made that low values are found with
out clinical evidence of the deficiency As a matter of fact,
the twenty four hour excretion 1s 2 fairly good measure of
vitamin C nutriion 1f the results are mterpreted in the
Light of other clmical evidence as should be the case in all
such tests It must be remembered that although a rather
wide range of excretion 15 found normally there 15 a lower
level of excretion below which persons on a reasonably nor
mal 1ntake of vitamin C seldom fall Excretion below this
level 1s most often found associated with an intake low
enough to indicate a probable deficiency Also, when fluc
tuations 1n excretion are found 1n association with changes
i ntake these fluctuations occur at the level and within
the range of normal output The sigmificance of this wall
be made more apparent by a consideration of the load or
saturation test which 1s generally recommended by those
who feel the daily excretion 1s unreliable It 1s known from

saturation tests that when a deficiency of the vitamn
exsts reasonable amounts of the vitamin may be given and
will not appear in the urine, and hence will not sigmficantly
affect the excretion for that day It 1s apparent, therefore,
that daily excretions below the lower level of normal
excretion, are unlikely to be influenced by such daily varia
tions as are encountered 1n the diet The criucism that there
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15 frequently a lack of signs or symptoms at low levels of
excretion apphes to all tests of prechnical deficiency Thus
criticism can be answered only by the experimental and
climeal evidence showing that pathologic processes, both
functional and structural, do exist before gross physical signs
appear

Properly performed then, the twenty four hour excretion
gives reliable diagnostic evidence of deficiency 1f properly
mterpreted Standard values have not yet been generally
established and accepted Single tests should not be con
sidered conclustve and low values should be checked by
repeated tests or by a “saturation test The daily excretion
15 a poor gauge of the severity of the deficiency since, as has
been pomnted out, some vitamin may still be excreted by
patients wath scurvy This 1s better measured by the load or
saturation test Standard values have not yet been generally
established and accepted Most adults on the usual * good
diet excrete from 2o to so mg daily Values below 15 mg are
suggestive of a defictency and should be investigated further
Normal children excrete 10 20 mg daily dependent on the
mtake of vitammn G There 1s reason to believe that these
values are mmmum and that with a more nearly optimum
intake most persons would excrete the larger amounts

Concentration of Ascorbic Acd (Vitamm C) mn the
Blood * Thus test has the advantage of avoiding the collec
tion of twenty four hour urtne specimens but the technic 1s
somewhat more difficult and requires more time It can
however, be used mn subjects from whom twenty four hour
urine specimens cannot be obtained It has the disadvan
tage that the results are quite easily influenced by temporary
variations in vitamn C mtake In particular low intake for
a few days 1s apt to be followed by a considerable drop mn the
blood ascorbic acid though the bedy stores are as yet but

# The ymathad far the determination aof the acearhie 2rid in the blood 1s
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Little depleted Simularly the ingestion of a good sized amount
will raise the blood level temporanly Therefore the blood
sample should be drawn 1 the fasting state or at least several
hours after an ordinary meal and results should be inter
preted 1 relation to the diet Determination may be made
on serum or plasma However, most of the clinical studies
hrwve been made with serum or plasma

Standard values have not been finally established but
those more generally accepted at present for serum or plasma
are as follows The normal concentrations range above o 7
mg per 100 cc with concentrations of 1 2 or better common
m well nourished subjects From o 4 to 0 7 mg per cent con
stitutes a border zone or perhaps one of hypovitaminesis
Below 04 or 0§ mg 1s the level of symptomatic scurvy *
These values are, of course, subject to interpretation In par
ticular not all subjects with concentrations of 0 4 mg per
cent or less will show physical signs of scurvy Many 1n fact
will not Nevertheless, there 1s good reason to believe that
such levels represent a definitely deficient state at whach
physical signs of scurvy may appear, and may be found on
close search 1if they are not easily apparent Values up to
0% mg per cent are probably indicative of at least mild
hypovitammosis Individual exceptions due to unknown
causes will of course, occur and all results should be inter
preted crically Infants have essentially the same standards
as adults indicating hugher requirements per unit of weight,
and also that weight 1lone cannot serve as an mdex of need

The concentration of ascorbic acid 1n the leukocytes 15
much higher than 1 the plasma or serum and with defi
ciency does not fall until long after the plasma or serum
concentration Hence 1t 1s a better quantitative measure of
the deficiency and reflects more accurtely the scurvylevel

Saturation or Load Test This test consists of admunister

* Under some conditions there may be a zero concentration of ascorbic
aad i the blood for weeks without definite symptoms of scurvy
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ing a large dose of vitamin G and observing the effect on
the excretion of the vitamin 1n the urine or 1ts concentra
tion 1n the blood * In normal subjects the blood concentra
tion r1ses sharply and a considerable portion of such a dose
1s excreted sn the urine within twenty four hours In the
deficient subject all or nearly all of the dose 15 retained 1n
the tissues and little or none appears 1n the urme Similarly,
the administered vitamin 1s rapidly removed from the blood
stream so that the blood concentration rises more slowly and
to a less extent than 1n normal subjects The test not only
detects deficiency but 15 a quanutative measure of de
ficiencies 1n that the amount of vitammn required to raise
the excretion 1n the urine or the concentration 1 the blood
1s 2 measure of the defiency This can be done either by
varying the size of a single dose or by repeating the same
dose as many times as 1s necessary

Many variatsons of this test have been proposed and used,
measuring either the excretion 1n the urine, the blood con
centration, or both The principal variations have been 1n
the. size of the dose, the number of doses, the method of ad
munistration (by mouth, intramuscularly, or mtravenously)
and m the time mnterval duning which excretion or blood
levels are ohserved after adminmistration Different methods
possess dafferent advantages and drawbacks Those abserving
concentration 1n the blood may require repeated vempunc
ture, although micromethods permit the use of small
amounts of blood obtamned by ‘sticking’ the ear or finger
Twenty four hour excretion tests are time consuming and
require the collection of twenty four hour specimens of
urine, with incorrect results 1f specimens are missed There
1s also the problem of storage of the urine under condittons
which prevent loss of the vitamin No single method has
been widely enough used to recewve general adoption and
many methods have been so Iittle used that there 1s msuffi

# The techme for determming vitanun C 1n the blood and urine as used
1n the load test 15 given 1n the Appendix
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cient expertence for the mnterpretation of their results The
situation 1s further complicated by the fact that even m very
similar tests the doses or other features have been varied
sufficiently to make direct comparison difficult if not 1m
possible

Perhaps the saturation or load test which has had the
greatest use and has the best established standards 15 the
measure of excretion following the administration of an oral
test dose Following a determination of the twenty four hour
excretion the subject 15 given 400 to 800 mg of vitammn G
usually 1n the form of orange juice The orange juice should
be titrated so that the proper amount 15 gtven Orange juice
fortified with pure vitamn C or solutions of vitamin C
may be used 1if care 15 taken to prevent loss by oxidation
before 1t 1s admimstered (by using immediately) The dose
15 best given after a meal and the diet should obviously con
tamn little or no vitamin C or the amount 1n the diet should
be computed and reckoned as part of the test dose The test
dose for a child 1s 200 to 400 mg Urine 1s collected for
twenty four hours and the excretion of vitammn C deter
mmed Although there 15 no general agreement on standards,
the normal individual may be expected to excrete at least
20 to 30 per cent of the test dose If an insigmficant \mount
of the test dose 15 excreted 1n the urine, the test may be re
peated as often as necessary to attain a normal response The
number of test doses necessary serves as a quantitative meas
ure of the degree of deficiency Various objections to the
test are apparent and some have been described It 15 un
suitable for small children or for those from whom twenty
four hour urine specimens cannot be obtained Under these
and other circumstances other tests may be used For the
details of these tests the reader 1s referred to the appendix

Capillary Resistance Test Thus test was devised and used
before the chemical tests for vitamin C were available It 15
based on the well known clinical observation that petechial
hemorrhages, presumably due to increased capillary fragility,
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occur 1n scurvy and may be produced 1n even prescorbunc
(but deficient) states by putting additional stram on the
capillaries as with a tournmiquet or with suction on the skin
The test 15, of course, not specific and other conditions caus
ing a positive test must be excluded before the presence of
vitarin G deficiency can be inferred However, other dis
eases which cause capillary bleeding are usually easilv de
tected Other irregularities are encountered such as varia
tions m different skin areas Close correlation among the
capillary resistance test, blood ascorbic acid concentration,
urmary excretion, and physical signs of scurvy s often lack
g This 1s particularly true when tests are made after treat
ment has been begun However, by standardizing the pro
cedures, tests gving farrly comparable results have been
devised the test may prove helpful when other methods are
unavailable and when used in connection with other tests

Several tests have been devised The original, like the
Rumpel Leede test, consisted of simply placing a sphyg
momanometer cuff about the arm and inflating 1t until the
systolic pressure was nearly exceeded, maintamng the
pressure for three minutes and observing the occurrence of
petechiae Negative (cupping) or positive pressure may be
used and the procedure has been standardized 1n respect to
pressure, time, area, et cetera T'wo methods commonly used
are those of Gothlin and of Dalldorf, using positive and
negative pressure respectively A detailed description of
these two methods 1s given 1n the appendix

X-ray In addition to these tests the x ray may be con
sidered as a laboratory procedure 1t 15 useful i detecting the
extent and severity of the skeletal (and sometimes soft tissue)
lesions of scurvy mn mfants, and may sometimes detect a some
what atypical case which has been missed on exammation It
Also serves to confirm the diagnosis of mild scurvy m mfants
or children in whom the diagnosts may have been doubtful
on the basis of physical signs and hustory alone It 1s of no

rd
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value m early or mild defictencies (hypovitaminosis) and o
relatively little value 1 adults

None of the X ray signs 1s specific but taken as a whole
and considered m the Iight of other findings they are usuall;
diagnostic when present The dafficulty mn the early cases 1
to decide when they are present since they may be sumu
lated by other disease or artefacts They may be listed a
follows (a) Deformuty of the soft parts from edema of
hemorrhage The hemorrhages may be subcutaneous mus
cular or subperiosteal (b) The socalled ground glass
atrophy, especially at the end of the shaft with indisunct o
lost trabecular markings This resembles simple atrophy o
osteoporosis, (c) Cortical atrophy with an apparent increase
m the width of the marrow (d) Increased density and widen
g of the zone of preparatory calaification the white hine
of Frankel at the epiphyseal ends of the long bones, (e
Similar changes 1n corresponding areas in the epiphysea
centers of ossification, (f) Zone of rarefaction ( Gerustmark,
m the shaft next to the zone of provisional calaification, (g
Similar changes 1n the interior of centers of ossification wath
loss of trabecular markings Simple atrophy leaves these
markings (h) Socalled epiphyseal separation, often dis
placed toward shaft, lateralward, et cetera Separatton occur
through the zone of rarefaction, (1) The presence of latera
spurs near the epiphyseal junction resultng from the dis
placement of the epiphysis or calaification of the periosteum
(1) Calafication (ossification) of the elevated periosteum
This 1sa sign of healing (L) Subperiosteal comminuted frac
tures of the cortex

The gingival mamfesttions have recently been describec
m detul by hruse who includes microscopic changes seer
with the shit lamp Acute and chromc lesions 7s well a
various grades of severity in each category are described 1r
a definite sequence of appearance Acute changes may b
superimposed on chronic lesions and different parts show
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dufferent stages Early 1n the acute stage the subsurface vas
cular papillae are engorged and dilated and microscopically
the capillaries are enlarged and congested Interdental
papillae are first involved, and then the margmal gingiva
Later the gum 1tself becomes red, often with subsurface
capillary papillae which are less discrete, showing as bright
pomts against a diffusely red bachground, giving a mottled
appearance Still later the gum 1s swollen, often glossy, re
ceded, and the subsurface capillaries may not be seen In the
chronic process much the same changes occur but edema and
filtration are greater, the gum may be pale, the capillaries
marked, and atrophy develops character1zed first by pitting
best seen with the microscope, later by loss of nterdental
papillae and marked recession More severe changes, of
course, occur in fully developed scurvy Whether these shight
and microscopic changes are sufficiently specific to warrant
the diagnosis of early or mild ascorbic acid deficiency 1s not
certain The exceedingly slow response to specific treatment
m some cases and blood ascorbic acid concentrations at usu

ally accepted normal levels in some cases with these changes
argue agamst such a possibality

TREATMENT

Scurvy and hypovitammosis C respond quickly, often
dramatically, to the admimstration of vitamin G provided
the dose 1s adequate and absorption satisfactory Even small
and nadequate doses may cause considerable improvement
but sufficiently large amounts should be given to cause a
prompt and complete restoration to normal and provide an
adequate store Histologic evidence of repar of the lesions
has been observed 1n a few hours 1n experimental amimals
and clinicil 1mprovement may be noted almost as quickly
The response 1s observed irrespective of whether vitamin C
15 given m natural foods or in the pure chemtcal form
Failure of all of the symptoms and signs to improve with
equal rapidity need not be taken as valid evidence that the
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syndrome of scurvy 1s due 1n part to other factors, or that
the pure or synthetic vitamin 15 unable to completely cure
scurvy It 1s a well known fact that single deficiencies are
rare m humans and there 15 the possibihity that other de
fictencies may be responsible for some of the manifestations
1n any individual case of scurvy

Fortunately vitamin C 1s 2 vitamin which can be ade
quately supphed by natural foods not only for prevention
and protection but 1n most cases of curative treatment Pure
vitamin G, ascorbic acid 1s available 1n crystals tablets, am
pules Doses and requirements are expressed m milligrams

Prevention The optimum human requirements of vita
min C are unknown and 1t 1s difficult to determimne with
certanty what constitutes a good 1ntake Part of this duffi
culty 15 due to the fact that most studies to determine re
quirements have used as an 1ndex of adequacy the amount
necessary to prevent the appearance of signs and symptoms
of scurvy Clearly this 1s only a measure of the amount
necessary to prevent gross disease and not of the amount
needed to mantain good health Recently studies based on
newer biochemical tests to determine amounts needed to
maintain 1 normal body store have indicated amounts con
siderably larger than those suggested in the past On the
basis of these studies a good intake corresponding to the
recommended allowances of the Food and Nutntion Board
would be for mnfants go to g5 mg daily, for children, 5o
t0 100, and for adults %0 10 100 My Expressed on the basis
of weight these are n the range of 4 to 10 mg per kg
(22 1bs) for infants, and 10 to 1 6 mg per kg for adults
with children between Smaller amounts than these will
unquestionably protect aganst scurvy under ordinary con
ditions and mught be considered adequate but mere pro
tection qgainst scurvy does not insure adequate body stores
Children require about as much as adults on the basis of
weight Requirements seem to depend not only on weight
butalso on metabohc activity w here growth plays a large part



136 ASCORBIC ACID (VITAMIN C) DETICIENGY

The relatvely small store 6f vitamin C maintaied by the
body even under good conditions, the relatively narrow
margin between health and pathologic changes, the probable
beneficial effects of a liberal (optimal) intake and store, and
the evidence of a considerable mncidence of hypovitaminoss
C—or at least a suboptimal mntake—in the general popula
tion, all combine to emphasize the importance of prevention
by an adequate dietary

Foods rich 1n vitamin G are the ctrus fruits (lemons,
limes, oranges, and grapefrut), tomatoes, pmeapples, cur
rants, raspberries, and strawberries, green vegetables such as
peas, beans, lettuce, asparagus, broccols, brussel sprouts,
young cabbage, caubflower, chard, collards, Lale, parsley,
kohlraby, peppers, squash, turnips, and greens of various
kinds Milk 1s only a fair source of vitamin G The vitamin
C content of various foods in mulligrams of ascorbic acid
can be obtained from food tables

The content of the vitamin 1n the raw foods 1s not the
only factor to be considered, however The virtue of the
atrus fruts and tomatoes lies not only 1n their naturally
high content but i part 1n the fact that their natural acidity
preserves the vitamin agamst destruction Storage, process
ing preparation (cooking), the amounts consumed, and the
variability of different samples are factors of importance
Storage and handling have relatively little effect on such
fruits and vegetables as oranges and tomatoes 1if the pro
tective rind and the cell membranes are not ruptured But
storage, bruising, and handling of many of the vegetables
and fruuts reduce the vitamimn C content greatly Modern
cold storage and canmng 1f properly performed affect the
vitamin C content relatively little Allowing canned food to
stand after opening may result 1n considerable destruction
of the vitarmin content, even when Lept at 1cebox tempera

ture This 1s particularly true if the natural acidity of the
vegetable or frit 1s low Properly pasteurized milk retains
a fair proportion of its vitamin, but by the tume 1t 15 con
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sumed the value 15 usually very low Fresh or canned vege
tables can be cooked so as to preserve a considerable part of
\herr vitamin C content but too often they are not Long
cooking (stewing or boiling), exposure to awr (no cover),
and the use of soda 1ncrease the destruction of the vitamin

‘What might be termed luxus consumption for an adult
(100 mg a dy) can be obtained from 200 cc (approxt
mately 6 oz) of a good quality orange juice 2 day Sumlar
amounts can probably be gotten from twice as much tomato
juice, or a corresponding amount of other fruit, plus a
liberal helping of properly cooked green vegetables twice a
day and help from other mmor sources It must be remem
bered, however, that such amounts, while sufficient for those
m health with an 1mtial good store, may not be adequate to
protect those whose need 1s increased by disease, particu
farly 1f their store 1s low 1n the beginnming

Protection Special protection should be provided 1n the
case of those predisposed to develop the deficiency such as
mfants on artificial feeding nurslings whose mothers diets
may be madequate, those 11l with mfections ilinesses asso
aated with fever or with heightened metibohism, patients
on restricted diets, and those whose 1ntake, or absorption of
food 15 1mpared Patients expected to undergo surgery,
especally those with gastrointestinal disease such as peptic
ulcer gallbladder disease et cctera, should be mentioned
particularly Nursing mothers even those not needing 1t for
themselves should recewve supplements for the sale of the
mfant In fact 1t would be well 1if all infints recewved a
supplement early A tendency 1n the past to give supple
ments to infants only under special circumstances (pre
maturity artificial feeding et cetera) was based m part on
the false assumption that the relatively small “mounts of C
sufficient to prevent scurvy were adequate In il these cases,
n 1ddition to the general diet 1t 1s well to prescribe a supple
ment, 1 most cises 1 specific 1mount of some of the foods
rich 1n vitamun G, seldom pure vitamin G
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Curative Treatment In the milder cases a diet contaming
a hberal added amount of vitamin C contamning foods 1s
sufficient provided there are no difficulties 1n absorption and
the food nctually eaten The latter 1s of considerable prac
tical 1mportance 1in patients of the lower income group, mn
children, i the presence of anorexia or food sensitization, or
psychoneuroses and other conditions which cause patients
to refrain from partaking of a prescribed diet In such cases,
known or suspected, 1t may be advisable to supply the vita
min 1n the form of ascorbic acid

Considermg 5o to 100 mg of vitamimn C a good to op
timum daily intake 1n adults, the administration of an add:
tional 100 mg daily should suffice to cure mild or latent
scurvy and provide an adequate store This amount can be
given by adding 200 cc (6 oz) of good orange or lemon
jJuice, or somewhat larger 1mounts of other juices such as
grapefrust or tomato to the diet The diet 1tself should con
tain a liberal supply, 50 to 100 mg for an adult, derived
from raw or properly cooked green vegetables and other
fruits In all cases the advantage of a ‘good dict should be
emphasized not only as an aid in recovering from the scor
butic state but 1n order to educate the patient to the need
for mantaining an adequate mtake 1 the future It must
be remembered that the development of scurvy or a latent
(subchimcal) scurvy 1s of itself an wdication that the patient
for some reason has a disposition to partake of an 1nadequate
diet, an error which may have a tendency to recur

For the more severe cases of scurvy, for patients who can
not or will not take an adequate amount n the food or for
those whose absorption 1s 1mpaired, the vitarmn may be
given m the pure form (ascorbic [cevitamic] acid) It 15
available m tablets or crystals and may be given by mouth,
mtramuscularly, or by vemn For ordmary purposes tablets
adminstered by mouth will be satisfactory

For imtramuscular or intravenous injection the crystals

are dissolved 1n sterile water or phystologic salt solution A
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ten per cent solution 1s satisfactory The ascorbic acid
should be neutralized with one half 1ts weight of sodium
bicarbonate for itramuscular use or a slough may follow
the myjection due to the acidity of the solution The solution
need not be neutralized for mtravenous use 1f doses of only
a few hundred milligrams are gwven well diluted and slowly
Larger doses should be neutralized When solutions of the
vitamn are prepared they should be used at once because
the vitamin 1s destroyed ripidly under these conditions
Doses to be used when pure preparations of the vitamin
are employed vary with the particular needs and objects 1
different cases In deficient states the body retans the vita
min almost completely little or none being lost by the usual
channel of excretion the kidneys The amount of retention
parallels the degree of deficiency, a fact made use of 1n
diagnosing the severity of the disease Therefore, 1t 15 pos
sible to admnuster large doses with almost complete re
tention and 1f desired a curative amount can be given in one
dose However 1if very large doses are given intravenously
the blood level may be raised temporarily so hugh that some
of the vitamin 1s needlessly lost, an uneconomic procedure
Under ordinary conditions therefore the vitamimn 1s given
by mouth in amounts varying from a few hundred to a thou
sand or more milligrams a day It can be added to the milk
for children Intravenous adminstration 1s ordinarily re
served for those cases in which adminsstration or absorption
by mouth 1s impossible or difficult For example when the
lesions m the mouth make administration by that route diffi
cult a few doses may be given mntravenously until the im
provement permits oral administration In such cases 1t 15
best to give 1t 1n divided doses to avoid waste 1 the urme
Large doses parenterally may be effective when oral ad
minustration fails In practice mntravenous administration 1s
preferred to intramuscular because the trouble of neutraliz
mg the solution 1s avoided In some cises as in infants or
young children, the mtramuscular route 1s preferable
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So far as the writer 1s aware, vitamin C has no towic effect
even 1 enormous dosage Several grams have been given
orally and parenterally by the writer and others, and plasma
concentrations twenty times normal have been obtamed
without any 1ll effects With an adequate store any excess 1s
excreted 1n the urine Reference has already been made to
the possibility of nonspecific reactions from the parenteral
admistration of unneutrahized solutions Occasionally
there may be a sensitivity to common foods rich 1n vitamin
C, and perhaps an 1diosyncrasy to ascorbic acid

Ordinarily all the mamfestations of scurvy respond to an
adequate supply of the vitamin and no other treatment 15
needed Even severe lesions in the mouth and ulcers from
periosteal hemorrhages respond to this measure alone, but
if one desires a muld astringent mouth wash may be used
No local treatment 1s better than strong applications such as
solutions of pheno! or silver nitrate Fractures are treated i
the usual manner and respond well provided the underly
ng cause for the fracture 15 recognized and the proper treat
ment for the deficiency 1s given Occastonally hemarthroses
cause a deformity requiring corrective surgery Inter
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Vitamm-D and Calcium
Deficiencies

Vitamin-D Deficiency
(Ruckets, T'etany, etc)

HISTORY

THE MOsT characteristic and best known result of vitamin D
deficiency 1s rickets A deficiency of vitamin D causes a dis
turbance m the metabolism of calcium and phosphorous In
chuldren this causes rickets a disease principally affecting the
bones during their period of growth and development In
adults the bones have ceased to grow, the lesions differ from
those n children, and the resulting disease 1s osteomalcia
and not rickets In older children in whom bone growth has
decreased both reactions occur In the past the confusing
nteraction of the various factors controlling calaium and
phosphorus metabolism has obscured the essentially simple
relation between vitamin D deficiency and disturbed cal
cium and phosphorus metabolism rickets and osteomalacra
The result has been that rickets, and osteomalaci especally,
have been confused with other diseases due to a disturbed
metabolism of these mmerals They hive also been confused
with other vitamin deficiencies and non nutritional diseases
affecting the bones

This 15 not 1o 1mply that all cases presenting softeming or
demineralization of bone, and the symptoms seen 1n osteo-

141
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malacia are simple cases of vitamimn D deficiency, nor that
cases of pure vitarmn D deficiency n adults are common
since quite the opposite 15 true So many factors are con
cerned 1n the metabolism of calcium and phosphorus that
other diseases and other deficiencies may produce dis
turbances 1n bone resembling to a greater or less extent
those due to vitamin D deficiency, or may have considerable
effect on the climcal expression of vitamin D deficiency
This 15 particularly true 1n the case of calctum deficiency
which 1s probably present to a greater or less extent in
many cases of osteomalacia 1n adults, the clinical condition
actually being an expression of the combined deficency

Nevertheless for the purpose of emphastzing the etiologic
role of vitamin D and to clarify the confused attitude con
cerning osteomalacia, 1t will be assumed that osteomalacia
15 an expression of vitamin D deficiency 1n the adult and 15
the counterpart of rickets in childhood

Ruckets was first described by Glisson 1n 1650 but rachitic
changes 1n bone have been found m sheletons of prehistoric
peoples Interestingly the disease seems to have increased
1 frequency in comparatively recent times in spite of, or
perhaps because of, general improvement 1n the nutrition
and economic status of populations Improved food supphes
and better clothing and shelter, while beneficial 1 certain
respects, probably have mcreased the demand for vitamin D
and rendered the supply relatively less adequate, and, with
concomuant changes 1n the type of diet, has favored the
occurrence of the disease Increasing urbanization, over
crowding, 1nd the rearing of children 1n the restricted con
fines of cities with decreased exposure to sunlight have
further contributed to the ncrease m the mcidence of the
disease 1n recent times These have been accessory factors
only, however and the pnimary cause 1s an nsufficiency of
vitamin D The discovery of vitamin D and ats etiologic rela
tion to rickets has been known for only some twenty years
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NATURE AND FUNCTION

Vitamin D 15 not a single substance, some ten or eleven
distinct but closely related compounds being known to have
antirachitic effects in varymng degrees * For convenience the
singular term 15 applied to the group and for practical pur
poses only two compounds are considered important i medi
cine at the present

The situation with respect to the nature and relation of
the many vitamm D substances 1s confusing to one without
special tramng in chemsstry and the chemistry of the
sterols, to which vitamin D belongs, 15 a special and comph
cated field even for chemists When the antirachitic activity
of irradiated ergosterol was discovered by Hess and Windaus
n 1927 1t was assumed that this was the one and only true
vitamin D and ergosterol the only provitamin D substance
It was soon found however, that other sterols were capable
of exerting antirachitic activity after irradiation Confusion
has arisen because of the number of such substances and
therr exceedingly close similarity and intimate relationship
Distinction between them often depends on mere differences
n mnternal structure The difficulty has been mcreased by a
confused nomenclature special names bewng used for some
products, descriptive chemical terms for others and a host
of trade names for commercial products, often several dif
ferent names are given to one and the same product Never-
theless a Lnowledge of certamn aspects of the chemustry
of vitamin D 1s requured for an understanding of its nature
and place in chinical medicine and for this reason 1t 1s neces
sary to present a brief discussion of its chemical struc
ture, properties, sources and method of preparation

Vitamin D substances are activated sterols Sterols are

* It has been suggested that related substances which possess some * ttamin,
activity be known as vitamers  analogous to 1somers
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complex substances of large molecular weight and compl
cated structure often closely associated with, but not related
to, fats m plants and animals Cholestero] 1s a famihar ex
ample Certain of these sterols when exposed to ultraviolet
radiation undergo a change 1n their structure wath the for
mation of new substances which are antirachitic Such sterols
are said to be activated and the new substances formed con
stitute vitamuin D The sterol from which each vitamin D
substance 15 formed by irradiation 15 known as the provita
min kach separate vitamm D substance has 1ts own ind1
vidual provitammn and each provitamin yields only 1ts own
vitamin D when activated All of these substances, pro
vitamins and vitamins, are 5o closely related that many show
no ordmary chemical differences, even n the usual struc
tural formula, a special three dimensional formula being
necessary to show the differences in mternal arrangement
Of the several forms of vitamin I) the two which are most
mmportant 1 climcal medicine are activated ergosterol and
activated 7 dehydro cholesterol Theiwr deviation from the
corresponding provitamin s shown below* together with
that for a third much less important form, given to show the
general relationship of the various forms of vaitamin D
Actvated ergosterol 1s known as viosterol and the prin
cipal active agent when punfied and crystallized 15 known
as calciferol When ergosterol 1s irradiated a whole series of
substances 15 formed 1n a more or less step like process The
prmncipal one 15 calaiferol and under proper candwons of

*  Provitanun Vitarmun

Ergosterol + A d crgosterol(L terol- "f 1)
7 dehydro cholestcml} wradiation 32 d 7 dehyd ot

22 dihydro ergosterol 22 dihydro calaferol

Viosterol 1s the term applied to irradiated (activated) ergosterol a some
what 1mpure product Punfied and crystallized 1t 15 known as calesferol
The close relation of cholesterol to ergosterol and of activated 7 dehydro-
cholesterol to calaiferol 15 mdicated by the fact that 7 dehydro cholesterol
may be called chemically demethyl dihydro ergosterol and the activated
form demethyl dihydro calaferol
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actnation (manufacture) 1t constitutes the bulk of the end
products Caluferol 1s also known as vitamun D.
Ergosterol,* the provitamn of viosterol and calaferol, 1s
found chiefly 1n fungi and yeasts and in some plants It 15
not a constituent of animal ussues (except incidentally in 2
few specics), cannot be absorbed as such, and hence 15 not

* The formulas for ergosterol calaferol cholesterol and activated 4 de
hydro cholesterol are shown in the accompanying figures Their very close
sumlanty 1s easily apparent Calaferol has been isolated and synthesized
m pure arystallime form Activated 7 dehydro cholesterol has been obtaned
in pure crystalline form from wradiated synthetic 7 dehydro cholesterol but
not from natural sources However crystalline estars of acuvated yde
hydro cholesterol have been obtamed from fish liver oils

These substances are relatively msoluble 1 water sparingly soluble m
oils and freely soluble 1n most arganic solvents They possess closely similar
absorption bands 1n the spectrum a fact which was responsible for the
delay 1n disunguishing activated 4 dehydro cholesterol from caleiferol
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the sterol or provitamin which 1s activated by sunhght in
the skin and hair of amimals Irradiated ergosterol (viosterol
and calciferol) may, therefore, be considered the plant vita
min D When, however, ergosterol 1s activated to form
viosterol and calciferol 1t 1s absorbed and exerts an ant1
rachitic effect Viosterol or calaferol 1s ordinanly prepared
by wradiating yeast or molds When cows are fed irradiated
yeast, this 15 the form of vitamin D excreted in the milk
Ths form of vitamin D mulk 15 called ‘metabolized’ wita
mm D milk and the vitammn D 15 the plant type, stmilar to
the vitamn D 1n viosterol in o1l Therefore, as will be shown
below, 1t differs from vitamm D mlk produced by 1rradiat
ing mulk directly or by wrradiating the cow
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Actvated % dehydro cholesterol 1s formed from %7 dehydro
cholesterol, a sterol i ammal fat It 15 the vitamin D
formed by the action of sunhght (ultraviolet ight) on the
cholesterol 1n the shin hair, and feathers of animals and
birds It can, thercfore be classed as the ammal vitamin D
or, for them perhaps, the natural vitamin D It appears to
be the chief form of the vitamin i fish o1ls, though fish o1ls
contain other forms of vitarmin D and species of fish vary in
the relative amounts of the different types of vitamin D 1n
their oils Because fish o1l concentrates are widely used m
poultry feeds and to fortify mulk, this 1s the form of vitamin
D present 1n eggs and certain vitamm D milks The vitamin
D so added supplements the natural vitamin D of the hen
and cow

The vitamm D of activated ergosterol (calciferol) and
7 dehydro cholesterol differ not only 1n their source and 1n
timate chemical structure but also 1n their biologic activity
Activated 7 dehydro cholesterol 1s equally as effective as
calciferol, unit for unit agamst rickets mn rats but 1s many
times more effective n chickens There 1s some evidence of a
similar difference mn man

Nerther plants nor ammals re able to synthesize vitamm
D, the vitamin being formed in plants by irradintion of the
provitamin after death of the plant and in amimals by the
action of sunhight on the provitamin (7 dehydro cholesterol)
1n the skin, hair, and feathers Pre formed vitamin 1s readily
absorbed by animals

As 1indicated above other vitamin D substances are of
Iittle practical mmportance at present A possible exception
1s 22 dihydro-calaferol, formed from 22 dihydro cholesterol
which may be the sterol of certain plants and may form the
vitamin D of irradiated cereals and breakfast foods

‘The exact site and mode of action of vitamin D 1s un
known There 1s hittle doubt that 1t acts 1n the mntestine and
Increases the absorpuion of calcium and phosphorus but
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exactly how this 1s accomplished 1s not clear An important
question 1s whether vitamin D 15 active elsewhere 1n the
body As will be seen the cancentration of serum phos
phatase activity 15 affected 1n rickets, being elevated during
the actwve stage and remaming high long after the process
of repair has begun Phosphatase activity 1s present not only
in the blood but 1n the bones the intestine, and other places
as well It 1s possible that vitatmin D may be generally
concerned with phosphatase activity and active elsewhere
than i the intestme to promote absorption of calcium and
phosphorus

Vitamin D 1s also related to the action of the parathyroids
When the parathyroids are removed vitamin D 1s less effec
tive though not all of 1ts action 15 lost In hyperparathyroid
ism or when parathormone 1s administered, more vitamin D
1s required Hypertrophy of the parathyroids occurs in
rickets The exact relationship between them and vitammn D
15 not known Similarly the thyreid 1s mnvolved 1n rickets
and lowered basal metabolic rates are encountered n the
disease Treatment with vaitamin D 15 followed by a return
of the basal metabolic rate to normal These relationships
between rickets vitamin D, and other organs and functions
suggest that vitamin D exerts a more general effect m the
body than a simple local mtestinal action on the absorption
of caluum and phosphorus

Man obtains the major portion of his vitamin D through
the action of ultraviolet light on the sterols (mainly choles
terol) 1n the shin The wave lengths of ultraviolet light
which are effective are sharply defined, and this 1s 1mpor
tant because of the effect of various factors 1n filtering out
these particular wave lengths In general the effective range
15 from 413 to 2go milhmicrons, but n sunhght only wave
lengths from 13 to 296 are present, a very narrow band
In wimnter the atmosphere may filter out those below 306
thus greatly reducing the number of effective waves Arti
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ficial sources carbon arc light or mercury vapor quartz
lamps emit wave lengths considerably shorter (down to 230
mithmicrons) and are somewhat more effective

Relatively small amounts of vitamin D are taken m with
the food under ordinary conditions It occurs m significant
amounts 1 only a few foods, namely certain fishes, eggs,
and muill It 15 of course, present in considerable amounts
1n some foods not commonly eaten such as fish roe and there
1s a small amount m mammalian Iiver The amount 1n eggs
depends on the food of the hen and the hen’s exposure to
sunlight (ultraviolet Iight) That m milk (butterfat) de
pends on the amount of vitamin D and sunlight the cow
recerves With present practices of feeding, hens may recerve
hberal amounts of vitamm D Irradiating the mulk, or the
cow herself, or feeding her 1rradiated yeast may cause the
vitamin D content of the milk to be greater than 1s normally
the case The irradiation of certain other foods may con
tribute to the greater intake In general however, food con
tributes only a small proportion of the D, particularly n
nfants

Vitamin D can be stored 1n the liver and infants can be
born with a very considerable reserve 1f the mothers are
given liberal amounts of vitamin D during pregnancy

Vitamin D 1s toic in large doses but the amounts are
excessive and much greater than those ordinanly employed
in the prevention and treatment of rickets Except in the
1re ase of resistant rickets a toxic effect 1s apt to occur
only when the vitamin 1s used m enormous doses as 1n the
treatment of arthritis and certain other diseases In those
cases doses of hundreds of thousands of umits have been
employed and even then toxic symptoms are not always
produced Obviously this use of vitamm D has nothing to
do wath prevention or correction of a deficiency and employs
vitamin D for a pharmacologic effect The toxic manifes
tations will be discussed under treatment
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PATHOLOGY AND PATHOGENESIS

Pathogenesis of Rickets The essential physiologic abnor
mality in vitamun D deficiency 15 a diminished absorption
of phosphorus and calcium In most cases this 15 accom
panied by a decrease 1n the phosphorus concentration in the
blood The calcium usually remamns normal or 1s only
shightly decreased Normally the nfant and child absorbs
from 3o to 70 per cent of the phosphorus and calcrum of
the food A considerable part of this 1s excreted, phosphorus
for the most part 1n the urine, calcium for the most part m
the stools, but sufficient 1s retamed to cause a positive bal
ance, 1 e, the amount excreted 1s less than that ingested In
the blood of both mfant and adult the calcium of the blood
1s mamtained at an exceedingly constant level of g 11 mg
per cent Phosphorus varies somewhat and 1s higher in chil
dren than adults (children 50 == 05 mg per cent, adult
20 to 3% mg per cent) In rickets the urinary excretion of
phosphorus 1s greatly diminished, that 1n the stools greatly
mcreased The calcium excretion in the urine, normally
small 1n amount, 1s decreased and the excretion 1n the stools
greatly increased This suggests that absorption of both 1s
much reduced At the same time the phosphorus level in
the blood 1s reduced while calcrum 1s usually little changed
Retention of both calaum and phosphorus 1s much de
creased but rarely does this reduced retention proceed to an
actual negative balance or loss (excretion greater than
intake)

In some cases the calcium 1 the blood 15 reduced as well
as the phosphorus Thus 1s usually Ehe case when tetany 1s

present addige™” mv ~ @ Iy phosphorus 1s
normal or even t @ prest waets but there 1s
some reason to b * 1 cases 1n which

Utes e has escaped

some
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detection As will be shown below an mmproper ratio of cal
cium and phosphorus 1s the primary biochemical defect 1n
rickets Theoretically then 2 Iow calctum with normal phos
phorus mmght be associated with rickets In fact, however,
the common finding 1n rickets 1s a low phosphorus, with a
normal, or low calcium

Under the influence of vitamim D alone the abnormal
absorption and excretion of phosphorus and calcium 15 cor
rected Phosphorus excretion rises 1a the urine and falls in
the stools The calcium excretion 1n the stools 15 decreased
and the excretion mn the urine restored to normal Blood
phosphorus rises to normal, as does calcium 1f 1t has been
lowered A greater than normal retention of calcium and
phosphorus occurs, amounting for a time to as much as 6o 8o
per cent of that ingested Only under conditions of extreme
calcium and phosphorus deficiency does vitammn D fail to
produce this change Such a state 1s not only rare but 15 pr1
marily a state of phosphorus and calcium deficiency and not
vitamin D deficiency

In order to understand the effect of these biochemical
disturbances on the absorption, excretion, and blood con
centration of calcium and phosphorus 1t 1s necessary to
know something of the chemical process of ime salt depost
tion m bone Calcium salts are deposited to form true bone

by a process of precipitation and adsorption * Briefly and

stnply the process consists 1n the precipitation of calaum
phosphate from the blood nto the osteoid tissue and the
adsorption of calaum carbonate (In addition to calcium
other such 1ons such as magnesium, 1ron fluorine sodium
and potassium are absorbed i minute amounts ) 1he result
has been described s a sohd solution of calerum carbonate
i calctum phosphate Calctum phosphate 1s present 1n the
blood 1 a supersaturated solution together with calcium
tons Some process such as the addition of extra phosphate
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1ons raises the calcium phosphate concentration to 2 pomt
where 1ts solubility 1s exceeded and 1t 15 precipitated 1n the
osteord tissue Calcium carbonate 1s later added by adsorp
tion The precipitation of calctum phosphate occurs 1 a
special localized area only, namely n the zone where active
bone formation 1s taking place The exact mechanism
whereby the change 1n the solubility of calcrum phosphate in
the blood and 1its preapitation s brought about 15 un
known There 1s some reason to believe that local phos
phatase enzymes may ‘flood the local tissue flurd with extra
phosphate 1ons by splitting organic phosphates and freeing
mnorganic phosphate ions Proper alkalimity favors thus
process

In vitamin D deficiency, with a lowered concentration of
phosphorus 1n the blood proper physiochemical conditions
(proper concentration and proportion of phosphorus, cal
cium, and calcium phosphate 10ns) for the precipitation of
calcium phosphate are lacking, the lime salts fail to be de
postted, and the osteoid bone 1s not calaified Since calcinm
1s concerned 1n the process an abnormal supply of calcum
and an 1mproper ratio of calcium to phosphorus may also
affect the process but the common fauit 15 a Iowered concen
tration of phosphorus Such changes as occur i the bone are
apparently the resuit of this primary biochemical lesion

Although a deficiency of vitamin D with the resulting
disturbance 1n the metabolism of phosphorus and calcum
15 the essenttal cause of faulty bone formation in rickets,
secondary factors (as 15 the rule in deficiency diseases), may
have an mnfluence on the occurrence of the disease

These secondary factors mclude (1) the absolute amounts
and relative proportions of caletum and phosphorus in the
diet, (2) the availability of this dietary phosphorus and
calcium, (3) the reaction of the diet, whether acid or alka
Line, both 1n the intestine and 1n the body after absorption,
(4) factors other than vitamin D deficiency causing 2 loss
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or ncreased excretton of phosphorus and caleum and
finally, (5) factors mfluencing the rate of growth, general
nutrition, and the metabolic level These factors by increas
g or decreasing the need for calaum phosphorus, and
vitamin D, may render the supply of these substances ade
quate or relatively inadequate

It has been found that both the amounts of phosphorus
and calcium and the relative proportion of each affect their
absorption An excess of calcium, perhaps by carrymng out
phosphorus with 1t may make an otherwise adequate 1n
take of phosphorus insufficient An excess of phosphorus
may cause likewise a loss of calcrum  Drets low m both phos
phorus and calaum will be more suitable 1f there 1s rela
tvely more phosphorus than calcium Conversely diets high
m calaum require relatively more phosphorus than other
wise Such diets harmless 1f there exists a hberal supply of
vitammn D, may 1n the presence of a borderline or minimal
supply of vitamin D, serve to tip the balance and render
an otherwise adequate vitamin supply msufficient

Diets may contain what appears to be adequate total
amounts of phosphorus yet much of 1t may be unavailable
mn the form of morgamc phosphorus For example, certain
cereals (oatmeal) contain large amounts of phosphorus but
much of 1t 15 1 an organic form not available to the body

Acidity 1n the intestine favors the absorption of phos
phorus and calerum  alkalimity decreases 1t Aadaty of the
blood and body flmds hinders the deposit of calcium al
kalimty favors 1t Diets with an acid reaction 1n the intestine
and an alkaline ash when burned 1 the body tend to pro
tect against rickets Diets of the opposite type tend to favor
1ts occurrence Though in atself not a primary cause of
rickets in man diet may render a slender supply of vitamin
D insufficient An example of the effect of alkalinity and
acidity 15 given by the action of a simple mixture of citric
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acid and sodium citrate When 1ngested 1ts acid reaction
the 1ntestine favors absorption and when burned in the
body 1t leaves an alkaline ash, favormg the deposition of
calcium salts * This citrate mixture alone may cure mild
richets Though 1t has been found possible to produce
rickets in rats by modification of diet alone this does not
occur n man

Gastrointestinal disease or disorders may lead to a de
fictent absorption of calctum and phosphorus, usually by 1n
creasing the loss 1n the stool Celiac disease with increased
fat excretion leads to large losses of calcum (low calcium
rickets) though 1t 1s probable that this lost calcium carries
out phosphorus with 1t, a more sigmificant loss High fat
diets may have a similar effect

Fmally, factors mnfluencing growth and general nutrition
have an important influence Starvation or undernutrition
may not be accompanied by rickets, and 1n fact may * heal
rickets 1f 1t 15 already present Good nutrition, favorable 1n
other ways, may by increasing the growth rate require larger
amounts of vitamin D than are available Because of this,
many other conditions affecting health, such as mfections,
metabolic disorders, and endocrine disturbances may modafy
the occurrence and course of the disease Frmally, sporadic
cases occastonally occur 1 which the exact reason for the
vitamn-D deficiency and the development of rickets cannot
be determined

In considering these secondary factors it 1s important to
emphasize that their mfluence always depends on the ex
sstence of the primary defect, a lack of vitamin D In other
words, amounts of the vitamuin which mught be otherwise
adequate are rendered isufficient by adverse secondary

* Chemucally the reaction 1s not quite as simple as indicated the citrate

forming 2 complex compound with calaum the exact significance of
which 1s not clear
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factors, or, smaller amounts would suffice and the body
would be protected ’ if secondary factors were favorable

In adults the pathogenesis as well as the pathology of
vitarmn D deficiency differs from that in children Pure
vitamin D deficiency 15 very rare and most ‘late rickets
occurs 1n older children 1 whom some growth 1s still taking
place Bone growth has ceased in adults The sheleton con
statutes a store house for calcium and phosphorus which can
be drawn on as vicissitudes of need and supply require In
fact the function of the skeleton as a warehouse with active
withdrawals and deposits 15 of much greater 1mportance
than has been apprecated 1 the past With an inadequate
supply of vitamin D calcium absorption 1s hundered and
order to mamtamn a normal calcium concentration 1n the
blood which 1s not decreased except 1n extreme cases, cal
cium 1s withdrawn from the bones

In adults the need and demand for vatamn D 15 much
less than 1n children and the opportunities for obtamning 1t,
particularly through exposure to sunlight, are usually
greater It 1s probable that the secondary factors already dis
cussed under the pathogenests of rickets are also operative
n adults

The gross changes 1 the skeleton are almost as easily
observed on physical exammation as on closer mspection
the most characteristic changes being the deformities These
as a rule are most apparent and appear first in the long
bones, the distal radws ulna ubia, and Gbula, and the
ribs The flat bones of the head may be affected early, espe
crally when rickets occurs 1n the first few months of hfe In
general the order of appearance, the severity of the active
process and the magnitude of the deformiuty n different
bones vary with the age at the onset of the disease and with
the duration and severity of the disease The rate of growth
of various portions of the skeleton at different ages and
strains of muscle action and posture at these periods greatly
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acid and sodium citrate When ngested 1ts acid reaction
the intestine favors absorption and when burned i the
body 1t leaves an allaline ash, favoring the deposition of
calcium salts * This citrate mixture alone may cure mild
rickets Though 1t has been found possible to produce
rickets 1n rats by modification of diet alone this does not
occur mn man

Gastrointestinal disease or disorders may lead to a de
ficient absorption of caletum and phosphorus, usually by
creasing the loss 1n the stool Cehiac disease with tncreased
fat excretion leads to large losses of calcium (low calctum
rickets) though 1t 1s probable that this lost calctum carries
out phosphorus with 1t, a more sigmficant loss High fat
diets may have a stmlar effect

Finally, factors mnfluencing growth and general nutrition
have an mmportant influence Starvation or undernutrition
may not be accompamed by rickets, and n fact may * heal
rickets 1f 1t 15 already present Good nutrition, favorable mn
other ways, may by ncreasing the growth rate require larger
amounts of vitamin D than are available Because of this,
many other conditions affecting health, such as infectrons,
metabolic disorders, and endocrine disturbances may modify
the occurrence and course of the disease Finally, sporadic
cases occasionally occur mn which the exact reason for the
vitamun D deficiency and the development of rickets cannot
be determined

In considering these secondary factors 1t 15 1mportant to
emphasize that their nfluence always depends on the ex
1stence of the primary defect, a lack of vitamm D In other
words, amounts of the vitamm which might be otherwise
adequate are rendered wnsufficient by adverse secondary

* Chemucally the reaction 15 not quite as sumple as indicated the citrate

forming a complex compound with calaum the exact significance of
which 13 not clear
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Microscopic Changes A charactenistic feature of the
microscopic anatomy of rickets 15 the disorderhiness and dis
arrangement of the pattern of bone structure which
health 15 one of great orderliness and regularity In order
to understand the significance and development of this dis
array, 1t 1s necessary to understand the architecture and pat
tern of normal bone growth Since rickets occurs . most
cases some months after birth, a time when ossification of a
large part of the bone (shaft or diaphysis) has occurred and
affects principally the region of the junction of the epiphysis
and diaphysis where most active growth and ossification are
occurring, a description of the cellular process of ossification
mn this area 15 most suitable A brief description of the proc
ess of ossification 1n flat bones and the changes in rickets
will be given later

Normally the region of the junction between epiphysis
and shaft 15 divided mto three zones The distal zone of the
epiphysis 18 composed of resting cartilage, the cells of which
are arranged 1n a somewhat rregular fashion but with a
tendency to a transverse pattern Toward the shaft the sec
ond zone 15 that of prohferating cartilage which 1s the region
of active growth and ossification It 1s this area which by
its growth 1nd ossification adds to the length of the long
bones In this zone the cartilage cells are arranged 1n parallel
rows lying m the long axis of the bones These rows of
cartilage cells are separated from one another by a jelly like
collagenous materral contamning cells known as osteoblasts
These rows of cartilage cells lymg 1n their collagenous ma
terial end where the shaft or third zone begins At the junc
tion of these rows of cartilage cells and the shaft there 1s a
line or zone of capillary loops which form a smooth, even
surface at the end of the shaft from which they onginate
During the process of bone growth and ossification these
capillaries mvade the columns of cartilage cells destroy mg
them as they (the capillaries) advance A calafication of the
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influence the localization and severity of the lesions All
bones, however, may be affected At very young ages (first
few months) the skull 1s apt to show extensive mvolvement
In the ordinary case, mild to moderate 1n severity and
occurring 1n the latter part of the first month, the distal
ends of the radius, ulna, tibhia, and fibula are most apt to
present significant changes The long bones show thicken
g of the shaft, are softer than normal, and there 15 usually
some enlargement at the epiphyseal junctions In the ribs
the enlargement takes place at the costochondral junction
Dastortion of contour with bending of the shaft in various
planes dependent on weight bearing and muscle pull ap
pear somewhat later In addition to the thichenmg of the
epiphyseal junction the epiphysis may be bent out of line
with the shaft The bones of the skull may show areas of
thinning of the 1nner table, so severe 1n some cases that the
bone 1s reduced to parchment thinness (craniotabes) In
other ateas particularly over the parietal and frontal bosses
there 15 thickening Fractures, often multiple and usually
erther of the green stick variety or partial fractures (one side
only), are common 1n the long bones In severe cases there
may be arrested skeletal growth On longitudinal section
there 15 a general hyperemra, the junction of shaft and
epiphysis 15 widened, lengthened, and softer than normal
The medullary portion 15 red and soft, the bony trabeculae
thinned and the central cavity widened The periosteum 1
hyperemic and under 1t the tissue 1s more vascular and
friable The srregular architecture and alteration n the
usually clean cut zones 1s vistble, even m the gross During
healing many of these changes disappear, but a long time
may be required for the return to normal of the finer
changes 1n architecture, and certamn deformities, notably
those of contour and thickening, may persist as 2 permanent
scar
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Microscopic Changes A characteristic feature of the
microscopic anatomy of rickets 1s the disorderliness and dis
arrangement of the pattern of bone structure which n
health 1s one of great orderliness and regularity In order
to understand the sigmficance and development of this dis
array, 1t 1s necessary to understand the architecture and pat
tern of normal bone growth Since rickets occurs 1 most
cases some months after birth, a time when ossification of a
large part of the bone (shaft or diaphysis) has occurred, and
affects principally the region of the junction of the epiphysis
and diaphysts where most active growth and ossification are
occurring a description of the cellular process of ossificatton
1n this area 15 most suitable A brief description of the proc
ess of ossification 1n flat bones and the changes in rickets
will be given later

Normally the region of the junction between epiphysis
and shaft 15 divided 1nto three zones The distal zone of the
epiphysis 15 composed of resting cartilage the cells of which
are arranged 1n a somewhat uregular fashion but with a
tendency to a transverse pattern Toward the shaft the sec
ond zone 1s that of prohiferating cartilage which 1s the region
of active growth and ossification It 15 this area which by
its growth and ossification adds to the length of the long
bones In this zone the cartilage cells are arranged m parallel
rows lymng 1n the long aws of the bones These rows of
cartilage cells are separated from one another by a jelly like,
collagenous material contamning cells known as osteoblasts
These rows of cartilage cells lying 1n their collagenous ma
terial end where the shaft or third zone begins At the yunc
tion of these rows of cartilage cells and the shaft there 15 a
Line or zone of capillary loops which form a smooth even
surface at the end of the shaft from which they onigmate
Durning the process of bone growth and ossification these
capillaries invade the columns of cartilage cells destroyng
them as they (the capillaries) ndvance A calaification of the
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collagenous frame work or wall between the rows of cartilag
cells shghtly precedes the advance of the capillaries Th
calcification appears to be due to the action of osteoblast:
As the capillaries reach those areas of calcified ntercellula
substance the latter 15 decalufied and osteord tissue 3
formed by the osteoblasts This forms the organic fram
work of the bone and, as the advancing process continues
the hime salts of true bone are deposited mn this osteor
tissue under the mfluences of the physiochemical processe
already described Thus, behind the advancng zone o
ossification true bone appears and lengthens just as the soc!
grows behind the knitting needles and the yarn that s fec
mto them As the bone grows mn length 1t grows in thicknes
by the laying down of additional bone under the pertosteun
by much the same process As growth and development con
tinue there 15 at the same time an active resorption of bone
particularly 1n the trabeculae of the cancellous portions
Thas results 1n a rearrangement of the internal pattern tc
correspond to lines of stress and stran which develop 2
weight bearing, muscle pull, and other effects of use and
function occur To some extent resorption and production
of bone occurs throughout hife, particularly 1n the less com
pact areas, as variations 1n the supply and demand of calcium
occur In this way the skeleton serves as a store house for
calcium much as the hiver stores glycogen

An essential feature of the process of bone growth 15 1ts
orderly progress and pattern, the capillaries advanting at an
even pace, on an even front, the cartilage cells disappear 1n
an orderly line just before them, and the advancing pre
hmnary calaification of the collagenous frame work 1s fol
lowed by an orderly and even line of osteord tissue under
process of being ossified In the X ray this orderly process 15
4pparent 1 the sharp, narrow white line of advancing
ossification

In rickets all ths 1s changed In the zone of proliferation
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the cartilage cells develop abnormally Instead of degenerat
g evenly and uniformly just before the capillaries reach
them, they are resistant to degeneration and fail to be de
stroyed and absorbed by the advancing capillartes The
region of proliferating cartilages enlarges because of the
fatlure of the cells to die and large masses of cartilage cells
pile up m 1rregular fashion Although the capillaries eventu
ally reach the cartilage cells and destroy them the process 1s
very wuregular In some places the capillaries succeed n
breaking through and develop into large bunches with
trunks and many branches In other places they fail, giving
a very wrregular line of advance and even when the capillaries
have penetrated, 1solated masses or 1slands of cartilage per
sist The cells on the outside of the masses are abnormal
appearance and staiming properties due to mechanical dis
tortion and the destructive action of the capillaries Some of
the origmal matrix between the cartilage cells 15 destroyed
but some persists, both calaified and uncalcified On this the
osteoblasts accompanying the capillaries lay down osteoid
tissue and build irregular chondro osteoid trabeculae, ab
normally shaped and runming in all directions In this
osteoid bone there are inclusions of cartilage cells Depend
Ing on the severity and stage of rickets this osteoid bone
tissue either completely fails to calafy or does so very in
completely and irregularly

Thus rachitic intermediate zone, between the generating
part of the proliferative cartlage and the shaft, 1s a dis
orderly mass of prohferative cartilage bushes of capil
laries and osteoid or partially ossified trabeculae runmng 1n
uregular directions, some at an angle, some close together,
some widely separated In the more severe cases vessels
really extensions and enlargements of the cartilage canals
penetrate this zone from the distal side (resting carulage
side) as well as from the shaft and less often from the side
(perichondrial) These vessels are never very large nor do
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they penetrate deeply Connective tissue brought in by the
blood vessels may be greatly increased

It 15 this rachutic intermediate zone which accounts mn a
large measure for the deformiues Its enlargement causes
enlargement of the ends of the long bones as they increase
n length and pushes” the centers of ossification of the
epiphysis further away from the shaft Being osteoid (soft)
bone 1t 1s easily bent by forces of posture, weight bearing,
and muscle pull The direction of the line of growth 1s thus
changed and growth continues to follow the new direction
even when 1t 1s at a considerable angle to the line of the
shaft previously formed With 1its greater size the nter
mediate zone becomes too large for the shaft, spreads the
shaft, and deflects the trabeculae outward Increased thick
ness of the shaft develops from increased perichondrial de
posit of osteoid tissue Improper calaification and increased
decalafication of the shaft softens the latter which bends
mto various deformities Bending of the shaft 1s usually one
of the later deformities

Recovery and Reparr When vitamm D deficiency ceases
repair begins Bone growth and calaification become nor
mal as soon as adequate vitamin D 1s available and the proc
ess begins 1n the region where normal ossification would
be occurring had rickets not intervened Thus 15 1 the distal
or cartilage end of the intermediate zone leaving the mass
behind to be straightened out later The normal ossifica
tion resulting gives rise to the dense transverse white line
of healing seen on xray plates Next, focal areas 1n the
mxed mass of tissue m the intermediate zone calafy, be
ginning 1n the area most favorable for calaficaton Gradu
ally the vessels (capillaries) assume a regular order and con
vert the osteoid trabeculae mnto normal bone Abnormal
destruction comes to an end but because there has been an
excessive 1rregular overgrowth of osteord tissue there 15 2
gradual, selective absorption, reducing the mass of tissue,
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straightening 1t out, and rearrangmg 1t as far as possible
mto the normal pattern To complete such a process may
take months or years but the degree of restoration 1s sur
prising Internal abnormalities may disappear, but deformt
ties due to bending may persist as well as some thickening
of the trabeculae

Changes sumlar to those described at the epiphyseal
diaphyseal junction of growing long bones occur 1n all bone
m the process of formation, the osteord bone everywhere
bemng deficient 1n calaum salts In ordinary sections the
trabeculae when cut 1n a single plane exhibit borders of
non lime containing osteord tissue Such changes can be
seen 1n the cancellous portions of long bones 1n the cortex
along the lacunae, 1n the tables of the skull and elsewhere
in the skeleton

Defects in tooth structure may be assumed to occur 1n
rickets although the differentiation between injury due to
vitamin D and those possibly due to vitarmn A and vita
min C deficiency (as well as other deficiencies) has not been
clearly established in man In vitamn D deficiency the
lesions are most common 1 the permanent teeth because
rickets usually develops at the time calaification of thus set 1s
occurring However defects 1in the temporary teeth pre
sumably due to rickets do occur and the Iikelthood of vita
min D deficiency as a cause 1s increased by the similarity to
the changes found 1m cases of congenital richets

Other pathologic changes are lacking mn uncomplicated
rickets except a shght hypertrophy of the parathyroid
glands and perhaps some atrophy of the thyroid cells The
fibrosis and atrophy of muscles seen 1n some cases are prob
ably not specific for rickets

In aduits and in the non growing bones of older children
the pathologic changes m the bones are those of osteo
malacia The pelvis spine, and bones of the extremiues are
more apt to be affected but any part of the skeleton can be
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wnvolved 1n severe cases Softening, bending, and deformty
of the bones occur (for example the osteomalacic pelvis in
women) and fractures are more common than m rickets
There 1s thinming and atrophy, demonstrable on x ray ex
amination, and microscopcally an excess of osteord tissue
If the deficiency 1s severe hypocalcemia may develop and
tetany ensue

The pathologic changes caused by the toxic action of ex
cessive vitamun I 1s essentially a general calcinosis Wath
this there 15 a hypercalcemia which usually 1s present as a
warning some time before the actual deposit of calctum
occurs

INCIDENCE AND EPIDEMIOLOGY

The exact frequency of rickets 1s very dufficult to deter
mine and varies greatly under the influence of climate,
geography urbanization, season of the year, and the practice
of preventive treatment At the beginmng of this century
rickets was almost universal mn the temperate zone in west
ern Europe and America The classic postmortem studies of
Schmorl revealed an mcidence of g4 to 98 per cent among
the children, four to eighteen months of age, mn Vienna and
rickets was undoubtedly the most frequent deficiency dis
case at that ttme With the development of our Lnowledge
of the cause and prevention of the disease and the mtroduc
tion of protective measures, both the frequency and severity
of the disease have decreased greatly and mcidence m 2
locality 1s largely a reflection of prophylactic treatment and
an index of the level of infant care in the community
Nevertheless, even recent studies indicate that 1f the x ray
and other of the finer methods of dragnosis are used, mld
or shght mickets 15 farly frequent at the more susceptible
age levels reaching perhaps a frequency as high as 25 to 30
per cent at six months of age 1n some localities
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Since ordmarily the body 15 dependent for the greater
part of 1ts vitimin D on the action of the ultraviolet rays of
sunhight on the skin and hair, the factors controlling ultra
violet radiation and exposure to the radiation are of great
mportance 1n determining the meidence of vitarmn D de
fictency and rickets Ultraviolet radiation 1s greatest near
the equator and decreases as 1t moves toward the poles Be
cause of the movements of the sun and earth the amount of
ultraviolet radiation varies with the season (except 1n the
equatorial zone) being greater in summer and less 1 winter,
reaching the maximum and mimmum at summer and winter
solstices respectively Also 1t 15 filtered out by the atmos
phere and with mcreasing latitude the amount of ultra
violet radiation 1s not only less but 1s of shorter duration
There are variations during the day and the periods of
effective radiation are much longer 1 summer {(more hours
per day) and very short 1n the winter For example 1t has
been calculated that i the temperate latitude exposure dur
g the whole day 1n winter would be required to be effec
tive and that i many parts of that zone no effectve yadia
tion occurs after § 00 pm 1n winter

The ultraviolet waves are blocked by smoke and dust and
by clouds Fortunately 1t 1s not necessary to be exposed to
direct sunhght to receive ultraviolet radiation and skyshine
15 1n many respects as valuable or more valuable than direct
sunlight It begins earhier 1n the day and lasts longer, may
be quate strong with light clondiness and m the winter st1s
actually more valuable than direct hght To obtamn the
maximum amount of skyshine, however, there must be no
obstruction of the horizon, and walls, buildings, et cetera,
blocl a Yarge part of 1t

Ultraviolet radiation 1s blocked by practically ail cloth
g and by ordinary window glass Hence colder weather of
the higher lanitudes, by increasing the need for clothing and
shelter, tends to decrease the amount of ultraviolet radiation
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received The radiations are less well absorbed m dark
skinned persons, negroes particularly

The effect of these factors on the ncidence of vitamin D
defictency and rickets 15 apparent Their effect 1s more
marked 1n the northern latitudes, and rickets 1s essentially
a disease of the temperate zone (the diet of the Eskimo pro
tects him unless contact with civilization changes his natural
diet) Incidence 1s greater 1n the crowded, smoky cities, and
much greater in winter and spring than m summer or
autumn Children who are born so that theirr most suscep
uble period (four to six months) comes at a time of rela
tively greater ultraviolet radiation are less hikely to develop
a deficzency of vitumin D and rickets A deficiency 1s more
apt to occur among those confined indoors and 1n dark
shinned races This 1s easily shown by the greater incidence
m negroes, particularly among those living 1n a less favor
able chmate (northern cties) It must be remembered,
however, that rickets 1s due to a defictency of vitamin D and
if a deficiency of the vitamin occurs, richets may be en
countered 1n any region

Congenital rickets 1s rare but does occur Ruckets 1s very
common and apt to be severe n premature nfants and
twins The period of maximum susceptibility and incidence
1s 1n the latter months of the first year It 1s uncommon be
fore two months which 1s about the length of time 1t takes
rickets to appear chmcally It becomes progressively less
frequent after the first year of life and 1s quite mifrequent
during puberty

Lattle 1s known regarding the mcidence of vitamm D de
fictency mn adults As osteomalacia 1t 15 recogmzed to be
more common 1n women during the child bearing pertod,
associated with pregnancy and lactatton It also 15 related to
poverty, famine, and overcrowding However, osteomalacia
no means of estimating the madence of mild deficiency
as such 1s an expression of a severe deficiency and there 1s
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Furthermore, the deficiency 1s closely associated with a de
fictency of calcium and the two deficiencies are often com
bined to produce the clinical disease Because of the greater
opportunity of exposure of the adult to sunlight, 1t 15 un
likely that pure vitamin D deficiency 1s common However,
large numbers of adults and many older children have little
or no exposure to sunhight due to their occupanions, and
manv certainly have little or no vitamin D 1n their diet
Hence associated with mild calcium deficiency, vitamin D
deficiency may be fairly prevalent among certain classes of
individuals (See section on Calcium Deficiency)

SYMPTOMS AND SIGNS

It 1s clear that the signs and symptoms of the disease wail
vary according to many factors Perhaps the primary factor
1s the degree (severity) of the deficiency but this 1s relative
and 1s greatly modified by other factors such as the age of
the patient the rate of growth and development, and the
location of this growth and development at the time of de
fictency Poor nutrition generally by affecting growth, may
modify or inhibit rickets  Starvauon cures rickets  Mild
and severe rickets differ greatly i the very young De
formities depend a great deal on the stress and strain placed
on the various bones and these in turn differ according to
therr stage of growth and development It also follows that
the duration of the deficiency modafies the clinical picture

1n general the symptoms of the disease are mild and non
specific and the principal evidence of the disease 1s the
visible and palpable alterations and abnormalities of the
skeleton The onset of rickets 15 usually nsidious and skele
tal changes are often the first thing observed In young
mfants these are first evident at about three months as
craniotabes In the usual case this 1s observed mn a few small
areas on the back of the head where at this age pressure 1s
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relatively great and constant The sutures are widened and
the edges soft Somewhat later beading of the costochondral
junctions (rachitic rosary) appears and an enlargement of
the wrists (lower radius and ulna) may be noted If the dis
ease begins somewhat later craniotabes may be absent Con
stitutional symptoms are generally lacking and the nfant
appears well and gains weight Wath more severe rickets,
however, restlessness, head sweating, eritability, and weak
ness may be observed and the clinical picture commonly
seen at a later age may make an earlier appearance

During the middle part of the first year extensive cranio
tabes, obvious malnutrition, and weakness occur more fre
quently and are more pronounced Cramal deformities ap
pear due to the flattening of the back or the side of the head
A Iittle later (eight or nine months) craniotabes disappears
but the cramal deformities increase, and frontal and parietal
bosses or prominences begin to give the ‘ square * head and
‘ Olymptan brow * The anterior fontanelle 1s wide and the
posterior remains open The rachitic rosary s well marked
during the sixth to eighth months and 1s succeeded by the
other deformities of the chest such as Harrisons groove,
depression of the sternum, lateral trough and prominence
of ribs parallel to the sternal depression There 15 increasing
enlargement of the distal ends of radius and ulna, although
this may be obscured by fat While the mfant may be fat
and may appear well nourished, the tissues (the musculature
especially) are flabby, the color 1s often pale, and weakness
1s usually evident Activities normally present may be lack
g The abdomen 15 frequently prominent (pot belly) but
this may not appear because of the undernutrition

If rickets continues 1n a moderate or severe form during
the first and second years these signs, except for craniotabes,
persist or mncrease If the onset of rickets occurs at this tume,
these signs become quite pronounced Muscular strength
and development are poor, and as a result the chuld fails
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to stand and walk The deformity of the head becomes more
apparent (caput quadratus or hot cross bun head) and
the rachitic bosses are more prominent Harrisons groove
and other deformities of the chest increase, the spine may
become bowed (kyphosis) and deformites of the leg (tibia
and femur) appear such as bowing and enlargement of
ankles and knees The fingers may show enlargement of the
proxamal and distal phalanges with constrictions at the
jomnts, and the pot belly may increase Dentition 1s delayed,
and defects in the enamel and caries appear Movement and
handling may cause pain and % rays may reveal one or more
greenstick fractures of the long bones The anterior fon
tanelle may be open 1t the age of two or older At two or
three years the child may not be able to stand or walk When
raised to a sitting position rachiuic children nssume a typical
attitude of support with the legs crossed and the hands
resting on the floor by their sides for support If walk
mg 1s acquired the deformities of legs and pelvis may be
mcreased and the walking atself 15 clumsy and poorly co
ordinated Angular deformities at the epiphysis occur at
this age (two to three years) while deformity of shaft 15 seen
more frequently after four years of age

Certain of the deformities require further comment and
description In general they are the product of the severity
of the deficiency, the developmental stage of the part af
fected and the stress and stramn to which that part 1s sub
jected Thus 1n the case of the mfant lying on 1ts back the
head, the chest and pelvis bear the greatest weight As the
child sits up the spmne 15 under a special strain and the
pelvis 15 subject to a different pressure Standing and walk
ing add new stresses and struns At the same time the de
formity will depend greatly on the severty of the rickets
The more rapid the growth of the part the more susceptible
1t 15 to rickets, and at the same time the rapid growth n
creases the severity of rickets
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Craniotabes 1s a descriptive term and not necessarily a
lesion of rickets It consists of a softening and thinning of an
area 1n the bones of the skull This area indents and re
bounds often with a crackle like a thin metal plate Similar
changes 1re found in osteogenests 1mperfecta, 1 hydro
cephalus and even in some normal (especially premature)
mfants The condition 15 due essentially to a lack of calaf
cation of the bone In rickets the areas are spotty, nearly
always posteriorly located 1n the parietal and upper occipital
area, and have poorly defined edges The size vartes from
small (2 cm ) up to very large areas and they are usually
not symmetrical They may appear as early as the third day
but are more common at three or four months and disap
pear as a rule before the end of the first year Occasionally
they persist up to the first year and a half The lesions n
osteogenesis imperfecta are usually larger and more widely
distributed Similar areas in normal 1nfants are usually um
lateral, are located along the suture lines, disappear before
rachitic craniotabes usually occurs, and are not accompanied
by other signs of rickets Associated changes in hydro
cephalus are usually sufficient for the differential diagnosis
The presence of craniotabes 1s sud to be the * most rehable
single, bedside sign of rickets

The bosses’ on the skull are located most frequently n
the frontal and parietal regions The thickening occurs on
the surface because the new bone 1s mamly of periosteal
origin, and 1s therefore elaborated m the central rather than
marginal portions of the bone In the forehead these bosses
cause the Olympian brow while parietal bosses give the
characterstic “square head of rickets Long narrow heads
may, however, have extensive rachitic changes Although
thickening gives an appearance of enlargement to the head
the cavity 1s not increased 1 size and the circumference 15
usually normal though 1t may be increased

Closure of the fontanelles 1s delayed and the anterior
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fontanelle which normally closes at eighteen to twenty four
months may persist as long as three to four years, perhaps
actually enlarging as the head grows The margins are soft
and difficult to outhne After the age of two the persistence
of an anterior fontanelle should suggest the presence of
cretmism or hydrocephalus though etther may occur with
nckets Rickets does not cause hydrocephalus

The changes 1n the thorax are charactenistic Commonest
15 the beading of the costochondral junction (rachitic ro
sary), but shight beading due to rickets 1s difficult to dis
tingwish from the shght enlargement which is often nor
mally found Much of the enlargement 1n rickets occurs on
the mner surface where 1t 1s difficult to detect, particularly
1f there be a retraction of the ribs at this pomt If the nickets
15 at all severe deformities of the chest occur and persist as
the rickets heals leaving permanent evidence of the disease
Common deformities are a flattening of the chest, a vertical
depression parallel to the sternum from about the third to
the ninth rib, with a prominence of the sternum which may
be curved or bent giving the pigeon breast In other cases
the sternum 1s depressed In most cases some Tespiratory
obstruction 15 needed 1n addition to the rickets to produce
an obvious pigeon breast Along the attachment of the dia
phragm there 15 often a shallow depression (Harrisons
groove) of the ribs which 15 exaggerated by the flare of the
lower ribs This flate 15 exaggerated by abdomual dis
tension

In the spine kyphosis develops with the siting posture,
changing to a lordosis (lumbar) when standing and walking
are accomplished The deformity 15 not fixed and can be
corrected passively, but often relapses due to lack of muscle
tone Pain and spasm are absent unless there be a fracture of
the ribs or vertebrae

The worst deformities of the pelvis occur when severe
rickets 15 continued on mto childhood nd particularly
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when the child 1s sufficiently active that 1t can stand and
walk m spite of the rickets These deformities which are
familiar to the obstetrician may be most apparent on x ray
and often constitute an 1mportant complication of preg
nancy

Deformities of the shafts of the long bones are generaily
a relatively late deformuty, though they may occur earler,
assocrated with sitting, standing, and walling For example,
the saber shin usually develops with sitting but can occur
with the mnfant lying Several deformties may occur n one
place, for example the legs may show not only lateral but
also anterior bowing Such deformities produce knock
knees and bowlegs As age increases vartous shfts in the
position of the deformities as well as changes 1n the thick
ness of the bone occur Thus, 1n saber shins the forward
bend which 1n mfancy 1s just above the ankle ascends with
growth until 1t comes to he at the junction of lower and
middle third At the same time there 1s a thickening of the
shaft 1n the anterior posterior diameter and some thmning
laterally In contrast to the saber shin of syphilss, the rachutic
thickening 1s irregular and the bowing 1s anterior only, not
bemng confined to the lower third of the shin Coxa vara, a
bending of the neck of the femur on the shaft to a more
acute angle, can cause the waddling gait

In addition to the head sweating 1rritability, restlessness,
and head rolling, head shaking and nystagmus (spasmus
nutans) may appear The nystagmus 1s peculiar 1n that 1t
may occur i any plane, i either or both of the eyes and, if
balateral, 1s convergent Its exact relation to rickets 1s un
Kknown

DIAGNOSIS

The diagnosis of rickets 15 based on the symptoms and
physical signs of the disease, the evidence on x ray exam
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ination, the determination of phosphate and phosphatase
concentration 1n the blood, and a therapeutic trial Analy
s1s of the diet except with respect to the mclusion of vita
mun D preparattons 1s of little value, although the history
of a poor diet may suggest a deficiency that would otherwise
be unsuspected The need for supplements to infants under
ordinary conditions 1s so frequent that mn actual practice the
lack of prophylactic treatment 1s 1 1tself enough to war
rant a tentative diagnosis of mild rickets which may be con
firmed by x ray or other tests Under such circumstances
the patient often exhibits mild symptoms and early physical
signs of the disease These have been described but empha
s1s should be }aid on the earhest manifestations Restlessness
head sweating, irritability, with or without early changes in
the skull, ribs, or long bones should suggest rickets and, if
necessary, specific tests should be performed

However, most of the signs are, 1n the hight of our present
1deas of the deficiency, rather late signs and are mdicative
of advanced discase 1n spite of the fact that advanced nickets
as classified by earher standards 1s much worse In the truly
early or muld cases such signs are either absent or uncertamn
and dependence must be placed on x ray signs and other
laboratory tests

The x ray examination gives clear evidence of nickets m
the moderate and severe cases but 1t fails to give a much
earlier diagnosis than a careful history and physical exam
ination Early roentgen changes are apt to be uncertam and
mconclusive  With xray however one can follow the
lesions at frequent intervals observing the effect of treatment
and thus utilizing to greater advantage the therapeutic test

For reasons of availability (the costochondral junctions
would be preferable but do not lend themselves well to ex
amnation) and convenience, as well as for carly develop
ment of changes, the lower radius and ulna are the best
sites for the chinical x ray exammation No more than a
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brief description of these x ray signs will be given For fur
ther description the reader 15 referred to more comprehen
sive treatises on rickets or to books on radiclogy Interpre
tation, particularly 1n the early cases, must be left to the
roentgenologist or to a pediatrician tramned 1n the x1a)
diagnosis of rickets

The principal changes seen 1n x ray pictures of rachati
bones are cupping, spreading spur formation, fringing
stippling, and certain changes in the shaft None of these 1
specific or pathognomonic, all are subject to the doubt of
mterpretation  Nevertheless, 1 association with other evi
dence, they are a useful means for the diagnosss of mod
erately early richets, particularly 1n conjunction with the
test of treatment

Cupping 1s a concavity at the end of the shaft Cupping
does not occur 1n all bones and 1s not present consistently
even m late cases It may occur in scurvy and under some
circumstances c¢ven in normal subjects Spreading 1s 2
widening out of the end of the shaft which may or may not
be accompanied by cupping and also 1s seen m scurvy
Cortical spurs are calcified lines extending from the cortex
of the shaft along the side of the proliferative cartilage
Often they are not 1n good alignment with the cortex They
are found 1n congenital syphilis and to a shight extent at
times m normal bones Fraying or fringing 1s caused by
narrow thread like shadows running from the shaft nto
the cartilagmous portion Characteristically 1rregular and
tangled 1n direction, thin and short n the earlier cases and
thick and long 1n the more severe, they are the most reliable
x ray evadence of rickets but are not particularly early signs
They also occur in congental syphilis Stippling, which gives
an wregularly dotted appearance to the end of the shaft
may appear early m the disease but 15 also seen m advanced
cases Certain changes have been noted m the shaft of the
bone Eliot! describes, in what she terms early 1n contrast
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Fic 13 Bone changes due to rickets There 15 flar
g of the ends of all the bones there are coarse
trabeculations and generalized rarefction of the bone
shafts yet the cortices are of normnl thuckness The
cnrulagmous cll:mges are p:lrucularl) prominent at
the ends of the rudu and ulnae
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to very early cases alack of definition on the edge of the
distal end of the ulna away from the radius and a decreased
density of the cortex there Thus 15 not to be confused with
normal 1rregularities associated with the attachment of the
pronator quadratus Similar changes occur 1 the muddle of
the shaft of the radius and at the proximal end of the ulna
on the radial side as early evidence of periosteal prolhifera
tion and decreased density of the cortex mn these regions
Atrophic changes are quite characteristic but are late’
manifestations These mclude decreased density with coarse
mregular trabecular markings, a thin cortex hair like
shadows (shightly calaified osteoid tissue) extending out from
the shaft, a hypertrophic thickened cortex with greater
thickening on one side, a narrow matrow cavity, periosteal
encasement, et cetera In addition there may be other severe
changes such as fractures, distortions, displacements of the
epiphysis et cetera

As previously stated the x ray detects changes mduced by
treatment (healing) It thus gamns mn diagnostic value and
also allows one to follow the progress of treatment Recov
ery 1s marked by the deposit of hme salts This 1s well seen
at the cartilage shaft junction in the form of a transparen
ling, at first faint and mcomplete, and later broad and heavy
(sometimes even appeaning double) The deposit of hime
salts occurs first in the region where calaification would be
occurring had rickets not developed, this being the distal
portion of the intermediate zone Thus the line 15 located a
considerable distance from the end of the shaft a distance
dependent on the chromcity and seventy of the richets
Later the intermediate zone shows spotty shadows as the
osteoid trabeculae become calaified and lime appears 1n the
periosteal encasements Because many cases of rickets show
alternate periods of remission and relapse, secondary to the
mfluence of natural factors or because of vartations in treat
ment, cases of richets show various combinations of activity
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and healing which at times are difficult to judge from single
€xaminations

The climical determination of morganic phosphorus
the serum 15 a useful test in the diagnosis of rickets and
vitamin D deficiency but has certamn drawbacks In early or
shght deficiencies the values fall in the doubtful range
Treatment promptly causes a rise to normal values which
do not reflect accurately the progress of the disease, the ade
quacy of treatment, ‘completeness ' or speed of recovery, et
cetera Furthermore, rickets can and does occur with normal
phosphorus values though 1t 1s unusual In adults the nor
mal range of phosphate values and the significance of minor
variations are not well understood, and mild grades of
vitamin-D deficiency and osteomalacia are not reflected by
changes i phosphate values Fmally, while there 15 a con
siderable and constant difference between normal values of
adults and mfants, m the intermediate period of childhood
and adolescence, 1t 15 very difficult to imterpret the values
and tell 1n a given instance whether they are normal and
consistent with age, degree and rate of growth, or abnormal
It must be remembered that children at such ages are still
growmng, and presumably still have a greater tendency to
D deficiency than do adults

The generally accepted value for serum morganic phos
phate of infants 1s 5 0 == 0 5 mg per 100 cc, with 4 0 mg
marking the rachitic zone In rickets values of 2 to 4 mg
{sometumes as low as 1 2 mg ) are encountered It must be
noted that these are 1 cases of chinical rickets, shght vita
min D deficiency 1s accompanied by no such variations

In adults the normal level 1s usnally taken to be 20 to
5 0 mg, children and adolescents range between the levels
of infancy and adulthood It 1s probable that shght varia
tons occur with variations 1n rate of growth, and seasonal
variations have been observed The latter probably would
flatten out 1f an optimal D was always present In children
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and adolescents values for serum phosphate, unless very
decidedly low, must be interpreted with caution and 1n the
light of other evidence In them and in adults the deter
mmation 1s of Iittle or no assistance mn early or mild
deficiencies

Calcium concentration 1n the blood (serum or plasma) 1s
often determined 1n cases of suspected vitamin D deficiency
and nickets In rickets 1n infants and children the values are
usually normal but may be reduced Normal values in both
mfants and children are ¢ to 11 mg per 100 c¢ Values as
low as 5 mg may be encountered When the serum calcium
15 low the rickets 1s apt to be complicated by tetany and m
addition to vitamin D there 15 apt to be an actual deficiency
1 the intake (dietary) of calcium, or a difficulty i absorp
tion {celiac disease et cetera) In adults the normal values
are the same as n children and a decrease 1n the serum cal
cium due to vitamin D deficiency 1s even less common than
m choldren The skeleton of adults provides a store house
of calcium and only m severe degrees of deficiency (severe
cases of osteomalacia) particularly with an associated cal
cum deficiency 1s the serum calcium lowered

Recently the determination of the phosphatase content
of the blood has come mto favor as a diagnostic test of
vitamin D deficiency and rickets The blood phosphatase 1s
elevated m rickets and 1s thought to be mcreased before
changes 1n the phosphorus and x ray changts appear Thus
1t 15 of value m early diagnosis Turthermore 1t remains
elevated long after treatment 1s begun, apparently return
ing to normal only after healing 1s complete or nearly com
plete It 15 thus a more delicate measure of adequate treat
ment and healing than other procedures Several methods
have been devised for determiming phosphatase concentra
tion, the results bemng expressed mn vartous units The
method commonly used in this country 1s that of Bodansly
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and the umts are called Bodansky units * In mfants the
normal values are g to 12 units In rickets increases are en
countered No generally accepted standards for adults are
available and the sigmificance of variations has not been
well established In a recent survey of a large group of the
general population values from 1 5 to 5 0 Bodansky units
have been found with a mean of approximately g o units
Correlating these values with other studies, including the
x ray, serum phosphorus, and calctum, 1t appears that a
value of g to 5 Bodansky units 1s probably normal in adults
but the exact significance of varations from this 1s not clear
Furthermore, changes in serum phosphatase values may
occur in conditions other than vitamin D deficiency It
would appear then that serum phosphatase values are of
Inttle help 1n the diagnosts of vitammn D deficiency m adults
at present

In hypervitaminosis D the concentration of both phos
phorus and calcium 1n the serum are imncreased 1f the excess
1s great enough and such an increase may be 2 forerunner
and warning of toxic effect They do not, however, neces
sarily accompany or parallel toxic symptoms such as nausea,
vomiting et cetera

The therapeutic test, as indicated several times before, 15
of considerable help 1n the diagnos:s of early or mild rickets
and vitamin D deficiency, particularly 1f used with the x ray
examuination, blood chemistry and 1n relation to the mmor
signs and symptoms of the discase In adults this will refer
particularly to the pamn which seems to accompany the with
drawal of calcium from the sheleton Of course, m some
cases (osteomalacia), the effect of treatment on other more
gross signs and symptoms 1s easily demonstrable

In summary then, the diagnosis of vitammn D deficiency
will be strongly suspected 1n mfants who present a history
of a lack of supplement, will be made muld to moderate

¢ The methad 15 described 1n the appendsx
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rickets and 1n the osteomalacia of adults by symptoms and
physical signs checked by xray and chemical tests of the
blood, may be diagnosed m early cases of rickets by the
x ray, but the earliest cases wall be diagnosed by the changes
in the blood phosphatase backed by a therapeutic test In
adults mild vitamn D deficiency will be difficult to diag
nose by any means, but may be suspected by symptoms,
x ray changes, and response to treatment Future studies
may show that changes revealed by analysis of the blood
phosphatase or phosphorus and calctum may be helpful

TREATMENT

The use of vitamin D for the preventuion and treatment
of rickets 1s famihiar to most physicians but even now not all
of the infants who require protection recewve 1t and many
cases of rickets are madequately treated Perhaps this 15 1n
part due to the great variety of forms m which vitamin D
can be adminmistered, the multiplicity of names, products
and units and the confusion which has resulted from rapid
advances 1n our knowledge of this complex substance Much
of this confusion will be avoided 1f vaitamm D 1s prescribed
1n adequate amounts on the basis of mternational units

Cod Laver O11 The starting point historscally and prac
tically for a discussion of the available forms of vitamin D
15 cod hver o1l Cod liver o1l meeting U S P XII require
ments contains at least 85 international units* per Gm or
approximately 425 per teaspoonful As a matter of fact most
cod Iiver oils contain somewhat more than the U § P XII
minimum requirements and several of the better oils con
tain three or four times as much Most of the vitamin D 1n

* The mtcmanonal unit 15 the anuraduuc actvity of 1 mg of the

d solution of irrad rgosterol which 1s equal to
0025 of arystalline vitamin D (calciferol) The U § P umt s

the same as the mternational unit except that the U S P reference standard
18 2 cod liver o1l which has been assayed against the mternational standard,




178 VITAMIN D DETICIENCY

cod liver o1l 15 activated 7 dehydro cholesterol, the type of
vitamin D formed in the shin of amimals by ultraviolet
radiation Cod lwver o1l, especially the more potent prepara
tions, possesses many advantages among which are the vita
min A 1t contamns, the food value of the oil, 1ts general
cheapness, and 1ts availability Its disadvantages are 1ts un
pleasant taste, the large bulk 1f large doses (units) are
needed, and the possthle danger of so called Iipoid pneu
monia n wmfants and feeble patients (by aspiration) Its
taste 15 2 munor difficulty because 1f properly imtiated m
fants will take 1t readily and will continue to take 1t well
to childhood Its lack of concentration, however, 1s a sert
ous drawback to its use in treatment when large doses
(units) are needed for prompt cure In spite of general
opmion to the contrary, cod liver o1l rarely causes indiges
tion Rare cases of hypersensittveness to 1t as well as to other
fish oils are encountered It may be disguised m various
medrms but actually 1s best given stmply from the spoon,
perhaps with or followed by the orange juice which 1s so apt
to be a companion part of the infants dietary protection
Fmally, the object 1 giving the o1l 1s to adminster the
vitamin 1t contamns and if o1l cannot be given some other
form must be used

Viosterol m o1l 1s the second commonest form of vitamm
D Viesterol 1n o1l 1s ergosterol activated by irradiation
with ultraviolet light or bombarded with low velocity elec
trons and dissolved 1n some bland o1l U § P standards call
for at least 10,000 1nternational units per Gm of viosterol
m o1l and viostercl 15 so prepared that 1t 1s one hundred
times stronger than U S P standard cod lwver oil The
practical measure 1n usage 1s the fact that viosterol mn o1l
furnishes 222 units per drop, with a shght excess to allow
for errors 1n droppers Viosterol m o1l offers vitamm D m 2
concentrated form which allows giving large unit dosage 1n
a form not unpleasant to take and easy to admmster Be
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cause 1t 15 so concentrated 1t should not be mixed with large
amounts of food because of the probability of considerable
physical loss on the container Viosterol n o1l does not
contamn vitamin A A closely related form 1s viosterol mn
propylene glycol, a preparation of pure vitamin D 1n a
solvent which 15 miscible with water and allows the dose to
be mixed with the infants formula It too lacks vitamin A
Both viosterol 1n o1l and viosterol 1n propylene glycol are
plant forms of vitamin D

Fortfied Fish O1ls A variety of fish liver oils but particu
larly hahibut liver o1l are fortufied with viosterol or some
concentrated form of D until their potency 15 equal to that
of viosterol 1n o1l Such preparations have the great advan
tage of containing vitamin A as well In hahbut liver o1l the
vitamin A content 1s standardized at about goooco 1U
units per Gm In considering such expressions of potency
with respect to vitamm D A or other vitamins 1t must be
remembered that the volume of preparation given at a dose
may not be the amount 1n which unitage 1s expressed and
the unit strength of the amount gwen must be known and
Kept m mind If fish Iiver oils are fortified with viosterol
the vitamm D 15 of course activated ergosterol or vegetable
vitamin D If remnforced with other potent fish oils 1t s
marnly activated 7 dehydro cholesterol

Concentrated Tish Laver Oils ‘The liver ouls of fish of the
sub order percomorphi are exceedinglv high in vitamin D
By combining the o1l from these fish of which the blue fin
tuna 15 a good example, 1n proper proportion a concen
trated natural o1l 15 obtained with the same potency as
viosterol 1n 01l namely 10 ooo unmits of vitamin D per Gm
or 222 units per drop At the same time they contain 2bout
60 000 units of vitamin A per gram These provide a highly
potent preparation contaiming both A and D Both fortified
and concentrated fish liver oils are available 1 various
forms, 1n capsules, mn bottles with droppers, et cetera Cer
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tain concentrates are also provided m tablet form Most of
the preparations of concentrated fortified fish oils and
viosterol 1n otl are more expensive than cod liver oil but
considered 1n terms of the amounts actually taken without
wastage, spilling et cetera, may sometimes be actually
cheaper per unit The form to be used 1n various circum
stances shonld depend on the physician’s judgment

Irradiated cholesterol which, of course, yields activated
v dehydro cholesterol 1s available and effective It 15 the
‘amimal’ form of vitamin D

A variety of combmned preparations, vitamm D with
carotene, viosterol with dicalctum phosphate, et cetera, are
available It should be remembered 1n using such prepara
tons that the important basts for dosage 1s the number of
units required and that at times other added vitamins may
increase the cost without adding to the effectiveness of
treatment

Vitamin D Foods It 1s possible by various means to
crease the natural vitamm D content of foods or even to
mnstill vitamin D 1n foods which do not naturally contain 1t
The chief foods whose content of vitamin D has been sup
phed or increased by these means are mulk and bread More
recently cereals, particularly 1 the form of breakfast foods,
have been similarly treated and eggs are susceptible to an
ncrease of their vitamin D content

Vitamin D mulk, so called, 1s of three Linds, irradiated,
metabolized, and fortified Irradiated mill 1s milk which
has been exposed to ultraviolet radiation under certain con
ditions which may mcrease 1ts vitamin D content to as high
as 400 nternational units per quart m some cases The
vitamin D 15 presumably tcuvated 7 dehydro cholesterol
Irradiated milk 15 produced in fresh, dried and evaporated
forms

Metabolized vitamm D milk 1s milk produced by cows
who have been fed irradiated yeast, the vitamun D thus bemng
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1n the form of activated ergosterol The potency 1s adjusted
to 400 nternational units per quart The cow herself can
be wrradiated to increase the vitamin D content of her muilk
However such treatment can raise the concentration little
over that of the natural maximum Actually 1t only assures
this maximum and prevents seasonal decreases

Fortified vitamin D mulk 1s miik to which has been added
vitamin D concentrates It too 1s standardized at 400 1nterna
tional units per quart

Vitamin D bread, made by adding viosterol, 1s saxd to con
tamn about 400 units per 24 ounce loaf Obviously the units
per shice will depend on the size of the slices Some breakfast
foods contain various amounts of vitammn D and their con
tent 1s usually stated on the container

The dafficulty with these vitamin D preparations  mulk
and other foods 1s twofold thev contamn so little D that
they cannot be relied on to prevent rickets, yet by their use
lead to 1 sense of false security Although capable of pre
venting rickets 1t 15 difficult to adjust the mntake of the given
article of food to meet the need of both the vitamin and the
other factors contained m the food For example milk 1s a
major article of the infant s diet and one which could pro
vide an automatic panless method of providing vitamin D
However mlk 15 taken for 1ts calories and other constitn
ents Amounts of milk which are adequate for calories may
not provide sufficient vitamuin D, while the amounts of milk
needed to supply vitamin D may be too great to fit mto a
well balanced dietary For these reasons the use of such
products, while perhaps helpful 1n the way of general pre
vention and to assist m providing an added factor of safety,
can scrcely be relted upon for the major task of prevention
m the most susceptible part of the mnfants hfe Parenteral
preparations of vitamin D are not available for climieal use

Note has repeatedly been made of the kind of vitamin D
in various preparations, that 1s, whether the principal part
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15 activated ergosterol or activated % dehydro cholesterol
Reference has also been made earlier to the difference n
effectiveness of these two forms in animals There 15 no
doubt that such differences 1 effecttveness exast 1n respect to
certain spectes and even 1 man certain differences probably
exist Furthermore, 1t appears that vitatmn D 1s more effec
trve 1n a dispersed form as 1 mulk than mn other prepara
tions In practice, however, 1t 1s safe to consider the two
forms of vitamin D pracucally equal unit per umt if recom
mended doses with a margin for safety are followed

Ultrwviolet radiations increase the vitamin D available
to the body, and can prevent and cure vitamin D deficiency
and rickets A variety of sources ¢in be utilized, sunhght
uself, carbon arc hghts, and mercury vapor quartz lamps
All sources are used 1n prevention and treatment Sunlight
1n particular 1s traditionally an important protective source,
especially 1n the case of adults It 15 a safe and potent agent
which should be used liberalty Technical difficultzes mahe
the use of artifical sources difficult, if not impossible for
general use but they may be employed in individual cases
and for small groups Many of the lamps emit more ultra
violet radiation than sunhght No attempt will be made to
give detailed direction for the use of such apparatus Speafic
technic will vary with the type of apparatus employed In
general lamps used by physicians should be sufficiently
powerful to produce an erythema 1n a relatively short ex
posure the dosage to be decided upon by the physicran in
each mdividual case

Prevention and Protection The greatest need for proth
lactic use of vitamun D 1s 1n the protection of special groups
General prevention 1s 1 relatively simple and ummportant
matter Although the exact requirements are unknown, the
need of adults and older children appears to be met rather
easity by what might be called a normal or usual exposure
to sunhght and the amount of pre formed vitan D con
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sumed 1n the food Lack of such normal exposure and
dietary mntake automatically puts an mdividual so affected
mto a group needing special protection Special protection
as 1n the case of other vitamins ordinarily calls for special
supplements of the vitamin

Those requiring special protection are first of all, infants,
especially premature and twins, young children, pregnant
and nursing women and those who for any reason are con
fined within doors or do not get a normal exposure to sun
light Lack of exposure 1s more significant 1n the latter group
if the diet also 1s faulty and the group includes those indi
viduals who are 1ll with other diseases nvalids, and the
aged

By far the largest group requiring special protection are
infants and young children In the temperate zone at least
this means all infants and young children Theoretically 1t 15
possible by strict attention to the feeding of the mother by
securing adequate milk at the breast and by making use of
all opportunities for exposure to sunlight to rear a child free
of rickets without supplements of vitamin D This 15 espe
cially true mn southern latitudes However because of the
small margins of safety and the greater need for care and
attention which mkes success less ikely 1n practice, supple
ments of vitamin D should be used

‘With some infants preventive treatment should be begun
early m the third or fourth week with 200 international
units, increasing in a few days to 400 units and 1n another
week to 800 units where the dose may be held until about
the third month when 1t should be increased to 1200 units
for the rest of the first year Tor the second year 1t may be
reduced to 800 units and 1t 15 well to continue this amount
for several years All infants should be protected through at
least two years and the best practice would probably mnvolve
the use of some degree of protection throughout the grow
ing perred Premature mnfants twins and other susceptible
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mfants, those with gastromntestinal disease or without nor
mal outdoor exposure require greater protection, even to
the amount of 5,000 to 10,000 units or more It 1s better to
prevent rickets than cure 1t and ltberal doses 1n susceptible
cases will help 1nsure prevention

Any of the preparations discussed above may be used but
wrradiated milk and such products as vitamn D bread can
not be relied upon to give adequate protection alone, and
for reasons discussed above even metabolized and fortified
mulk are not entirely suitable Also 1t would seem best
general to use preparations contatning vitammn A which 15
also apt to be deficient and 15 a natural companion of vita
min D 1n fish o1ls, milk, eggs, et cetera In terms of good cod
liver o1}, 400 units equals about one tewspoonful and from
one half to three teaspoonsful daily will meet the usual
requirements from early infancy through childhood For
special cases requiring larger umt dosage the more concen
trated preparations are advisable In many young nfants
the certunty of admmnistration and freedom from loss and
wastage will justify the use of the more concentrated and
expenstve preparations The use of such supplements should
not exclude exposure to sunlight and vitamn D enriched
foods can be employed as an additional supply, or to furnish
protection 1n older children Ultraviolet radiation 15 very
effective and may be used 1n selected cases, etther in the form
of solar radiations or from lamps

Pregnant women, particularly during the latter half of
pregnancy, and nursing mothers should receive protective
supplements, not only for themselves but to protect the
nfants as far as possible For this purpose moderate doses
of 800 to 1200 umits per day will be adequate except 1n spe
cial cases This can be supplied by two or three teaspoonsful
ofa good cod liver o1l or equivalent amounts of other prepa
rations Similar protective treatment will suffice 1n the cases
of 1nvalids and others who require protective treatment
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Curative For the cure of rickets much more active treat-
ment 15 required Rickets should be cured rapidly Doses of
protective size may cure rickets but the cure may be slow
and may permut periods of relapse and irregular progress

Daily doses of 1200 units, or three teaspoonsful of good
cod liver o1, will suffice i ordimarv cases but larger
amounts, such as 5 000 to 10,000 or more units per day, will
be required 1n some cases With the larger doses more con
centrated preparations are advisable One should not hes:-
tate to increase the dose drastically if the disease fails to
respond Ordinarily about three weeks 1s required to judge
the effecuveness of a given dose or treatment With ordinary
dosage the concentration of mnorganic phosphorus in the
serum begins to rise m about ten days and in three weeks
the characterstic signs of healing appear 1n the roentgeno
grams Failure of such response 1s evidence of inadequate
dosage and treatment On the other hand mere increase 1
phosphorus and the appearance of deposits of ltme 1n the
xray film do not mean that treatment 1s complete Phos
phatase concentration 1s said to remain high untl cure 15
obtained Physical evidence 15 unreliable because the cor
rection of deformities 1s very gradual and 1 mild cases the
deformity may be so shight that changes are not detectable
The general improvement particularly in muscle function
15 a helpful mdication When the rickets has been controlled
the dose can gradually be reduced This will oxdwmanly be
possible m about a month It will be necesswry, however,
to continue the admimstration of vitarmin D and often
amounts larger than the usual protective doses Some re
sistant cases require large doses over a long period of time

With very large doses of vitanin D these evidences of
mmprovement described above may appewr earhier Ultra

violet ridiation 1s effective 1nd may be used under proper
cIrcumstances
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Special Cases Premature Premature infants often re
quire a larger dose and greater total amounts than full term
mfants, but usually the Iarger dosage can be reduced as soon
as the period of more rapid development 15 completed

Refractory Richets Occasional cases of rickets fail to re
spond to treatment with even large doses Most of these cases
of truly refractory rickets are late rickets and occur 1 chil
dren of three or over In a certain number of them the re
fractoriness seems to depend on some peculiarity of the md
vidual They wre discovered when they fail to respond to the
usual treatment Many of these will respond to large doses,
the dose bemng increased until an effect 15 produced Most
cases of refractory rickets will respond when doses mn the
range of 50 000 to 100,000 units are used but rare cases are
encountered 1n which as high as 1,000,000 to 1,500,000 unts
daily are required before an effect 15 obtained Refractory
cases usunlly required Jarger * maintenance * doses

Apparent refractoriness should suggest the presence of
another disease and the differential diagnosis between rickets
and certain varations of so called endogenous rickets Renal
rickets may simulate refractory rickets A syndrome of
glycosuria with normal blood sugar level, acidosis due to an
unidentified orgamc acid, dwarfism and an osteoporotic
rickets, described by de Toni, Francont, and others are pos
sibilities as 1s a rachitic like disturbance associated with a
disturbed cystine metabolism and retardation of growth
Fimally, refractory cases which have responded to the ad
minustration of alkali have been reported

Emergency Cases Occasionally m severe rickets the ribs
are so weak that the thorax collapses on 1nspiration respira
tion 15 greatly embarrassed, and Iife 1s threatened by as
phyxia The situation 1s sull more grave 1f there 15 an accom
panying pneumonia Under such circumstances farger doses,
50 000 umts or more datly, should be given and the amount
reduced gradually when evidence of healing appears
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Ruckets and Tetany The treatment of rickets with tetany
1s the same 1s the treatment of rickets alone except that cal
cium should be given with the vitamin D Treatment with
vitamin D often causes a temporary drop 1n serum calcium
(which may induce tetany at the beginning of treatment mn
richets), and the admimstration of calcium with vitamin D
will prevent an exaggeration of the tetany if 1t 15 present
Calanm can be given in the form of caloium chloride, cal
cium lactate, or calcium gluconate but the chloride 1s some
what more effective 1n these circumstances A single dose
of three to four grams at first followed by one gram three or
four times daily and gradunlly decreasing after three or four
days will usually suffice Ordnarily calctum can be discon
tinued after a week or two

Vitamm D deficiency 1n adults 15 usually muld and re
sponds readily to ordinary doses of the vitamin Even severe
cases of osteomalacia if due solely to vitamin D deficiency
will respond promptly Doses of 1200 to 1600 units per day
or three to four teaspoonsful of good cod liver o1l will be
adequate 1 most cases If somewhat more rapid action 1s
desired larger doses may be used but rarely will they prove
effecuve when ordinary doses are mneffective More often
failure will be due to an associated but unrecogmzed defi
ctency of calcium or to the presence of some disease other
than vitamin D defictency as hyperparathyroidism  for
example

The treatment of tickets and vitamin D deficiency 1s spe
afic wnd ordimarily no treatment 1s required other than
the admunistration of sufficient vitamm D An exception mn
the case of rickets 1s the correction of deformities which may
develop in the severe and particularly m the chronte or late
cases This 15 1 problem for orthopedic surgery and wall not
be discussed here It should be emphasized that the proper
prevenuon and treatment of early cases of rickets will obvy
ate the necessity for such corrective surgical procedures
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Lxtensive use of such protection m 1ceent years has greatly
lessened the madence of severe rich ets nd conscquently
the numbcr requiring correction of deformatics

Toxic Effeets of Vitumin D 1 he possihality of toxic cffects
13 alinost non existent when the vitamn 13 used m the et
ment and prevention of vitamin D deficiency and rickts
Only when the vitamim 1s given m massive doses, a3 m the
treatment of conditions other than rickets or vitanmn D defi
ciency, 15 the possibility of toxicity a problun Only ocea
stonally 1 the wreatment of refractory rickets or tn sccuring
a rapad cure wath large doses wall the question of toxscity
wise 1 the ordinary treatment with vitamin 1) When very
Targe doses are given, carcful watch should be kept for signs
and symptoms of toxicity The symptoms of toxicity ipper
only somc weeks after treatment s started and consist of
anorexit, nrusey, hetdache, dinrrher and frequent urina
tion In chuldren pallor and lassstude have been noted With
overdosage there may be an merease 1 caleum wd phos
phorus Ievels m the blood, cven to paithologic ihly hugh levels,
but 1t appc s that changes i the blood caleium and phos
phorus do not necessarily paralicl the symptoms "1 he former
occur without the latter, and hyperealeemin sometimes de
velops 1n the absence of symploms Nevertheless a hyper
calcumia (12 mg per 100 cc or over) should be considered
1 danger signal With hypererdeaniy the urine 13 apt to be
full of cilciun crystals ind calenm casts may be found If
actu] severe porsonming with vitunin 1) occurs ind prsists
metast tic caletfication will undoubtedly occur

The Use of Vitumin D 1 the Treatment of Conditions
Other than Vitumn D Dficcncy or Rickets Vitumn D
bas been tried and recommended for the treatment of severnl
discascs baving, as 11 1s 19 Fnown, nothing to do with 1
deficiency of vatamm D These include among others, h1y
fcver, chronie arthritis, and psorsasts In such treatment € 18
customary to use tremendously large doses, from scveral
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hundred thousand to a million umts or more daily It 15
clear that such treatment has no reference to the use of
vitamin D 1n the relief of a deficiency, but uubzes such
pharmacologic properties as vitamin D may possess Such
studies have, however, contributed much to our knowledge
of the toxicity of the drug and man s tolerance for 1t, and
emphasize the margin of safety between the therapeutic
and tovic doses when the vitamin 1s used for the purpose of
rehieving a deficiency

In addition to the use of medicinal vitimin D 1n conds
tions other than vitamin D deficiency and rickets, ultraviolet
irradiations are employed 1n the treatment of a variety of
diseases The situation 1s even more complex 1 this case
because the ultraviolet radiations exert effects other than
increasing the vitamin D content of the body They produce
for example erythema and possess bactericidal properties
which have no relation to a vitamin D deficiency Neverthe
less their use seems to have been based 1n part on their
vitamin D effect as in the treatment of fractures and tuber
culosis Discussion of the use of vitamin D 1n conditions
other than those related to a vitamin D deficiency belongs
n discussion of the diseases so treated

Calcium Deficiency

(Ost lacwa. philia, Infantile Tetany)

yi I3

HISTORY

A deficiency 1n the supply of calctum to the body causes
Very important alterations i the normal anatomy and
physiology of the individual Certaimn of these are qute dra
matic as 1n the case of tetany others more msidious and Ia
tent 1n their clinical expression, are none the less important

Many features of the clinical results of a calcium defi
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ciency have been discussed 1 the previous section on vita
min D deficiency Yet at the expense of some repetition 1t
seems wise to elaborate on the nature of this important
muneral and the effect on the body of 1ts madequacy

In one respect calcrum deficiency occupies a unique post
tion among the chinical deficiency diseases now recognized
In this condition bsolute dietary deficiencies of calcium
are less frequent 1nd less important chinically than are the
so called conditioned deficiencies In fact 1t 1s possible, and
frequently proposed, that a dietary deficzency of calcium
alone does not occur chincally, and that 1t appears in adults
only when 1t 1s conditioned by other nutritional deficiencies
or metabolic disturbances

Nutritional calcium deficiencies are recognized chimcally
as osteomalacia 1 the adult and spasmophihia i the child
(infantile tetany) Infantile tetany has been discussed in the
previous chapter There 1t was pointed out that although
caloum defictency 15 undoubtedly responsible for several
clinical and pathologic features of rickets, tetany 15 the out
standing expression of a calcium madequacy 1n richets
Classical examples of the disease entity osteomalacia are very
rare in this country This condition has always aroused con
siderable nterest 1n medical circles, and, as a result of this
nterest, numerous studies have been made which clearly
mdicate the etiological relationship of calcium deficiency
to osteomalacia

Cehac disease 1n children and sprue n adults are the out
standing examples of metabolic disorders which may create
secondarily a deficiency of cilcrum 1n the body In these two
diseases fat 15 not properly handled by the mntestine These
fats bind the calcium 1 the mntestine by forming insoluble
calcium soaps, and thereby create an adequacy of the cal
c1um available for absorption and body functions In these
disorders of fat metabolism evidences of calcium deficiency
are quite common
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ctency have been discussed 1n the previous section on vita
min D deficiency Yet at the expense of some repetition 1t
seems wise to elaborate on the nature of this important
mineral and the effect on the body of 1ts inadequacy

In one respect calctum deficiency occuptes a unique post
tion among the clinical deficiency diseases now recognized
In this condition absolute dretary deficiencies of calaum
are less frequent and less important clinically than are the
so called conditioned deficiencies In fact 1t 1s possible, and
frequently proposed, that a dietary deficiency of calcrum
alone does not occur clinically and that 1t appears mn adults
only when 1t 15 conditioned by other nutritional deficiencies
or metabolic disturbances

Nutritional calcium deficiencies are recognized chincally
as osteomalacia 1n the adult and spasmophilia 1 the child
(infantile tetany) Infantile tetany has been discussed i the
previous chapter There 1t was pointed out that although
calcium deficiency 15 undoubtedly responsible for several
chnical and pathologic features of rickets, tetany 1s the out
standing expression of a calcrum inadequacy i rickets
Classical examples of the disease entity osteomalacia are very
rare 1n this country This condition has always aroused con
siderable mterest mm medical circles, and, as a result of this
interest, numerous studies have been made which clearly
indicate the etiological relationship of calcium deficiency
to osteomalacia

Celiac disease n children and sprue in adults are the out
standing examples of metabolic disorders which may create
secondarily a deficiency of calcium 1n the body In these two
diseases fat 1s not properly handled by the intestine These
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calcium soaps, and thereby create an 1nadequacy of the cal
cium available for absorption and body functions In these
disorders of fat metabolism, evidences of calcium deficiency
are quite common
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NATURE AND FUNCTION

Calaum 1s one of the mineral elements and 1s found
the body 1 much greater absolute amounts than any of the
other mineral elements

The great preponderance of the calcium 1n the body, ap
proximately g7 per cent 1s found n the bony skeleton The
small fraction not deposited mn the bones 1s divided among
the teeth blood serum, and the other body fluids such as
spimal fluid, jomt fluid, and lymph and in comparatively
small amounts 1n the soft tissues of the body In the blood
serum (virtually no calctum oceurs 1n the blood cells), cal
clum may be considered to exist m two states, approxi
mately 45 per cent bemng mn combinauon with the blood
serum protewns (non diffusible) and the other part, approxt
mately 55 per cent, being 1onized calaium (diffusible) In
other body fluids calctum occurs 1n the same two forms but
1n different relative amounts In soft tissues at least a part
of the calcium present 1s combined with tissue colloids

‘When one considers the nature and function of calcium
m the normal mdividual 1t 15 1mperative to recogmuze the
mobility of calcium 1n the body For years it was felt that
calcium deposited 1n the skeleton and teeth was virtually

fixed Later work, particularly the recent studies with
radioactive calcium, has shown the error of this concept
Apparently caleium can be, and constantly 1s being mobil
1zed from the bones and other tissues into the blood serum
Hence, 1n the event of @ chronically defictent calcaum
take, the amount of calcium present 1n the bones and other
tissues may be materially and progressively reduced This
mobility of body calcium also accounts for the fact that
even after long periods of insufficient calaum intake, the
serum calcium remains unaltered A lowered serum cal
cium as 1s frequently seen n true osteomalacia, occurs only
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NATURE AND FUNCTION

Calcium 1s one of the mineral elements and 1s found 1n
the body 1 much greater absolute amounts than any of the
other mineral elements

The great preponderance of the calcium i the body ap
proximately 97 per cent, 1s found m the bony skeleton The
small fraction not deposited 1n the bones 1s divided among
the teeth, blood serum, and the other body fimds such as
spmal flud, jont fluxd and lymph and n comparatively
small amounts 1n the soft tissues of the body In the bloed
serum (virtually no calcium occurs m the blood cells), cal
aum may be considered to exist 1 two states, approxi
mately 45 per cent bemg in combination with the blood
serum proteins (non diffusible) and the other part, approx1
mately gg per cent, being 1omzed calaum (diffusible) In
other body fluids calcium occurs 1n the same two forms but
m different relative amounts In soft tissues, at least a part
of the calcrum present 1s combined with tissue colloids

‘When one considers the nature and function of calcium
i the normal individual, 1t 15 1mperative to recognize the
mobility of calcium m the body For years 1t was felt that
calerum deposited mn the skeleton and teeth was virtually

fixed Later work particularly the recent studies with
radioactive calcrum, has shown the error of this concept
Apparently calcium can be, and constantly 1s being mobil
1zed from the bones and other tissues mnto the blood serum
Hence 1n the event of @ chronically deficient calcium 1n
take the amount of calcium present 1n the bones and other
tissues may be materially and progresstvely reduced This
mobility of body calctum also accounts for the fact that
even after long periods of msufficient calcrum intake, the
serum calctum remams unaltered A lowered serum cal
cium, as 15 frequently seen in true osteomalacia occurs only
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ciency have been discussed in the previous section on vita
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seems wise to elaborate on the nature of this 1mportant
mineral and the effect on the body of 1ts madequacy

In one respect calcium deficiency occupies 2 unique post
tion among the clinical deficiency diseases now recogmzed
In this condition absolute dietary deficiencies of calcrum
are less frequent and less important chinically than are the
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frequently proposed, that a dietary deficiency of calcium
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calctum deficiency 1s undoubtedly responsible for several |
climcal and pathologic features of rickets, tetany 1s the out
standing expression of a calcium inadequacy mn rickets
Classical examples of the disease entity osteomalacia are very
rare 1n this country This condition has always aroused con
siderable interest 1n medical circles, and, as a result of this
nterest, numerous studies have been made which clearly
indicate the euological relationship of calcium deficiency
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Celiac disease 1n chuldren and sprue 1n adults are the out
standing examples of metabohic disorders which may create
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diseases fat 1s not properly handled by the mtestine These
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are quite common
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NATURE AND FUNCTION

Calcium 15 one of the mineral elements, and 1s found 1n
the body 1n much greater absolute amounts than any of the
other mineral elements

The great preponderance of the calcium 1n the body, ap
proximately g7 per cent 1s found 1n the bony skeleton The
small fraction not deposited in the bones 1s divided among
the teeth, blood serum, and the other body fluds such as
spmal fluid jomnt fluid, and lymph, and in comparatively
small amounts, 1n the soft tissues of the body In the blood
serum (virtually no calcium occurs 1n the blood cells), cal
caum may be considered to exist i two states, approxi
mately 45 per cent being 1n combination with the blood
serum proteins (non diffusible) and the other part, approx
mately 5y per cent, bemng lonized calcium (diffusible) In
other body flmds calcium occurs 1n the same two forms but
1 different relative amounts In soft tissues, at least a part
of the calcium present 15 combined with tissue colloids

‘When one considers the nature and function of calcium
i the normal mdividual, 1t 1s 1mperative to recognize the
mobility of calcium 1n the body For years 1t was felt that
calcium deposited m the skeleton and teeth was virtually

fixed Later work particularly the recent studies with
radicactive calctum has shown the error of this concept
Apparently calcium can be and constantly 1s being mobil
1zed from the bones and other tissues into the blood serum
Hence, i the event of a chronically deficient calcium m
take, the amount of calctum present 1n the bones and other
tissues may be matenally and progressively reduced This
mobility of body calctum also accounts for the fact that
even after long periods of insufficient calcium intake, the
serum calcum remains unaltered A lowered serum cal
cum, as 1s frequently seen 1n true osteomalacia, occurs only
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when the stores of calcium 1n the body tissues have been
severely depleted

The functions of calaum n metabolic processes are
multiple and extremely important ones Since most of the
calcium present 1n the body 15 ncorporated n the skeleton,
this function 1s the most obvious one Calcium constitutes
approximately 15 per cent of the weight of fresh bones It
occurs 1n bone principally n two forms, approximately 15
per cent as calcium carbonate and 85 per cent as calctum
phosphate  The two compounds, together with small
amounts of magnesium, potassium, sodium, chloiide, fluor
ine, and 1ron form a complex compound, and s such give
the bone 1ts necessary structural and tensile strength The
small fraction of calcium 1 the body not found 1n the shele
tal system 1s none the less important functionally Ths frac
tion 1s 1mportant m mamtamng normal blood coagula
bility, cardrac rhythmicity, neuromuscular excitability, and
membrane permeability These functions are performed
prmcipally by the 1onized fraction of the serum and tissue
calctum ‘When one considers the vital nature of these func
tions, the necessity of mamtaming an adequate blood con
tent of calcium 1s apparent

Calcrum 15 absorbed from the small intestine, and 1s made
available to body tissue by the blood serum Calcum s
constantly bemg excreted by wy of both the urme and feces
Normally the urine contains approximately go per cent of
the calaum excreted and the feces account for 70 per cent
The calcum appearmg m the feces represents both the
unabsorbed intake as well as a portion which was absorbed
and then re excreted

Many studies have been mde m recent years to evaluate
the bodily requirements for calcium The results of varrous
mvestigators differ shightly, but the following recommended
allowances of the Food and Nutrition Board represent good
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mntakes (allowng for approximately 5o per cent absorp
tion), from 6 months to 12 years, approximately 1 0 Gm ,
from 12 years to 20 years, 10 to 14 Gm, adults, approx
mately 08 Gm  Pregnancy and lactation cause a consider
able increase m the calaum demands and 1t has been
proposed that pregnant women recewe 1 5 to 2 0 Gm daly
and that lactating women receive 2 0 Gm

PATHOLOGY AND PATHOGENESIS

In considering the pathogenesis of calcrum deficiency 1t 1s
extremely 1mportant to remember the interrelation of cal
cium and vitamin D

It has been definitely established that vitamin D plays a
very important role m regulating the absorption of calcium
from the intestine An adequate amount of vitamin D will
allow a high percentage of the available calcium to be
absorbed If the supply of vitamin D 15 madequate, only a
small fraction of the available calcrum will be absorbed
Hence 1t 15 probable that very small absolute amounts of
available calctum may prove adequate if there 1s a Irberal
supply of vitamm D And possibly a liberal supply of avail
able calcium may overcome, to a imited degree only, a shight
nadequacy of vitamimn D When there 1s an madequacy of
both available calcium and vitamin D, the child will usually
develop rickets and the adult will develop osteomalacia
Tetany may complicate exther condition

Other important secondary factors that influence calaum
metabolism have been discussed at length m the previous
section These include (1) the absolute amounts and relative
proportions of calctum and phosphorus in the diet (2) The
availability of the dietary calcium It has been shown that
the calcium present 1n different foods 1s not equaily well
absorbed, for example the calcium n milk 1s well absorbed
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whereas that occurring 1 vegetables 1s poorly absorbed (3)
The reaction of the diet and the presence or absence of
hydrochloric acid 1n the stomach secretions An acid reaction
m the mtestine favors absorption A diet that increases the
alkahinty of the blood when 1t 1s burned 1n the body favors
the deposition of calcium (4) Factors other than vitamm D
deficiency cause a loss or imcreased excretion of calcium
Thus 1s seen 1 chromic ulcerative colitis, mn sprue and 1n
celiac disease Actually the dietary source of vitamin D may
also be interfered with 1n these diseases (5) Finally factors
influencing the rate of growth and the general metabolic
level are of mmportance i that they materally affect the
body needs for calcium and vitammn D In thss respect the
wmportance of pregnancy and lactation m increasing the
ndividual s need for calcium cannot be overemphasized

The pathologic changes resulting from calcium deficiency
express themselves principally in the bones, the bloed
serum, and i the calctum balance of the mdividual (the
balance between the calcium ingested by an mndividual and
that excreted) In calcium defictency states this balance s
always a negative one In other words more calcium 15 ex
creted daily than the subject obtains from dietary sources
Obviously this leads to a decrease 1n the bone content, and
if severe enough, to a fall m the blood serum content of
calcum  Studies on rachitic and osteomalacic bones have
shown a definite decrease in the actual bony substance as
well as a decrease 1n the calcium content of this bone Micro
scopically one can see an 1ncrease in the amount of osteoid
ussue present and a decrease in the actual amount of bony
substance The result 1s that there 15 actually less bone pres
ent, and the bone 1itself 1s more phable The pelvis, spine,
and extremities are princpally affected Obwviously such
changes lead to bending, and very severe deformities may
result When the deficiency reaches the stage of lowered
blood calcium, tetany may occur
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The pathogenesis of tetany 1n calctum deficiency states has
been shown to be due primanly to the lowening of the cal
cum content of the blood serum, more specifically to the
reduction 1 the 1onized (diffusible) fraction of the serum
calaum It has been clearly shown that calctum 10ns depress
neuromuscular excitability Consequently when there 15 2
reduction 1n the 10n1zed serum calcium, neuromuscular ex
citability increases and tetanic contractions occur This may
become so marked as to cause a generalized convulsion

The relation of calcium deficiency to dental decay has
long been a subject of controversy Suffice 1t to say that
1t seems that the admnstration of calcium to pregnant
and lactating women 1s helpful in preventing dental decay
Other factors obscure any clear relation of calcum de
ficiency to dental caries m other mdviduals

INCIDENCE AND EPIDEMIOLOGY

The frequency and distribution of calaum deficiencies
15 governed primarily by an madequate source of vitamin
D and by dietary habits supplying msufficient calcium
‘When this combmation occurs 1n children, 1t results i
rickets and 1s often complicated by tetany Its occurrence n
adults 1s less common due to the fact that most adults obtain
adequate supphes of vitamin D and thereby can subsist on
minimal amounts of dietary calctum In spite of this occa
sionally the combination does occur 1 adults, particularly
in elderly people and 1n those forced to remain indoors con
stantly for various reasons In such cases mild osteomalacia
may result No doubt the general and probably 11l advised
use of vitamin D therapy for rheumatism was prompted
by the occasional beneficial effect when admimstered to
those who do have this mild degree of osteomalacia

Marked osteomalacia with or without tetany, 1s now =
rare conditton 1n Europe and America Endemucally 1t sult
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whereas that occurring m vegetables 1s poorly absorbed (3)
The reaction of the diet and the presence or absence of
hydrochloric acid 1n the stomach secretions An acid reaction
i the ntestine favors absorption A diet that mcreases the
alkalimty of the blood when 1t 15 burned 1n the body favors
the deposition of calctum (4) Factors other than vitammn D
deficiency cause a loss or increased excretion of calcium
This 15 seen 1 chronmc ulcerative cobitss, 1 sproe and n
celiac disease Actually the dietary source of vitamimn D may
also be interfered with n these diseases (5) Finally factors
mfluencing the rate of growth and the general metabolic
level are of mmportance 1n that they matenally affect the
body needs for calctum and vitamin D In this respect the
mmportance of pregnancy and lactation in increasing the
mdividual s need for calcium cannot be overemphasized

The pathologic changes resulting from calcium deficiency
express themselves prinapally m the bones, the blood
serum, and 1n the calaum balance of the mdividual (the
balance between the calemim ingested bv an individual and
that excreted) In calaum deficiency states this balance 1s
always a negative one In other words more calcum 1s ex
creted daily than the subject obtamns from dietary sources
Obviously this leads to a decrease 1n the bone content, and
if severe enough, to a fall m the blood serum content of
calcium  Studies on rachitic and osteomalacic bones have
shown a definite decrease in the actual bony substance as
well as a decrease 1n the calcum content of this bone Micro
scopically one can see an increase 1n the amount of osteoid
tissue present and a decrease 1n the actual amount of bony
substance The result 1s that there 1s actually less bone pres
ent, and the bone tself 1s more pliable The pelvis, spine,
and extremities are principally affected Obwiously such
changes lead to bending, and very severe deformities may
result When the deficiency reaches the stage of lowered
blood calcium, tetany may occur
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The pathogenesis of tetany 1n calctum deficiency states has
been shown to be due primarily to the lowering of the cal
cium content of the blood serum more specifically to the
reduction 1 the 1omzed (diffusible) fraction of the serum
calaum It has been clearly shown that calcium 1ons depress
neuromuscular excitability Consequently when there 15 2
reduction 1n the 1onized serum calcium, neuromuscular ex
citability sncreases and tetanic contractions occur This may
become so marked as to cause a generalized convulsion

The relation of caletum deficiency to dental decay has
long been a subject of controversy Suffice 1t to say that
1t seems that the admistration of calcium to pregnant
and lactating women 15 helpful 1n preventing dental decay
Other factors obscure any clear relation of calcaum de
ficzency to dental caries in other mdividuals

INCIDENCE AND EPIDEMIOLOGY

The frequency and distribution of calaum deficiencies
15 governed primarily by an 1nadequate source of vitamin
D and by dietary habits supplying msufficient calarum
When this combmation occurs 1n children, 1t results in
rickets and 13 often complicated by tetany Its occurrence
adults 15 less common due to the fact that most adults obtamn
adequate supplies of vitamin D and thereby can subsist on
mmimal amounts of dictary calcium In spite of this occa
sionally the combination does occur 1n adults, particularly
1n elderly people and 1n those forced to remamn ndoors con
stantly for various reasons In such cases mild osteomalacia
may result No doubt the general and probably 1ll advised
us¢ of vitamin D therapy for rheumatism was prompted
by the occasional benefical effect when admimstered to
those who do have this mild degree of osteomalacta

Marked osteomalacia, with or without tetany, 1s now =
rare condition n Europe and America Endemically 1t stiil
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occurs 1n certamn parts of China and the Orient Yet even
there 1t rarely occurs unless the additional demands of preg
nancy and lactation are made on the calctum intake Here
again we see the extreme importance of conditioning factors
mn precpitating a deficiency disease In certan religious
groups the girls marry at an early age, and thereafter erther
remain ndoors constantly or completely cover their body
from light when they do emerge from their homes The
additional burden of pregnancy frequently causes osteo
malacia m this group

The bony changes and the tetany that occur with sprue
and celiac disease have the s1me mcidence and epidemiology
as the primary disease Thus, of course, 1s rather sporadic
the temperate zones but 15 much more common 1n tropical
countries

SYMPTOMS AND SIGNS

The symptoms and signs of a mild osteomalacia, such as
15 occastonally seen n elderly people, are 11l defined and not
well understood Pain seems to be the principal symptom
an aching pamn which often 1s confined to the extrematies
and 15 most prominent at night Wath the pain there may be
some general malaise and weakness but the symptoms are
100 vague to constitute a clearly recognizable picture In the
mmlder forms of this condition, there are no frank helpful
signs In the occasional case tenderness may be elicited over
the spine

In cases of severe osteomalacia, pain 1s a very prominent
symptom The pamn 1s usually deep seated and aching’ n
character, 1s most commonly located 1n the back and sacro
iliac regions, and frequently radates along the course of
spinal nerves The pamn 15 usually unaffected by motion
except when pathologic fractures complicate the condition
Deformuties are the rule in severe osteomalacia They occur



DIAGNOSIS 197

most frequently in the bones of the trunk  the spine, pelvis,
and thoracic cage The most distressing deformties mnvolve
the pelvis, for here they result 1n a dimiuton n the size
of the bony outlet and constitute a serious complication to
pregnancy and labor Muscular weakness, possibly occa
sioned by the pan, 15 usually very marked 1n severe osteo
malacia

The symptoms and signs of tetany are well known Latent
tetany may be demonstrated frequently by the presence of
Chvostek s sign or Trousseaus sign The first consists of
striking the facial nerve with a finger or a reflex hammer
and obtamning a quick contraction followed by irregular
muscular twitches of the facial muscles Trousseaus sign
15 the obstetric hand contraction often obtained m latent
tetany when tourniquet pressure 1s applied 1 the region of
the etbow An increased sensitwvity to the stnulus of gal
vanic current, Erbs phenomenon also may be elicited 1n
latent tetany Manifest tetany presents the well known pic
ture of carpopedal spasm, tetamic facies and frequently
franl convulsions Often laryngospasm and nspiratory
apnea occur

DIAGNOSIS

‘The diagnosts of mild osteomalacia depends upon the
history of pain plus a history of an inadequate diet and
madequate exposure to sunlight x ray changes in the bones,
and finally the results of a therapeutc trial Obviously the
history 15 only suggestive but even mn the mulder forms of
osteomalacia one can usually demonstrate rarefaction of the
bones on x ray exammation In such an individual, the ad
munistration of vitamin D and calcium causes prompt rehef
of the symptoms 3f the diagnosis of osteomalacia 1s correct

In the more severe cases there 15 less difficulty 1n recog
nuzing the condition The pain 15 usually quite severe and
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deformities are often obvious The x ray evidence of rarefac
tion with bending deformities 1s striking Examnation of
the blood serum wusually reveals a shghtly elevated phos
phatase activity and a slightly or markedly lowered calcium
content If the serum calcium 1s sufficiently reduced, tetany
will result As has already been stated severe osteomalacta
rarely occurs even in those existing on poor diets and made
quate sunshine, unless pregnancy and lactation are added to
the burden of a poor nutritional state

Several other causes of osteoporosts must be considered 1n
the differential diagnosis of the mulder forms of osteo
malacia The severe form with 1ts bending deformuties, 1ts
lowered serum calcium and 1ts severe pain merely simulates
these other conditions Hyperparathyroidism can easily be
distinguished by the polycystic bone changes on x ray, by the
elevated blood calcium, and by the markedly elevated phos
phatase activity Senile osteoporosis does not have such char
acteristic features but 1n this condition there 1s usually no
pamn encountered unless there are vertebral compression
fractures present Actually 1t 1s likely that often so called
senile osteoporosis 1s 1n reality mild osteomalacia The thera
peutic trial will readily determine this

Tetany resulung from nutritional inadequacies, may
complicate either rickets or osteomalacia as has been pointed
out before Its occurrence 1n these conditions should clearly
mdicate the proper diagnosis The diagnosis can easily be
confirmed by finding a lowered serum calctum n association
with a normal or lowered serum phosphorus content The
other common types of tetany to be considered i the dif
ferential diagnosis are gastric tetany (alkalosis) and hypo
parathyroid tetany In the former the tetany 15 usually the
result of prolonged vomiting and a resultant alkalosis Blood
examination reveals a normal serum calcum but an m
creased CO: combining power of the blood The tetany
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resulting from hypoparathyroidism 1s rare, usually following
operations on the thyroid gland, and 15 characterized by a
lowered serum calaum but a definitely mcreased serum
phosphorus Tetany associated with sprue and celiac disease
has the same blood characteristics as rachitic or osteomalacic
tetany Again the relation of the tetany to the primary dis
ease should imdicate the nature of the condition

TREATMENT

The treatment of calcium deficiency states consists merely
of the admmistration of sufficient calctum and vitamin D
The prevention, protective, wnd curative doses of vitamin D
necessary for children and adults have been thoroughly dis
cussed Calcium may be 1dmimistered curatively as calaum
chloride calcium lactate or calcium gluconate One should
remember that the various caletum preparations vary in the
content of calcium that 1s available for absorption Approxi
mately g3 per cent of 2 given amount of calcium chloride 15
available for absorption, approximately 23 per cent of cal
cium lactate and only about 10 per cent of calaum glu
conate Therapeutically 1t 15 usually desirable to give 10
to 20 Gm of calcium daily to children and 2 0 to 30 Gm
daily to adults This will be supplied by 3 to 6 Gm of cal
cium chloride or 4 to 8 Gm of calcium lactate 1n the case
of children, and by 6 to g Gm of calcium chloride or 8 to 12
Gm daily of calcum lactate 1in the case of adults Usually
the calaum lactate 1s the therapeutic choice due to the
unpleasantness of calerum chloride, and 1ts effect 1n causing
acidosis 1f admnistered over a long period of time For
preventive and protective purposes the importance of an
adequate dietary supply of calctum plus an ample source of
vitamm D should be emphasized Ordmarily such a regimen
will prove adequate but 1f for any reason the diet must be
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restricted, the calcium preparations mentioned above will
be ample provided the vitamin D supply 1s mamntamed

It was also pointed out in the previous section that the
treatment of tetany requires more energetic measures In
this condition large amounts of vitamin D should be ad
munistered with both intravenous and oral calcium medica
tion Intravenous admimstration of 10 Gm of calcium
gluconate should be given two or three times daily, together
with calcium by mouth, unul the tetany 1s relieved Fre
quently 1t 1s necessary to adminster acidifying drugs such
as ammonium chlonde until a restoration of the normal
serum calcium content has been attained

In this connection one also might reiterate the danger of
precipitating tetany 1n a case of severe rickets by active
vitamin D therapy without supplying an adequate amount
of calctum In such nstances the rapid removal of the serum
calcium to the rachitic bones frequently lowers the serum
calcium enough to cause tetany

REFERENCES

Brennemann Joseph (Editor) Pracuce of Pediatrics Hagerstown,
Md, W T Prior Company Inc 1940

The Vitamins A Symposium Arranged Under the Auspices of
the Council on Pharmacy and Chemistry and the Council on
Foods of the Amenican Medical Association, Chicago American
Medical Association 1939

Eddy Walter H, and Gilbert Dalldorf The Avitaminoses The
Chemical Chinical and Pathological Aspects of the Vatamin De
ficiency Diseases Baltimore, Williams and Willans, Second Edi
tion 1g40

McCollum E V, Elsa Orent heiles and Harry G Day The
Newer Knowledge of Nutrition Fifth Edition New York, Mac
millan 1939

Hess, Alfred F Rickets including Osteomalacia and Tetany Phl
adelphia Lea and Febiger 1929

-

»

o

'S

o



fa2ety £y SRR s et ettt

8

Vitamin-E (Tocopherol)
Deficiency
(Hypoutammosts E)

HISTORY

EvmEencr, for the existence of vitamin E as an antisterility
factor for whate female rats was first obtamned in 1922 It
was later found that the same substance was necessary to
prevent testicular degeneration 1n males No corresponding
diopathic disease had been known in man Steriity has
many causes In fact the term antisterility vitamin, used
by biologists 1n referring to vitamin E, 15 a misnomer 1n
clinical medicine since the term ‘sterility 1s commonly re
served for an mnability to conceive The charactersstic effect
of lack of vitamin E 1 female rats 15 to cause premature
death and resorption of the fetuses in utero, 1mpregnation
and conception occur normally The possible corresponding
condition 1 humans 1s abortion (habitual) and threatened
abortion It 1s this condition which 1s thought to be pos

sibly the expression of vitammn E deficiency 1n man As a
matter of fact the evidence that vitammn E 15 an essential
factor for normal parturition 1n the human 15 less convine

ing now than 1n the past, and the effect of 1ts lack on the
male so characterssuc and defimite i the rat, has not yet
been clearly demonstrated 1n man Recently a relationship
to certamn neuromuscular disorders has been suggested but
this has not been clearly confirmed

201
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NATURE AND FUNCTION

Vitammn E 15 a tocopherol, a sohd alcohol present in
relatively large amounts 1n wheat germ o1l from which 1t was
first 1solated It 1s also present mn considerable amounts m
vegetable ols, green leaves, and eggs, and 1n lesser amounts
1t 15 very widely distributed 1n foods It has been 1solated 1n
pure form and also has been synthesized There are, how
ever, at least three naturally occurring tocopherals, alpha
(a), beta (B), and gamma (y) tocopherol and several pre
pared 1somers and related compounds which show some
vitamin E activity *

Of the naturally occurring forms alpha tocopherol 1s the
most active It 15 effective 1 1 to § mg amounts as com
pared with 5 mg for the beta and gamma forms There 15
thus a situation analogous to that of certam other vaitamuns,
vitamin D for example, 1n which several naturally occurring
substances ( ‘vitamers ) exhibit a similar vitamin activity
but with one more acuve than the others A compound has
been prepared artificially which seems to be more active
than vitamun E (alpha tocopherol) 1tself Chemcally, vita
min E 15 related to certain of the sex endocrine hormones

The mechanism by which vitamun E exerts 1ts effects 15
unknown It 1s Iikewise unknown whether 1t 1s important 1n
biologic processes 1n the cells generally or 1s directly con

* The formula for alpha tocopherol 15 given in the accompanyng figure
The structure of beta and gamma tocopherol 15 the same except that they

contamn one less methyl group 1n the aromattc nucleus Chemically vitanun
E 15 related to certamn of the endocrine hormones

CHy Ha
HO/ H,
l i CHy CH, CH
CH, (CH2):CH(CH:),CH(CH,),CHCH)
X, OCH;

Alpha tocopherol
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cerned only with special organs or tissues Its chemical struc
ture suggests that 1t may take part in oxadation reduction
reactions possibly those concerned wath the metabolism of
fats Mason s* work suggests that 1t plays an important and
essential part in nuclear activities This would explain the
particular occurrence of lesions in the developing embryo
(and placenta) and in the testes where cellular proliferation
and differentiation are proceeding rapidly

It has been suggested by several mvestigators that defi
ciency of vitamin E causes a lack of balance between various
hormones, especially those of the pituitarv and ovary, that
mfluence sex functions Specifically 1t his been stated that
vitamin E 15 necessary for the normal functioning of the
anterior Jobe of the pituttary and that a deficiency of the
vitamin 15 1n effect a pitwstary deficiency Histologic changes
m the piwtary gland have been described m T deficient
ammals Others have reported an excess of estrin like hor
mones 1n the blood However no pathologic changes 1n the
pituitary have been reported in humans and the exsstence of
excessive amount of estrin ike substances 1n the blood of
women has not been confirmed For the present the nature
of such changes mn anmmals, assuming they are duc to vita
min E deficiency are obscure and certainly hittle 1s known
about them 1 man

Ammal studies indicate very little storage of vitamin E
mn the tissues even after long periods of feeding diets rich
in the vitamin Even large doses cannot be accounted for 1n
the urine and following large doses only traces appear Lattle
15 found 1n the ussues except 1 the body fat Apparently
1ts chemucal characteristics are easily changed 1n the body

PATHOLOGY AND PATHOGENESIS

The pathologic changes of vitamm E deficiency m hu
mans, 1f any are unknown In amimals there 15 the charac
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ter to the last weeks According to some observers there may
be an associated toxerma, erther early or late Premature
and dead or deformed fetuses are not uncommon Reference
has been made to a possible relationship between vitammn E
and certamn neuromuscular disorders, particularly amyo
trophuc lateral sclerosis and muscular dystrophy Even tabes
dorsalis has been mentioned Fhe evidence for such a rela
tionship 15 the occurrence of paralysis and degenerative
changes 1n the muscles 1n E deficient animals (rats) and a re
ported beneficial effect of vitamin E on cases of amyotrophic
lateral sclerosis and muscular dystrophy 1n man So far these
beneficial effects have not been generally confirmed

DIAGNOSIS

In the absence of characteristic signs and symptoms or
established laboratory tests, the diagnosis of vitamin E de
ficiency 1s made by inference and therapeutic trial Shute®
has developed a test based on a measure of the antipro
teolytic power of the blood This presumably mdicates the
balance between vitamn E and an estrogenic substance, but
1ts value has not been confirmed nor has the test been gen
erally accepted As a matter of fact most of the climical evt
dence for the theory that vitamin E lack 1s a cause of habitual
abortion 1n humans 1s the result of statistical studies on
the result of treatment with vitamin E (usually mmpure 1n
the form of wheat germ o1l) In this connection 1t should be
ponted out that the results 1n some cases are not definitely
significant, the results are often only slightly better than
mmght be expected with other forms of treatment The
diagnosis of vitamin E deficiency 1n men has not been re
ported * The vitamun 15 so abundantly supplied mn foods
that analysis of the diet 1s of little or no help Individual
factors which might interfere with the absorption or utiliza
tion of the vitamin are unknown
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TREATMENT

Vitamin E deficiency, like a deficiency of vitammm K, 1s a
defictency disease 1 which there 15 hittle need or place for
general preventive or prophylactic treatment, the unse of
the vitamin being confined almost entirely to the relief of
speaific mdividual cases under strict medical direction In
spite of uncertainty as to 1ts relation to cases of human abor
tion (sterility) 1ts use seems warranted 1n selected cases of
habitual or threatened abortion when other causes seem to
be lacking

Until recently only rather crude preparations have been
avatlable and there has been a good deal of variation i the
preparations used, their potency their dosage, and even 1n
their exact composition The dosage until the mtroduction
of the pure substance {tocopherol), has been based on the
volume of the preparation The preparations most widely
used have been wheat germ o1l and an extract or concentrate
of wheat germ 011 The wheat germ o1l 15 given 1n doses of
4 to 8 cc daily 1n single or divided doses According to
Shute? the dosage differs for each patient and tends to 1n
crease during pregnancy so that the later treatment 1s begun
the larger the doses needed He also feels that 1t alters with
the season (summer to spring) and with the cyclic phe
nomena of women The same author feels that an mmtial
saturating dose of as much as 3o to 60 cc may be helpful,
and that 1 occasional cases large doses (go cc) may be re
quired daily Most other writers have not indicated the
need for doses of this size When the plain o1l 15 used care
should be taken that 1t 15 fresh and potent and that its
potency be preserved by keeping 1t 1n the cold

Most of the recent treatment has been with concentrates
or extracts of the o1l using doses of 3 and occasionally g
mimms (0 2 to 0 6 cc) daily in capsules Three minims of
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such an extract corresponds to about 5 Gm of the uncon
centrated o1l and contains about 6 mg of tocopherol Treat
ment 15 begun when the diagnosis 1s made, or as soon as
treatment 1s decided upon, and 1s best begun early n preg
nancy Treatment should be continued throughout preg
nancy Larger doses may be tried in cases of threatened
abortion but some consideration must be given to possible
untoward effects of large doses (see below) In any case of
habitual abortion careful examination should be made for
any general or local disease or abnormality which, if found,
should be treated or corrected 1f possible Ordmarly this
should be done before one decides to nse vitarnin E
Certain possible, even though theoretical and unhkely,
dangers should be considered 1n connectron with the use of
vitamin E It has been thought that spontaneous abortion
may be nature s way of getting rid of abnormal products of
conception and the wisdom of interfering with 1t may be
questioned The rather sigmficant number of abnormal, de
formed, and dead fetuses reported 1n women delwvering after
treatment with wheat germ o1l (vitamin E) emphasizes ths
doubt This might be pariicularly true when treatment 1s
begun late i pregnancy There 1s also the potental danger
when large or massive doses are used, of over inhibiting the
protective mechantsm of the uterus and leading to excessive
chorionic mvasion as occurs in the case of hydatidiform
mole In this respect 1t 15 unwise to admumster 1t 1 €ases
of bleeding early in pregnancy without first excluding the
possibility of hydatidiforra mole Aside from these theo
retical but important posstbilities no serious untoward
effects have been described from the use of vitamm E A
few women may show an 1diosyncrasy to the o1l
Treatment with vitamin E (wheat germ o1l) for defective
lactation, certayn myopathies, tabes dorsalis, carcinoma,
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lymphatic leukemita, and for supposed testicular degenera
tion have been reported but such therapy rests on even
less secure evidence than does 1ts use 1n abortion

REFERENCES

Mason E K Dufferences in Testes Injury and Repaiwr after
Vitamin A Deficiency Vitamin E Deficiency and Inamition Amer
Jour Anat 52 153 1933

Vitamin E A Symposium Held Under the Auspices of the Food
Group (Nutrition Panel) of the Society of Chemical Industry
April 1939 at the School of Hygiene and Tropical Medicine
heppel Street London WC 1 England

3 NOTE Shute? has reported finding vitarmin E deficiency in g0
to %0 per cent of normal male medical students depending upon
the season of the year by his laboratory test

The Vitamins A Symposium Arranged Under the Auspices of
the Council on Pharmacy and Chemustry and the Council on
Foods of the American Medical Association Chicago American
Medical Association 1939

3

-~



8
Pt

ateises SR iagterst2 et 343

9

Vitamin-K Deficiency

(Hemorrhagic Disease of the Newborn, Certain
Hemorrhagic States)

HISTORY

ONE OF THE vitamuns lately shown to play a part in human
nutriuon and to produce disease when sufficient 15 vita
min K This vitimin 1s concerned with the production of
prothrombin and a deficiency 15 followed by a decrease
the prothrombin of the blood If the decrease m pro
thrombin 1s great enough various clinical types of hemor
rhagic disease appear Because vitamin K affects blood clot
ting only by 1s effect on the prothrombin concentration,
a defictency of vitamin K 1s not a factor m all types of
hemorrhagic disease, but only in those 1n which the bleed
mg 15 related to a decreased prothrombin concentration
Furthermore, vitamin K 15 not the only factor concerned 1n
the production of prothrombin severe damage of the hver
1s one other factor at least which may cause low prothrombin
levels and bleeding irrespective of the amount of available
vitamin K N

Among the hemorrhagc states which have been shown to
be related to vitamin K deficiency are the bleeding which
may accompany obstructive jaundice, the bleeding asso
clated with diseases and disorders of the gastrointestinal
tract such as sprue, celiac disease, ulcerative enterocolits,
et cetera, icterus gravis, and hemorrhagic disexse of the

210
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new born Many have been recognized chnically as abnor
mal conditions of bleeding of obscure etiology, which
respond unsatisfactorily to tretment while hemorrhagic
disease of the new born 15 a well known clinical entity
Other hemorrhagic states assoctated with nutritional defi
clency may be due at times to a defictency of vitamin K

The relation of vitamin K to blood clotting and hemor
rhage mn man was discovered indirectly through research on
the metabolism of chicks Dam, investigating the ability of
the chick to synthesize cholesterol, found that on a diet
which we now know lacked vitarmun K the chicks developed
hemorrhages Others later made similar observations and
the decrease 1n prothrombin 1n the blood was found Soon
1t was discovered that the anti hemorrhagic factor was con
tamed 1n fish meal, fat of hogs liver alfalfa and other sub
stances Since then progress 1n the knowledge of this vitamin
has been remarkably rapid As late as 1938 1its relation to
human nutrition and symptomatology was not recogmized
clearly Smce then the vitamin has been 1solated 1n pure
form and synthesized, 1ts relation to blood clotting, hemor
rhage, and disease 1n the human has been clearly recognized
and described tests for its deficiency have been devised and
1ts use 1n the prevention and cure of the diseases due to 1ts
deficrency have become common place Perhaps nothing else
so well 1llustrates the rapid even breath taking speed of dis
covery which may occur in the field of nutrition under the
drive of modern scientific research

NATURE AND FUNCTION

Vitammn X 15 a substituted derrvative of naphthoquinone
Like vitamin D 1t occurs in multiple forms  vitamers, at
least two natural forms having been solated one from
alfxlfa and one from fish meal These are known as hy ind
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Ko and differ only slightly chemically m the side chain *
Like several others of the vitamins, artificial related forms
have been synthesized and show the characteristic effect In
contrast to most vitanuns, however, some of these artificial
forms are more potent than the naturally occurring vitamin
In addition some of the artifictal forms are soluble 1n water
and hence can be more easily employed 1n parenteral ad
ministrition

Vitamin K 1s clssed with the fat soluble vitamms Be
cause of this characterstic 1t 1s to a great degree dependent
for adequate absorption on the presence of bile 1n the in
testine This 15 apparently true to an even greater degree
than 1s the case with the fat soluble vitamin A and carotene

Vitamin K 1s rather widely distributed 1n nature n the
green leaves of plants such as spinach, cabbage, and caull
flower, 1n amimal fats, and egg yolk It 1s also present as the
result of bactersal action and 1s probably produced mn the

® Vitamin K, 1s 2 methyl g phytyl 1, 4 naphthoquinone with the follow
mg formula

o
|
CH:
CH,
CH,CH=C(CH),CH(CH,),CH (CH,),CI'/
Ha H, CH, CH,

Vitamn k, 15 very stmilar A synthetic artifical preparation more powerful
than naturally occurring vitarmn K recently mtroduced to clinical use 15
g methyl 1 4 naphthoqumone It has the formula

(o}

CH;,
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feces by the bacteria of the ntesunal tract This suggests
that normally the body 1s independent of a food supply of
the vitamin and that deficiency occurs only when the absorp
tion of vitamin produced in the mtestinal tract 1s hindered
or prevented This would also explain the drop m pro
thrombin 1n newborn infants before establishment of the
bacterial flora of the intestine More recently a few writers
have offered evidence indicating that the preformed dietary
supply 1s important and that deficiency may occur from
decrease or absence of this portion alone Perhaps both
sources are necessary and 1t may be that some diets fail not
only to furnish ready made vitamin h but also fail to pro
vide material suitable for synthesis by bacteria in the m
testine Further studies will be necessary to determine the
relative importance of these sources of supply At present it
appeats that although the vitamm produced by bacterial
acuon n feces may be an important source of the supply,
an exogenous supply from the food may be necessary to a
degree that a dietary deficiency may be suffictent to induce
symptoms 1n some cases

Vitamm K 15 concerned with the production of pro
thrombin There 1s much evidence to indicate that the pro
thrombin 15 formed n the liver but the exact part which
vitammn K plays 15 unknown It 1s not however, the sole
factor and deficiencies of prothrombin occur 1n spite of an
adequate supply and absorption of the vitamin This 15 seen
in cases of severe damage to the Iiver under which circum
stances an excess of vitamin k fails to induce the production
of prothrombin  With less severe damage large amounts of
vitamin K apparently may favor the production of pro
thrombin Whether other factors than available vitamin K
and a functioning liver are needed 1s unknown but these
seem to be the only two factors of climical importance recog
muzed as yet As has been mentioned new born infants seem
to be dependent on the supply of prothrombin obtained
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from the mother until a supply of vitammn K from bac
teral action 1n their intestine and from food permits the
formation of their own supply of prothrombin

Lattle 15 known of the general behavior of vitamin K 1n
the body It apparently 1s stored largely in the liver where
1t 15 utilized, but no great storage takes place and deficiency
occurs rather quichly if absorption 1s cut off

In ammals an anemia related to vitamin K deficiency has
been described but no anemia except that resulting from
hemorrhage has been described 1n man It should be re
membered that vitamin K 15 refated to hemorrhage only
through 1ts effect on cloting (prothrombin) The hemor
rhage 1tself 1s due to trauma or other causes (scurvy), the
bleeding increasing or persisting to a greater extent than
would occur otherwise because of the inadequate clotting

PATHOLOGY AND PATHOGENESIS

The morphologic changes of vitaimn K deficiency are
those of hemorrhage differing in no particular respect, as
far as appearance goes from hemorrhage of other origin
The hemorrhage, which 15 1nit1ated by trauma of greater or
less severity and developed by the defective blood clotting
presents 1tself uf many forms from petechiae and purpura
to persistent bleeding following surgical procedures Many
mstances of slight, obscure or occult bleedng undoubtedly
occur At autopsy hemorrhages 1n various places are found
Blood may be found 1n the stomach and intestines, areas of
petechial and purpuric hemorrhage may be found on any
part of the external surface and 1n the various cavities and
viscera A curious finding m a small percentage of patients
1s ulceration of the stomach or duodenum, sometimes even
to the extent of perforation Other pathologtc changes are
the result of complicating disease
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The spectfic and essential disturbance 1n the deficiency 15
functional, a decreased concentration of prothrombin 1n the
blood and hence a prolonged clotting time In the earhest
or mildest cases the prothrombmn 1s reduced but not to
levels sufficient to interfere with the normal clotting of the
blood A decrease 1n the prothrombin content of the blood
can be determined by several methods which constitute an
mdirect and non specific test for the existence of vitamin K
deficiency (See Diagnosis)

Vitamin K 15 a fat soluble vitamin and dependent for
absorption on an adequate supply of bile (bile salts) in the
mtestine This fact accounts for the mechamsm of one of
the principal forms of vitamin k hemorrhage the bleeding
of jaundiced patients In obstructive jaundice or when there
1s a failure of the hver to form bile, there 15 a lack of ab
sorption of vitamun K and a deficiency arises in spite of 2
normal supply mn the intesune A simular mechanism 1s 1n
volved 1n sprue or celiac disease 1n which fat absorption may
be hindered However other lesions such as mntestinal ob
struction  short circuiting  surgical procedures, severe
diarthea et cetera, which lead to deficient absorption gen
erally without specifically affecting fat may cause a signifi
cant deficiency

In contrast the defective mechanism in hemorrhagic dis
ease of the new born appears to be a matter of inadequate
supply from the mother The supply 1s too small to carry
the infant over a period of a few days when hittle 15 obtamed
from the bowel because the bacterial flora has not been
established and the dietary intake 15 imited In normal
infants there appears to be a natural drop in the prothrom
bin level of the blood during this period (2 or g days after
birth) which does not, however, reach the low level capable
of producing hemorrhage In defictent nfants this drop 15
exaggerated to pathologic Jevels \nd hemorrhage may occur
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INCIDENCE AND EPIDEMIOLOGY

The frequency of vitamin K deficiency 1s unknown and
no attempts to determine 1ts mcidence have been made ex
cept 1n a few small selected groups, namely, a imited num
ber of new born infants, pregnant women, and small num
bers of patients with jaundice and disease of the gall bladder
and Iiver Its occurrence n patients with other diseases Iikely
to terfere wtih mtestinal absorption such as sprue, ulcera
tive colitts, et cetera, has been reported, also m cases of
malnutrition and other deficiency disease No reports of 1ts
general incidence have been made but 1n a recent survey
of the nutritional status of several hundred persons I have
encountered no cases of these deficiencies

In new born infants a sigmficant number seem to present
low prothrombin values, apparently due to vitasmn K de
ficiency, but there are normal variations in the prothrombin
level 1t different mnfants and 1n the same nfants at different
times Normal standards for these varations have not yet
been finally determined, nevertheless, 1t appears probable
that a considerable number of infants have abnormally low
prothrombin attributable to a vitamwn K deficiency Routine
treatment of mother or imnfant with vitamin X as a prophy
lactic measure has been proposed

SYMPTOMS AND SIGNS

The clincal picture of hemorrhage due to deficient pro
thrombin has long been familiar to physictans despite 1g
norance of vitamin K deficiency as a cause Briefly, 1t can
be separated nto the three groups previously mentioned,
(1) hemorrhage of the new born, (2) hemorrhage associated
with disorders of intestinal absorption, most often 1n jaun
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diced states, and (g) hemorrhage associited with malnutra
tion for example 1nadequate mtake of vitamin K

Hemorrhagic disease of the new born 1s the most clear cut
and distinctive of these various disorders The condition 15
characterized by multiple hemorrhages occurring in any
site (shin mucous membranes of mouth stomach and
testine, brain, lungs or other viscer) varying in extent and
location from case to case The bleeding appears to be spon
taneous, but in reality 15 based on trauma though that
trauma may be very, very shight and unnoticed Also the
bleeding 1s particularly apt to occur in mucous membranes

The disease 15 generally considered self imited runming
a definite course to recovery or death, but 1n those cases
due to vitamin K deficiency which presumably include the
great bulk of patients with this syndrome 1t 1s apparent
that 2 mild de ficiency and tendency to bleeding can persist
m a chronic form In most cases, however, the bleeding,
which rarely begins before the second or third dav of life
appears and 15 finished by the seventh or eaghth day, though
occwsionally 1t may be delayed untl the tenth or twelfth
day Usually the disease lasts but a day or two, death occur
ring as early as the first day or sooner, only rarely after
three days Death results from acute or subacute blood loss
or general debility

The symptoms are those of hemorrhage usually vistble 1n
the skin and mucous membranes, but many times 1t first
occurs 1n the stomach or intestines and 1s noticed when
blood 15 vomited or passed 1n the stool Blood may be passed
m the urine Qbviously hemorrhage may ocour o concealed
areas for example cerebral hemorrhage The rate of blood
loss 15 usually not rapid, but there 1s a persistent oozing
often from surfaces of considerable size Fever may or may
not be present, prostration 1s frequent and diarrhea may
develop

Included with these cases of spontaneous hemorrhage
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of the new born should be certamn cases of bleeding asso
cated with birth trauma Whale these are 1t 15 true, usually
associated with injury 1t 15 probable that in many cases the
bleeding associated with the trauma would have been shight
and of little significance had 1t not been for a diminished
prothrombin level 1n the blood and impaired clotting In
fact 1t 15 now the belief of some nvestigators that the ma
jority of so called cerebral birth mnjuries are the result of
hemorrhage 1mtiated by trauma but exaggerated and pro
longed 1nto extensive bleeding by vitamin K deficiency
Other hemorrhages of a similar nature occur elsewhere,
hematomas of the scalp, hematomas of the sternoclerde
mastord, as well as visceral hemorrhages, but none of these
have ordinarily the potential danger of the cerebral (menmn
geal) hemorrhage No attempt will be made to discuss birth
njuries more fully here

Hemorrhage due to disturbances in the absorption of
vitamin K 15 most often seen 1n assocrition with jaundice
but may occur with ulcerative lesions of the gastromntestinal
tract, intestinal obstruction, short circmiung surgical pro
cedures, sprue or celiac disease, and with severe diarrhea In
the absence of jaundice 1t 15 famibar as a  symptomatic
purpura of malnutrition, though extensive bleeding into
the skin and hemorrhages from mucous membranes as well
as mtestinal bleeding can occur In jaundice the disorder 1s
recognized as the tendency to bleed not only i the form of
purpura and sundar hemorrhages, but also 1 2ssociation
with surgical procedures In the latter case the bleeding con
stitutes a dangerous and always threatening complication
Such a tendency to bleed and actual bleeding 15 found 1n
patients whose jaundice 15 due to an mnterruption 1n the flow
of bile and bile salts into the mntestine This occurs 1n var:
ous types of liver failure and 1n obstruction of the bile ducts
from any cause The latter 1s 1 most cases, of course, a
surgical condition In the past no very satisfactory control
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of this tendency to bleeding has been possible, although
transfusion which would restore some prothrombin has
been partially successful

The signs and symptoms of bleeding due to a vitamin K
deficiency ansing from an madequate dietary supply differ
1n no particular respects from other types of vitamin K
hemorrhage except for the associated etiologic factors They
are familiar to physicians as the purpura seen with malnutr
tion and 1n fact most cases are associated with some other
1llness which mterferes with the intake and absorption of
food Thus the factor of absorption 1s introduced and 1t be
comes doubtful whether they constitute a separate group
but rather belong to the group discussed just above Indeed,
1t may be questioned whether vitamin K deficiency due
solely to a dummished dietary intake ¢ver occurs

DIAGNOSIS

The diagnos:s of vitamin k deficiency 1s based on (1) the
symptoms and signs of hemorrhage of the types which have
been described (2) the presence of disease mterfering with
the absorption of the vitamin or knowledge of a dietary de
ficiency (3) a test of the prothrombin content of the blood,
and (4) the results of therapeutic trial The dietary history
15 of luttle help except 1n a general way to indicate the posst
bility of dietary inadequacy The occurrence of bleeding of
the types described 1s hughly suggestive and 1n the case of
bleeding of the new born and 1n jaundiced patients 1s prac
tically diagnostic This 1s a late mamfestation of the de
ficiency however and diagnosis 1f possible, should be made
before bleeding develops It must be remembered also that
not all cases of bleeding, even under such suspicious ar
cumstances, are due to vitarain K deficiency, and the climical
diagnosis should be checled by other diagnostic tests and a
therapeutic trial The test of prothrombin content of the
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blood serves to diagnose latent or subclinical mnstances of
the disease and 15 of particular value 1 early diagnosis as
well as in cheching diagnosis made by other means The test
1s not spectfic, however, because a decrease 1n prothrombm
occurs under other conditions, notably with liver damage,
which, 1f severe enough, leads to a great drop mn the pro-
thrombin concentration 1n spite of adequate or even ex
cessive vitamin K mtake and absorption The test, therefore,
15 presumptive, but because other causes for hypopro
thrombinemia are infrequent and usually easily detected,
the test 1s of great sigmificance Furthermore, 1t can be, and
15, supported by the changes in the test which follow the
admunistration of vitamin K, the therapeutic test Once
more 1t should be emphasized that vitamin K 15 without
effect 1n hemorthagic states not assoctated with reduced
prothrombin  (hemophilia, thrombocytopenic purpura,
scurvy, et cetera)

Several methods for determining the concentration of
prothrombin have been devised and used n the expert
mental and chnical study of vitamin K deficiency Two of
these, the method of Warner, Brinkhous, and Srmath, and
that of Dam and Glavin are two stage methods of consider
able complexty, suited for research purposes but not very
practical for ordinary clinical use A third method, that of
Quick, 15 a single stage method which has been widely used
both experimentally and clmically By 1t the amount of
prothrombin 1s determined from the clotting tme of
oxalated plasma after an excess of thromboplastin and a
fixed amount of calctum has been added, using a chart pre
pared by the author According to this method a normal
concentration of prothrombin results m 2 clotting time of
15 seconds or less A fourth method which 1s even more
simple has been introduced recently by Ziffern, Owen,
Hoffman, and Smith By this method the clotting time of 2
standard amount of whole blood, added to a fixed amount
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of thromboplastin 1s compared with the clotting time of
normal blood done simultaneously and the result expressed
as a percentage of the normal Thus, if the patient’s bloed
takes twice as long to clot as the normal blood 1ts power to
clot 35 taken to be po per cent of normal Values below 70
per cent are considered to indicate a need for vitamin K

All present methods for determming prothrombin con
tent may be enticised because they are indirect Further
more suitability for chnical use 15 gained at some loss of
speaificity and accuracy For example, the test of Ziffern,
et al, 1s simply the comparison of clotting time of whole
blood to which has been added some thromboplastin, a
process 1n which many factors are concerned other than the
prothrombin level As the authors point out, the end result
even as 1t concerns prothrombin 1s an expression not only of
the prothrombin content but also of the conversion time of
prothrombin to thrombin a period which increases as pro
thrombin supply decreases Nevertheless these tests do
measure a disturbance in clotting tume the commonest
cause of which 15 decreased prothrombin Other causes for
the clotting difficulty can usually be easily determined by
other means and the availability for easy frequent, climical
use compensates for some of the defects, provided the tests
are made with due understanding and apprectation of their
nature the possible errors, and the significance of the re
sults The technic of Quick s test 15 given 1n the Appen
dix

Having established the existence of a lowered prothrom
buin concentration by these tests the response to the admms
tration of vitamin K as measured by subsequent tests {(and
chinneal signs and symptoms) serves to confirm the diagnosis
Except m cases of associated liver damage of severe grade
the admiistration and absorption of vitamin k 1 adequate
dosage will be followed by a rise 1n prothrombin concentra
tion if the lowered concentration was due to vitaminK



222 VITAMIN K DEFIGIENGY

deficiency Even 1n cases of liver damage, very large doses
of vitamin K may enable the lver to rasse the prothrombin
level to a degree which would be impossible with an ordinary
normal supply Such a condition might be termed a rela
tive 1nsufficiency though we have not included hypopro
thrombinemia due to liver disease 1 our category of this
vitamin deficiency In the absence of hemorrhage, a decrease
n prothrombin concentration will indicate a latent or sub
chinical deficiency Normally prothrombin 1s present 1n such
excess that the concentration must fall to 20 per cent of
normal before coagulation time 1s significantly prolonged
and below this pomnt before serious hemorrhage occurs
This fact has an important bearing on the clinical labora
tory tests for the deficiency It 1s apparent that 1f a simple
clotting time test 15 done, 8o per cent of the prothrombm
must be lacking, and the subject at the bleeding level

before the situation 1s shown by the test On the other hand
1f one measures the prothrombin content of the blood one
can dragnose a latent or prechinical deficiency, and prevent
the occurrence of actual hemorrhage These latent de

fictency states are important because they indicate a state of
deficiency which may be progressing to a pomt where bleed

ing will occur They are particularly important 1n the new

born and 1n patients with conditions which rmught lead to
surgery In the former they may reflect a progressive de

ficiency which 1n a few hours might lead to serious or even
fatal hemorrhage In the latter the same progressive de

ficiency may be present and 1n addition the loss of blood
mardent to operation mught so further reduce the pro

thrombin as to precipitate actual hemorrhage For this rea

son the laboratory tests of prothrombin concentration are
tndicated 1n those 1n whom a deficiency might be expected
even though no clinical signs of the disease are mantfest

This 15 particularly true 1f such persons are to be exposed

to a possible furtber reduction i prothrombin
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TREATMENT

‘Treatment with vitamin K 15 hughly effective 1n both pre
vention and cure For a time the principal drawback was the
cost but this 15 not very great at present Transfusion, which
was the treatment of choice before the discovery of vitamin
K, may be used 1nstead of the vitamin or intramuscular
mjections of whole blood 1n the prevention of hemorrhagic
disease of the new born

In spite of the effectiveness of treatment, there 1s much
confusion m the use of vitamin K because of the rapid
progress m the 1solation and synthesis of new forms and the
rather confusing number and variety of new preparations
which have been made available

At present there are available several preparations of

vitamin k for chimcal use The synthetic preparation 2
methyl 1 4 naphthoquinone has been approved by the Coun
al on Pharmacy and Chemustry of the American Medical
Assocration for mnclusion 1n New and Non Official Reme
dies and named menadione Until recently there has not
been any practical unit for chnical use The units employed
by mvestigators 1n this field, of which the Dam vt 15 2
good example, are based on the curative or protective action
of a standard substance such 1s a concentrate of alfalfa
aganst the disease 1n chicks who have been rendered defi
cient artificially With the 1solation and synthesis of pure
vitamin K and the mntroduction and use of menadione the
units and dosage have been expressed in terms of weight
(miligrams) of the vitamin or some closely related com
pound At the present tume many of the newer synthetic
products which are bemng prepared and offered have their
dosage expressed 1 mulligrams

At this time the available preparations are of two general
classes, (1) a concentrate of some natural substance (usually
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alfalfa) prepared 1n corn or peanut o1l and (2) a pure, syn
thetic, artificial preparation also usually put up n o1l For
the most part the synthetic products are 2 methyl 1,
4 naphthoquinone or derivattves of this substance Most of
the preparations are for oral use only but at least one of the
artificial products can be given subcutaneously, intramus
cularly, or intravenously, and several of the art:ificial prod
ucts 1n o1l have been given mtramuscularly with satisfactory
results Preparations of vitamin K are available 1n capsules,
tablets, and 1n bulk solution Those designed for parenteral
use are put up mn ampules

In ordmnary clinical usage, there 15 no evidence of any
toxic effect from the use of this vitamin

All preparations taken by mouth are dependent for ab
sorption on the presence of bile salts in the mntestne For
this reason some form of bile, fresh or desiccated, or bile
salts should be given together with vitamin K 1n all cases
1n which there 1s, or 15 apt to be, a deficiency or absence of
bile salts m the intestine Such conditions include obstruc
tive jaundice, biliary fistula, and liver damage (conditions
which are responsible for a large proportion of the cases of
bleeding due to vitamm K defictency) It 1s also well, how
ever, to include bile salts 1n cases of intestinal obstruction,
faulty digestion of fats, inflammatory disease of the ntes
tines, et cetera, when poor absorption of K 1s believed to be
the cause of the deficiency even though there 1s no yaundice
Theoretically bile alone, by improving absorption, may be
adequate to rehieve vitamm K deficiency and this has been
demonstrated 1n some cases However, bile alone cannot be
depended upon to relieve an actual deficit and restore the
prothrombin level to normal, at least with the rapidity
which 1s desirable and often very necessary

Preventive Treatment Because of the formation of vita
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min K m the mtestine by bacterial action and the rather
liberal supply contamed 1n an ordinary diet prevention of
vitamun K deficiency 1s not a problem affecting the popula
tion generally While the exact daily requirements for man
are not known 1t 1s probable that they are easily met by the
vitamin formed in the intestine and that ingested De
fictency due to lack of natural supply rarely, if ever, occurs
and vitamun XK deficiency 1s, mn nearly every case, a condi
noned deficiency

Protective Treatment Certain groups of persons clearly
need protective treatment These are the new born and
those with diseases of the digestive system likely to mterfere
with absorption particularly those with diseases likely to
require surgery Because the difficulty 1s one of absorption
rather than supply and requires the administration of large
amounts of the vitamin the use of food as a means of pro
tection 1s unsatisfactory Thus 1n contrast to some of the
other vitamins, a concentrated or pure form of the vitamin
15 needed and protective treatment differs but little from
curative treatment

New born mfants may be protected by giving vitamin K
to the mother just prior to delivery and such treatment has
been shown to increase the prothrombin m the mfant For
this purpose the equivalent of about 1 mg of the commonly
employed synthetic vitamin k(2 methyl 1, 4 naphtho
quinone) 15 gwven daily for three or four days prior to de
livery or every other day for the last week If desired a
simlar amount may be given once weekly for several weeks
during the last month of pregnancy as well as at the onset of
labor In case the mfant 15 to be protected directly the
equivalent of o 5 mg 15 given at birth and 1 0 mg daily 1n
divided doses for two or three days These solutions may
be placed on the back of the mfant s tongue, or later added
to the feeding or water In addition to protecting new born



226 VITAMIN K DEFICIENCY

mfants against hemorrhagic disease of the new born, infants
under one week of age undergoing surgical treatment should
be similarly protected

Pauents with digestive diseases, whom 1t 15 desired to pro
tect may be given amounts simzlar to those described for the
expectant mother, 1 mg or its equvalent daily However,
those cases should also be given bile or bile salts with the
vitamun, usvally in doses of 05 to 10 Gm (75 to 15 gr)
If the patient cannot take these preparations by mouth or
cannot retain them, or if the clotting time fails to improve,
the preparations should be given by duodenal tube or
parenterally For duodenal admimstration the solution of
vitamn K 15 warmed and 1nstilled through the tube followed
by a solution of bile or bile salts in water or phystologic salt
solution If preferred, the vitamin preparation and solution
of bile salts may be given together but should be kept well
mixed

If desired suitable preparations may be given parenterally
In the present period of development of these products, it 1s
1mpossible to give exact doses but 1n general they are given
mn the equivalent of one to 2 mg of the pure vitamin
to adults and up to 1 mg to children This may be re
peated at mtervals of six to twelve hours if clatting ac
twvity does not improve The effect of such a parenteral 1n
jection usually lasts about a week

If operation 15 planned such treatment for three or four
days preoperatively and for a simular time following opera
tion will usually be sufficient as a protective measure If
operation 1s not mndicated or 1s 1impossible, similar treatment
at mtervals of every two or three weeks will usually suffice
to mamtain the prothrombin level

It 1s assumed however, that the cases under discussion are
those 1n whom no significant drop m prothrombin has oc
curred It 1s further assumed that tests of clotting activaty
will be made at suitable intervals Should a decrease appear
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m spite of this treatment larger doses will be required In
these circumstances as much as 5 mg or more may be re
quired daily to mamntam the prothrombin level Parenteral
or duodenal adminstration and large doses are rarely neces
sary for the protection of wnfants and mothers

At the present tume the synthetic vitamin K (2 methyl 1,
4 naphthoquinone) 1s most commonly used therapeutically
The doses 1n milligrams quoted above represent therapeutic
amounts of this drug Usually one capsule or 10 ct of the
various commerctal preparations of 2 methyl 1, 4 naphtho
qunone contam 1 0 mg If concentrates of substances con
taining naturally occurring vitamn K are used amounts (in
capsules or solution form) should be chosen which equal the
above mentioned doses i terms of milligrams of the syn
thetic vitamin *

Some uncertainty exists as to just how widespread the
protective treatment of infants should be Unfortunately,
with present methods tests on cord blood are not altogether
satisfactory for determining deficiency in the new born
Turthermore the mfant s prothrombin may be at a border
line level at birth and fall to pathologic levels only between
the second or third and eighth or minth davs of Iife, a ume
which corresponds to the period of bleeding chinically For
the majority protection may not be necessiry but the posst
bility of serious effects particularly 1f the so called cerebral
birth injuries are significantly related to this deficiency
Justifies widespread treatment for the prevention of even
occasional cases  For these reasons prevention or protection,
partscularly that provided through the mother would ap
pear to be desirable 1n the great majority of cases and neces

* The potency of such concentrates 1s usually expressed 1n Thayer Doisy
Almquist Ansbacher or Dam umits For practical purposes of comersion
one may consider that 1o mg of 2 methyl:r 4 naphthoquinone approxi
mately equals 2000 Ausbacher units 1700 Thayer Doisy units 700 Almquust
units and 25000 Dam wvnits
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siry 1n any case which, for any reason, was suspected of
being deficient

Curative Treatment When the prothrombin has dropped
to a level at which bleeding occurs or when hemorrhage 1s
actually present the deficiency has reached the stage of caus
mg actual disease and treatment 15 curative rather than pre
ventive Vitamin K 1s somewhat umque 1n possessing a
rather sharp quantitative climical level of deficiency at which
actual disease occurs

For infants with actual bleeding or with prothrombin at

bleeding levels’ prompt treatment 15 imperative In most

cases the same treatment given for protection will be suffi
clent, namely, 0 5 to 1 0 mg 1mmediately and 1 0 mg daily
m divided doses for two or three days

If preferred one of the suitable preparations may be given
parenterally n doses of 1 mg of vitamun K (or 1ts equivt
lent) to be given once or twice daily but the action by the
parenteral route 1s probably somewhat slower It does insure
absorption Cases in which the bleeding 1s not controlled or
cases 1n which the prothrombin level does not rise with these
doses should recewve larger amounts but most mnfants re
spond readily to the amounts dicated

Patients with jaundice and digestive diseases whose pro
thrombin 1s reduced to the “bleeding level” or who are
already bleeding should be treated promptly wath the
equivalent of one to three milligrams of vitammn K daily

In the most severe cases the total dose for the first day may
be given at once to be followed m twelve hours by the
regular usual amounts In all cases 1t 1s very important that
the prothrombin level be determined at frequent intervals
and should the prothrombin concentration fail to rse, larger
doses up to four or five milligrams should be gwven In all
cases of jaundice or obstruction of the bile passages, bile or
bile salts must be gwen with the vitamm (when gwen
orally) and as previously indicated should probably be given
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1n all cases 1n which the deficiency appears to be related to
disease of the digestive system The amounts of bile or bile
salts range from o § to 2 Gm (5 to 3o gr ) according to the
amount of vitamin K If difficulty in administration 1s en
countered the vitamin and bile salts may be given in appro
priate amounts by duodenal tube as previously described,
or by using a suitable preparation 1t may be given paren
terally 1n doses of one to two miiligrams repeated at six to
twelve hour mtervals according to the response of the pro
thrombin Bile salts are not required with parenteral ad
ministration

In cases 1n which operations are performed special care
should be taken shortly after operation because even pa
tients whose prothrombin has been raised to normal levels
may suffer an acute decrease due to dilution of blood and
may thereby be reduced to the danger zone In all cases
treatment should be continued postoperatively for several
days with diminishing doses Patients whose deficit 1s not
relieved by operation or who, without operation, continue
to be affected by conditions causing a deficiency must be
treated at intervals to maimntain the level of prothrombin
In a certain number of these however, 1t might be possible
to secure absorption of vitamin k and mamtain the pro
thrombin level by the administration of bile or bile salts
alone If this 15 attempted, however the prothrombin level
should be cheched at sufficiently frequent intervals

If the lver 15 so badly injured that 1t cannot form pro
thrombin vitamin k. will be of no help 1 controlling the
hemorrhage associated with the disease However, there 1s
some evidence that a liberal or abundant supply of vitamin
K may enable a pwrtially damaged liver to maintan an
adequate concentration of vitamin K when otherwise that
would not be possible Therefore treatment with vitamin K
should be tried even though damage to the liver 15 present
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Furthermore, vitamin K may be given a trial i cases of liver
disease not associated with biliary obstruction An alterna
tive treatment of the hemorrhagic states due to vitammn K
deficiency 1s the mjection of human blood, either as a trans
fusion or intramuscularly This treatment has been used
with some success 1n the control of bleeding n new born
nfants and with patients undergoing surgery for digestive
disorders, especially jaundiced patients However, the more
powerful and certain eflect as well as the ease of adminstra
tion make the use of vitamm K much superior

Tovc effects from vitamin K used under chinical conds
tions have not been reported However, manufacturers of
synthetic and artifictal products warn against the admums
tration of more than two mg daily if given over a period of
more than four weeks Also, it 1s advisable if admmistra
tion of the drug 1s continued, to make tests of the red and
white cell count and the hemoglobin at frequent mtervals
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Protem Deficiency

(Nutnitional Edema, Hunger Swelling, Alimentary
Dropsy et cetera)

HISTORY

Nor oNLY 15 an adequate amount of protein necessary for
health 2nd growth but particular proteins, those containing
certain necessary ammno acids, are indispensable Not all
protems contain the essential ammo acids and all proten 1s
not, therefore equally valuable some merely serves the
general need for protemn and other forms furnish essential
body building stones

In spite of the well known effect of inadequate protem m
limiting growth, impairing ferulity, dimimmishing vigor, and
similarly affecting the health no clinical syndrome reflecting
these abnormalties 15 recognized These non specific effects
rarely occur by themselves Usually they are lost i the gen
eral picture of malnutrition or improper growth Climecally
protemn deficiency 1s recogmized almost solely by a speaific
effect, 2 decrease 1 the proteins of the blood with a resultng
loss of osmotic pressure and the development of edema so
called nutritional edema

Modern mterest in nutritional edema dates from the First
World War when the reduction m food supplies 1 certain
countries w1s accompanied by cases of swelling first among
the poor mn occupied or desolated areas and m the prison
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camps, and later 1n the general population However, the
disease has been recognmized for centuries Such terms as
“famine edema, ' “hunger swelling,’ and *“prison dropsy,”
which have been applied to 1t, indicate the conditions under
which 1t commonly occurred Although the term “war
edema’ 1s relatively new the disease has appeared m ept
demic form 1 many of the recorded wars of history among
both the troops and the civil population As prison dropsy
1t was endemic 1n jails and prisons 1 Europe and America
s recently as the last century Sporadic cases have long
been recognized 1nd described under the terms ‘essential
edema, ‘alimentary dropsy,’ “anemic dropsy,” et cetera
A simlar edema occurring in malnourished mfints or 1n
those fed principally on a gh carbohydrate diet has long
been familiar to pedratricians

It was undoubtedly the astonishing spectacle of a av1
lized country afflicted 1n modern times by a famine disease
that aroused such great interest in this condition during
the First World War The disease attracted much attention
m Germany and Austria when large numbers of cases ap
peared among the civil population 1n 1917 Though there
w1s a tendency at first to associate the conditton with
fections such as relapsing fever, typhus fever, and dysentery,
the great interest which was aroused led to numerous studies
with the eventual conclusion that the disease was due pr1
marily to a deficiency of food

These studies also led to the discovery of a hypopro
temnemia, the immediate cause of the edema The full sig
nificance of this latter finding was not sufficiently appre
crated at first though the importance of a protein deficiency
mn the diet was exrly recogmzed by Rubner, Falta, Schitten
helm, Schlecht and others Not until after the war was the
etiologic sigmificance of the hypoprotememia clearly under
stood This observation, however, contributed to a renewed
interest 1n the whole problem of edema From 1t came sup
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port for Epstemns ideas of the nature of the edema 1n
nephross and such studies as those of Kohman on the rela
tion of dietary protein to edema This led to a revival of
interest 1 Starling s hypothesis concerning the exchange of
flutd between the blood and the tissues and n turn to other
studies which have clarified greatly our understanding of
the mechanism classification, and treatment of all forms of
edema

NATURL AND FUNCTION

Proteins are very complex organic compounds composed
for the most part of hydrogen cirbon oxygen and nitrogen
and distingwished nutritionally by their content of the latter
element Most of the mitrogen of the food and the body 1s
found 1 the proten In addition to the above elements
some protemns contain sulphur, phosphorus and certamn
other elements 1n small amounts Although there are numer
ous protemns that differ in chemical composition, they all
possess the same fundamental characteristics From the view
point of nutrition one of the most important of these char
acteristics 1s that they are composed of various amino acids
m different combinations

Protein 1s needed 1 the diet to build new body protein
and replace that lost by wear and tear The body biulds 1ts
own protemn by synthess from amino aaids, combining them
m special ways, to form the protemns peculiar to tself It
can synthesize some of the amino acids but 1t obtains most
of them from the dietary proten, brealang the luter down
during digestion mto various amno acids which are ab
sorbed and used as building stones to form 1ts body proteins
Amino acids which the body cannot synthesize are obviously
necessary and mdispensable and the proteins which supply
them are likewise ndispensable Of the 22 amino acids
now known 1o appear to be mcapable of synthesis by the
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body and hence must of necessity be obtaned from the
proteins of the food Nine of these ten essential amino acids
are argunne, histidine, 1soleucine, leuctne, lysine, methio
nine, phenylalanine, tryptophane, valine, and threonine
It 15 probable that cystine, long regarded as an essential
amino 1cid, may be synthesized from an adequate amount of
methionine and may finally prove unessential Much 1
Lknown of some of these ammno acids such as tryptophane,
cystine, and lysine, the amounts of them m various foods,
therr biochemical properties, behavior, et cetera About
others little 1s known as yet, and other amino acids may be
discovered, some of which may prove to be mdispensable

Because some protemns contamn certamn essential amino
acids and others do not, and because the amounts of the
amino acids vary m different protemns, protems differ in
therr value as food Certamn protens which contain many of
the essential amino 2cids, or large amounts of certain essen
tial 1mino acids, are said to be of high biologic value, others
laching 1 these essential amino acids, are said to be of low
biologic value In general protems of ammal ongin, 1€,
meat, milk, and eggs are of high biologic value A notable
exception 1s gelatn The proteins of cereals and legume
seeds (beans, peas, et cetera) are less complete and 1n many
of them essential amino acids are lacking An example often
quoted 15 zein, the protein of corn, which 1s lacking 1n lysine
and tryptophane

It should be pointed out, however, that not all the pro
tens of cereals and legume seeds are thus deficient, some, as
the protetn of soy beans, may be quite complete In the case of
many of the foods containing proteins of poorer value, suff
cient complete protemn might be obtained provided enough
of the food was consumed To accomplish this might, how
ever, necessitate an unduly large intake Also, with vege
table proteins 1t 1s usually necessary to secure a wide variety
1n order to insure a sufficient supply of all the needed amino
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acids Proteins of high biologic value, on the other hand,
supply large amounts of complete protein 1n small bulk and
taken 1n any reasonable amount will ensure an adequate
intake with respect to the essentral amino acids

Proteins are required 1n the formation of all living cells,
in the bwlding of additional cells incident to growth, and
1 the replacement of cells m the adult Naturally relatively
larger amounts of protein are needed for growth This 1s not
the only function of protem, however It 1s needed also 1n
forming enzymes and hormones, secretions such as milk, and
the plasma proteins As previously indicated each tissue each
secretion, and each hormone requires a different protem, a
particular protein which must have different amino acids
n different combinations The mmmensely wide range of
protein necessary to supply the variety of 1mino acuds 15,
therefore apparent To meet these needs the normal body
apparently has, m addition to the daily mtake a general
protein reserve or depot on which 1t can draw for proteins
for all purposes and which will serve to tide 1t over periods
of deficient 1ntake or abnormal demand Recent studies with
1sotopes indicate that there 15 a general pool of mitrogen
formed from dietiry and reactive body tissue—nitrogen from
which protein may be formed for any purpose With more
severe deficiency the tissues of the body are drawn on for
protein to supply the most necessary purposes, the less 1m
portant structures being drawn on first In severe deficiency
even such 1mportant organs 1s the heart yield some of their
protein The protemn of the active parenchymnl cells of such
organs as the liver seem to be affected last Plasma proteins
are reduced probably after reserve proteins are exhausted

As described 1n a previous paragraph protein 1s not ab
sorbed as such but 1s broken down mto 1ts individual amino
acid components then absorbed and transported m the
blood to the various tissues for synthesis into body proteins

Digestion takes place mainly n the small intestine under
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the influence of a series of proteclytic enzymes Little diff
culty 1s encountered mn the digestion and absorption of pro
temn under normal conditions and even n rather severe
states of local and general disease Inflammatory and ulcera
tive disease of the mntestine may be severe enough to mter
fere but often this 15 as much the result of diarrhea and
rapid passage of food as of failure of the digestive and ab
sorptive process Cooking tends to lower the digestibility of
some proteins and certain protetns, particularly some from
vegetable sources, are digested with difficulty, or not at all
These are few, however, and under normal conditions the
digestion of protem 15 easily performed and absorption 1s
quite complete

Presumably the protemn used in bwlding the various
cells of a tissue 15 formed at the site of the particular tissue
The exact site of deposition of the protemn reserve 1s un
known Protem not required for specific purposes may be
burned as fuel or stored as glucose or fat, one third of such
an excess being convertible 1nto glucose The rest 15 broken
down and, with the waste protein from degenerated cells
and tissues, 1s excreted mn the urme (and stool) as waste
nitrogen A large part of the non protein ntrogen of the
blood 1s composed of this waste nitrogen (urea, creatinineg,
uric acid, et cetera) and as such 1t appears in the urmne
Under ordmary conditions 1n the adult the excretion of
mitrogen (waste protemn) balances the mitrogen taken 1n
(food protein) and the body 1s said to be m nutrogen bal
ance Children show a positive mitrogen balance, that 15
they retain mitrogen (protein) and excrete less than they eat

PATHOLOGY AND PATHOGENESIS

As 15 the case with the vitamins the protein may be de
ficient erther because the supply 1n the food 1s inadequate,
because digestion and absorption are deficient or because



PATHOLOGY AND PATHOGENESIS 237

of some failure of utilization Deficiency due to failure of
utilization 1s really not a deficiency disease but a metabolic
disease, though the ultimate result to the body may be a
protemn deficiency A deficiency 1n the supply of protein
may be relative or absolute, an abnormally large demand
may make a normal supply relatively madequate In com
parison with the vitamins the amounts involved are im
measurably greater, grams rather than milhigrams and rela
trve deficiencies are more frequent This latter fact 15 not
well appreciated The total caloric mntake has an exceedmgly
mmportnt bearing on the adequacy of the protemn supply
With a high calorie diet the protein intake may be reduced
safely to a very low level 1n the adult (the child requires
more but the same prinaple applies) This 1s the basis for
the satisfactory use of low protein diets by some individuals
Under usual conditions a diet of an ordimary caloric value
mncludes a liberal supply of protemn, some of which may be
burned for fuel When however, the total calories of the
diet are reduced more of the protemn 1s burned as fuel and
at low calorie levels even normal amounts of protemn may be
msufficient because so much 1s diverted m this way from
specific use as protein
As already observed most high caloric diets contain tb

eral, even large, amounts of protein Adequate low pro

tem * diets are ordinarily seen only m dietary experiments
or mn use by a few food faddists There are some persons
whose diets show an absolute shortage of protem, but the
protemn deficient diet most commonly seen 1s one low 1n
both calortes and protein Practically such a diet results 1n
an effective protemn shortage even though the amount of
protein might be adequate if the calories were sufficiently
high Such a deficiency 15 a relative deficiency but 1t may be
just as effective 1n producing the abnormal changes of pro

¢ Low protemn diets adequate or inadequate may be prescnibed by
physicians for therpeutic purposes
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tein deficiency as an absolute deficiency Clmnically most of
the protemn deficient daets are of this type

Many of the structural and functional changes caused by a
deficiency of protein are non specific and are not represented
by characteristic changes 1 either the gross or microscopic
picture or in physical signs or symptoms Opportunity
for autopsy study of uncomplicated protem deficiency
15 nfrequent, even during eprdemics the picture 1s com
plicated by other deficiencies The principal findings
which have been reported are a great emaciation with a
complete loss of fatty tissue There 1s atrophy of the heart,
lLiver, and of other tissues but the thyroid gland shows the
greatest atrophy of all Effusions 1nto the serous cavities are
characteristic Histologically there 1s a complete 1bsence of
fat droplets and a loss of glycogen deposits n the lver
These findings suggest that an insufficiency of calortes has
been present as well as a deficiency of protemn Iam aware of
no autopsy studies on humans 1n which there was protemn
deficiency alone

The two most sigmificant findings are the edema and the
decrease 1n the serum protems There 15 a decrease 1n the
actual amounts of serum protein n the body as well as 2
decrease 1n the concentration The latter may be mashed by
hemo concentration The immediate cause of the swelling 1n
nutritional edema 1s the decrease in the serum proteins, a
hypoprotemnenmia Thus lowers the colloid osmotic pressure
of the blood and permits an ncreased amount of flwd to
pass from the blood mto the tissues 1 accord with Starling s
hypothesis

The reduction of the serum protems occurs principally
m the albumin fraction, the globulin bewng normal or
shightly elevated m uncomplicated cases and reduced only
1n the severe cases The colloid osmotic pressure varies with
the serum protems but the concentration of albumin has
a much greater effect on the osmotic pressure than the
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globulin Not only are changes 1n the albumin itself of
greater importance but there 1s evidence that the concentra
tion of albumim influences the osmotic pressure effect of the
globulin In addition the specific colloid osmotic pressure,
1 e, pressure per gram of protemn, vartes with the concentra
tion a gram of protein having a greater osmotic pressure 1n
more concentrated solutions 1nd less in the more dilute
However, mn spite of the fact that the relationship between
lowered serum proteins and edema 1s clear in the more
severe cases 1t 1s less apparent in the milder endemic and
sporadic cases, and some uncertainty has existed regarding
the sigmficance of the shghtly lowered serum proteins in
these cases Thus 15 due to a failure to appreciate the fact
that although a reduction 1n serum proteins and consequent
lowering of osmotic pressure 1s the primary cause of the
edema, there are a variety of secondary factors concerned 1n
its development In the severe cases with a great reduction
m serum proteins edema appears 1rrespective of these sec
ondary factors In the milder cases, with shight or moderate
reduction 1n serum protemns and osmotic pressure, these sec
ondary factors may determme the appearance or non appear
ance of the edemn or, in other words, deterrmine the level
of the serum proteins at which edema will occur They also
modify the amount of edema when present and mfluence
its disappearance under treatment Among these secondary
factors are the mtake of salt and water, posture, environ
mental temperature and tissue tension Salt and water are
of course necessary tor the formation of edema and within
certain himits the giving or withholding of them may cause
the edema to appear or disappear or modify the amount of
edema The large number of cases of war edema and the
frequency of severe cases has been attnbuted in part to
the ‘wetness of the diet and the use of large amounts of
salt Posture, by affecting capillary pressure through varia
tions 1 hydrostatic pressure 1nfluences the appearance of
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edema and 1ts location This factor 1s responsible for the
common observation that the edema usually appears first in
the legs 1n ambulant patients and that the legs are swollen
in the evening, the hands and face m the morning It alsa
accounts for the disappearance of edema after a few days’
rest 1n bed 1n the mild or moderately severe cases and for the
farlure of edema to develop 1n bed patients 1n spite of a
reduction 1n serum protems to a level sufficient to cause
edema 1 ambulant subjects Varmations m environmental
temperature by modifying arteriolar and capillary dilata
tion and hence capiilary pressure influence the develop
ment and amount of the edema High temperatures are thus
responsible for the appearance of ‘heat edema’ which
probably most often has a nutriuonal background Relwxed
uissues permit edema to develop at levels of serum protein
which would otherwise not be accompanied by edemn, or
allow a greater edema to develop Failure to appreciate the
importance of these secondary factors 1s partly due to a false
belief 1 a criucal level of serum proteins at which edema
occurs Although, under fairly constant conditions, such a
critical level may be established statistically in a large series
of cases, 1t cannot be consistently applied to individual cases,
because the level of osmotic pressure, though the most 1m
portant and fundamental factor, 1s only one of the factors
concerned

INCIDENCE AND EPIDEMIOLOGY

Nutritional edema, which may be taken as the clinical
expression of protein deficiency, still occurs i epidemics
1n countries subject to famunes such as China and India, and
in such countries 1t exists 1 endemc form as well It s an
ever present threat in any country whose people hve near
the borderlime as far as nutrition 1s concerned and 1s to be
expected whenever there 1s a failure of food supphes for
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any but a short pertod Sporadic cases occur n individuals
anywhere at any time due to a wide variety of causes Some
of these are pure protemn deficiencies but many are cond:
tioned, that 1s, associated with other disease which for one
reason or another nterferes with the mtake or absorption
of food Such cases are, of course complicated by the symp
toms and signs of the conditioning disease

In this country the deficiency exists m both endemic and
sporadic forms Endemuc nutritional edema has been re
ported 1 certain areas of the South and 1t 15 probably pres
ent elsewhere among economically handicapped groups
Sporadic cases are seen under a wide variety of circum
stances from food ‘ faddism to severe organic disease mn
terfering with nutrition In addition to clinical cases recog
nizable by the characteristic symptom and sign, edema many
mulder cases undoubtedly exist many more than are gen
erally realized Many of these perhaps are represented by
non speaific signs and symptoms, such as subnormal growth
and fertility, which cannot be 1dentified m any mdividual
case as due to protemn deficiency alone On the other hand
the determination of the serum protein concentration, the
albumin 1n particular, may yeld evidence of mild protemn
deficiency before more definite clinical evidence 1s available
Recent studies of thus sort suggest that protemn deficiency of
a mid degree 15 relatively frequent among certamn popula
tions 1n this country It should be borne in mind however
that although the effective shortage 13 1 protem, this
shortage 15 often due idirectly to a diet of low caloric value,
and hence a protein deficiency (or nutritional edema) of thns
Lind may be an index of general as well as protein nutrition
In fact, there 15 some reason to believe that 1t 1s one of the
best single measures of general nutrition

All ages are nffected and there 15 no strilang difference
between the sexes Because of the mcreased demands of
growth, children particularly infants, are apt to suffer more



242 PROTEIN DEFICIENCY

severely Although m epidemics the incidence 15 higher 1n
those engaged m hard physical worl, the reverse scerms to
be true 1n an endemuc area, perhaps because the extra food
needed 1s more apt to be provided for the worker Cold and
exposure are contributing factors, calling for increased heat
production and hence more fuel (calortes) which may of
necessity be taken from a slender supply of protemn Al
though most of the endemic cases occur 1 low income
groups poverty 1s not a necessary factor, and dietary custom
and habit may be the determining circumstances Edema,
the characteristic expression of protemn shortage, 15 more
frequent 1n warm weather due to the well known effect of
environmental temperature on the formation of edema

SYMPTOMS AND SIGNS

None of the signs or symptoms of protemn deficiency s
m uself speafic climcally This 1s particularly true of
such symptoms as fatigability and muscular weakness, or
such signs as lessened growth and decreased secretion of
mulk Even edema, the most characteristic clinical expression
of the disease, differs in no particular way clintcally from
other forms of edema

In practice edema 1s the essential feature of the disease
and m uncomplicated cases 15 usually the patsents chief
complamnt Other symptoms occur but are mconsistent and
vary with the duration and severity of the disease or depend
on the existence of associated disease In sporadic cases 2ss0
ciated with other diseases a wide vartety of signs and symp
toms having nothung to do directly with the nutritional
edema may be present

The edema varies from 2 very shight pitting of the legs
to anasarca It 1s a dependent edema and m the early stages
15 apt to appear in the legs toward evening, and 1n the face
and hands mn the morning when the legs may be free of
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swelling Ascutes 1s fairly common 1n severe cases but hvdro
thorax and especially hydropericardium are found only occa
stonally and m the most severe cases The onset 15 usually
gradual but may appear to be abrupt In the latter case a
shght edema had probably been present and gradually 1n
creasing for some time, a sudden mcrease being precipitated
by an abrupt loss of elasticity of the tissues or alarge increase
m the edema mnduced by some unwonted physical exertion
or fimd and salt intake I have seen 1t appear suddenly fol
lowmg unaccustomed walking, and after the drimlang of a
rather large amount of beer and salt At the onset there
15 ordinarily only a feeling of slight fulness m the legs or
a dull aching Occasionally the pain 15 more severe and the
skin red and hot as though infected Similar symptoms have
been observed in patients with ‘epidemmc dropsy * in India

These are the symptoms and signs 1 the usual uncom
plicated case of nutritional edema, the edema increasing in
the more severe cases and such changes as induration,
stretching of the tissues pigmentation, et cetera, occurring
in the chronic cases Other symptoms and physical signs of
less constancy and significance may occur In cases where
there has been a reduction 1n fotal food supply, and espe
cally in epidemucs, the first symptom of nutritional edema
may be an increase n weight, nterrupting a previously
steady decline With protein defictiency alone the patient
may be well nourished, even obese Weakness and a distaste
for exertion are common Work 1s accomplished with n
creasing difficulty and there 15 a loss of efficiency A mild
mental depression 1s frequent An extreme loss of weight
may be masked by the edemn Except 1n epidemics the most
severe cases are generally sporadic and associated with other
disease, gastromtestinal disease particularly

Polyur:a and nocturia may be observed 1f the diet 15 * wet
but often there 15 1n ohiguri: with the onset of the edema
A shight nocturia, otherwise unexplamned 15 seen 1 mld
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chronic cases The urine and the renal function are normal
m uncomplicited cases The same 1s true of the heart and
circulatory system except that the heart may be smaller than
normal 1n severe cases and bradycardia and hypotension are
seen with the more severe deficiencies With this there may
be an undue tachycardin on exertion and a shortemng of
breath which seems due to general wetkness rather than
cardiac fulure None of these symptoms or signs are found
mn mild cases With the circulatory changes m the severe
cases there may be a lowered basal metabolic rate and even
a hypothermia, but again these are absent from mild cases
except that the bisal metabolic rate seems to be more often
i the lower ringe of normal

Gastrointestinal symptoms are not ordinanly found mn
uncomplicated cases and when present are usually the result
of the disease which induced the protein defictency Anorexia
and vague mndigestion are as much a cause as a result of
the defiaency

Neurologtc symptoms due to protein deficiency alone are
not known and are not found m uncomphcated cases On
the other hand mild anemuas are commonly observed While
many of these are due to other deficiencies, p1rt1cu1ar1y an
associated deficiency of 1ron, the tnemia n some cases
seems to be due directly to a low protein mt1ihe Both micro
cytic and macrocytic anemias are observed 1nd the relatton
of the proten deficiency to the anemias 1s 11l defined Occa
sionally a normal or even high red cell count and hemo
globin content may be due to hemo concentration The
values drop to normal or below when normal blood volume
1s estored Achlorhydria 1s frequent m patients with nutr
tional edema but whether 1t can develop as the result of the
deficiency 15 unknown

In considering the clinical features of pratein deficiency,
and particularly nutritional edema as a manufestation of
that deficiency, 1t must be remembered that relatively few
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uncomplicated cases are encountered In many cases there 15
a deficiency m calores 1f not other deficiencies as well, and
many cases are induced by other disease and hence many of
the signs, symptoms, and other findings may be the result of
other causes than a protein deficiency Chinically the edema
15 the only constant charactersstic finding except for the
changes 1n the serum proteins to be discussed below

DIAGNOSIS

Clinically the diagnosis of protein deficiency rests on the
presence of an edema associated with a lowered concentra
tion of serum or plasma proteins * or m the earher cases the
finding of a lowered serum protein alone if the latter is not
due to fatlure to form plasma protemn (lwer disease) or to
loss of proten in the urine or in other body flurdst As 1n
all deficiency diseases additional evidence may be obtaned
from a study of the diet and 1t 15 easily possible to calculate
the intake of protem and determine its adequacy Ths
does not of 1tself establish actual deficiency however Unul
body reserves are exhausted an actual climical deficiency
does not exist and 1 view of the uncertainty 1n regard to
this the diagnosis of a deficiency ordinanily must await
some objective evidence such as an otherwise unexplaned
edema or a lowered concentration of serum protemns A
diagnasis of protemn deficiency based on disturbances 1n
growth, fertility anemia and the like cannot be made
chinically with nssurance, nor can diagnoses of deficiencies
of speaific ammo acids Such diagnoses can be suspected
strongly if sufficiently accurate knowledge 1s available as to

¢ In thus book the term  serum protein  will be used though 1n practice
the protemn content of either serum or plasma may be determined There 15
some difference 1n the values those for serum being shghtly lower

1 Nutritional edema with decreased serum protemns may and often does
oteur with other forms of edema
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the diet and particularly if the other evidence of protem
deficiency, edema, and low serum proteins, 1s found

All degrees of reduction 1n the concentration of serum
protemns are found In general the degree of reduction
parallels the protein deficzency and the amount of edema
Because there 1s a rather wide range of protein concentra
tion 1n normal subjects the average value has hittle meaning
and the generally accepted minimum level 1s of greater sig
nificance Even these, however, as will be shown below, do
not consticute critical levels above and below which edema
must be absent and present respectively, nor a conclusive
evidence of proten deficiency m 1self The matter 1s fur
ther complicated by the fact that the serum proteins are
divided rather arbitrarily into two fractions, albumin nd
globulin, which differ not only with respect to their signif
cance to nutrition but wn their effect on osmotic pressure
and hence on the formation of edema Finally, there 15 2
difference 1n the concentration of serum protens at various
ages, and a slight and less sigmficant variation with sex

Many standards have been proposed for serum proteins
with certain differences due to methods employed and the
number and type of indwiduals serving as subjects For this
country the standards of Peters and Eisenman based on
values obtamed by the Kjeldahl technic are recom
mended ! According to these standards normal values are
as follows Total proteins 6 o to 8 0 Gm per 100 cc, albumin
40 to 55 Gm per 100 cc, and globulin 14 to go Gm
per 100 cc

Serum protein values must be considered critically and
because of the three parts mvolved, total, albumm, and
globulin, attention must be paxd to therr relationship For
example, because of the normal range of values of each 1t 15
possible to have a normal value for albumin and globulin
respectively and yet an abnormally Jow total Thus a low
normal globulin of 1 4 and albumin of 4 o gives a total of
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54 Gm per cent which 1s below the standard of normal
total serum protein, 6 to 8 Gm per cent In pracuice such
findings are not common but may occur They are not com
mon because when the albumin s at 1ts lower normal levels
globulin 1s usually still well above mimmum levels In fact,
a total serum protemn concentration below normal, with a
minimum normal albumin and globulin would probably
indicate a true hypoprotemermia i spite of the normal
value for the individual fractions

The globulin values are much less significant than those
of the albumin, partly because the globulin seems to be less
affected by shortage of protemn than 1s the serum albumin
and partly because globulin 1s more often affected, usually
elevated, by other factors such as infections Sometimes a
globulin may be elevated thus to such a degree that an ab
normally low albumin 15 masked 1n a total protein which 1s
normal This 1s an example of the need for determming
serum protein fractions as well as the total protein

By far the most significant changes 1n relation to protein
deficiency are found n the serum albummm Serum albumin
seems less affected by such factors as ifection except ndi
rectly through the influence of the latter on nutrition A
decrease 1n serum albumin due to dietary defictency seems
not to occur until body reserves are used up (except i ycute
hemorrhage) Pathologic increases are rarely found Hyper
proteinemia such as 15 seen 1 multiple myeloma lympho
pathia venereum et cetera, 1s due to an increase tn globulin
Low albumm concentrations due to protemn deficiency are
nearly always associated with a low normal or an abnor
mally low globulin and hence with a decreased total protein
Low albumin with the total protemn normal or high due to
increased globulin 1s usually assocrated wit hother diseases

Considerable importance 1s sometimes attached to the
proportion of albumin to globulin, the so called albumin
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globulin ratio, and 1n particular to a reversal of this ratio
which normally 1s about 2 5 1 0 Variations 1n this ratio are
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Fi16 15 Nomogram A straight line drawn through
the proper points on the albumin and total protem
scales will 1ntersect the middle scale at the value of the
total osmotic pressure calculated from the formula,

P=C(14+594

1n themselves of little significance unless 1t 1s known whethe:i'
the change m the ratio 15 due to a decreased or elevate
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albumin or a decreased or imncreased globulin For example
a reversal of the ratio due to an abnormally high globulin
has a distinctly different meaning than a reversal due to a
decrease 1n the albumin That 1s, the actual values for
albumimn and globulin are more significant than the ratio
between the two Finally it must be remembered that
changes 1n the serum protemn are caused by other things than
the dietary supply or absorption of protemn

The serum protein concentration 1s sigmficant, as far as
nutritional edema 1s concerned, only in relation to the
colloid osmotic pressure The colloid osmotic pressure may
be measured but such measurements are difficult clinically
and are rarely made for that purpose Formulae and tables
for converting serum protemn concentration 1nto colloid os
motic pressure have been devised A formula and nomogram
for this purpose are shown 1 Figure 15%

Numerous standards for the colloid osmotic pressure of
the blood plasma or serum have been proposed For prac
tical chinical purposes pressures of 300 to 400 mm of water
may be taken as the normal range Edema 1s often, but not
necessarily present, at pressures below goo mm Because
of the difference 1n the osmotic pressure of albumin and
globulin a calculation of the osmotic pressure may be useful
m cases 1 which the albumin alone 1s decreased and the
globulm 1s sufficiently elevated to give a normal or near
normal total serum protein

In summary the diagnosis of protein deficiency while 1t
may be strongly snggested by a knowledge of a dietary de
ficiency, deficient absorption or the presence of such non
specific symptoms as delayed or deficient growth 1s dy
agnosed clinically by an otherwise unexplained edema
associated with a hypoprotemnemia particularly a hypoalbu
mmemta In early cases 1t m1y be disclosed by a hypopro
teinemia alone
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TREATMENT

Preventive Treatment The prevention of protemn de
fictency and the resulting nutritional edema 15 1 many
cases symply a matier of enough food That 15, with ade
quate calones, sufficient protein 1s spared so that the amount
m the diet becomes sufficient Care must always be taken,
however, that a suflicient supply of protem of lgh brologic
value 1s supplied to afford adequate protection Particular
caution should be taken 1n this respect 1n certain regions
of endemic nutritional edema where custom and habit may
dictate diets adequate 1n total calories but low 1n protem
of good biologic value The same circumstances are en
countered among certamn food faddists Therapeutic diets
are often at fault and should be carefully scrutinized with
respect to their content of protein, particularly those which
are contmued over long periods Very few diseases, however,
aside from certamn types of nephritis, require any restric
tion of protemn m the diet

The protein requirements may be stated n a general way
as amounting to 80 to 100 Gm of total protemn per day
for the tverage sized man of average weight engaged m
physical activity of average severity Somewhat larger or
smaller amounts to suit women and persons of smaller or
larger size 1nd weight, more or less active physically will be
adjusted automatically by intake 1f appetite, custom, and
availability of food 15 normal Of the 80 to 100 Gm a certain
proportion, perhaps a third or more, m adults, should be
first class protein that 1s, of animal origin (meat, eggs milk,
cheese or fish) In the usual American dietary this amount
of protem and proportion of animal protem would be fur
nished by the following Breakfast one large orange, three
quarters of 2 cup of oatmeal with milk and sugar, one borled
eggr and three shices of buttered toast Lunch one half cup
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Protective Treatment Those requiring special attention
or protective care include growing children, pregnant
women and nursing mothers, patients with diseases which
mterfere with the absorption of protemn (food), those with
chromc mfectious diseases, and those 1n whom demand for
protein 1s increased Protection for the latter group includes
those with fever and elevated metabolic rates, not neces
sarily because the need for protein 1s specifically mncreased
but because an increased heat production indirectly rases
the requirement for protein Among those wath complicat
mg disease, particular mention should be made of patients
with exudates or transudates that are continually reforming
and being removed, and patients with albummuria The
loss of protemn n this manner may be very great

The protem requirement for children 1s distinctly above
that for adults, pound for pound, because of the need for
growth Desirable daily amounts range from about 4 Gm
per Kg (2 2 Ibs) of body weight at one year to 2 6 Gm per
Kg at six years, after which the amount remains about the
same until growth has ceased ® Thus 15 a generally 1ccepted
minimum and 1n no way should be understood to represent
the optimum or even desirable amount OFf this amount
about two thirds should be animal protein

Pregnancy and lactation require a greater supply of pro
temn Some animal protein 1s essential and a good proportion
of 1t should be of this origin Too great a restriction of pro
tein has often been made in pregnancy, and sometimes
protemn has been further restricted because of an edema
which originally was a nutritional edema due to a deficiency
of protemn Protemn requirements for pregnancy may be
placed at the level of non pregnancy during the first trimes
ter and mncreased to a mmmum of 15 Gm per kilogram
of body weight during the remainder of the pregnancy
During lactation a mimmum of 2 Gm per Kg of body
weight 1s desirable
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All surgical patients whose diet has been restricted before
aperation, particularly those with mnfectious 1illnesses, are
apt to suffer with protemn deficiency and should be properly
prepared as far as posuble In such patients a nutritional
edema, usually appearing postoperatively, precipitated by
the salt and water admmmstered parenterally, will often
occur unless measures are taken to prevent 1t Such patients
may require even more drastic treatment for prevention
namely, transfusion The latter may also be needed 1n sur
gical conditions accompanied by a large loss of blood

In concluding the discussion of prevention 1t should be
noted that an actual protem deficiency 1s rather slow to
develop, that the body has a reserve store to tide over periods
of reduced 1ntake and sometimes low mtakes for consider
able periods are apparently without effect They do, how
ever, reduce the reserve and once the reserve has been lost
the body 15 particularly sensitive to daily dietary variations
i 1ntake Then any deficit 1s made up by taking protein
from more or less vital organs and structures

Curative Treatment The treatment of a protemn de
ficiency which has caused chinical and pathologic changes 1s
also sumple and specific and 1s the same as that required for
prevention Certain 1ccessory and symptomatic measures
however may be used which will be effective 1n rehieving
distress and hasteming cure These measures may be of value,
when cure by specific measures 15 delayed or prevented, by
restricting or decreasing the edema, preventing stretching
of the tissues and the chromic dropsy which may other
Wit occur

In uncomplicated cases an adequate diet will suffice to
effect a cure Although an adequate caloric mntake and a
small supplement of protetn will be sufficient i many cases
1t 15 usually best to give a high protemn diet because of 1ts
quicker action Ammal protein will relieve the edema and
restore the serum protein to normal more quickly than
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vegetable protemn Cases of short duration are apt to be
relieved more quickly than chronic cases

Altogether the diet will be sufficient 1 nncompheated
cases Satisfactory treatment may be difficult in cases with
gastromtestinal disease which mterferes with intake or ab
sorption, 1n patients subjected to repeated paracentests, in
patients with chronic illnesses, particularly surgical patients,
and those with psychotic or psychoneurotic disease

Although the edema 1tself, 1f of mild to moderate severity,
affects the patient but Iittle, 1ts presence presents a constant
threat of the development of such complications as pneu
monia, pulmonary edema, mfections (erysipelas), and m
surgical patients 1t 1s probable that the edema 15 a decded
deterrent to wound healing and the recovery of tissues
Therefore a prompt relief of the edema and restoration of
serum protetn to normal 15 often desirable In such md:
viduals the restoration of body protems and the raisimg of
serum proteins to normal may be hastened by transfusion
of exther whole blood or plasma Plasma s particularly suited
for such a purpose and avords many of the reactions from
transfusions

Another measure for the immediate relief of edema 1s the
use of diuretics The action of these 1s of course only tem
porary They are, however, usually effective temporarily
and act quickly removing some of the threat of the edema
and preventing continuing stretching of the tissues and the
developing of chronic swelling Al of the dwretics are
effecuve but the best are the mercurial dwretics such as
salyrgan for immediate effect, and the xanthine druretics
for repeated and continued use When druretics are used 1t
must be remembered constantly that they are only tem
porary and palliative, and do not remove the cause of the
edema Although some mcrease m the concentration of
serum proteins may be observed following a large diurests,
this 1s due only to 2 temporary concentration of the blood,
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and the total amount of serum proteins in the body s not
increased When this temporary concentration 1s overcome
by the intake of water and restoration of blood volume to
the previons level the serum protems will again be diluted,
their concentration will fall and fluid will escape from the
blood nto the tissues, often carrying some of the serum
protem with 1t

In addition to diet, transfusions and diuretics there are
a number of simple measures which are very helpful
ridding the pitent of edema In mild cases rest in bed for
a few days may relieve the patient of edema and rest 1n bed
with elevation ol the feet and legs 15 always helpful Simi
larly the avoidance of the erect posture, especially quiet
standing 15 of great help

The intake of salt and water has a great influence on the
edema and m mild cases a restriction of these alone may
cause an edema to disappear or abate This 1s a particularly
important factor 1n surgical cases Although sodium chloride
should not be restricted greatly for long pertods its de
privation may be made easier by the substitution of po
tasstum chloride

In those cases in which for various reasons, the edema
cannot be relieved and the protein stores restored quickly,
elastic bandages and stochings are useful to help prevent the
stretching of the ussues and development of a chronic edema
which 15 a possible complication 1n these cases All of these
measures however, other than those designed to restore the
mtake and body stores of protemn to normal are temporary
and palliative and should be recognized as such

In a certain number of cases 1t will be found that though
the serum protemns are restored to the normal level the
edema persists though usually less in amount This 1s found
most often 1n chronic cases in which the edema has been
present for years Sometimes 1t 1s an edema of another type
(cardiac usually) but 1t may be a chronic edema dependent
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on a permanent stretching of the tissues In a few cases it
may be impossible to restore the serum protems to normal
levels even when there 15 an adequate intake and no apparent
mtestinal discase These are usually chromic cases and may
be the result of unknown difficulties 1n absorption or uth
zation, the result of a long continued deficriency

Certain of the effects of protein deficiency such as dis
turbances m growth 1ppear to respond poorly if at all, once
they have occurred, to a relief of the defiaiency Nesther are
they amenable to other forms of treatment
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Iron Deﬁciency

(Iron Deficiency Anemia—Idiopathic Hypochromic Anemia—Iron
Deficiency Anemia of Childhood Pregnancy et cetera )

HISTORY

IroN has been recognized as an essential accessory dietary
factor ever since 1ts relation to hemoglobin was discovered
and long before the nising tide of vitamin research estab
Lished the modern concept of deficiency disease Following
1ts discovery as a component of hemoglobin the relation of
ron to blood formation and anemia was recognized, best
perhaps m chlorosis or the green sickness but i other
forms of anerma as well Since then the 1mportance of 1ron
as a dietary essential, a factor m the maimtenance of normal
blood, and m certan cellular oxidation mechamisms, has
become 1ncreasingly appreciated In consequence, the 1m
portance of iron deficiency anemta as a disease umty as
a complication of other diseases (even other anemias) and
as the cause of much chronic 111 health has been established

Nevertheless despite almost unanimous acceptance of
such facts, 1ron deficiency 1s curiously neglected 1 medical
practice This neglect seems to be due to the fact that symp
toms due to 1ron deficiency anema are shight and vague,
unless the anemra 15 great, and physictans fail to reahze
the frequency of the deficiency as well as the considerable
effect even a mild anemia has on the general health There
15 also a tendency to ascribe anemias to infections or sumilar

257
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causes, when 1n fact at least a considerable proportion of
such an anem1a may be due to an tron deficiency which can
be relieved with much benefit to the patient As far as the
other functions of iron are concerned there are no known
clinical mamfestations of a disturbance 1n them, and so little
won 15 needed for them that 1t 15 doubtful whether a
shortage of wron for these functions ever exists

NATURE AND FUNCTION

Iron 1s one of the elements, a metal, which, since 1t cannot
be synthesized, must be obtained by the body from food
and drink or by other means The various combinations
m which 1t 15 ingested are broken down to release the
ron which 15 then absorbed and recombined n the vart
ous forms required for different functions The form In
which 1ron 15 eaten or adminstered 1s of 1mportance only
as 1t affects absorption or 1n relation to toxic or untoward
effects Iron 1s absolutely essenuial for the formation of
hemoglobin and about one half of the mron i the body
(about 6 Gm or 1/5 oz) 15 normally present in this form
However, traces of 1ron are present i all or nearly all
tissues and 1ron 15 used n ntracellular oxidation as will be
described later The remamder 1s present as the worhing
supply 1n the process of manufacture or as a reserve store

The combination of iron with protemn to form hemoglobn
1s essential to ife Hemoglobin 15 formed m the blood form
ing centers where red cells are made It 1s a very complex
compound of high molecular weight consisting of 2 large
molecule, globulin, combined with hematin, an iron con
taiming molecule Although the compound 15 exceedingly
complex all parts of 1t can apparently be formed or syn
thesized by the body from sumpler substances except 1ron,
which must be supplied directly from the diet or from 2
reserve previously established Laclang iron from such



NATURE AND FUNGTION 259

sources the amount of hemoglobm which can be formed
1s found to decrense 1n proportion to the decrease i the
supply of ron

Although the body can synithesize the other constituents
of hemoglobin and needs to have onlv iron supphied as such,
the manufacture of hemoglobin 1s a biologic process affected
by other factors such as infections, mntoxications, endocrine
disturbances, and other dietary factors such as vitamin G
deficiency, so that failure to form hemoglobin 1s not solelv
the result of 1ron deficiency Lack of 1ron 15 a frequent and
important cause, however and often lack of wron compl
cates other disturbances in hemoglobin formation

Hemoglobin 1tself 15 used to carry oxygen to the tissues
A small amount of oxygen 1s carried dissolved 1n the blood
plasma Under certun conditions of oxygen tension in the
lungs oxygen and hemoglobin are united 1n a loose chemi
cal combination oxidized hemoglobin Under conditions
of different oxygen tension 1n the tissues the oxygen 1s re
leased leaving what 15 known as reduced hemoglobin Thus
hemoglobin without the loosely added oxygen* 1s reduced
hemoglobin (dark) and hemoglobin with the added oxygen
1s the oxidized form (bright) Because the oxygen carrving
capacity of the hemoglobin 15 almost completely used (85
per cent) under normal conditions 1increasing the amount
of oxygen united to the hemoglobin can only slightly com
pensate for a loss 1n hemoglobin Further deficiencies must
be met 1 other ways, such as by faster arculation of blood
and more trips per untt of ime This mduces symptoms of
palpitation, tachycardia, et cetera, and may overburden the
heart With a severe decrease mn the hemoglobin the defi
ciency 1s not met and the tissues suffer from oxygen want In
addition to this oxygen carrying function hemoglobin also

*® Oxygen going to make up the hemoglobin molecule uself 15 finmly
bound and not avarlable for use to the tssues
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servesasa “‘buffer to help maintain the acid base balance of
the blood (and indirectly the tissues)

Another function of 1ron 15 to assist 1n the catalytic trans
fers of oxygen and hydrogen 1n the cells These are exceed
mgly important, fundamental, and complex biochemical
processes but it 1s very doubtful whether they are ever n
terfered with by a lack of 1ron because the amount of 1ron
needed for this process 15 very small, 0 § Gm for the entire
body (about oo4 mg per Gm of body tissue)

The source of 1ron 1s two fold, the mother,” from whom
the child receives an 1nit1al and nonrecurring supply, and
the diet The supply from the mother 1s particularly impor
tant because the child depends m a large measure on this
supply during a period when 1t 1s highly dependent and
unable to choose for itself At the same time the demands
of growth ncrease the requirement, while the diet for 2
considerable period contains naturally 2 mimum of iron
Furthermore, as we shall see later, 1t 1s difficult to make up
deficits of iron from dietary sources alone Therefore the
store obtained from the mother 1s highly important 1n
determining the state of hemoglobin supply during infancy
and childhood

The daily requirement for 1ron varies with age and sex
Theoretically, the adult male requires a very small daily
mtake The average normal adult forms about 25 Gm of
hemoglobin daily, requiring about go mg of won This 13
formed to replace a similar amount destroyed daily How
ever, the body 15 very sparing of its 1ron and the greater
part (at least 85 per cent) of the broken down hemoglobin
1s recovered and used over agam A very small amount of
ron 15 lost 1 the feces and excretion 1n the urine 15 prac
tically negligible Therefore, in the adult male, the iron
store can be mamtamed on very small intakes, possibly s
hittle as 1 mg per day under some circumstances (This
should not be talen as a recommendation that the ntake of
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1ron be no greater than 1 mg daily ) Growth in children and
menstruation and pregnancy i women ncrease the need,
yet so carefully does the body conserve 1its 1ron that without
bleeding or pregnancy, 1ron deficiency can probably not be
induced 1n an adult 1f one begins with an adequate reserve
Iron defictency anemia 1s not produced 1 animals on diets
Iow 1n 1ron unless the animals are also bled or unless one
uses young or pregnant aumals The clinical significance of
this dependency of won deficiency on bleeding or preg
nancy 1s considerable as will be shown later

The fetus being parasitic, obtains an adequate supply of
iron as hemoglobin even at the expense of the mother
Unless however, the mother has an adequate intake and
store, the 1ron reserve of the fetus and subsequently of the
mfant will be deficent Later the mcreasing demands for
growth, occurring at a time of normally poor dietary supply
and often improper feeding, will soon exhaust the reserve
Anem1a then develops This explains the high frequency of
1ron deficiency anemn n childhood and shight unsuspected
anemias of this kind 1n presumably normal subjects may
have influenced the generally accepted normal standards for
hemoglobin at these ages As Guest! has shown the progres
sively diminishing reserve of the mother may be reflected 1n
an mcreasing anemia of successive children when pregnancies
occur at frequent 1ntervals without proper attention to the
iron supply and store Such deficiencies unless corrected,
i\z;ndu:ap the unfortunate child throughout all of ts errher
1fe

The most recent estimates of the daily requirements of the
different age and sex groups are based on a rather small
number of balance studies mn human subjects supported
by similar studies in animals In such balance studies the
amount of 1ron lost from the body 1s balanced against the
mtake, the amount required to mamtain ‘balance being
taken as the actual requirement In practice 50 per cent 1s
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added to these values as a margin of safety The figures
given m Table I represent average safe allowances and
suffer somewhat 1n dependability because of the small num
ber of subjects studred Furthermore, such studies 1n human
subjects are none too rehiable because of the variable effect
of a reserve store The data are more convincing n animals,
in whom the reserve store can be reduced experimentally
until the new 1ron used comes solely from the diet Never
theless, the figures given may be taken as representing a
supply somevwhat above that constdered to be a safe minumum
under normal conditions

The average safe daily allowance for the réquirements of
a baby up to about one year of age 15 0 36 mg per pound
(o9 mg per Kg) In the normal mfant this requrement 15
furmished for the first six months or so, during the time
when the mnfants diet (milk) 1s naturally low 1n won, by
reserves provided by the mother Unless the intake 15 ade
quate these reserves will be exhausted and anemia will
appear at about s1x months or somewhat later If the reserves
are very low 1t will appear earhier as 1s frequently the case
1n twins and premature 1nfants

From about one to three years the safe daily allowance 15
estimated at o 27 mg per pound (o 6 mg per Lg) Fora
two year old baby this will amount to 7 or 8 mg For a four
vear old child 8 mg will serve Increasing demands with
mcreasing weight will normally be cared for by the extra
food consumed for that weight provided the child s diet 15
proper

For boys and girls four to twelve a safe daily allowance 15
10 to 12 mg and from 12 to 20 1t increnses to 15 Mg At
these amounts the safe allowance for girls may be taken to
be about the same as boys though Iarger amounts have been
suggested

For men the daily allowance may be safely placed at 12
mg though some authorittes place it ac less and 1t 15 posstble
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that less rmght suffice In view however of the general tend
ency to provide liberal allowances for necessary functions
and the probable beneficial effect of such allowances, the
larger figure may be accepted for general clinical purposes
Women, m spite of generally smaller weight should be
allowed at least as much as men (15 mg) and 1t 1s probably
better to set the daily allowance at 20 mg, at least during
the chuld bearing period It must be realized that these
allowances do not represent requirements which have been
actually and accurately determined on experimental sub
jects but are based on such studies and are offered as rea
sonable safe working allowances for general clinical use

Safe Allowances for Iron Requirements

Agen years Sex Daly allowances in milligram
o-1 Male and Female 036 mg per pound
~3 Male and Female o z7 mg per pound
4~12 Male and Female 8-12 mg {total)

Male 15 mg (tatal)
1820 Female 15 mg (total)
Adult Male 12 mg (total)

Female 12-1§ mg  (total)

Iron, being an ubiquitous element, 1s found 1n many foods
but Iike other essential substances 1t 1s more abundant m
some foods than 1n others Of equal or perhaps greater im
portance than the total amount 1s the availability of the
ron Recent studies have shown that much of the 1ron 1n
food 15 unavlable that 1t 15 not absorbed or 1s “bsorbed
very poorly Two factors then influence the dietary supply
of iron the amount and the avulability Often foods with a
smaller total content of 1ron supply more actual 1ron to the
body because of 1ts relative availability than do foods with
a greater total ron content Also, foods which have 1n the
past been accepted as excellent sources of iron have been
found to have their 1ron 1n an 1naccessible form and hence
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are comparatively of less value than was formerly thought
The content and availability of iron 1n different foods 1s
discussed under treatment

Absorption and Excretion Iron 15 absorbed with some
difficulty Absorption takes place throughout the gastrom
testinal tract but 15 greatest mn the upper small mtestine
After absorption 1nto the blood, 1t 1s carried to, and stored
1n, the hiver and to a less degree 1n hidney, spleen, and other
organs Except for the ron in the hemoglobin of the red
cells only small amounts are present m the blood, some 01
to 0§ mg per 100 cc m the plasmn Excretion 15 almost
entirely by way of the mntestines, but 1t 1s unlikely that any
but very small amounts are excreted under usual conditions
It now seems that absorption 15 regulated Iargely by body
needs Amounts are absorbed as needed mcluding enough
to lay 1n a rich reserve When this 15 accomplished absorp
tion lessens and 1ron passes out unabsorbed Probably hittle
actual excretion occurs

Inorganic won 1n all forms 1s absorbed comparatively
well, some better than others True organic 1ron, not 1€
leased by peptic or tryptic digestion, 15 not absorbed and
this accounts for the lack of availability of much of the iron
m foods Ferric 1ron before absorption 1s converted to ferrous
1ron, a process m which hydrochloric acid assists Normal
gastric jurce probably favors absorption

PATHOLOGY AND PATHOGENESIS

With this understanding of the requirements for ron,
the sources, and the mechamsm of absorption, the patho
geness of 1ron deficiency (essentially iron deficiency anemiz)
15 clear One important fact stands out, nimely, that ron
deficiency due to dietary lack alone 1s uncommon and most
1ron defictencies are so called conditioned * deficiencies In
the child the deficiency 15 conditioned by an inadequate



PATHOLOGY AND PATHOGENESIS 265

reserve at birth, msufficient to provide the needs of growth
at a time when the normal supply of wron 1n the diet 15
small The deficiency may be aggravated by a poor diet In
the adult the deficiency 1s conditioned by a loss of won
through hemorrhages, a loss which the usual diet supples
stowly and with difficulty, and for which a diet only shightly
deficient 1n 1ron may never compensate In women there 15
the hemorrhage and loss which 1s physiologic and repeated
occasioned by menstruation or pregnancy or both In both
men and women a wide variety of conditions may cause
hemorrhage and lead to the loss of won While the loss
from a single hemorrhage, even of considerable size may be
made up on a good diet, repeated losses of smaller amounts
even very small amounts if continued long enough, often
may result 1n a loss of iron which even a good diet cannot
supply Finally, various diseases, especially of the gastrom
testinal tract, may interfere with absorption and the normal
replacement from the diet Many of these diseases are them
selves associated with bleeding and 1ron loss

To summarize then, effective 1ron deficiency (anemia)
rarely occurs 1n adults without loss of blood* or pregnancy
Even children are not apt to develop 1t 1f they have an ade
quate store at barth These conclusions are emphasized by
surveys which show a low madence of such anemias 1n men
but a hugh mcidence 1 women It 1s also likely that there
1san even greater incidence 1n women because the standards
for women are influenced by the mclusion of mild and
unsuspected cases of such an anema m the supposed normal
groups This possibilaty 1s supported by the fact that adminis
tration of mon to men whose hemoglobmn 1s within the

normal range causes Iittle or no mncrease in hemoglobin

while miny women show an 1ncrease 1n the concentration

* The author has knowledge of an adult who because of a psychoneurosis
subsisted on hittle but milk for years and developed a severe anema of
the wrondeficiency type without so far as 15 known the contnibuting effect
of loss of blood '
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of hemoglobin from minimal “normal’ level when given
supplements of 1ron

The gross and microscopic pathology of 1ron defiaency
15 that of an anemia The blood and bone marrow show
characteristic alterations 1n uncomplicated cases In a de
fictency of sufficient severity the bone marrow shows hyper
plasia and there 1s 1n increased number of normoblasts
The crculaung blood shows a hypochromic, microcytic
anemia, the characteristics of which are discussed more
fully under Diagnos:s

INCIDENCE AND EPIDEMIOLOGY

A deficiency of ron 1n the body, with a resultant anemia,
1s relattvely common As one would expect from the dis
cussion of 1ts pathogenesis, 1t occurs principally 1n children
and women Iron deficiency anemias in men are decidedly
less common, yet they certainly may appeir in men, par
ticularly those who are subject to a chronc loss of blood
(bleeding hemorrhoids, et cetera) The mncdence and dis
tribution of “1diopathic * hypochromic anemia 1s dependent
on an absolute or relative madequacy of iron 1n the diet
plus the conditioning’ factors such as inadequate fetal
stores in the child, menstruation and pregnancy in women,
and chronic blood loss 1n any age or sex group Hence 1t
may and does occur 1n any part of the world Studes on 2
low economuc group n Northeastern Scotland? have mdi
cated a g2 per cent mcidence of iron deficiency anemia 10
young children, a 16 per cent incidence m adolescen:
women, and a 45 per cent incidence 1n adult women Heath
reports that 16 per cent of all the women admutted to the
general medical wards of the Boston City Hosptal presented
evidence of wron defictency A recent study of an average
rural community i middle Tennessee has revealed 2 sig
mificant mcidence of 1ron deficiency anemia mn the group
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Thus 1s particularly important since this study was made on
an average community (not a low income group)

SYMPTOMS AND SIGNS

The s1gns and symptoms of the anemia the clinical mam
festation of 1ron deficiency are the same as those of chronic
anemia generally They include pallor, fatigability, weak
ness, shortness of breath palpitation, tachycardia, vertigo,
and syncope Characteristically signs of abnormal blood de
struction are laching (jaundice, enlarged spleen and lwer,
et cetera) This, however, 1s the picture of the uncompl:
cated case Actually ron deficiency 1s often accompanied
by or associated with other diseases Therefore the signs
and symptoms of wron deficiency anemia may be overshad
owed by those of some disease which tself produces anerma
and to which the anemuia of wron deficiency 1s added

In addition to the iron deficiency anerma which occurs
as a complication of other disease, a lack of wron produces
several more or less distinct anemas chimcally These mav
occur as a complication of other discase They are (1)
2 hypochromic anemia of infancy and childhood (2)
hypochromic anemia of adolescent gurls chlorosis, or what
corresponds today to chiorosis, (3) 2 hypochromic anemra
of pregnancy, and (4) socalled idiopathic hypochromic
microcytic anemia To this might be added a hypochromic
anemia of chronic blood loss 1f the term 15 restricted to
those cases of chronic blood loss 1 which the anema,
rather than the bleeding or cause of bleeding 1s the prom
nent clinical fexture These conditions differing 1n exact
name and definiion according to the classification of anemia
used are essentially the same disease Because they are fairly
distinct varieties chinically and are usually described as such,
the chimcal features of each will be discussed separately

Hypochromic microcytic anema 1s 2 common disorder of
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nfancy and childhood, less common now that supplements
of fruit juices, vegetables, fruits, and even meat are added
to the mfants milk diet at an earlier age than formerly
Factors 1n the production of the anemia are the large re
quirement due to the demands of growth, together with
either an 1nadequate endowment from the mother or a diet
poor 1n wron or both Because the maternal supply 1s a
factor, the anemia 15 more common n premature nfants
and twins The anema often appears about the sixth
month when the reserves, unsupported by a dietary supply,
become exhausted With a poorer endowment of ron from
the mother 1t may appear earlier Or 1t may not develop
untl the end of the first year, near the end of the peried of
rapid growth Other factors such as gastroimntestinal disease
may aggravate the disorder The child 1s often plump and
appears well nourished but 1s pale and even bloated
appearance At times such complicating disease as diarrhea
may lead to blood concentration and mask the pallor and
anemia The blood 15 characterized by a low hemoglobin
content and a normal, high, or low red cell count Usually
the red count 15 reduced and the cells are smaller than nor
mal (microcytosisy and pale Other blood elements are
usually unchanged

Iron deficiency anemia does not usually appear after the
first year or two of age but anemias developed during 1n
fancy are very apt to persist These anemias handicap the
child through much of his developmental period This
handicap persists because the mcreasing mtake of wron ac
companyng the greater and more varied dietary, while
able to mamntain the level of the hemoglobm, cannot make
up a deficiency and restore the blood and reserves to normal
Treatment with 1ron 1s needed to correct this deficiency

The hypochromic anemia of young women corresponds
to the chlorosis of former times There 15 a difference of
opmuon whether ‘true” chlorosis occurs n the presen‘ti,
some mamntaining that typical cases are still encounterc
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(Heath says recently he saw eight 1n a year) ® Others main
tain that true cases do not occur, though cases much like
them as far as the anemia 1s concerned are not uncom
mon The crux of the argument seems to be in defimition
and the difference between present day hypochromic anemit
of this type and chlorosis appears to be 1 such features as
the patient s color the bloating of the face, et cetera rather
than mn the anema itself It 15 possible that these latter
features were the result of other deficiencies, protem, et
cetera which now are not as frequently associated with
the anemra At any rate there can be little doubt that the
primary feature of chlorosis was an 1ron deficiency as 1t 15 1n
the hypochromic tron deficiency anemia of girls and young
women at the present time

Again the symptoms are those of an anemia, pallor, lasst
tude, weakness, et cetera, not infrequently accompanied by
nervousness and emotional disturbances which may or may
not be directly related to the anema Amenorrhea occurs
but 15 not common 1n my experience The blood shows a
typical hypochromic anemia, similar to that of children,
except more often the hemoglobin 15 greatly reduced while
the red count remuns normal or near normal This leads
to an unusually low color index which 1s considered char
acteristic

Pregnancy 1s accompanied by a hypochromic anemia i a
large, too large number of women and 1t 15 not confined to
those in the lower economic levels It 1s much more common
1n successive pregnancies Normally in pregnancy there 1s a
drop 1n the hemoglobin value and number of red cells due
to hydrermia (increase 1n blood volume) but this should not
blind us to the existence of an iron defictency anemra It 15
surprising how often the hemoglobim of pregnant women
can be raised by the adminustration of iron

The climeal picture differs hittle from that of the other
types except that the general feeling of well being so com
mon 1n pregnancy tends to mask the symptoms of a mild
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anemia, while some of the more severe symptoms such as
dyspnea, palpitation, et cetera, may be wrongly attributed to
pressure from a distended abdomen or even more sertous
causes The blood 1tself shows the characteristic changes of
tron deficiency, reduced hemoglobin and red cell count, the
former more reduced relatively giving a low color index
With a good mitial store of iron, the hydremia and needs
of the fetus can cause only a mild anemia even if the dietary
mtake 15 sm1ll The severe nemias suggest a prior anemia
or some blood loss Poor dietary intake or disturbances
absorption (1chlorhydria) have a greater effect 1n women
who are already anemic or whose 1ron reserves are already
low

The socalled ‘idiopathic” hypochromic (microcytic)
anemia 1s an rron deficiency anemia occurring mainly i
middle aged women 1n whom a hereditary or famulmal con
stitutional factor has been suspected by some observers
This hypothesis has been based largely on the occurrence
of achlorhydria m many of these patients and according to
some evidence pernictous anemra occurs 1n these famulies
more often than 1n the general population Achlorhydria s,
however, common 1n other forms of 1ron deficiency anem:a
(perhaps because other deficiencies are commonly associated
with 1ron defictency) Furthermore, achlorhydria may be a
constitutional characteristic of these persons and pernicious
anermma may be common m the family, without suggesting
that the hypochromic anemia 15 other than an onde
fictency anemia Achlorhydria hinders the absorption of
1ron and may contribute to the development of an anemta
based primaridy on a deficiency of wron, while a famulzal
tendency to lack of gastric hydrochloric acid may also ndt
cate a tendency to a lack of the mtrinsic ant1 anemic factor

The mmportant pomt 1s that an excessive loss of blood
can nearly always be discovered 1n these women Often 1t
15 a chronic menorrhagia or a sertes of rapidly repeated
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pregnancies, and not uncommonly one or more operations,
generally for gynecologic disorders Bleeding hemorrhoids
may be the source of or contribute to the loss Thus loss of
blood together with a poor dietary intake and imparred
absorption (achlorhydria) can account for the anemia
nearly all nstances Fmally, they respond promptly and
completely to the administration of iron Cases are found
which resemble these 1ron deficiency anemias but fail to
respond to the admimstration of an adequate amount of
won Obwiously they are not due to 1ron deficiency How
ever, by far the greater number of cases of anemia similar
to those which have been described above are due to iron
deficiency

The s1gns and symptoms are essentially the same as those
previously described except for two features One 15 the
occurrence of a change 1n the nails the so called spoon
nails The nails become dry and brittle with longitudinal
striations and a turned up free end with undercutting giving
a dished or cupped appearance The other 15 a glossitis
and dysphagia which added to the anemia produces the
Plummer Vinson syndrome The glossius resembles that of
pernicious anemia with redness and atrophy of the papillae,
but the redness 1s apt to be much greater and of a peculiar
scarlet tint which 1s rather umque Often there 1s an unex
pected lack of pain or soreness The dysphagia 1s at first
unassociated with any objective evidence of obstruction and
even 1n late cases 1t 15 doubtful 1f there are any actual bands
or webs of adhesions m the esophagus Characteristically all
these signs and symptoms clear up especially on adequate
treatment with iron

The hypochromic anemia of blood loss 1s of course no
different essentially from the anemuas just described except
that mn the classifications the blood Ioss 15 generally con
sidered to mean blood loss other than that of menstruation
and pregnancy, and males are mncluded The bleeding 15
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usually from some gastrointestinal lesion but may be from
other sources The condition may be chromic but such an
anemia can follow a single hemorrhage Because 1t llustrates
well the development of an 1ron deficiency anemia 1t will
be discussed briefly Hemoglobin (iren) lost m a single
hemorrhage from a normal person 15 quickly replaced from
the reserve stores and these reserves are replenished gradu
ally from dietary sources If, however, the reserves are too
low a hypochromic anemia results This 1n turn may be
relieved by the formation of hemoglobin from iron absorbed
from the food How long this takes depends on the adequacy
of the diet Even if the diet 15 good as respects rwon, the
restoration will be slow Twenty five mg of iron are re
quired for 1 per cent nse of hemoglobin Five mg
a day, absorbed and utthized, will rause the level only
about 6 per cent m a month The difficulty m raising the
level of hemoglobin on poor diets, hampered by mnterference
with absorption 1nd the loss from repeated or continuing
bleeding, 1s readily seen In many cases diet alone, even
though high n 1ron, cannot restore the blood and reserves
of iron to normal levels This fact emphasizes the importance
of a good reserve store of iron as protection against the
viaissitudes of blood loss to which we all are subject

The symptoms of the anema caused by blood loss of the
type just discussed are often overshadowed by the signs and
symptoms of the diseases which cause the loss of blood Poor
dietary supply and disturbances in absorption are less com
mon than 1n the other forms The blood stself presents much
the same picture as that already described but there seems
to be a greater tendency to pothilocytosis However, the
chinical signs and symptoms as well as the changes the
blood are so modified by other disease factors that no clear
cut picture distingwishes this large group of iron deficiency
anemias Even the response to iron 1s not as helpful in diag
nosis because 1t may be only partial, hmited by other factors,
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or may occur only when other abnormalities have been cor
rected or controlled

DIAGNOSIS

The diagnosis of 1ron deficiency 1s made by an examina
tion of the blood and the detection of an anemia of the type
caused by 1ron deficiency It may be suggested by the nature
of the diet, by the pallor, and by other signs and symptoms
of the anemia Confirmation 1s obtamned by the response to
adequate treatment with iwron Under ordimary crcum
stances 1 practice this 15 mamfested by the increase in
hemoglobin (and cells), the disappearance of other abnor
malities such as mucrocytosis and 1f sought for, by the
reticulocytosis which follows 1n response to the ron

Although certain variations occur 1n the blood picture,
mainly quantitatively in the sense of the degree of reduction
in cells and hemoglobin on the whole 1t follows a constant
pattern The anemia 1s above all a hypochromic anemia
the primary difficulty 15 1 the butlding of hemoglobin and
this suffers first and most Reduction in the concentration
of hemoglobin to 6 or 8 Gm per 100 cc 15 common and
even greater reductions may occur With the loss of hemo-
globin there may be a decrease m the number of red cells
and 1n fact, some decrease 1s nearly always present It 1sa
charactersstic of the anemia, however, that the red cells are
less reduced n number than 15 the concentration of hemo
globin and counts of g 5 to 4 5 million with hemoglobin of
610 8 Gm per 100 cc are commonly found In chlorosts
essentially normal red counts may be found In cases of
greater blood loss however, especinlly with chronic bleeding
the reduction 1n cells 1s usually quite severe and may occa
stonally reach the level seen m such anemias as permicious
anemia In most cases the relation between cells and hemo
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globin 15 such as to cause a low color index, a charactersstic
feature A color index of o 6 1s frequently encountered

With the decrease in cells and hemoglobin the red cells
tend to be smaller than normal {(microcytic) The degree of
microcytosts varies with the severity of the anemia and while
in mild cases there may be little or no decrease mn cell size
(normocytic anemia) the severer cases show a well marked
microcytosts as shown by the hematocrit (mean corpuscular
volume) With the decrease 1n cell size there 1s not only 2
decrease 1n hemoglobin content of the cell (mean corpus
cular hemoglobin) but also a decrease 1n the concentration
of hemoglobin per cell, that 1s the amount of hemoglobin
in proportion to the size of the cell (mean corpuscular hemo
globin concentration) Cell size 1tself may be more useful
as an index of the 1ron shortage and the response to treat
ment than the cell count and hemoglob:n estimation

These changes 1n the blood may be lacking or obscured
m complicated cases In some mstances 1ron deficiency may
complicate a macrocytic anemia, ven a PErNICIOUS anemia
In such cases the changes in the hemoglobin content, mean
corpuscular hemoglobin and mean corpuscular hemoglobin
percentage may not be typical of either type of anerma
Other features of the blood picture of 1ron deficiency
anemia also may be altered or lacking under these cir
cumstances

In the blood film the outstanding feature m on defi
ciency anemua 1s the Jack of color of the red cells They ap
pear pale and washed out and m some cases almost as empty
rings and shadows of normal cells A certan degree of
change m shape (poikilocytosis) occurs m the more severe
cases and microcytosts can often be detected by sumple m
spection of the red cells Platelets are normal (or even m
creased due to bleeding) and, without comphcation, the
white count 1s normal or shightly reduced (shght leuko
penia) The normal proportion of the different varieties of
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white cells 15 maintained unless hemorrhage has mduced
an mcrease 1n granulocytes { ‘polys ) or complications have
occurred Reticulocytes are usually normal or Iow until the
Increase m response to 1ron occurs

The differentral dragnosis must consider the anemias due
to other causes As has alrexdy been explamed the proper
manufacture of hemoglobin 1n the red cells depends on
several factors other than an adequate supply of iron, and
farllure of other parts of the mechanism may cause an
anemia which resembles that of iron deficiency Hypothy
roidism of the non myxedematous type and deficient vitamin
C may produce such an anemia Lack of protein lessens the
formation of hemoglobin even though there 1s an adequate
supply of wron It 15 doubtful whether deficiencies in the
so called trace elements (cobalt, copper, nickel, manganese,
et cetera) ever cause an anemta if sufficient iron 1s present
In such anermias the admimstration of wron will serve to
distingwish those which are due to wron deficiency, and the
part that 15 due to 1ron deficiency when 1ron deficiency 1s
assoctated with other forms of anemia Infections, some to a
greater extent than others may depress the hemoglabin
function 1s may certun intoxications

TREATMENT

The essence of trextment 1s adequate dosage Perhaps no
other therapeutic pharmacologic substance with the pos
sible exception of digitalis has been the subject of as much
constnt investigation 1n the past century as wron Yet the
current mistake 1n the use of ron m msufficient dosage
Inorganic 1ron by mouth 1s the treatment of choice, organic
ron 1nd dietary 1ron alone are inadequate in the treat
ment of a real deficiency although adequate ron di
ctary mtake 1s of prophylactic value Parenteral treatment 15
rarely indicited and often unsatisfactory Toxic manifes
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tations are frequently produced by doses which are large
enough to be effective The crux of the question of adequate
dosage by mouth 1s absorption, and optimal absorption
demands, among other things, a sufficient concentration
Absorption 15 also favored by the normal secretion of hydro-
chloric acid 1n the stomach 1nd 1s hindered by hypoacidity
or anacidity Often a failure of treatment with 1ron 1s due
to ignorance of, or neglect of, an achlorhydria Lack of acid
may to some extent be compensated by larger doses of ron
A large number of preparations of 1ron are available, all of
which are cffective 1f given 1n adequate dosage and anyone
of which may, m individual mstances, be taken without dis
comfort when other forms cause distress The following five
official preparations are commonly used and are effective mn
the daly doses indicated Somewhat larger amounts should
be given 1f no response 1s obtamed Ferrous sulfate, 1 § Gm
(20 gr ),* 1ron and ammomum citrates, 6 Gm (go gr ), pills
of ferrous carbonate (pil ferr1 carbonatis), 4 Gm (6o gr )
mass of ferrous carbonate (massa ferr carbonats), 4 Gm

(60 gr), and reduced 1ron, 3 Gm (45 gr) The first two are
freely soluble and may be more effecuve 1f there 1s an
achlorhydrir The ferrous sulfate has the great advantage
of requiring rather small amounts, one 03 Gm (5 &)
capsule three tunes dnly for the usual dose The rather low
ron content of the won and ammonum atrate (16 per
cent) makes larger amounts necessary It can be glen dis

solved 1n water or other menstruums, or may even be taken
dry followed with water Strong solutions of iron salts
should be given by drinking tube to protect the teeth Palls
of ferrous carbonate (Bland s) must be taken in Jarge num

bers (7 or 8 a day for an adult) and unless freshly made are

» n 1 used

16 cxmeiaied (med) Temous sulart 15 empioged 0, Con daly il be a1
adequate dose This discrepancy 1s due to the presence of water 1n the

USP preparation hence gram for gram 1t contains about go per cent less
metallic 1ron than does the dried ferrous sulfate
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apt to be hard and relatvely msoluble I have found that
reduced 1ron may be taken without discomfort when other
forms of 1ron cause gastric distress

As indicated 1ron salts may be taken mn solution, 1n cap
sule, or mn tablet or pil form Syrups and elixrs are useful
vehicles for younger children but care must be taken that
adequate amounts are prescribed Most official syrups and
elxars of iron contamn relatively small amounts These
may 1f necessary be fortified by additional 1ron In most
cases, however, ferrous sulfate will prove as satisfactory 1n
chuldren as i adults All except very young children may
be given about the same amount as adults 1 0 Gm (15 gr)
daly Very young infants are given o 6 Gm daily If capsules
cannot be swallowed the drug may be added to small
amounts of food

The 1ron should be given 1 divided doses after meals 1n
order to lessen gastromntestinal disturbance, 1f nausea, vomit
mg or diarrhea occur they may disappear if the drug 1s
stopped for a day and not return when 1t 1s started agan
1f wron cannot be taken by mouth 01 to 0 2 Gm of green
ron and ammonum ctrates may be mjected mtramuscu
larly daily but 1s hable to cause a general as well as a local
reaction Iron in orgamic form 1s unsuitable because of the
large amounts needed As Strauss® has pointed out as much
as 01 Gm of rron ammonmum citrates an amount near the
toxic level, will provide wron for only a oG per cent rise
mn the hemoglobin 1n 1n adult of average size and go such
mjections would be required to raise the hemoglobin 20
per cent

Diet 15 effecuve only in prevention Recent studies have
indicated the importance of availability of the sron in the
diet Many foods, and among them foods reputed to be good
sources of ;ron have the 1ron 1 such a form that 1t 15 only
m small part available to the body In general no more
than about 6o per cent of the ron contamned 1n the food
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in a general diet can be considered available The per
centage of availability in individual foods ranges from 100
per cent 1n such foods as apricots, egg yolks, and calf's
hiver down to 25 per cent or less 1n beef and lamb meat
Mulk 15 notoriously poor in total ron Spinach, an often
vaunted source, has a high content but much of 1t 15 un
available Foods relatively rich in 1ron are Liwver, kidney,
heart, oysters, and egg yolk, legumes, leafy vegetables, nuts,
olwves, whole gramn cereals, molasses, and maple syrup,
peaches, apricots, prunes, and raisins Those 1n wtahc have 2
large percentage of their 1iron mn available form

Prevention A diet contamning liberal amounts of avail
able 1ron 1s useful m.mamtaming a normal store of 1ron
and 1 replacing 1t when 1t has been partially used up
Diet alone, however, cannot replenish a store which has
been depleted to the point of producing a sigmficant iron
deficiency anemia For example, a good dietary mtake will
protect the infant s reserve agamst the demands of growth,
but cannot, ordinarily, supply sufficient iron to cure an
anema resulting from an nadequate endowment reserve
from the mother Similarly, a good dietary supply will re
store the reserves after a good sized hemorrhage but the
effect of repeated hemorrhages, or one so large as to produce
a serious anemia, cannot ordinanly be satisfictorily abol
1shed by dietary 1ron alone Therefore, while an adequate
dietary mtake of 1ron 1s necessary to maimntain Qur Ieserves
aganst ordmnary depletion, 1t will not serve for curative
treatment, nor even for the purpose which we have destg
nated protection

Protection Protective treatment 1s idicated for preg
nant women, both for themselves and therr offsprings It s
also indicated for any person who may be expected to
suffer an abnormal loss of blood, particularly 1f there 15
reason to expect that the reserves of iron are low In practice,
however, the 1ron defictency usually has already reached
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the point of an anemia when the patient 1s seen nd treat
ment becomes curative rather than protective

Protective treatment differs in no essential detail from
the curative treatment described below The principal dif
ference 1s that the smaller doses are sufficient A diet con
taining ltberal supplies of available 1ron should be advised
Ferrous sulfate in doses of 0 3 Gm (5 grains) four times a
day or equivalent amounts of other preparations (see 1bove)
should be given For the pregnant woman this may be begun
in the latter third of pregnancy and carried out during
alternate weeks, alternating perhaps with calcium or 10dime
or some of the other supplements which are required in
pregnancy In other persons similar protective supplements
should be given until the danger of a depleted reserve and
an anemia has passed

Curative Treatment The cure of an 1ron deficiency
anemia can usually be effected by giving an adequate amount
of iron by mouth daily These amounts and the preparations
commonly used have already been described Patients should
be warned that the medicine mav male the stools blick
(or they may be frightened into omitting the drug) They
may also be told that 1t may cause shight gastric distress but
that they should continue with the medicine unless the
symptoms are severe

If the patient with what 1s believed to be ron deficiency
fails to respond the following possible explanations and
situations should be considered (1) madequate dosage (2)
poor absorption due to achlorhydria (3) disturbance 1n ab
sorption caused by such factors as diarrhea ulcerative dis
ease of the mtestine, et cetera (4) a loss of blood capable
of depleting the hemoglobin (and 1ron) faster than ron can
be absorbed and hemoglobin formed and (5) an mcorrect
diagnosis

The doses which have been given are on the whole
average somewhat above the usual minimal effective dose,
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and below the maximum that may be necessiry They are,
however, considerably greater than those recommended 1n
the pharmacopoera and, unfortunately, those employed by
many physicians Difficulty will be encountered 1 attempt
ing to ncrease the doses much above double those given
above, though some patients may tolerate larger doses The
usunl limiting factors are nausea, indigestion, abdominal
cramps, et cetera Parenteral administration 1s not satisfac
tory as previously pomnted out Lffective doses (25 mg per
1 per cent rise of hemoglobin) 1re practically at the level
of dosage which produces untoward symptoms

There 15 considerable doubt whether substances such as
cobalt, copper, manganese, etc, which are or may be com
bined with 1ron n the formation of hemoglobin, wiil increase
the response to ron 1f the latter 1s given m adequate amounts
(This does not refer to action of such substances as thyroid
extract and vitamun C) There 15 some evidence 1n animals
of a beneficial effect but clinically there 15 Irttle evidence that
they will add to the effectiveness of 1ron 1 1dequate dosages
Copper may occasionally awd, especially 1n infants

Achlorhydria may affect absorption unfavorably and pre
vent a proper response to iron The admmustration of hydro
chioric acid 1n adequate doses may 1mprove absorption to
the point where the dose of 1ron 1s effective (Some authors
do not believe that hydrochloric acid or the lack of 1t sig
nificantly affects the absorption of wron ) Gastric analysis 15
recommended prior to treatment with wron

When the difficulty of absorption 1s due to other gastro
mtestinal disease the latter 1s usually apparent, though occa
sionally failure to respond to 1ron may suggest some leston
and lead to 1ts diagnosis Difficulties 1 absorption of this
kind can usually be overcome with adequate dosage and
with proper treatment of the underlying disease

In the case of bleeding where hemoglobin 15 lost faster
than 1t can be restored, no treatment with 1ron wll be effec
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ttve though 1t should be given 1n large doses to maintain
the blood at as high a level as possible Treatment consists
1 the control of the bleeding followed by adequate amounts
of iron and such other treatment (transfusion) as 1s indicated

There remams the question of a mistaken diagnosis The
response to 1ron may often be taken as a test of the diag
nosis This 1s best done by examiming the blood for the
reticulocytosts which accompanies a rise 1n hemoglobin due
to the administration of won Failure to observe such a
reticulocytosts, which 1s as specific but not usually as great
as 1 pernicious anemia 1s strong evidence agamst an 1ron
deficiency anemia and a prophecy of failure m mcreasing the
hemoglobin and red cells Increase of hemoglobmn and red
cells means that the reticulosis was overlooked or that some
other, unrecogmzed factor has acted In addition, study of
the reticulocytes 15 a good check on dosage often 1 reticu
locyte response will not appear until the dose has been
creased to an adequate amount In considering diagnosis
however and the reticulocytosis and mcrease 1 hemoglobmn
and cells 1t must be remembered that iron deficiency may
exist with other kinds of anemia and that the response to
ron may be limited by other factors than the supply of iron
1self

A method of treatment which may succeed when the ron
alone fails 15 transfusion This 1s 2 common method of treat
ment of anemz1a due to loss of blood surgically but 1s equally
good, though neglected, n other forms of severe or stubborn
wron deficiency anemia A common mistake, however, 1s to
neglect to give iron with and following the transfusion The
latter helps greatly but often does not cause complete restora
tion of hemoglobin and cells

Fnally, 1t 15 necessary to emphasize the necessity and 1m
portance of complete cure of treatment which wilf raise the
bloed to completely normal, even high normal levels It 1s
not sufficiently appreciated how much even a slight anemia
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affects the well being and good health, or how common such
a shight deficiency 1s and how much a part 1t plays m the
lLives of countless persons, especially women All too often
treatment 1s stopped before cure 1s complete This 15 par
ticularly true of surgical and gynecologic patients The pa
tient 15 admitted for wn operative procedure, and 15 often
already anemic She may be given a transfusion before opera
tion and often a transfuston after the operation which tselt
has entailed further blood loss Wath this iron may or may
not be given Such treatment improves her anemia but there,
too often, treatment 1s stopped The blood 1s raised toward
normal, or perhaps even to low normal levels but treatment
1s not maintained until full recovery 1s secured The reserves
are not built up and the patient 1s apt to “stick” at a point
of mld ron deficiency anemir, handicapped by failure to
secure a complete cure of the anerma Only careful con
scientious treatment will prevent this unnecessary and un
fortunately too common failure to relieve completely a de
ficiency disease
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Iodine Deficiency

(Simple goiter—Cretinism)
HISTORY

GOITER and cr¢ tinism due to a lack or shortage of 10dine 1n
the food or water 15 as truly a deficiency disease as that caused
by the lack of a vitamin Iodine 15 a substance essential to
normal growth, development, and health which cannot be
synthesized by the body and must be obtained from without
Gouter, being a physical abnormality and easily visible ex
cept 1n its nuldest forms, has been known and recogmized
from time 1mmemorial by laymen as well as physicians So
too has 1ts relation to 10dine been recogmized more or less
clearly for centuries, though at times this relationshp has
been lost from sight The occurrence of gorter and cretmism
in endemics and epidemics, the recognition of endemc
goiter regions and the variations n the mcdence of goiter
and goutrous disease 1n different parts of the world are all
fong standing matters of comman knowledge In this country
lodne deficiency, and consequently endemic goter, 1s found
in several definite regions whereas sporadic deficiency, rela
tive or absolute, depending on imdividual circumstances
may be encountered anywhere Nowhere in this country,
hawever, do areas of such severe 10dine deficiency, or intense

goitrousness,’ exist as in some parts of Europe and Asia
such as Switzerland or the Himalayas
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NATURE AND FUNCTION

Iodine 1s a chemical element widely distributed 1n nature
but for the most part, especially in relation to food and
drml, occurring 1n such small amounts as to fall nto the
general classification of “trace” substances In the body,
1odine s primary, 1f not sole, function 15 to combine with the
am1no acid, tyrosine, to form thyroxine, the active principal
of the thyroid gland * This 1n turn 15 united with a globulin
to form thyroglobulin which 1s the form 1n which the hor
mone 15 stored 1n the thyroid gland and presumably secreted
for use by the tissues In addition to that found in thyroxine,
part of the 10dine 15 found 1n dnodotyrosine, apparently an
intermediate substance occurring m the formation of thy
roxine Also, some free 1odine 1s found i the thyroid gland
apparently the r1w matertal from which thyroxine 1s formed
The prinaipal body store of 1odine 1s 1n the thyroid, the
gland absorbing the 10dine from the blood and storing 1t as
raw material or as the partial or completed hormone 1 the
colloid The remaining portion of the 10dine m the body
occurs esther as thyroxine performing 1ts function m the
tssue cells, or 1n the process of transport 1n the blood, or 18
present as free 10dine Once the store house 1n the thyroid
gland 1s full, any excess 10dne 1s excreted m the uring,
feces, tears, milk, et cetera and has sigmficance only as a
chemical with such properties as 1t 1s known to have pharma
cologically Even when large amounts are admimstered as 2
drug, any excess beyond the exceedingly small amounts

* Thyroxine has the formula

by I
HOO—OQH,CH(NH:)COOH
T

I3
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needed by the thyroid 1s mactive 1 the normal metabolic
processes of the body

The amount of 1odme needed for the formation of thy
roxne and the normal metabolic purposes 1s exceedingly
small The maximum storage in the thyroid gland 1s about
25 mg and the normal content averages around g to 10 mg
Rather wide variations are encountered (as great as from
005 to 0 45 per cent {dry weight) but the range mn disease
15 sull larger Iodine in active use in the body 1n the form
of thyroglobulin probably totals about 20 mg with some
06 mg 1n the blood Maximum daily amounts needed to
maintain the arculating thyroxine and stores 1n the thyroid
are estimated at about o2 mg The daily requirement
under ordinarv conditions 1s much less than that, mndicating
that as thyroxine 15 brohen down the 10dine freed 1s care
fully and economically salvaged by the thyroid gland to be
used over again i the formation of new thyroxine The
daily requirement has been estimated at o 02 to 007 mg
(20 10 70 gamma) being relatively greater mn children

Thyroxmne 15 a catalyst affecting the metabolism of the
tissue cells presumably all the cells Its effect 1s to mncrease
the metabolism and to maimntam 1t at a higher level than
would be maintained 1f thyroxine was not present

The usual source of 10dine 15 the water and food ingested
The 10dine content of those depends on the 10dine content
of the so1l on which the food 15 produced and through which
the water passes Souls show wide variations n their 10dine
content on the basis of geologic and geographical charac
terstres Certan areas are extremely deficient 1n 1odine and
m them a deficiency of 1odine 1n the food and water will
exist In other regions, sea coasts for example the soil and
water may be rich 1n 1odine These vanations 1n the 10dine
of the so1il however, cannot always be directlv correlated
with the 10dine 1ntale of inhabitants of given regions A
central water supply may be drawn from a region where the



286 IODINE DEFICIENCY

1odine 1n the soil 15 much less than 1t 1s 1n the area where
the water 1s consumed On the other hand, 1n an area of
sotls wath little 10dine most of the food actually eaten may
be 1mported from regions where the 1odine supply 1s ade
quate This modern diversity of food,sources 1s probably a
factor 1n the decreasing ncidence of endemic goiter An
older but even more striking mstance of the effect of * for
eign food 15 the consumption by nlanders of marmne prod
ucts rich mn rodine such as fish, shell fish, et cetera

In the absence of thyroxine the metabolism of the cells,
and the body, drops to a lower level where 1t remamns untif
thyroxine 1s agun supplied A variety of physiologic actvt
ties are mvolved 1n this fundamental effect on the metab
olism of the cells Means! has listed them as follows

1 Calorigenicaction

2 Action upon the growth, maturation, and differentia
tion of tissue

3 Action upon the distribution of body water, salts,
and colloids

4 Action upon carbohydrate metabolism

5 Action upon the nervous system

6 Action upon the muscular system

%7 Action upon the circulatory system

8 Action upon other endocrines

As 15 the case with the vitamins the action of thyroxine
though unwversal 1 respect to the cells 15 expressed by 15
particular effect on certain functions and 1n human disease
the clinical mamifestations are 1n general confined to those
organs or functions It 1s this which gives the character1stic
pattern to the vartous deficiency diseases Unlike most of the
vitamins, however, thyroxine taken m excess has pharmaco
logic and toxic properties which are clearly recognized
Iodine, also, 1n amounts greater than those required for the
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physiologic functions, as stated above, possesses toxic and
pharmacologic actions which are famihar to all physicians

PATHOLOGY AND PATHOGENESIS

Two pathologic conditions result from a lack of 10dine—
goiter and a hypofunction of the thyroid gland (hypothy
roidism) Both of these may be present or either may occur
without the other, but when hypothyroidism 1s due to 1odine
defictency 1t 15 usually accompanied by a goiter The two
should be sharply differentiated because of their totally dif
ferent effects on the body Gouter can be present without
iterference 1n any body function except such as may be
caused by a localized tumor Hypothyroidism on the con
trary affects many body functions and affects the growth and
activity of all tissues of the body In its most severe form 1t
results 1n greater or lesser grades of cretimism From a prac
tical pomnt of view this 15 always of the endemic variety It
15 possible that an individual child mught, through some
strange circumstance, remam on such a low 1odine 1mtake
that a sporadic cretimsm based on 10dine deficiency would
develop This 15 extremely infrequent and sporadic cretins
are almost always athyroidic for some other and usually un
known reason Ina similar way an adult could concervably
recewve so little 10dine over so long a pertod that hypothy
roidism would develop Adult myxedema 15 however al
most always due to other causes The pathological expression
of an madequacy of 10dne, then, 1s simple goiter® and if
continued over generations endemic crettnism The latter
Isseen onlyin goutrous regions and 1s probably rarely seen

* Fallowing Manne and Means we have called the goiter caused by a de-
fiaency of 1odine  simple gotter The objections to the vanous terms n
use have been discussed by Means His suggestion of iodine-deficiency
goiter or better 10dmne-defiency disease would be particnlarly apropos for
this book but 15 he adds the term 1s clumsy and not 1n common use
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1n this country, though mild grades of hypofunction may by
encountered

Smmple goiter 15 an enlargement of the thyroid glan
(hyperplasia and hypertrophy) resulting from the mcreases
work thrown on 1t by the effort to extract 10dime and manu
facture thyroxine as the avaflable supply of 10dine falls I
1s important to remember that this enlargement, as previ
ously stated, does not necessarily mean a deficient secretios
of the hormone As Means has said, ‘the factory may b
worhing under difficulty, the supply of raw materal de
creased, overwork and additional machmery may be needed
but untl the supply of 1odine 1s used up hormone 1n essen
tially normal amounts 1s furmshed * The effect of tht
effort on the thyroid itself 15 observable in the patholog
changes mn the gland When the supply of raw materia
(10dine) finally becomes absolutely inadequate the supply
of hormone to the tissues 1s msufficient Then the ptholog
changes as well as the symptoms of hypothyroidism appear
giving 1n the more severe cases the well known patholog)
and chinical picture of cretmnism Such a farlure of the hor
mone rarely occurs except on a basis of 10dine msufficiency
over several generations Children born of goitrous mothers
1n whom the goiter 15 due to 10dine lack, will exhibit 2
greater tendency to goiter, their children will 1n turn show
the tendency to a sull greater degree and thus process will
continue until cretinism results Cretins may or may not pre
sent goiters

Although 1t 1s a deficiency of 10dine which causes the con
ditions just described, the deficiency may be absolute or rela
tave and secondary factors may be mnvolved An absolute de
ficiency 1s the principal factor m goitrous regrons and may,
and often does, produce gotter without the mtervention of
secondary causes Relative deficiency 1s more important i1
regions of a fair to good 10dine supply, and mdividual
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cases may cause disease even when the 10dine supply of the
region 1s entirely adequate

The secondary factors leading to relative insufficiency are
mcreased requirement and failure to absorb or utilize avail
able 1odine Increased demand occurs from many causes,
normal or physiologic and abnormal or pathologic Body
size, growth puberty, pregnancy and probably menstrua
tion are physiologic factors which affect the need for 10dine
With a liberal supply extra demands are met without the
occurrence of pathologic changes But a supply which 1s just
sufficient under ordinary conditions, may be inadequate
when extra demands are made The influence of age, growth,
puberty, pregnancy and menstruation are the reasons for a
greater mncidence of 10dine deficiency in children and in
females Pathologic causes for increased requirements are
perhaps infections and pollution of water or food supplies,
but conclusive evidence of such an effect has not been pre
sented for either of these latter factors

Another way n which a relative shortage of 10dine mght
be produced 1s by terference with the oxidative processes
m the t1ssues causing a demand on the thyroid for an add1
tional supply of the hormone (thyroxine) this in turn lead
g to an increased need for 1odne and 2 relative deficiency
of the latter 1n cases n which the supply 15 mimmal or
borderhne This has been demonstrated by producing
goiters 1n animals by feeding them certain vegetables such
as cabbage and caulifiower The organic cyamde 1n these
vegetables depresses tissue oxidation and causes a demand
for more thyroxine Such goiters can be prevented by giving
1odine and the goitrogenic action of these foods 1s counter
acted by some unknown substances found 1n other plants
such as green grass ind alfalfa or even to some extent 1n
cabbage 1self Just how great an influence the effect of such
goitrogemc foods exerts 1n humans 1s unknown but 1t 15
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concervable that under certamn conditions of diet and 10din
supply 1t might be significant

A relauve msufficiency of 1odne due to difficulty mn at
sorption and utilization 1s probably very infrequent thoug|
nfections might conceivably produce this effect Iodine ;
very easily absorbed Similarly, unless the thyrord glan
were rather severely diseased 1t 15 improbable that difficult
mn utihzation would occur There 15 a large margin of safet
mn the functioning mass of the gland Lattle 15 known of
possible deficiency of the other substances combined wit
1odine to form the completed hormone but such a deficienc
15 unlikely An absolute deficiency of 1odine, then, or :
relative deficiency due to a borderline supply and a require
ment ncreased by physiologic demands, remain the mos
frequent causes of simple goiter

The shortage of 10dine required to produce patholog:
changes has been accurately determined pathologically
When the concentration of 1odine 1 the thyroid gland fall
below o 1 per cent (dry weight) hyperplasia occurs Sud
a measure of deficieney 15 of no practical use clincally I
merely expresses the level of reserve hormone which th
thyroid 15 commutted to mamntain When the reserve fall
below this level more hormone must be manufactured anc
stored, and 1f the supply of 10dine 15 too small to allow 1
to be extracted from the blood by the normal gland, hyper
trophy and hyperplasia develop to further the process The
result 15 a gorter

The pathology of gouter due ta rodine deficiency varic
both grossly and microscopically with the various stages O
the disease and the effect of secondary changes In the begin
ning of hypertrophy and hyperplasia the gland enlarges, be
comes softer and more vascular In the cut surface 1t appears
more meaty and the colloid 1s decreased Microscopically
the epithelium changes from low cubordal and cuboidal to
high cuboidal or even columnar There 1s a decrease 11t
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stored colloid, increased vascularity and a decrease 1n 10dine
content With this the follicles become infolded wath papil
lary projections 1nto the lumen and are no longer round or
oval but wrinkled The cells show mcreased mitosis There
15 some doubt whether actually new follicles are formed

This 15 the stage of active hyperplasta and hypertrophy
which occurs as a result of msufficient 10dine It 1s essen
tially stmular to that seen 1 the hyperplasia of pregnancy
or puberty and perhaps in other conditions of ncreased
physiologic demand 1t also constitutes the first stage m the
thyroid cycle of Marine

According to Marine® the next stage 15 either atrophy or
mvolution If the deficiency of 1odmne persists the over
worked cells eventually atrophy and die In such cases, ac-
cording to Marine  the most striking changes are seen 1 the
epithelium and stroma In the first stages the picture 1s that
of an extreme degree of active hyperplasia with only an occa
sional pyknotic or atypical cell mass In the more advanced
stages the cells lose their umform arrangement 1n the follicle
wall Desquamation and disintegration of the cells may be
seen 1 the sime follicle with mutonic figures and hyper
trophied cells Nucles of the affected cells show great rregu
larity sometimes they are enlarged and hyperchromatic
sometimes small and pyknotic, but always variable mn size
and stamning intensity The colloid 15 usually greatly re
duced, although occasionally dense masses of colloid may
appear to be imbedded 1n the stroma with little remaining
evidence of the ongmnal follicular epithelium As the
urophic process continues the follicle becomes reduced 1n
size by cell death and advanang sclerosts, until the remain
mng epithebal cells appear as compressed nests of distorted
cell masses The stroma 15 always relatvely increased and
In some 1nstances seems to be 1bsolutely increased

The alternative to this and the process which usually
occurs (in this country at least) 1s involution This 1s because
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an adequate supply of 1odine usually becomes avalable
before very great atrophy can ensue Involution s a reversal
of the changes which occur 1n hypertrophy and hyperplasia
The gland becomes redder and firmer The blood supply
diminishes Microscopically colloid again fills the follicles,
even overfills them and distends them The epithellum
shrinks to cuboidal or low cubotdal, the stroma becomes less
prominent The 10dine content of the gland rises

Some difference of opinion exusts as to whether the gland
ever returns to an entirely normal state after such an expert
ence Marine believes not and thinks that the collord phase
15 only the closest approach to normal such a gland can
attain Certainly this 1s true 1n some cases and the enlarged
gland with distended follicles filled or overfilled with col
loid constitutes what 1s commonly called the colloid goiter

Such a result may, however, merely represent an incom
plete mvolution Clinical experience teaches us that many
hypertrophic and presumably hyperplastic glands, due ap
parently to absolute or relative 10dme deficiency, may re
solve completely (disappear) This would indrcate that such
15 the normal course of involution, and falure to do so
would mdicate an arrested involuuion Also, as Means'
suggests, colloxd stored too long under these conditions may
undergo changes which render 1t mcapable of resorption
This may be the case 1n old, large, edemic, colloid gouters

Having involuted and returned to normal the gland may
again encounter 10dine deficiency, relative or absolute, agam
become hypertrophic and hyperplastic, finally to mvolute
once more According to Marine this cycle may be, and
often 1s, repeated several times With each cycle the rever
sion to a normal state becomes less likely If the gland fails
to return completely to normal the first tme, or at subse
quent periods, each perrod of partial involution and colloid
deposit leaves the goter a httle larger Furthermore, dur
ing mvolution, particularly mcomplete involution, locahzed



areas of the gland may fail to resolve and may become overly
distended with collord, thus producing nodules Such
nodules may go on to cyst formation, may become sur
rounded by dense fibrous tissue become calafied, or
undergo other degenerative processes In some cases duscrete
nodules composed of hypertrophied and hyperplastic tissue
appear to develop without the deposit of colloid, or with
only small amounts of coltoid, due perhaps to nterference
with crculation locally Whatever relation these nodular
goiters may have, 1f any to toxic nodular goter will not be
discussed here ‘The consideration here applies solely to the
so called sumple or colloid gorter with or without nodules
The smooth type 1s much more common 1 children and
young adults Nodular types usually appear later and may be
related to later stresses on the gland such as might come
with child bearing

In summary the pathologic changes m the thyroid due to
1odime lack are first a hypertrophy and hyperplasia of the
secreting cells, loss of colloid and increase 1n vascularity
associated with a relatively soft enlargement of the gland
(gouter) wathout thyrotoxicosts This 1s without effect on the
body tissues generally unless the sodine shortage 1s so severe
and long continued that 1t leads to extensive exhaustion
atrophy of the secretory tissue Thus rarely occurs except i
mndividuals who are the unfortunate possessors of thyroid
glands subnormal from the start as a result of several genera
tions of mothers who lacked sufficient 1odine With an ade
quate supply of 10dine hypertrophy and hyperplasia disap
pear, colloid appears mn the follicles, and vasculanty
dimmishes This change 15 accompanied by an increased
firmness of the gauter In favorable cases, and these may be
the majority except 1n more severely goitrous areas, mvolu
tion then 1s completed the gland dimimshes 1n size an
the gonter disappears In other cases nvolution 15 arreste
1n the colloid stage, and the simple or collord goiter persis
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an adequate supply of 1odine usually becomes available
before very great atrophy can ensue Involution 1s a reversal
of the changes which occur 1 hypertrophy and hyperplasia
The gland becomes redder and firmer The blood supply
diminishes Microscopically colloid again fills the follicles,
even overfills them and distends them The epithehum
shrinks to cuboidal or low cuboidal, the stroma becomes less
prominent The 1odine content of the gland rises

Some difference of opinion exusts as to whether the gland
ever returns to an entirely normal state after such an expen
ence Marine believes not and thinks that the colloid phase
15 only the closest approach to normal such 2 gland can
attain Certamnly this 1s true 1n some cases and the enlarged
gland with distended follicles filled or overfilled with col
lord constitutes what 1s commonly called the colloid goter

Such a result may, however, merely represent an mcom
plete mvolution Clinical experience teaches us that many
hypertrophic and presumably hyperplastic glands, due ap
parently to absolute or relatve 10dine deficiency, may re
solve completely (disappear) This would indicate that such
s the normal course of involution, and failure to do so
would 1ndicate an arrested involution Also, as Means!
suggests, colloid stored too long under these conditions may
undergo changes which render 1t incapable of resorption
This may be the case n old, large, edemic, colloid gosters

Having involuted and returned to normal the gland may
again encounter jodne deficiency, relative or absolute, agam
become hypertrophic and hyperplastic, finally to involute
once more According to Manne this cycle may be, and
often 15, repeated several imes With each cycle the rever
sion to a normal state becomes less hikely If the glnd fails
to return completely to normal the first time, or at subse
quent peniods, each period of partial mvolution and colloxd
deposit leaves the goiter a little larger Furthermore, dur
mg nvolution, particularly incomplete involution, locahzed



areas of the gland may fail to resolve and may become overly
distended with colloid, thus producing nodules Such
nodules may go on to cyst formation, may become sur-
rounded by dense fibrous tissue, become calaified or
undergo other degeneratiie processes In some cases discrete
nodules composed of hypertrophied and hyperplastic tissue
appear to deselop without the deposit of colloid or with
only small amounts of colloxd due perhaps to interference
with arculation locally Whatever relation these nodular
gouters may have 1f any to toxic nodular gotter will not be
discussed here The consideration here applies solely to the
so-called simple or collowd goiter with or without nodules
The smooth type 15 much more common 1 children and
young adults Nodular types usually appear later and may be
related to later stresses on the gland such as might come
with child bearing

In summary the pathologic changes m the thyroid due to
1odmne lack are first 2 hypertrophy and hyperplasia of the
secreting cells loss of colloid, and increase 1 vascularity
assocrated with a relatively soft enlargement of the gland
(gorter) without thyrotoxicosis This 1s without effect on the
body tissues generally unless the 10dine shortage 15 so severe
and longcontinued that 1t leads to extensive exhaustion
atrophy of the secretory tissue This rarely occurs except
mdividuals who are the unfortunate possessors of thyroid
glands subnormal from the start as a result of several genera
uons of mothers who lacked sufficient 10dine With an ade
quate supply of 1odine hypertrophy and hyperplasia disap
pear colloid appears in the follicles and vascularity
dimmishes This change 15 accompanied by an mcreased
firmness of the goiter In favorable cases and these may be
the majority except mn more severely goitrous areas msolu
tion then 15 completed, the gland duminishes m size and
the goiter disappears In other cases mvolution 1s arrested
in the colloxd stage, and the simple or collord goiter persists
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an adequate supply of 1odine usually becomes available
before very great atrophy can ensue Involution 15 a reversal
of the changes which occur 1n hypertrophy and hyperplasia
The gland becomes redder and firmer The blood supply
diminishes Microscopically colloid again fills the follicles,
even overfills them and distends them The epithehum
shrinks to cuboidal or low cuboidal, the stroma becomes less
prommnent The 1odine content of the gland rises

Some difference of opinion exusts as to whether the gland
ever returns to an entirely normal state after such an exper1
ence Marine believes not and thinks that the colloid phase
1s only the closest approach to normal such a gland can
attain Certainly this 15 true 1n some cases and the enlarged
glind with distended follicles filled or overfilled with col
loid constitutes what 1s commonly called the colloid goiter

Such a result may, however, merely represent an 1ncom
plete involution Clinical experience teaches us that many
hypertrophic and presumably hyperplastic glands, due ap
parently to absolute or relative 1odine deficiency, may re
solve completely (disappear) This would indicate that such
1s the normal course of involution, and failure to do so
would indicate an arrested involution Also, as Means!
suggests, colloid stored too long under these conditions may
undergo changes which render it mcapable of resorption
This may be the case m old, large, edemic, colloid gorters

Having mvoluted and returned to normal the gland may
again encounter 10dine deficiency, relative or absolute, agamn
become hypertrophic and hyperplastic, finally to involute
once more According to Marine this cycle may be, and
often 15 repeated several umes With each cycle the rever
510n to a normal state becomes less hikely If the glind fails
to return completely to normal the first time, or at subse
quent periods each period of partial mvolution and colloid
deposit leaves the goiter a hittle larger Furthermore, dur
ing mvolution, particularly incomplete involution, localized
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areas of the gland may fa1l to resolve and may become overly
distended with colloid, thus producing nodules Such
nodules may go on to cyst formation, may become sur
rounded by dense fibrous uissue, become calcified, or
undergo other degenerative processes In some cases discrete
nodules composed of hypertrophied and hyperplastic tissue
appear to develop without the deposit of collowd, or with
only small amounts of colloid due perhaps to interference
with arculation locally Whatever relation these nodular
gotters mty have 1f any to toxic nodular goiter will not be
discussed here The consideration here apphes solely to the
so called simple or colloid goiter with or without nodules
The smooth type 1s much more common in children and
young adults Nodular types usunlly appear later and may be
related to later stresses on the gland such as might come
with child bearing

In summary the pathologic changes 1n the thyroid due to
10dine lack are first a hypertrophy and hyperplasia of the
secreting cells loss of colloid, and increase in vascularity
assocnted with a relatively soft enlargement of the gland
(gorter) without thyrotoxicosis This 1s wathout effect on the
body tissues generally unless the 10dine shortage 1s so severe
and long continued that 1t leads to extensive exhaustion
atrophy of the secretory tissue This rarely occurs except 1n
indivaiduals who are the unfortunate possessors of thyroid
glands subnormal from the start as a result of several genera
tions of mothers who lached sufficient 10dine With an ade
quate supply of 1odine, hypertrophy and hyperplasia disap
pear, colloid appears m the follicles and vascularity
diminishes This change 15 accompamed by an increased
firmness of the goiter In favorable cases, and these may be
the majority except 1n more severely goitrous areas, mnvolu
tion then 15 completed, the gland dimimshes 1 size and
the goiter disappears In other cases mvolution 15 arrested
in the colloxd stage, and the simple or colloid gorter persists
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an adequate supply of 1odine usually becomes available
before very great atrophy can ensue Involution 1s a reversal
of the changes which occur 1n hypertrophy and hyperplasia
The gland becomes redder and firmer The blood supply
diminishes Microscopically colload again fills the follicles,
even overfills them and distends them The epitheltum
shrinks to cuboidal or low cuboidal, the stroma becomes less
promunent The 1odine content of the gland rises

Some difference of opinion exists as to whether the gland
ever returns to an entirely normal state after such an expen
ence Marine believes not and thinks that the colloid phase
1s only the closest approach to normal such a gland can
attain Certainly this 1s true 1 some cases and the enlarged
gland with distended follicles filled or overfilled with col
loid constitutes what 1s commonly called the colloid gouter

Such a result may, however, merely represent an mcom
plete mmvolution Chnical experence teaches us that many
hypertrophic and presumably hyperplastic glands, due ap
parently to absolute or relative 1odine deficiency, may re
solve completely (disappear) This would indicate that such
1s the normal course of involation, and failure to do so
would 1ndicate an arrested involution Also, as Means'
suggests, colloid stored too long under these conditions may
undergo changes which render it 1ncapable of resorption
This may be the case m old, large, edemic, colloid goaters

Having 1involuted and returned to normal the gland may
again encounter 1odme deficiency, relative or absolute, agam
become hypertrophic and hyperplastic, finally to 1nvolute
once more According to Marmne this cycle may be, and
often 15, repeated several times With each cycle the rever
sion to a normal state becomes less Iikely If the gland fails
to return completely to normal the first tume, or at subse
quent periods each period of partial mnvolution and collond
depostt leaves the goiter a hittle larger Furthermore, dur
ing mvolution, particularly ncomplete involution, localized
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he general body changes 1n cretinism are dominated by
rdations 1n development These include delayed umon
he epiphyses, imperfect and delayed ossification of the
eton, faulty and delayed denttion, and mcomplete de
pment of the bramn Hypertrophy of the anterior lobe
1e pituitary 1s not uncommon and 1s a sigmficant finding
new of the recent discovery of a thyrotropic hormone
eted by this organ This suggests a hyperfunction of the
rior pitultary n an attempt to sumulate a defictent
-oid Hertz and Castler® have shown that 1n myxedema
e 15 an excess of anterior pituitary thyrotropic hormone
he blood and urmne

INCIDENCE AND EPIDEMIOLOGY

"he 1ncidence of 10dine defictency with its sequelae
er and cretnism, vartes geographically with variation
he 10dine content of the soil In some regions, parts of
tzerland for example, the content 1s so low that 10dine
ctency 15, or was practically umversal In other regions,
a as the sea coast the supply of 1odine 1s so great that
er occurs only rarely and sporadically in those indi
uals who develop 1t for some reason peculiar to them
es Although regions of endemuc gouter are apt to be
untainous ones they can also be found 1n the plains, as in
Great Lakes region of the United States

n this country there are no districts with as great a
ciency of 1odine and hence as  gotrous as some 1 other
ts of the world There are, however, areas in which
re 15 a sigmificant shortage of 10dine and a considerble
ree of goitrousness The latter has been greatly re
ed by prophylactic treatment The areas include the
thwestern group of states and the Great Lakes region,
ecially Michigain Wisconsin, and Colorado Olesen finds
areas of highest madence to have 10 to 27 gotters per
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with or without additional features such as nodules Suc
cessive cycles increase the Iikelthood that resolution will be
arrested 1 the collowd stage, similar occurrences m suc
cessive generations make likely the occurrence of cretimsm

The pathologic changes 1n cretinism differ from those oc
curring 1n sumple goiter in that there are widespread ab
normaliies throughout the body as well as more severe
damage to the thyroid gland Locally the thyroid gland may
show changes 1n size varying from complete or nearly com
plete absence to large goiters which microscopically show
the changes seen 1n the milder simple goiter In the cretin,
however, despite the presence of a goiter, there 1s at least
a partial failure of function, a failure sufficient to cause
general body effects Usually the functional efficiency of the
thyroid gland 1s very poor The fact that 1t does have some
shight functional capacity expluns the varying degree of
cretinism which may occur mn endemic cretimsm In this
respect endemc cretins differ from the sporadic cretin
whom the loss of function 1s almost always complete (athyre
osis totalisy Juvemle myxedema occupies somewhat of a
midposition It may be defined, as Means' has done, as a
state of athyreosts acquired by a previously normal child
prior to the attainment of puberty and full growth As such
1t 15 rarely, 1if ever, due to 1odme deficiency and 15 similar
to adult myxedema

In the thyroid gland the changes are essentially those of a
replacement of normal structures by fibrous tissue 1n which
there may be scattered follicles some of which may contam
colloid In the less advanced cases there 15 an atrophy of the
secreting tissue with an mfiltration of lymphoid and plasma
cells about the follicles which preserve a shadow of the for
mer outline of the follicle The gland may be much smaller
than normal, 1n fact 1 some cases practically non existent,
but 1n some there 1s a considerable goiter This 15, however,
composed almost entirely of fibrous tissue
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The general body changes 1 crettnism are dominated by
retardations 1 development These mnclude delayed union
of the epiphyses umperfect and delayed ossification of the
skeleton, faulty and delyed dentition and incomplete de
velopment of the brain Hypertrophy of the anterior lobe
of the pituitary 1s not uncommon and 1s 2 sigmficant finding
m view of the recent discovery of a thyrotropic hormone
secreted by this organ Thus suggests a hyperfunction of the
anterior pituitary m an attempt to stimulate a deficient
thyroid Hertz and Castler® have shown that m myxedema
there 1s an excess of anterior pituitary thyrotropic hormone
i the blood and urine

INCIDENCE AND EPIDEMIOLOGY

The imadence of 1odine defictency with 1its sequelae,
gorter and crettmsm varies geographically with variation
m the 10dine content of the so1l In some regions, parts of
Switzerland for example, the content 1s so low that 10dine
defictency 1s or was, practically umversal In other regions
such as the sea coast the supply of 1odme 1s so great that
gotter occurs only rarely and sporadically in those inda
viduals who develop 1t for some reason peculiar to them
selves Although regions of endemic goiter are apt to be
mountainous ones they can also be found 1n the plans, as 1n
the Great Lakes region of the United States

In this country there are no districts with as great a
deficiency of 10dine and hence as  goitrous as some m other
parts of the world There are however areas in which
there 15 a sigmificant shortage of 10dine, and a considerable
degree of goitrousness The latter has been greatly re
duced by prophylactic treatment The areas include the
northwestern group of states and the Great Lales region
especially Michigan Wisconsin and Colorado Olesen finds
the areas of highest incidence to have 10 to 27 goiters per



296 IODINE DETICIENCY

1000 1ndividuals and the lowest to have 1 per 1000 Small
local areas may show a much higher mcaidence

Gotters due to a deficiency of 1odine are more frequent
as age increases through puberty It 15 also more common 1
guls than 1n boys with the preponderance becoming less
marked as the region becomes more defictent 1n 10dine until
m very deficient areas the disease occurs with about equal
frequency The greater incidence mn gurls in regions where
the deficiency 1s less severe may be related to the antagonistic
action of certamn sex hormones, these girls may require a
somewhat greater supply of 10dine than do boys

SYMPTOMS AND SIGNS

The only clinical expression of stmple 1odme defictency
15 a goiter (sumple goiter) As previously explamned, m the
absence of cretimsm there 1s no interference with general
body functions, and the only symptoms and signs are those
assoctated with the goiter In the cases developing early m
life the child will present, at about five or six years of age,
a fulness 1n the neck, palpable first, then visible The en
largement 15 smooth, soft, umform, symmetrical, without
thrill, brust, or tenderness Associated with the enlargement
there may be a sense of fulness 1n the neck but often the
gouter 1s first notzced when 1t becomes visible to the famly
or friends The child may appear somewhat delcate but
otherwise 15 essentiaily normal In a gotrous custrict the
number of children developing a goiter and the size of the
goiter increases with age so that not only do more children
have a goiter but there are more large gouters mn older chil
dren The ncidence among gutls 15 greater than among boys
In regions without endemic goiter the number 1, of course,
much smaller and the goiter 15 due to some peculiar mndi
vidual ctrcumstinces causing an 1odmne deficiency, not a
diminished supply common to all Smmilarly, in areas of
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endemic goiter the failure of some to develop a gouter 1
dependent on 1ndividual circumstances which avoid a short
age of 10dme or make 1t less severe (relative or absolute)

‘With advancing age (beyond puberty) some of the goiters
will disappear and some will become smaller This 1s much
more frequent i boys Girls are apt to show an increasing
frequency and an mcrease 1n the size of the goiters to an
older age (17 18) as well as much less tendency for the goiter
to disappear In the majority of girls a goiter persists and
even increases slowly 1n size Pregnancies have an important
influence on the size of the gouter As the goiter becomes
smaller 1t often becomes firmer It may even become larger
as 1t gets firmer This 1s the colloid storage phase (colloid
goiter)

In gitls and women temporary enlargement of the thyroid
may occur with menstruation and 1t 15 probable that other
factors such as emotional stress, infections and other dis
eases may ciuse recurring temporary enlargements which
recede to the original state It 15 very important to recognize
that the temporary shght enlargements which may appear
under these circumstances do not represent a true pathologic
enlargement Some of these enlargements may be due to 2
temporary relative shortage of 10dine and hence are true
10dine deficiency goiters in the strict sense Others may have
no relation to defictency The importance of this lies 1n
respect to drastic treatment (surgery) mn thesc cases Serious
mistakes may be made 1f the atutude 1s taken that a lump 1o
the neck means goiter and goiter means surgery

Aside from appearance and perhaps a shight sense of ful
ness m the neck, often exaggerated by nervous young girls
and women these goiters may cause no symptoms Pressure
effects may be caused, especially by those of large size This
1s unusual, however, 1n sporadic cases 1n young persons or
even 1n regions of endemic goiter mn this country

Women re apt to show an incrense tn the sive of the
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goiter when they become pregnant (The goiter may first
appear during pregnancy ) The goiter tends to become
smaller after delivery but with each pregnancy 1t enlarges,
never returning to the origtnal size so that with each preg
nancy there 1s an ncrease 1 size It would appear that this
may occur even with a supply of rodine which would nor
mally be adequate, the defect 1n the gland already present
making 1t so difficult to function that a low normal supply
becomes msufficsent, a relatrve defictency Such enlarge
ments may be prevented by an excess supply of 10dine Few
such women exhibit general symptoms of thyroid deficiency
during pregnancy or afterwards but some may exhibit mild
hypothyroid symptoms, a true thyroid deficiency resulting
from changes m the gland primanly due to 10dne defi
ciency Children of such women may have a somewhat
greater tendency to the development of goiter than children
born of normal mothers and the process, if continued
through - sufficient number of generations results, of course,
In cretinism

During the middle and later years there 1s a considerable
tendency for the goiter to become nodular Such gouters
present the comphications described under the section on
pathology and the development of nodules and the generally
greater size of the goiter in these persons causes a more
frequent occurrence of pressure symptoms and signs These
include pressure on the trachea, with deviation and often
compression, sometimes o severe as to wterfere with respira
ton, or even to cause complete obstruction Associated with
this there may be cough, difficulty n swallowing, venous
obstruction, edema of the face, pressure on nerve trunks,
and 1n some cases even death Nodules may become cystic
and then are subject to hemorrhage within, resulting
pam and swelling Sometimes infection causes suppuration
There 15 also a distinct tendency to malignancy

In regions of mare severe endemics, and occasionally
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sporadic cases, more severe signs and symptoms are en
countered The goaters are much larger and huge ones are
found Gouters appear earlier 1n hife, even 1 nfants and
evidence of hypothyroidism appears This means cretinism,
which, as already explamned, will vary in severity and 1s
usually accompamed by goter 1n contrast to the lack of a
thyroid gland 1n the ordmary sporadic cretin Such endemic
cretins are born with goiters and are the end result of a
succession of increasingly goitrous iodine deficient, and,
finally, hypothyroid ancestors (mothers) Most are mmbeciles
from birth and respond poorly if at all to thyvroid extract
particularly if 1t 1s not begun early i life As already stated
such endemic cretinism 18 not found 1 this country

DIAGNOSIS

In the past the diagnosis of jodine deficiency was 1n effect
the diagnoss of simple goiter and the fact that 1odine defi
clency 1s present before the goiter was neglected Thus the
opportumty of diagnosing the deficiency before pathologic
changes occurred and hence the opportunity of preventing
the latter was mussed The diagnosis 15, of course, ssmple
and consists of the recognition of a deficient mntake For
years this has been easy 1n areas of endemic goiter The lack
of 1odine has been 2 matter of common knowledge and
prophylactic treatment has been successfully applied When
that has not been done the failure has been due to simple
neglect However, the diagnosis 1s not so easy m sporadic
cases or In regions where the deficiency 1s less common It
may be suspected from a knowledge of the 10dine supply of
the region and a knowledge of the patients diet In such
cases contributory factors become very mmportant Unfortu
nately, these are not always evident Some, however, such as
pregnancy, are easily observed In sporadic cases then and in
neglected cases 1n areas of endemic goiter, the diagnoss of
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1odine deficiency 1s usually not made untl the goster ap
pears The diagnosis of simple goiter depends first on detec
tion of a goiter and then on the differentiation of 1t from
other gorters First 1t 1s necessary to define the degree of
enlargement of the gland that constitutes a gotter Thus may
be talen as an enlargement which causes the gland to be
come palpable The normal thyroid gland 1s generally con
sidered to be non palpable lthough those who are accus
tomed to examning crefully for goiter often feel a gland
which 1s shightly palpable, especially 1n the 1sthmus This 1s
not considered pathologic but anything more can be con
sidered a goiter

In young people with simple gouter the gland 1s diffusely
and symmetrically enlarged It 1s soft, the borders of the
lobes cannot be easily distinguished and 1t moves readily on
swallowing Bruit and thnlls are lacking and there are
usually no nodules In older subjects the gland as a rule 1s
more firm and 1s apt to be nodular In this country large
golters are uncommon

The primncipal differential diagnosis 15 between simple
gorter and so called toxic goiter (Graves disease, exophthal
mic gouter, gowter with hyperthyroidism, et cetera) Signs
and symptoms of toxicity, mcluding particularly an elevated
basal metabolic rate, are imncompatible with simple goiter
though toxic goter can and does develop mn patients with
pre existing simple gotter Malignancy, too, may occur 1n
stmple gotter and presents ehe difficulty m diagnosis that
characterizes malignant neoplasms of the thyroid Consis
tency, evidence of attachment to neighboring structures, 1m
mobulity of the gland, evidence of metastases, et cetera, are
some of the common findings 1n malignancy Inflammation,
thyroiditis, also may cause a goiter (enlargement) but 1s
associated with local evidence of infection and inflammation
which are sufficient to disttnguish it from simple goiter
Inflammation may however, develop m a sumple goiter
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Hypofunction can, of course, occur with stmple goiter
As creumism thus 1s well recogmized and has been discussed
1n previous sections The exact sigmficance of mild grades
of hypofunction, mamfested princrpally by a lowered basal
metabolic rate 1s less clear For the present and for the pur
poses of this book they may be best considered as disease of
the thyrowd other than simple goiter This 1s principally
because they do not ordinarily respond to 10dine but requure
thyroid extract for treatment

TREATMENT

The preventive or prophylactic treatment of goiter due
to 1odine deficiency 1s haghly successful, treatment once the
gouter has developed 1s not Therefore, to a greater degree
than with some other deficiency diseases prophylaxis 1s more
mmportant than curative treatment Iodine mn almost any
form can be used and if given 1n the amounts needed one
preparanon offers few, 1f any, advantages over another ex
cept 1n relation to availability, palatability and cost

Prevention As previously stated the human requirement
of 1odine 15 around o 02 to 0 075 mg (20 to 5 gamma) per
day Actually this 15 the mimmum requirement and the
smaller amount, 0oo2 mg 1s probably not entirely suffi
cent This amount can be readily obtained 1n the food
and drinking water in regions where the soil contains suffi
clent 10dine and if sea food 15 eaten Even 1n regions where
the soil and water are less rich 1n 10dine, a proper diet which
includes a fair proportion of leafy vegetables will provide
sufficient 1odine Only 1f the diet 15 grossly abnormal 15 a
shortage likely

‘When, however, the concentration of rodine 1n the soil
(plants) and water of a region 15 low and the region 15 so
large that food supplies from other places are not important
in the dietary of the population, specific prevention 1s ind:
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cated and necessary 'This 1s easy to determine and 1n prac
tice physicians should mform themselves of the status of
their community n this respect and be prepared to provide
preventive treatment 1 case mass prevention 1s not pro
vided for by public measures

Mass prevention at the present time 1s almost confined to
the use of 10dized salt Iodimization of the water supply has
had only a very limited application Todized salt can also
be used for families or even for individuals The usual con
centration 15 1 100,000 1n this country, which on the basis
of 10 Gm of salt daily will provide 100 gamma The
Swiss use a much lower concentration fearing the mduction
of thyrotoxicosis 1n nodular goiters (Jod Basedow) I believe
this fear 1s groundless lodized salt, then, 1s an effective
means of prophylaxis agamst symple goiter on a famuly basss,
and 1n areas of known edemic goiter 1ts use should be made
general, through public health measures 1f necessary

Indwidual prevention, as already indicated, can be accom
plished by the use of 10d1zed salt but 1t 1s also often affected
by the adminstration of 10dine mn other ways For this pur
pose 10dine has been administered 1n many forms, sodium
10drde, syrup of hydriodic acid, tincture of 10dine, et cetera,
i varying doses and for various periods For general use
Means recommendation of one drop of Liquor Iod1 Com
positus, U S P, per week will be very satisfactory This pro
vides about 248 gamma per day, and 1n the case of children
particularly 1t may be given over a period of three or four
weeks, spring and fall Other forms of 10dine may be used
1n comparable doses Larger amounts, 10 mg per day, have
been recommended and are not harmful, but in the past
have been feared because of possible danger It 1s unlikely
that there 15 any danger 1n these amounts but they are larger
than necessary

In addition to the use of 10dine, diet and general hygiene
should be considered 1n the prevention of goiter With
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regard to dset there 1s the possible benefit to be gamned from
the mclusion of a proper amount of fresh vegetables An
ordmary or even excessive consumption of foods will not
protect agamst goiter m Tegions where there 1s any con
siderable 1odine deficiency lodine will be necessary there but
diet will help 1n borderline areas However, one must also
counsider the possible goitrogenic effect of an excess of such
vegetables as cabbage 1f such vegetables exert such an effect
1t 1 possible that m large amounts they might render a bor
derline supply of 1odine nadequate and male prophylaxis
necessary Whether polluted water 15 a factor in producing
goiter 1s uncertamn but m any event a supply of pure water,
adequate nutrition, et cetera may have a favorable influence
on the mcidence of simple goter by their effect on general
health

Protection Besides the general prevention of goter and
1odine deficiency two groups of persons require special pro
tective treatment These are pregnant women and pubescent
children (especially girls) This protection will be needed
most 1n reglons where the 10dine supply 15 minmal or bor
derline as regards adequacy In frankly deficient areas gen
eral prophylactic treatment protects or should protect them
In regions where the 1odimne supply 1s liberal protection may
not be required In the borderline areas, however, deficiency
1s apt to develop under the stress of mcreased demand and
even in presumably safe regions the possibility of individual
deficiency justifies that all pregnant women recerve supple
ments of 1odine

Tor pregnant women the dose already mentioned for pro
tection, about o a5 mg per day, represented by one drop
of Laquor Todi Compositus U S P, (Lugols solution) a
week during the last half of pregnancy or a comparable
amount of other prepirations of rodine will be adequate
The same amount (one drop) may be given three or four
days a week for one week out of each month for the same
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pertod For children at puberty a drop of Liquor Iodi Co
positus, U S P, (Lugols solution) two or three times
weeh for two or three weeks m the spring and fall w
provide sufficient protection

Curative Treatment Once a deficiency of 1odme h
caused a goxter, treatment 1s much less successful Althou
an adequate 1ntake of 1odine relieves the shortage, the rest
of the deficiency (the goiter) 15 apt to persist unless remove
surgically

Small goiters may be treated with 1odine with a fa
chance that the gorter will be reduced 1 size and will occ
stonally practically disappear in young people For this pu
pose 1odine should be given 1n somewhat larger doses tha
are generally used for prevention One to five drops ¢
Liquor fody Compositus, U § P a day for a period of tw
to four weeks, repeated at mtervals of three or four weel
over s1x months or a year may be tried Similar treatmer
for a two to four weeks’ period each spring and fall may b
employed as 1n the prophylaxis of goiter Sodium 1odide 1
doses of 0 001 to 001 Gm (1/60 to 1/6 gr) may be use
m place of the compound solution, as may equivalen
amounts of tincture of 10dine, potasstum 1odide, syrup o
hydriodic acid, or any other 1odine compound The objec
15 to admimister one to 10 mg of 1odmne daily, the form 1
which 1t 1s given makes httle dificrence so long as thr
amount of 10dme 1s provided

In some cases such treatment with jodine will be followed
by a decrease m the goiter, sometimes by 1ts disappearance
Occastonally the gland will become somewhnt larger and
more tense or firm This may cause the patient or her famly
some concern but 1s only rarely of any sertous significance
In All but a rire case 1t may be mterpreted as the distension
of the hyperplastic gland with colloid formed as the resulft
of an adequate supply of 1odne The fact that such cases o
enlargement and increased firmness are uncommon 1s be
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cause most glands have become filled with colloid befare
they are seen by the physician and 1odine has little effect of
any hind Rarely, 1odine given for what appears to be a
simple goiter will actually be given to a patient who 15
developing thyrotoxicosis In such a case firmness and in
crease m size will develop Such a mistake may occur because
the toxic change 1s so early as to defy detection Such cases
are uncommon

Most authorities advise aganst giving iodine to patients
with nodules 1n the goiter because of the supposed danger
of inducing thyrotoxicosis I have already stated that I be
lieve this danger 1s non existent but I would adwvise aganst
10odine m these cases for other reasons Nodular goiters
respond poorly, 1f at all to 10dine They are usunily found
m older persons with larger goiters circumstances which
ordinarily indicate a different form of treatment (surgery)
Sometimes the nodules are accentuated in appearance by
treatment with 1odine It 15 not always possible to feel
nodules, especiaily 1n rather large, firm gouters, and the
nodules sometimes become apparent only when the other
parts of the gland have involuted following treatment with
1odme In the patient s eyes this may constitute a somewhat
unfavorable result of treatment from the point of appear
ance and emphasizes the need for careful examination be
fore treatment as well as the mfrequent use of 1odmme n
older men and women 1n whom nodules are more common

Lattle trouble from 1odine 1s to be expected with doses
of the size recommended but 1t may occur m susceptible
cases Occasionally 1odine will cause a drop in the basal
metabolic rate of persons with simple goiter This drop 15
only temporary and has no untoward effect

Thyrord extract has been recommended and used 1n the
treatment of simple goiter, presumably 1n the belief that the
hyperplasta and hypertrophy caused by the lack of 10dine
can be relieved by an exogenous supply of thyroid hormone
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While theoretically such treatment might be effective before
hyperplasia and hypertrophy (the gouter) have developed
1t can be expected to have but httle influence once the
gouter has appeared I have observed occasionally 2 patient
i whom treatment with thyroid extract seemed effective
in reducing a goiter and 1t may be tried cautiously mn se
lected cases Thyrowd extract contamns iodine, of course,
and 1ts beneficial effects may be due to the 10dine rather
than to the hormone atself It 1s too dangerous to be used
as a generil prophylactic against goiter But, 1t should be
used when there are 1ssociated symptoms of hypothyroidism
and 2 lowered basal metabolic rate Such cases are not com
mon except 1n areas of endemic goiter

Recently, thyrotrophic hormone (pitustary), which stimu
lates thyroid function and leads to a loss of colloid from
the gland, has been suggested for the treatment of simple
goiter So far too few cases have been reported to warrant
recommendation for general use It may be tried cautiously
Because the effect of thyrotrophic hormone gradually dimin
1shes and disappears 1t 1s unlikely that careful administration
would result 1n a dangerous overstimulation of the thyroid
gland
Surgical removal 1s the only satisfactory treatment for the
larger goiters and may be necessary, even urgently needed,
m cases where the goiter causes pressure m the trachea or
other organs and ussues This 15 espectally true of the so
called intrathoracic gorter Except, however, m those cases
in which pressure symptoms exist, surgery should be de
layed until adulthood Most small gouters that are barely
visible and palpable should not be removed Childhood and
puberty are a tume of ntermttent stress and stram and
premature removal of an enlarged thyroid may be followed
by an uglier and more disfiguring hypertrophy of the re
mamning fragments or even the development of a hypo
thyroidism With matunity the gland 1s less subject to un
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usual sumulation {except for pregnancy which should call
for special protection) It has become stabilized and may be
removed with more satisfactory results Also, at this period
and with such goiters, removal may be good prophylactic
surgery agamnst cancer and perhaps aganst thyrotoxicosis
which may be more apt to occur 1n persons with such goiters
Surgical removal also prevents such complications as hemor
rhage nto cysts
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Other Possible Nutritional
Deficiencies

IN AnDITION to the essential food factors discussed in previous
chapters there are a number of other nutrient substances a
deficiency of which causes disease or 1s suspected of causing
disease For some of them there are as yet no known clinical
manifestations and this 1s particularly true of some vitamins
or vitarnin like substances which have been shown to be
essential for other ammals or organisms but not as yet for
man These substances are briefly discussed here because
speculation or expermmentation from time to time raises a
question of their relation to human nutrition and health, and
1t 15 felt that a brief statement of the current clintcal status
of these substances 1s desirable It seems destrable also that
the practicing physician be made aware of the direction of
research m thus field
These substances may be divided into three classes as fol

lows (1) Vitamins or vitamin like substances which have
been discovered and shown to be necessary m the nutrition
of other organisms but whose relation to human nutrition
and health 1s unknown or uncertamn (2) The so called trace
elements, minerals which may be essential to humans but 1f
so are required m such small amounts that a deficiency 15
difficult to conceive 1n view of their ubiquitous occurrence
in adequate amounts i food or water, (3) Substances which
are necessary and are needed 1n relatively large amounts by
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the body but are so liberally supplied by the diet that clin1
cal deficiencies are rarely, if ever, encountered

VITAMINS AND VITAMIN LIKE SUBSTANCES

Ths group mcludes pantothenic aad pyridoxme (Bo) ,
para aminobenzoic acid, 1nositol (all members of the B
complex) , biotin (vitamm H), vitamin P, the unidentified
vitamins, and choline

Pantothenic acid, also known as the filtrate factor, ant1
dermatosis vitamin, etc , 1s a peptide of § alanine and 1s found
widely distributed 1n animal and vegetable tissues, especially
m the viscera of animals It 15 believed to be an essential
requirement of all living matter but various orginisms
duffer 1n therr ability to synthesize 1t It 1s found 1n the blood
and urwe of man, and having been found essential to higher
anmmals (dogs, etc) has been assumed to be necessary for
man also Its function 1 man 15 unknown, as are the
pathology and pathologic physiology Rats develop hemor
rhages and atrophy and necrosis of the adrennls when given
pantothenic deficient diets and the diet also causes depig
mentation of the fur (nutnitional achromotrichia) 1 some
amimals No speaific tests for the manifestations of a defi
clency (if any) in man exist The concentration m the
blood and urine can be determined by mucrebiologic
methods and tests of blood levels and urinary excretion may
be helpful mn chinical studies Normally, the concentration
m the blood 15 said to be around o 2 to 0 3 gamma per cc
Decreased concentration and dimimished excretion have
been reported in subjects with pellagra and bertber1 Re
quirements for man are unknown and no toxic manifes
tations have been reported It 1s available m pure form
and dosage can be expressed by weight (mg) No standards
have been established

Pyndoxn (Bs also known as the ant1 acrodynia rat fic
tor, rat antidermatitis factor and by other names) 15 a
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pyridine dervative It 1s widely distributed 1n nature and
15 especially abundant mn yeast and rice polishings Its
physiologic action 1 man 15 unknown, and 1ts essentiality
though suspected has not been proven Similarly, the man1
festations (if any) of its deficiency are not clearly recog
nized Its use 1 patients wath pellagra has been reported to
resuit in additional improvement 1n such symptoms as
nervousness, dispositional changes, and weakness after ade
quate treatment had been given with miacin, thiamin, and
niboflavin It has also been reported to cure glossitis and
cheilosis after riboflavin had failed In amimals its defictency
has been assoctated with peripheral nerve lesions resembling
those of thiamin deficiency, epileptiform fits, muscle degen
erations, and anemia On this basis 1t has been used clin
1cally 1n certam myopathies, anemias, and epilepsy, but 1ts
value has not been established and critical analysis as yet
fails to disclose 1 significant action Deficiencv may be sus
pected on the basis of the relationships above The presence
and concentration tan be determined by a variety of chem
1cal and biologic methods but the only one m any clinical
use 1s a mucrobiologic test (bacterial) Excretion in the
urine can be determined but 1ts significance 1s not clear
and no established standards are available The possible
daily requirements for man are unknown and no significant
toxicity has been reported It has been isolated and synthe
sized and 15 available mn pure form with dosage expressed
by weight Because they are components of the B complex,
1t and pantothenic acid are often mcluded in compound
pharmaceunical vitamin preparations

Para-ammo-benzoic acid, known also as the ant1 gray hair
factor, 1s a substance of obvious chemical composition which
has been shown to be an essential dietary factor (chromo
trichic) for the rat and (growth promoting) for the chick
It 1s also an essential for the growth of certain bacteria,
notably the Brucella and Streptococcus hemolyticus It was
1ts ant1 sulfanilamide action which led to 1ts discovery as 2
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vitamin It 15 a constituent of yeast Little or nothing 1s
Lnown of 1ts physiologic function m man though 1ts effect
in inhibitung the action of the sulfonamides suggests that
1t mav be related to enzyme activity and under abnormal
conditions, such as exposure to toxins, may play a role This
1s different, however, from a normal nutritive action In the
black or piebald rat a deficiency causes a graymg of the fur
(nutritional achromotrichia) and 1ts admrmistration has
been said to halt graying 1n man and to restore normal
color This has not been confirmed It has been used in
asthma 1 man on the basss of 1ts action 1n protecting
adrenahin agamnst oxidative destruction  Actually, however,
1ts need, daily requirements and manifestations of a defi
ciency, if any are unknown It 1s available i chemically
pure form and 1s essentially non toxic

Inositol (also known as Bios 1, the mouse nt1 alopecia
factor, and by other names), 1s another substance which
has a well mgh untversal dsstribution 1n plint and animal
tissues Some fruats, cereal grains, yeast, molds, and bacteria
are good sources It may be synthesized by some animal
organisms It exists in many forms but the optically mactive
form (11nositol or meso mositol) 15 the only one of nutry
tive wmportance In animals a lipotropic action has been
described but nothing of 1ts possible function in man has
been established though an effect on motility of the gut has
been described Daily requirements and mamfestations of
deficiency are unknown It can be determined by micro
brologic methods but these are not employed clinically It s
avalable i pure form nd apparently 1s not toxic

Biotin (also Bios II, vitatrmn H, anti egg white injury
factor, factor W etc) 1sa growth factor for certan bacterta,
yeast and higher plants and 1s a required factor for some
animals An experimental deficiency has been produced n
man * Biotin 1s widely distributed m plants 1nd 1s found 1n
smaller amounts 1 animal tissues Biotin has been thought
to have a part mn fat metabolism 1 animals but 1ts known
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action 1s combating egg white myury Raw egg white con
tains a protein, “avidin, ’ which binds brotin and males 1t
unavailable to the orgamsm Thus, feeding egg white
duces biotin deficiency, supplements of biotin prevent or
cure the deficlency Amimals (rats and chicks) develop a
dermatitis and other lesions Expermmentally, the admin
wstration of dried egg white 1n amounts equal to o per cent
of the calories of the diet has produced a peculiar ashy
pallor of the skin and mucous membranes with dryness and
desquamation, lassitude and somnolence, muscle pamns, pre
cordial distress, and anorexia All symptoms were relieved
by the parenteral administration of biotin No naturally
occurring syndrome of biotin deficiency 1s recognized,* and
m view of the severe conditions required for experimental
deficiency a spontaneous deficiency 1s probably unlikely and
mfrequent In this regard biotun can be grouped with cer
tam other newly recogmized and possibly essential food
factors of which there are no ordinary nutritional deficien
ctes but which may become deficient with exposure to toxic
agents, under conditions of abnormal metabolism, etc Un
confirmed therapeutic effects with brotin have been reported
m various skin diseases It has been prepared m pure form
but 15 ordinarily available as a concentrate Bestdes the unit
of weight (gamma) amounts are expressed in  Rat units’
and Saccharomycetes units ” Determmations can be made
by biological methods, of which the most useful are the
microbiologic

Vitamm P (Citrin)  Besides vaitamin C another vitammn
having to do with the capillaries and their permeability and
hence hemorrhagic diatheses has been postulated, namely,
vitamin P Vitamin P 15 not known n pure form, but s
found 1 concentrates contaimng eriodictin and hesper1
din glucosides of errodictyol The supposed vitammn P 15
found 1n fruits and vegetables, espectally mn aitrus frunts, but

* Williams reports a possible case 1n New England Jour Med =228 247
1943
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has not been demonstrated 1n animal tissues Vitamin P 1s
sad to be concerned with the mamtenance of capillary
mtegrity, and a defictency 1s said to result mn increased
capillary fragility, permeabihity, and hemorrhages Itsaction
15 sa1d to be distinct from that of ascorbic aad (vitamun C)
but may be associated with 1t A deficiency 1n man 15 said to
be represented by a hemorrhagic state (purpura) which
does not respond to vitammn G but does to vitamin P
However, the published reports have not been very con
vinang and numerous hemorrhagic states not responding
to vitamin C have also failed to be cured by vitamm P No
test for the deficiency other than a therapeutic traal exists,
and no other method for 1ts determination 1s avulable No
standards have been devised, and the concentrates are not
available for general chimical use

Non-identified Vitamuns  In addition to the vitamins
which have been discussed there are a number of substances
which may or may not be vitamns Some are hypothetical,
supposttitious  substances whose exustence 15 suspected
because of experimental work suggesting as yet unrecog
mzed essential factors Others are known substances, such
as adenyhic acid, which are suspected of having a vitamuin
function which as yet has not been demonstrated Many are
undoubtedly 1dentical with vitamns already 1dentified,
others may be essential for some organism or another,
some undoubtedly do not exist

PROTECTIVE FOODS

Besides the vitamins there are certain substances which
are necessary for growth and nutriton and which man
cannot synthesize Unlike the vitimins they also furnish
energy or enter wmto the structure of the body To these
substances Rosenberg has given the name “vitagen In a
sense cirbohydrate 1tself might be called a vitagen but the
essentinl 1mino acids, discussed 1n the chapter on protems,
Are 2 better example Others re the fats and choline
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Fats Fats are not only good sources of energy, but they
are also carriers of certain vitamins, such as A,D,K,and E
In addition to this, however, there 1s some evidence that
certain unsaturated fatty acids are essential m small amounts
for the growth and health of some animals These may be
limolerc and Iinolenic acid which will at least relieve the
symptoms thought to be caused by a deficiency of fatty acids
n rats It may also be that these fatty acids are converted
1n the body 1nto arachudonic acid—a fatty acid also effective
n relieving fat defictency 1n rats  However, fatty acid defi
ciency probably plays no known part 1n clinical medicine

Choline Choline 15 a supplier of the transferable methyl
group, resembling 1n this function the ammo aad methio
nine which 1t spares In the absence of choline, methionine
may be msuffictent for 1ts normal function because 1t 15 d1
verted to furnishing 1ts labile methyl group Choline 15
mvolved m cell structure through the phospho lipids and
m neuromuscular function as acetylcholine, also thought to
be concerned with fat metabolism Its deficiency may be
reflected 1n the occurrence of a fatty liver In amimals a
number of other pathologic changes resulting from choline
deficiency have been described, such as cirrhosis of the liver
However ordinary nutritional deficiency 1s unknown
man, and such deficiencies as may occur are indirect and
related to disease states, intoxications, and disorders of
metabolism as have been mentioned under biotin

Trace Elements These include some tharty five or forty
minerals which are found for the most part i mnute
amounts tn foods and 1n the tissues of ammals (including
man) Some, such as ron and redme which might other
wise be ncluded mn this group have already been discussed
mm separate chapters because a deficiency of them produces
well recognized clinical syndromes Of the remamder 1t
should be noted that such remarks as are made about pos
sible essential roles m human nutriaon and the effects of
their deficiency must be considered as entirely tentatiie
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Fluorine has been of greatest interest clinically as a toxic
substance, which, when present 1n too great concentration
1n the drinking water produces mottled dental enamel or
fluorosis Even as hittle as one part per million mn drinking
water will produce the disease when such water 15 taken con
tinuously during the ume that the permanent teeth are
pimary On the other hand recent studies suggest that 2
small amount of fluorne 15 necessary for the proper forma
tion of dental enamel

Fluorine as well as most of these trace elements 1s ex
tremely poisonous 1n high concentration but as pomnted out
1n the introduction these amounts are many many times
greater than those presumably needed by the body and
hence the general rule that essential food substances are
harmless 1n ordmary (biologic) amounts 15 maintained

Copper has already been discussed briefly in the chapter
on Iron Deficiency Copper 1s concerned i the extremely
important, fundamental, ntracellular oxidation mechanism
and hence there 15 Iittle doubt that 1t 15 essential to normal
health and nutrition This view 1s supported by the high
concentration of copper 1n the liver of the infant just before
birth and the parallelism which exists between the metabo
hism of 1t and wron On the other hand 1t 15 very doubtful
that a deficiency of copper exists 1n man except occastonally
Certamly 1t does not occur without a comcident severe
deficiency of ;ron Diets which supply an adequate amount
of wron will usually supply enough copper and 1f ron 15
given therapeutically enough copper 1s ordinarily included
to provide for the relief of a deficiency of the latter Such
studies of the requirements of copper as have been reported
mdicate that an adequate daily intake ranges from 1 0 to
2 5 mg for mfants and children to § 5 mg for adules

Manganese deficiency 1n chickens 1s associated with pero-
sts, a disease of the bone, and n rats 1s said to cause sterlity
of the males These experimental findings as well as the
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occurrence of manganese in considerable amounts 1 some
human organs has suggested that 1t 15 a necessary com
ponent of the human diet No clinical expression of man
ganese deficiency 1s known, however Somewhat similarly
cobalt appears to be an mmportant and essential element 1n
the nutrition of sheep and cattle and a deficiency of 1t 1
apparently the cause of coast disease” or “Morton Mainess
disease which 1s prevalent in Australia and New Zealand
Agan, no human counterpart 1s known to exist

A lowering of the magnestum content of the body, as re
flected by the concentration 1n the blood, to a sufficient de
gree produces symptoms and 1f great enough, results i
mcreased 1rritability, tachycardia, convulsions, and death
There 1s no evidence, however, that a dietary deficiency of
magnesium occurs in man The related elements, bariam,
strontium, and berylllum have no known place in animal
nutrition, and beryllium has not been reported as a normal
constituent of tissue Experimentaily, however, 1t can be
used to produce a severe experimental rickets The use of
bartum 1n x ray examinations and 1ts relative lack of toxiaity
when taken by mouth are well known Certain variations m
the amount of zme, tin, and arsenic 1 different organs as
well as 1n certain secretions suggest some specific functton
of these substances 1n animal nutrition What this may be 1s
unknown and no characteristic manifestation of a deficiency
of these substances 1s known 1n erther expermmental animals
or man

There 1s little experimental and no clinieal evidence that
alumunum, or vanadium have any essential part i nutrition
Selentum resembles fluorme 1n that 1t 1s best known for 1ts
toxic action In sufficient concentration in feed 1t causes
“alkal: disease 1n cattle No effect of a deficiency of 1t 1s
Lnown Bromune which 1s more closely related to fluorme
shows certain local concentrations 1n the body which suggest
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specaific nutritive functions but no deficzency disease, corre
sponding to that of iodine m relation to the thyroid, 1s
known Much the same may be said of mckel, silver, and
mercury, a1l of which are found in the human body 1n small
amounts Lithium, rubidium and cesium are related to the
alkal1 metals, sodium and potasstum, which are of exceeding
mmportance 1n nutrition and which are required by the body
in large amounts The former, however, have no such impor
tant role and there 1s hittle evidence so far to mdicate the
part they play, if any, m human physiology and hence
nutrition

Silicon, one of the most abundant elements, 1s found 1n
various organs and tissues of the human body but has no
known significance 1n nutrition, nor has boren, another
abundant and widely distributed element Many other ele
ments, such as lead, titanmmum, cernum, thormum, and zir
conwum, are found at trmes m anunals and human tissues
but hittle 15 known of the constancy or sigmficance of their
presence In any event it 1s likely that the requirement for
them, as well as for many of the other elements listed above
are so small that a deficiency of any of them occurs only
experimentally

There are certain substances which are needed 1n rather
large amounts but are rarely if ever deficient because they
are supplied adequately by the diet These include sodium,
potassium, phosphorus (phosphates), and chlorides Phos
photus has already been discussed m the chapter on Vita
min D and Calcium Deficiency Deficiencies do occur but
only rarely are they strictly of dietary origin Instead they
are the result of abnormal and greatly 1ncreased losses which
makes the intake sufficient Ths 1s seen acutely i cases
of vomiting and drarrhea with a loss of chlorides 1n the secre
tions It also occurs with excessive sweating when water
alone (unsalted) 15 used to replace the flurd Both of these
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circumstances produce well known syndromes A somewhat
similar condition may perhaps exist 1n a more chronic form
These states can, however, scarcely be called deficiencies 1n
the usual sense of the word and 1t must be extremely un
common that nutritionl deficiencies of sodium, potassium,
phosphorus, and chloride exist

2]
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Section I1I Laboratorv Methods for Diagnosing Deficiency
Diseases



Thus section 1s designed to accomplish a three fold purpose Furst
there 1s presented a tabular summary of the various vitamins The
summary of the snformation relative to each vitamin 1s arranged
accordance with the plan followed 1n each individual chapter of
the text

Second there 1s a tabular presentation of the principal dietary
sources of the various essential food factors No detmled tables of
the vitamn content of foods are mcluded But for those who desire
this quantitanive information references to suitable sources are
given

Third, the laboratory methods now available for assaying the
nutritional status of an individual are collected together and de
senibed 1 detai]l The sequence of the methods for the diagnos:s of
the various deficiency states conforms to the arrangement of these
defictencies i the text
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A TABULAR SUMMARY OF THE VITAMINS
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VITAMIN A

Nature A complex gher alcohol with unsaturated
structural bonds Formed by animal metabo-
Iism from plant precursors the carotenes or
provitamins Beta carotene 1s the most 1mpor
tant provitamun Vitamin A 1s fat soluble rel
auvely heat stable, relatively well stored by
the body

Function Participates in maintaining the health of epithe
lLum Partictpates 1n the formation of visual
purple Essential to proper growth

Dietary Excellent Fish oils liver egg yolk cheese, but

Source! ter, spmnach turnip greens lettuce mustard
greens green beans carrots

Tair 'Whole milk, asparagus, okra yellow corn

meal

Pathology Keratiuzation of epithehium and replacement
of specialized epithelum by undifferentrated
stratified and cornified surfaces Altered visual
purple formation

Climical Night blindness Xerosis and heratomalacia Der
Expression matosis Vaginttis Often complicated by bron

chiectasis pneumoma etc mostly in children
Dragnosis Diet history Early clinical signs and symptoms

Adaptometer tests (tests of might blindness)
Blood serum vitammn A and carotene level
Therapeutic trial
Treatment? Preventive 1500 to 5 000 I U daily
Protective  (children pregnant and lactating
women etc) 6000 to 8ooo IU daily
Curative 10000 to 40000 I U daily
Common Units  t USP unit = 1 International Umt = The ac
of Measure tivity of o 6 microgram of beta carotene = 1 4
Sherman Munsell Units
* The provitamin A content (beta carotene etc) of the foods histed has
also been considered n evaluatmg the importance of the foods as a dietary

source of vitamn A

zPreventive protective and curative amounts are used 1n the same sense
as m the text 1e preventive generally reflects requirements protective
refers to amounts suggested for pregnant and lactaung women growing
children and others whose requirements are increased and curative doses
are those « ly employed therapeutically m ordmary clinical ex
pressions of the deficiency It should be emphasized that these amounts
are only suggestions The therapy for a specific individual should be condi
tioned by the various factors that affect absorption utihization and the
need of the individual These factors are adequately discussed 1n the text
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Nature

Function

Dretary
Source

Pathology

Chinzeal
Expresston

Diagnosis

Treatment

Common Units
of Measure

THIAMIN (VITAMIN By

A pynmdine thiazole compound Only known
vitamin containing sulphur Water soluble
Heat labile Poorly stored in the body

Necessary for the proper utilization and metab
olism of carbohydrates (essential to a co
enzyme system concerned with the intermeds
ary metabolism of carbohydrates) Essential for
the mamtenance of normal nerves psyche ap
petite and digestion arculation and normal
growth

Excellent Lean pork peanuts dried peas and
beans soy beans oatmeal

Good Liver chicken (dark meat) beef green
beans and green peas walnuts pecans chest
nuts whole grain wheat or rice

Degeneration of the peripheral nerves muscle
atrophy cardiac dilatation and failure, serous
effusions

Beniber1  Neuralgia and neuriis  weakness
paralysis muscle atrophy Cardiac enlargement
and failure tachycardia edema serous effu
sions Anorexia indigestion constipation

Diet listory Calculation of the vitamin B, ade
quacy of a diet by the use of the formula and
prediction chart of Cowgili or by the formula
of Williams and Spies Clhimcal symptoms and
signs Determination of the urmary excretion
by biologic or chemical methods and blood
pyruvic acd Therapeutic trial

Preventive Approumately o5 to 3 mg daily
Protective Approximately g to 5 mg daily
Curative Approximately 10 mg daily

1 mg thiamin (B,)=approuimately 333 Inter
national Units ~= approximately 6oo Chase
Sherman Units
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Nature

Function

Dietary
Source!

Pathology

Chinical
Expression

Diagnosis

Treatment

Common Units
of Measure

TABULAR SUMMARIES
NICOTINIC ACID

An organic compound chemically related to nico
tine but having very different pharmacologic
properties Heat stable Water soluble

A constituent of a coenzyme system necessary for
normal cellular Iife Exact mechanism un
known but undoubtedly bears a relation to
the health of epithelial and nervous tissue

Excellent Liver, lean pork, lean beef
Good Milk egg yolk, spmach lettuce, green
cabbage, turmp greens green peas, soy beans

Dermatitss, mflammatory reactions of mucous
membranes Possibly degenerative changes in
the brain and spinal cord

Dermatitts stomatitss, gastroenterins and diar
rhea Procutis and vaginitis Neurasthema
Psychosts Possibly combined sclerosis of spinal
cord

Diet hustory Early clintcal symptoms and signs
Possibly urinary excretion of mcotinic acid,
and F; and ¥, substances Therapeutic trial

Preventive Approximately 5 to 25 mg daily
Protective Approximately 50 mg daly
Curative  Approximately 150 goo mg daily

The milligram unit 1s the only common measure
of dosage

1The exact content of nicounic acd 1n various foods 1s still uncertam
The foods Listed are those shown to have a therapeutic or preventive effect
on human pellagra and canine black tongue
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RIBOFLAVIN (VITAMIN B; OR G)

Nature

Function

Dietary
Source

Pathology
Climical
Expression

Diagnosis

Treatment

Common Unats
of Measure

A flavin compound having a yellowish green
fluorescence Water soluble Heat stable Ex
tremely hable 1o deterioration when exposed
to hight

A constituent of a coenzyme system necessary for
the proper utthization of carbohydrates Causa
tive mechanism 1n the production of epithelial
changes unknown

Excellent Yaver lean meats egg yolk peanuts

Good Peas hma beans spinach lettuce carrots
cauliflower, turnip greens pears peaches
beets whole milk buttermilk whole gramn
wheat

Inflammatory reaction of epithelum  Vascular
1zation of the cornea

Cheilosis and angular stomatitts Glossitis hera
titis Dermatitis

Diet hustory Symptoms and signs Sht lamp ex
amunation of the cornea Therapeutic trial

Preventive Approximately o5 to 8§ mg daly
Protective  Approximately g to 5 mg daily
Curative Approximately §15 mg daly

1 mg = approximately 400 Sherman Bourquin
Umnts
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Nature

Function

Dietary
Source

Pathology

Clhimcal
Expression

Diagnosis

Treatment

Common Units
of Measure

TABULAR SUMMARIES
ASCORBIC ACID (VITAMIN C)

A lactone of a hexuromc acid Water soluble
Heat labile Poorly stored 1n the body

Essentsal for the formation and maintenance of
normal intercellular ground substances par
ticularly for the maintenance of intact blood
vessels and for the formanon of collagen

Excellent All atrus fruits (oranges, lemons
grapefruit, et cetera), turnip greens spinach
turnips, cabbage tomatoes, green peas

Good Cucumbers, sweet potatoes green beans
onions

Defective formation of proper ntercellular
ground substances Resultant imperfect bone
formation increased capillary fragility cuta
neous and mucous membrane hemorrhages

Scurvy Gingivitis subcutaneous and mucous
membrane hemorrhages sore extremities las
situde shght edema anemia

Diet history Symptoms and signs VitamunC
content of the blood plasma and leukocytes
Urinary excretion of vitamin Saturation tests
Capillary fragility tests Therapeutic trial

Preventive Approximately 50 100 mg daily

Protective Approximately roo mg daily

Curative Approximately 200400 mg daly

1 mg = 20 International Units = 2 Sherman
Units
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Nature

Function

Dretary
Source!

Pathology

Climeal
Expression

Dragnosts

Treatment

Common Unsts
of Measure

VITAMIN D AND CALCIUM

Activated sterols closely related to cholesterol
Qccur naturally m both the ammal and vege
table form Fat soluble Relatively heat stable
Reasonably well stored 1n the body

Faalitates proper absorption of calcium and
phosphorus Important factor 1n normal bone
formation

Excellent Fish liver o1ls egg yolk
Good Salmon sardines butter cream

In children imperfect bone formation resulting
i rickets In adults rarefaction and softeming
of bones resulung n osteomalacta Low serum
calaum which may mmtiate tetany in either
children or adults

Rickets Irmtability weakness deformities pot
belly

Osteomalacia Deep boring aching pamn de
formities

Tetany Carpopedal spasm convulsions

Diet history Symptoms and signs Xray Blood
serum phosphorus phosphatase activity cal
crum

Preventive and Protective Approximately oo
1200 International Units daily

Curatnne Approximately 1200 5000 Internation
al Unts daily

1 International Unit == 1 US P Unut = approx:
mately g § Steenbock Umts

! Generally the amount of available effectrie sunlight 15 a more important
source of Vitamm D for humans than 1s the dietary source
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Nature

Functron

Dietary

Source

Pathology

Clinical
Expression

Diagnosis

Treatment

Common Units
of Measure

TABULAR SUMMARIES
VITAMIN E

A complex alcohol, occurs naturally in more
than one biologically active form « tocopherol
being the most active of those studied Heat
stable Fat soluble

Uncertain Perhaps essential to nuclear function
and to the health of rapidly multiplying and
differentiating  tissues  Possibly 1nterrelated
with hypophyseal and ovartan functions

Widely distributed 1n nature but exact content
of various foods unsettled at present Particu
larly abundant mn the o1l of seeds such as
wheat and cotton also 1n all leafy vegetables
and to some extent 1n meats and eggs

Exact pathological expression m humans uncer
tamn Possibly related to failure of reproductive
functions and to degenerative nerve disorders

Uncertain Possibly certamn mstances of habitual
abortton amjyotrophic lateral sclerosis and
certain muscular dystrophies are expressions of
vitamun E deficiency

Therapeutic trral Dietary evaluation unsatisfac
tory at present and no well developed chinical
tests

Requirements and amounts of vitamin E neces
sary for therapeutic purposes still uncertamn
Doses of 4 15 cc of wheat germ o1l daily or of
412 mg of «tocopherol daily have been fre
quently employed

No reference standards 3 mg « tocopherol =
approximately 4 cc of wheatgerm oil (un
concentrated)
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Nature

Function

Daetary

Source

Pathology

Climical
Expression

Diagnoss

Treatment

Common Unuts
of Measure

VITAMIN h

A substituted derwvative of naphthoquimone Oc
curs naturally 1n more than one biologically
active form Heat stable Fat soluble Appar
ently not well stored

Necessary for the adequate production of pro
thrombin prothrombn s essential for normal
blood clotting

Widely distributed but the exact vitamin k. con
tent of various foods unknown Occurs 1n kale
spinach carrot tops tomatoes and hiver Also
formed by the action of intestinal bacteria
and 1t 1s possible that the human 15 inde
pendent of the detary supply

Decreased prothrombin content of blood with
resultant prolonged clotting time and hem
orrhagic tendencies In adults most often con
ditioned by a defictency of bile salts in the m
testine and a resultant poor absorption of
vitamm K

Hemorrhagic disease of the newborn Bleeding
and hemorrhages associated with obstructive
jaundice sprue celiac disease et cetera

Symptoms and signs Determunation of the blood
prothrombin content Therapeutic trial

The requirements for vitamm k have not been
clearly determined 10 to 20 mg of the syn
thetic 2 methyl 1 4 naphthoquinone daily 1s
@ satisfactary thertpeutsc dose When there 1s
a deficiency of bile salts 1n the intesune (as mn
obstructive jaundice) bile salts should also be
guven if the vitamin 1s taken orally

1 mg 2 methyl 1 4 naphthoquinone = approxi
mately 2 coo Ansbacher Units = approxtmately
15700 Thayer Doisy Units = approximately
700 Almquist Umits = approximately 25 000
Dam Units






Section 11

THE PRINCIPAL DIETARY SOURCES OF THE ESSENTIAL
FOOD FACTORS

The foods listed 1n these tables are classified as to their nutrient
content on a basis of equivalent weights Obviously certain foods
listed as merely good sources become excellent sources if a large
amount of the food 1s eaten conversely a food classified as an excel
lent source of a nutnent actually 1s not an excellent source for the
individual if eaten sparingly
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For those who desire more detailed information as to the nutr:
tive composition of foods, the following sources are suggested

Booher, Lela E, and Eva R Hartzler The Vitamin B, Content
of Foods in Terms of Crystalline Thiamin U S Department
of Agriculture, Technical Bullettn No %07, December, 1939

Booher L E, E R Hartzler,and E M Hewston A Compilation
of the Vitamin Values of Foods in Relation to Processing and
Other Vanants U S Department of Agriculture, Cireular No
638, May 1942

Chatfield C, and G Adams Proximate Composition of Amers
can Food Materials U S Department of Agriculture, Circular
No 549 June 1g40

Fixen, Margaret A Boas, and Margaret Honora Roscoe Tables
of the Vitamin Content of Human and Ammal Foods Nutrt
tion Abstracts and Reviews 7 823 876, 1937

Munsell, Hazel E  Vitarmns and Their Qccurrence 1n Foods The
Milbank Memonal Fund Quarterly =8 g11 344 October, 1940

Rose, Mary Swartz A Laboratory Handbook for Dietetics New
York Macmullan, 1939

Taylor C M Food Values mn Shares and Werghts New York,
Macmllan, 1942

Tepley, L ] F M Strong and G A Elvehjem The Distribution
of Niacin 1n Foods Jour Nutrit, 23 417 425 1942



Section II1

THE DIAGNOSIS OF DEFICIENCY DISEASES BY
LABORATORY METHODS



Until comparatively recently the diagnosis of the deficiency dis
eases has been made only by the evaluation of the dietary history,
the presenting symptoms and signs and the results of a therapeutic
trial This approach 1s still a necessary and clinically sound one
but 1n recent years certain laboratorv procedures have been devel
oped which augment our diagnostic approach

Some of these laboratory procedures have been in use for many
years and have been adequately studied and evaluated Others have
been developed only recently and may be subject to modifications n
accordance with our progress in the field of deficiency diseases Cer
tamn of the diagnostic tests described below require special labora
tory facthities and are obviously not adaptable, in their present form
to use 1n the average laboratory Yet 1t seems worthwhile to assemble
here those tests which at the present time are most helpful 1n the
dragnosis of deficiency diseases and to describe them n detail



VITAMIN A

Many observations have suggested that mght blindness (myc
talopia) may be the result of vitamn A defictency For this reason
many instruments have been designed 1n an attempt to determine
the presence of abnormal dark adaptation and to utihze this pro
cedure diagnostically Many imstruments have been devised but
probably the most accurate of these 1s the Adaptometer of Hecht
and Shlaer ! The technique of the test as performed with this instru
ment will be described below

A diagnostic method more recently proposed as a means of evalu
ating an individual s status as regards vitarmn A adequacy 15 the
determmation of the blood serum (or plasma) vitamm A and carot
enoids There are many methods available for this, but the one
to be described here 1s Mays modification of the method of Mc
Coord and Luce Clausen This method has the principal advantage
of bemng applicable to a relatively small amount of blood and has
proved reasonably satisfactory in studies conducted by the author

The Adaptometer Test The principal features of the nstru
ment are a bleaching light of about 1500 mullilamberts intensity
a fixation light within the instrument which allows a constant
area of the retina to be tested (this area 1s located 4° nasally
from the eye and 1s §° visual angle 1n diameter) a diaphragm
which enables one to vary the tume of exposure to the test light
and a system of filters for varying the intensity of the test light
The same lamp serves as a bleaching light and a test light source
and the voltage to this lamp 15 carefully controlled by a voltage reg
ulator The fixation lamp 1s a small dim light operating on a dry
cell battery source of power

The nght eye of the subject to be examimed 15 exposed to the
bleaching light (about 1500 millilamberts ntensity) for g minutes
(The intrinsic intensity of the bleaching light 1s determined by
comparison with a standard light source and then modifymng this
mtensity 1f necessary by introducing appropriate filters) Duning
the bleaching period the subject fixes his attention on a small dot
on the lens This enables one to bleach that area of the retina which
will subsequently be localized by the fixation hight dunng the
period of regeneration of visual purple The optical system 1s then
changed by 2 lever and the bleaching hight now serves as a testing

339
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Iight The intensity of the fixation lamp 1s adjusted so that the
individual can see 1t as a very dim light As the test period progresses
1t may be necessary to lower this mtensity as the subjects ability
to see 1n the dark improves The blue filter 15 now placed 1n the
path of hight transmussion This remains 1n 1ts place throughout the
test Another filter one selected to allow considerable hight trans
mussion, 15 placed 1n the path of the test ight The subject fixes his
right eye on the dim fixation Iight and the test lamp 15 exposed 1n
flashes of one fifth second duration with a frequency of about one
flash every two seconds During the course of the test light flashes
the operator gradually increases the ntensity of the test light by
altering a varrable wedge fixed in the course of the transmitted light
‘The subject reports the first appearance of a visible flash and this
value 1s recorded 1n terms of the filter used, the setting of the wedge
and the time of the determmation This procedure 1s repeated ap
proxamately 15 times during a thirty minute pertod after the bleach
ing period 1s complete Obviously during the course of the thirty
minutes ones ability to see dim light improves and the operator
must change s filters to decrease progressively the amount of light
transmitted The operator must also take care that the fixation
light does not become too bright due to thus progressive regenera
tion of visual purple The subject must be thoroughly aware of
the necessity of focusing his eye on the fixation light durmg the test
flashes and of reporting the very first flash of hight discernible

The absolute values of the mtenstty of the Iight percerved can
be determined by correcting the known tntensity of the test light
for the filter used and the wedge setting For convemence this value
1s expressed m terms of the logarithm of the mtensity of the light
percerved The necessary tables for making this conversion are sup
plied with each individual instrument

Hecht and Mandelbaum feel that a normal individual should
perceive an 1ntensity of Iight the logarithm of which 1s g3 micro
microlamberts or less after the test

The Determmation of Vitamin A and Carotene in Blood Serum 3*
Method The method of preparation of extracts of matenal for
analysis employed 1s that described by McCoord and Luce Clausen*
except that the reagent 15 made with 229, of antimony trichlonde
m chloroform An Esvelyn photoelectric colorimeter 1s used 8

* Adapted from The American Journal of Diseases of Children through
the courtesy of the authors and publisher
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Reagents and Solutions
1 Antimony Trichloride Solution 22% solution of antimony
trichloride 1n chloroform

2 Purnfied Petroleum Benzene U SP (Petroleum ether)

3 95% Ethyl Alcohol

Procedure To 1 cc of serum (or plasma) i a narrow mouth
tube * 2 cc of g5% ethyl alcohol 15 added and the mixture shaken
Then 2 cc of punfied petroleum bemzene USP (petroleum
ether) accurately measured 15 added After the tube 1s tightly
stoppered 1t must be shaken vigorously and continuously for ten
minutes 1f complete extraction 15 to be attammed Centrifuging
causes the separation of the clear upper layer of purified petroleum
benzene extract which 1s used 1n the analyses The layer measures
2 c¢ and from 1t 1 cc may easily be taken for the analysis

Analysis of the Extracts The yellow color of the petroleum ben
zene extract 1s due to carotenoid pigments the bile pigments being
unextracted under these conditions The principal carotenoids in
blood serum are carotene and xanthophyll other carotenoids are
present 1n only meager amounts Furthermore the carotene and
xanthophyll are usually present in the same proportion so that
measurement of the total carotenoids gives a sufficiently accurate
reflection of the amount of carotene present for practical purposes
Estumation of the total amount of carotenoids 15 necessary in the
determmation of vitamin A, m order that the measurement of the
total blue color formed by the Carr Price reaction may be cor
rected for that portion ansing from the carotencids

Center Settings Filter 440** 15 placed mn the microumt of the
Evelyn photoelectric colorimeter The center setting of the stru
ment for 1 cc of purified petroleum benzene 1 a 1 cc open type
microabsorption cell 15 deterrmined 1n the manner described 1n the
directions for operation of the nstrument

A sumlar center setung 1s determmed for the antimony tr1
chloride reagent with Filter 620 It 15 tmportant to redetermine the
center settings immediately before each analysis One cc of the re
agent should be accurately pipetted into a 1 cc open type cell The

* Extraction tubes Loss of the volaule extracting solvent during the
extraction procedure would introduce serious error consequently pre-
€autons to prevent evaporation are essential Best quality cork stoppers
should be used

** Filter numbers refer to therr maximum transmission that 18 No 440
at 440 mithmicrons and No 620 at 620 millimicrons



342 DIAGNOSTIG METHODS

pipette used to measure the antimony trichloride reagent should
be calibrated to deliver exactly 1 cc within four seconds by gravity
with its tip steadied against the side of the cell 3 mm from the top,
the last drop being blown out with a gentle puff Thus 15 to msure
accuracy and rapidity n the technic and to avord spilling of the
Iiquid or immersion of the tip of the pipette 1n the reacting mix
ture All operations must be performed quickly, but accurately and
smoothly

Carotenoids 'With Filter 440 1 place and the instrument set at
the appropriate center setting for punfied petroleum benzene, 1
cc of the petroleum benzene extract of the serum 1s accurately meas
ured mto a 1 cc open type cell in place n the cell holder The
cell 15 immediately wound into the colorimeter and the galvanome
ter reading (G440) recorded This reading 1s used 1n calculating the
total amount of carotenoids present

Vitamin 4 The 1 cc cell with 1ts contents 15 carefully removed
from the colorimeter without spilling any of the extract The pe
troleum benzene 1s now evaporated to dryness The cell containing
the petroleum ether extract 1s placed i a large test tube mn the
bottom of which 1s a plug of cotton This large tube 1s fitted with
a rubber stopper through which a bent glass tube 1s mnserted and
this tube 1s connected to the water pump Gentle aspiration 15
started and the large test tube contamnng the cell 1s placed m 2
water bath mamtamed at 40°C This procedure excludes air from
contact with the oily residue containing the vitamin A and evapora
tion 1s complete 1n 15 to 20 minutes The outside of the cell 1s then
wiped dry and polished with lens paper and the cell replaced 1 the
cell holder of the colorimeter Filter 620 1s put into the colorimeter,
and the galvanometer 1s set at the center setting for the antimony
trichlorzde reagent When everything is ready 1 cc of the anumony
trichloride reagent accurately measured 1s pipetted 1nto the cell
and 1t 15 immediately wound into the colorimeter rapidly, but
smoothly to avoid spilling of the cell s contents

The blue color comes to 1ts maximum formation 1n a few seconds
The galvanometer reading (G620) 1s taken at the point of maximum
absorption of light that 15, maximum color formation

Expression of Results Pure vitamin A was not available for
calibration of the photoelectric colornimeter to allow the results to
be expressed as USP umts or milligrams of vitamm A There
fore the results are expressed m abstract units directly related to
the galvanometer readings and readily comvertible mnto UsP
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umts when a suitable conversion factor 15 found Actually, if de
stred, the factor 8 61 may be used to convert the vitamin A umnts
bere obtaimed 1into International Units This may be desirable for
comparative purposes The factor 8 61 1s obtained from the com
bined factors o041 for converting Evelyn colorimeter L values
(Li7,) mto E7  and the value 2100 for converting E7, 1nto
International Unts of vitamin A 8 It must be remembered however,
that this 1s not 2 true expression of the content i International
Units this can be achieved only when pure vitamin A 1s available

The results obtaned by using the Evelyn colorimeter, are ex
pressed m terms of umts calculated as follows

L= 2 —log G (Galvanometer reading)
2
number of cc
of serum analyzed
Umts X 100 = unts per hundred cc

Units per cc = L X

Results for carotenoids are designated as 440 umts and for vita
min A as 620 units ndicating the maxmma of the hight band by
which the color intensity 1s measured

Calculation of 620 Units of Vitamin 4 The value of the 620
units of vitamin A 1s calculated by subtracting the number of 620
units of blue color contributed bv the carotenods from the total
number of 620 units of blue color formed by the antimony trichlo-
ride reagent

Each 440 umits of carotenoids produces o 11 of 2 620 unit of blue
color with antimony trichloride This factor was obtained by deter
minng the ratio of 440 umts

620 units
phyll 1n the proportions usually presented 1n blood serum 7

for mixtures of carotene and xantho

Interpretation In a studv of normal children May® found the
range of blood A values by this method to be j 5 to 27 3 units (if
converted by the factor 8 61 as previously discussed approximately
50 10 230 T U) per 100 cc of serum In studies on normal adults
by the author the blood serum vitamm A will usually be 8 0 umts
or better (approximately 70 I U) per 100 cc of serum

The levels of the carotenoids 1n normal children covered a very
wide range 1 Mays study namely 31 to 757 umts per 100 cc of
serum Ths has also been found to be the case 1n adults although
normal adults usually tend to show the higher values for carotenoids
with more consistency than do the children
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THIAMIN (VITAMIN B,)

Methods commonly used at present for detecting thiamm defi
cency are first an analysis of the diet and the applhcaton of
Cowgill s prediction chart or the formula of Willams and Spres
Second, the determnation of the daily urmnary excretion of thiamin
by exther biological or chemical means, with or without a load test
to determune the degree of tissue content 1n 2 manner stmilar to that
used for vitamin C (ascorbic acid) estimations

A4 Prediction of Thiamun Adequacy from Dietary Analyses

The Prediction Chart of Cowgtll # Recognizing the relationship
between caloric mtake body weight and the ntake of dietary
thrammn Cowgtll proposed a formula which he felt would mathe
matically reflect this relattonship for any gren species Cowgills
formula 1s of the following form

Vitamin Intake

Fotal Calores ™ K witamin X weight in kilograms

m which the Vitamin Intake 1s expressed as milligram equiva
lents, and K vitamn 1s the constant value to be substituted ac
cording to the species under consideration By applying this formula
to a large number of dietary lustories associated with human ben
ber1 and those not associated with beribers he composed the pre
diction chart shown as Figure 16
To determine whether a given diet 1s beriberr producing or
Thiamn 1 mlligram cqulvalcnts)
Total caloric intake
ratto and determnes the body weight of the mdnvidual m halo
grams Then utidizing the prediction chart one can determine the
nature of the given diet If one uses Cowgills prediction chart 1t
1s probable that the best results will be obtained 1f Cowgills table
of the thiamin content of foods (expressed 1 milhgram equivalents)
1s also used It should be emphasized that a value indicating an 1n
take adequate to prevent deficiency disease does not necessarily
represent an optimal thiamin intike

The Prediction Formula of Willtams and Sptes ® Williams and
Spies have proposed 2 satisfactory prediction formula on the same

not, one calculates the Vitamin
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Fi¢ 16 Prediction Chart for the Human Requirement
of Vitamin B,

VITAMIN / CALORIE RATIO

The adequacy in vitamin B, content of a grven human diet for individuals of
different body weights may be estimated by reference to this chart The plot
mdicated by line OA g the probabl vitamin B, reqi
referred to body weight The area between the dotted Lines represents a zone of
Uncertatnty If the Vitamin/Calorie value of the diet for a given body werght
falls defimtely above lme OA the ration 13 deemed adequate with respect to
vitamin B, af the point proves to be appreciably below the line the vitamin
Tequirernent 1s not satisfied by this diet and beniben should ocair provided the
period of subsistence on this rauon 1s sufficeently extended 1f the plot s close
10 Line OA or between the dotted lines the diet may be considered as “border
Line 1n character (Reproduced through the courtesy of Dr G R Cowgul and
the Yale Unwersity Press)
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fundamental principle employed by Cowgill The principal altera
tion made by Williams and Spies 1s the correction of the caloric
intake to allow for the thiaminsparing action of fats In addt
tion they have used tables of the thiamin content of foods that
assign no value to fats These tables are based on the cure or pre-
vention of polyneunius rather than on anorexia prevention values,
and larger allowances have been made for losses in cooking Then
too, they do not feel that the weight of the indnidual 15 of enough
importance m calculatng adequacy of dietary thiamin to mclude
1n their formula The Wilhams and Spies formula 1s

Thiamn Intake 1n micrograms
Total Non-fat Caloric Intake

Using this formula a k. value of o3 1s considered a critical ratio
Diets yrelding values below this figure are felt to be bertber: pro
ducing and those above are considered adequate to prevent the oc
currence of beriber: although values shightly above a o § ratio are
clearly not optimal

B Methods for Determimng the Urinary Excretion of Thamn

Methods available for estimating the daily urninary excretion of
thiamin are of two general types biological and chemical The three
methods described below are the Fermentation Method of Schultz
Atkin, and Frey (a biological method), and the chemical methods
of Melmick and Field and of Hennessey and Cerecedo The chemcal
methods are more specific (they measure only thiamn) than the
fermentation method On the other hand the fermentation method
1s more simple technically and 1s particularly useful 1f large num
bers of determinations must be made

The Determination of Thrammn m Urine by the Yeast Fermenta

tion Method 10%
Reagents and Solutions
1 Solution A (buffer plus nicotinic acd)

Ammontum aad phosphate 180 Gm
Diammonium phosphate 72 Gm
Nicotimic acid o2 Gm
Distilled water to make 1 0 liter

* The details of the method described above are presented through the
courtesy of Dr C N Frey of Standard Brands Incorporated
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Solution A should be sterilized by heating at the temperature of
flowing steam (Arnold sterilizer) for go munutes If deswred the
sterile buffer solution may be transferred to a sterile automatic
burette and thereafter kept at room temperature If such a burette
15 not available the solutton may be handled mn the same manner
as Solution B

2 Solution B (sugar and salts)

Dextrose (anhydrous) 2000 Gm
Magnesium sulphate (MgSO,, 7H,0) 70 Gm
Potassium acid phosphate 22 Gm
Potassium chlonde 17 Gm
Calaium chlonide (CaCl,, 2H,0) o5 Gm
Ferric chlonde (FeCl;, 6H O) oor Gm
Manganese sulphate (MnSO, 4H,0) oor Gm
Distilled water to make 1o liter

Solution B should be distributed into goo cc Erlenmeyer flasks
(cotton plugged) and sterilized on three consecutve days for go
minutes 1n an Arnold steam sterlizer or 1ts equivalent Thereafter
the flasks should be capped with foil or paper and then may be
stored at yoom temperature When a flask has been opened (for
use) 1t 15 thereafter kept m a refrigerator (4°C) until emptied

3 Thiamin Standard Solution Dissolve a weighed amount of
thiamin chlonde an distilled water to make a solution contaming
o1 mg of thramin chlonde per cc Make a subdilution to contain
0001 mg or 1 gamma per cc This solution 15 distributed n 200
cc Erlenmeyer flasks {cotton plugged) Stenlre m the Arnold
steam sterihizer for 20 minutes on two successive days and then
treat as directed for solution B
Concentrated Sulfuric Aad
5 o1 N Sulfuric Aad
6 01 N Sodwm Hydroxide
7 1% Solution of Alazarin Red in Distilled Water
The Yeast Suspension Weigh 100 Gm of bakers yeast mnto a
deep weighing scoop or a small beaker Note Do not use etther the
small fmlwrapped cakes of yeast or the high vitarun B; balers
yeast Add distilled water to the yeast slowly at first until a smooth
heavy cream has been produced and then enough to make the
volume of the suspension 250 cc This suspension 1s made just
Prior to each assay run

The Apparatus The fermentometer consists of a water thermo

S
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stat a shaling device, and a series of gasometers The reaction
muxtures (yeast, sugar, et cetera) are placed 1 250 c¢ wide mouth
bottles fitted with one hole rubber stoppers These bottles are
shalen at about 100 osallations per minute The gas evolved 1
collected n the gasometers and 1s measured at atmospheric pressure
and room temperature *

The degree of agitation of the reaction mixture (at 100 shakes per
mnute) depends upon the amplttude and other charactersstics of
the motion which 1s 1mparted to the bottles ‘To be satisfactory the
degree of agitation must not be so slow that the yeast settles out of
suspension nor so violent that the solution 1s thrown agamnst the
stopper

The temperature of the water bath should be mantained at a
temperature of 300 = 02°C

The fermentometer as a whole 1s considered satisfactory for use
i the present method when replicate tests (simultaneously made)
show a varration 1n the three hour gas production of no more than
5 ml of gas

Procedure The 24 hour excretion of urine 1s collected 1n a bottle
contamng sufficient sulfuric acid to make the final volume of the
urine acd to congored paper Usually 20 drops of concentrated
sulfuric aad 1s sufficient The total volume 15 measured and a
satisfactory alhiquot 1s chosen (approximately 100200 cc) This
aliquot 1s placed 1 a stoppered bottle and subjected to flowng
steam (Arnold Sterihizer) for 3o minutes Care must be talen to
make certain the sample 15 acid to congo red paper (pH § 5 or lower)
before the sample 1s stershized After sterthzation the sample may
be stored on 1ce for at least 6 8 weeks without sigmficant loss 1n 1ts
yeast fermentation stumulating properties

From this sterilized aliquot of the 24 hour specimen, a sample 1
chosen which theoretically will produce a stimulation to gas pro
duction equrvalent to 3 gamma of thiamin The size of this sample
will be determined by the expected g4 hour urinary output
gamma and by the total volume of the 24 hour spectmen This s:m(l1
ple 1s then neutralized wath 0 1 N NaOH and then made just act
by an additional drop or so of 01 N sulfuric aad Usually an m
side indicator may be used for neutraltzation (tmpossible only when
urine 15 too deeply pigmented) For this purpose 3 drops of 21%
solution of alazarin red are added to the urine and the titration car
r1ed to the appearance of a pink color

t
* Fermentometers are now manufactured and may be purchased as a un
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The sample 1s now ready for the addition of the salt buffer and
yeast solution as 15 described below

The Assay of a Single Unknown To each of three reaction bot
tles add 5 ml of Solution A and 15 ml of Solution B Then add the
following

No 1 2ml = 2 gamma thiamin standard solution plus 52 cc H;O
No 2 4ml <= 4 gamma thramn standard solution plus 50 cc H,O
No 3 X ml ongnal sample plus (54 — X) cc H,O

To each bottle add 25 cc of the yeast suspension and place the
bottles 1n the fermentometer Allow the bottles to be shaken at least
3 munutes while their contents are adjusting their temperature to
that of the water bath Then make the imtial reading on each
fermentometer Note the time of this reading Determune the total
volume of gas evolved mn three hours for each

Estimate the fermentation activity m Test g by comparison with
Tests 1 and 2 assurmng a linearity of response between 2 gamma
and 4 gamma of thiamin The fermentatton activity 1s expressed m
gamma of thiamin chloride For example

cc gas evolved Fermentation
No 1n three hours Activity
1 350 2 gamma (known)
2 410 4 *  (known)
3 383 g1 "  (esumated)

The sample (No 3) shows a fermentation activity of § 1 gamma
per x c¢ The thiamimn content* of the total sample may be est1
mated from this value

The Hennessy and Cerecedo Modsfication of the Thiochrome
Method for Determination of the Thiamm Content of Urmme 1 1
Reagents and Solutions
Glacial Acetic Aad
25% Potassium Chlonde Solution
1% Potassium Ferricyamde Solution
15% Sodium Hydroxide Solution
Isobutanol C P
Decalso  approvimately 50 mesh The Permutit Company
New York Caty
* Actually one determines the amount of thiamin plus certan_other
yeast sumulating substances In spite of this lack of speafiaty the cimical
interpretation of the results obtamned seems quite V:Sxd
1 Adapted from the Journal of the Amenican Chemieal Society through
the courtesy of the authors and the publisher

=X NNyt
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Procedure Five to 20 cc of a 24 hour collection of urne contain
Ing up to 10 gamma of thiammn (as indicated by a rough direct
assay) 15 adjusted to pH 4 0 to 4 5 with acetic aad It 15 brought to
a boil and 1ntroduced 1nto the exchange tube® whose temperature
1s kept near 100°C by passing flowing steam through an outer
jacket surrounding the exchange tube The solution 1s allowed to
pass through the decalso bed 1n the exchange tube 1n 3 to g
minutes, and 1s followed by three 5 cc portions of borling water
The stopcock of the exchange tube 1s shifted to suction and the
excess water 1s withdrawn from the tube

A boiling solution of 25%, potassium chloride 1s now introduced
uto the funnel at the top of the exchange tube to remove the
thiamin from the decalso bed The flow of the potasstum chloride
solution through the decalso bed should be regulated at about 1 0 cc
per minute The amount of potassium chloride to be passed over
the decalso bed and collected 15 governed by the expected amount
of thiamin present in the original sample For o1 gamma collect
10 cc, for 13 gamma 15 cc, for 37 gamma 20 cc, and for
710 gamma 23 cC

Two 5 cc aliquots of the potassium chloride eluate are measured
into two 25 cc glass stoppered graduated cylinders To the test
sample 005 cc of 19, potasstum ferricyamde 15 added Three ¢¢
of 15% sodium hydroxide solution 1s added with miung and 15
immediately followed by 1§ cc of 1sobutanol The muxture 15
shaken vigorously for one minute and centrifuged for one half
minute to separate the two layers It 1s then carefully poured into
a separatory funnel and the lower layer removed and set aside
for comparison with the same solution mn the blank determimation
The 1sobutano] layer 1s transferred to a test tube and 2 to 4 grams
of anhydrous sodmm sulfate 15 added After mixing well the sodum
sulfate 15 allowed to settle and 10 cc of the perfectly clear 150
butanol solution 1s decanted nto the curette of the fluorometer
The same procedure 1s repeated for the blank except that potassim
ferrcyamde 1s omitted and the order of the addition of the sodim
hydroxide and the tsobutanol 1s reversed

The degree of fluorescence of the unknown urine sample 15 now
determined 1n the fluorometer This n turn 1 corrected for the
fluorescence contributed by the blank sample (to which no fern
cyamde was added) and siularly for the fluorescence contributed
by an aqueous blank treated in the same manner but with no
thiamin present
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Known amounts of thiamin between the 010 gamma range are
treated with alkali and ferricyanide and extracted as 1s described
above After correction of these values the corrected fluorescence
of the unknown sample may be compared with the known thiamn
standards and the content of thiamin i1n the unknown urme caley
lated

It may be found convenient to prepare standard solutions of
quinme sulphate 1 o1 N sulphuric acad and equilibrate their
fluorescence with known amounts of thiamin Subsequently one
may use these same stable quimine sulphate standards for determin
ng the thiamin content of unknown samples

Interpretation Studies!® 13 of the daily urtnary excretion of thia
min as measured by the fermentation method indicate that normal
men excrete 4oo gamma or more of yeast stimulating substances
daily whereas normal women excrete 300 gamma Children have
much the same excretion By the chemical method4151% men
excrete go gamma or more contrasted to the 6o or more gamma
excreted by women by the same method

Toad Tests In order to determuine the tissue stores 1 mg of
thiamin can be injected intramuscularly or intravenously and the
excretion over a subsequent period determined By the fermentation
method with 1 mg injected intramuscularly 2 normal individual
will excrete 180 gamma or more of yeast fermentation sumulating
substances during a succeeding 4 hour period 13 Determined chem
cally after 1 mg injected intravenously 120 gamma or more of
thiamm will be excreted during the subsequent 4 hour period 100
gamma or more during the first half hour period ¢

Determmation of Blood Pyruvic Actd 17

Reagents and Solutions

1 10Y%, trichloracetic acd

2 019 2 4 duutrophenyl hydrazine dissolved i 2z N hydro
chloric aad

3 Ethyl acetate pure

4 109, sodium carbonate

5 2 N sodium hydroxide solution

Pracedure Blood 15 drawn from a vein with 2 mimmum of stasis
and without movement of the arm 1n a carefully cleaned dry cold
2 0r 5 cc synnge The desired volume 15 carefully adjusted to the
mark und the blood expelled quickly 1n a fine stream through the
needle into cold 10%, trichloracetic aad to male 5 volumes 1n a
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cork stoppered flash or centrifuge tube The contents are muxed
shaken, and centrifuged If necessary they may be kept on 1ce before
or after centrifuging Three cc of the clear, supernatant flumd are
added to 1 cc of the 2 4 dimtrophenyl hydrazine reagent 1n a centrt
fuge tube mined and allowed to stand at room temperature for not
less than 10 minutes The mixture 15 then extracted with 4 cc. of
ethyl acetate, shaling 1n the corked tube After shaking, when the
layers have separated the bottom wrichloracetic acd layer 1s
prpetted off with a capillary pipette and transferred to another cor
responding tube (tube 2) This trachloracetic acid portion 15 then
extracted twice with 2 cc portions of ethyl acetate, adding the ethyl
acetate to the first portion in tube 1, the trichloracetic solution being
finally discarded after makung sure no ethyl acetate remamns on st
The ethyl acetate 1s extracted with exactly 2 cc. of the sodium car
bonate solution for at least § minutes, being careful to avoid loss by
effervescence during warm weather The lower sodium carbonate
layer 15 pipetted off with a capillary pipette and placed n 1 clean
corresponding tube tube § The extraction 1s repeated twice more
and the combined sodium carbonate washings are extracted for the
last time with 1 o cc of ethyl acetate which 1s discarded The sodium
carbonate solution 1s then transferred quanttatively to a clean
tube and 4 cc of 2 N sodium hydroxide are added In a warm
climate this must be done m a cool room (20° C) and the sodium
carbonate washings should be allowed to come into equilibrium
with the sodium hydroxide kept in the room The muxture 15 al
lowed to stand for 10 munutes until the color 1s stabilized Color 15
then determined m a photo-electric colorimeter with Wratten No 62
hight filter (Evelyn 540) and the amount of pyruvic acid read off from
a standard reference curve

NICOTINIC ACID

At the present time there are no very sausfactory methods available
for determumng by laboratory methods the status of an mdrvidual
as regards micotimc acid adequacy The diagnostic sigmficance of
the methods now 1n use for esumating nicotimc aad 1n blood and
urine 1s not clear That of Perlzweig, Sarett and Margolis which 15
referred to 1n the text may be tried but its value 15 not yet fully
established.



ASCORBIC ACID 353

RIBOFLAVIN

Several methods are available for estimating the amount of ribo-
flavin 1n blood and urine of humans but the sigmficance of the re
sults obtained has not been clearly estabhished

An alternative approach for detecting riboflavin deficiency 1s the
biomicroscopic examination of the eyes under skt lamp 1llumination
Recent studies have indicated that vascular proliferation from the
hmbic plexus and the invasion of the anterior portion of the cornea
by these proliferating vessels occurs 1n ariboflavinosis The visuahiza
tion of the ocular evidences of ariboflavinosis 1s achieved by use
of the ordinary shtlamp It 1s wise to use both the hgh power
objective and ocular of the instrument for this purpose As much
of the perimetry of the cornea as possible should be examined
particularly since normally a few vessels may cross the corneo
scleral yunction and invade the antertor portion of the cornea in
the wnferior nasal quadrant In artboflavinosis there 15 congestion
of the mbic plexus with arcumcorneal congestion vessels pro
Diferate and invade the anterior portion of the cornea throughout
its permmetry closely interlacing and anastomosing  superfical
nebulae may occur at the perimetry of the cornea More advanced
and more chrome cases may show invaston of the posterior portion
of the cornea and mterstitial or posterior opacities may occur n
these cases A more adequate description of the ocular changes
occurning in ariboflavinosis may be obtamned from the studies of
Sydenstricker and his co worlers 8 Caution should be used 1n mnter
preting mmnor grades of vascularization as evidence of general
niboflavin deﬁcxency and observations should be controlled by re
Ppeated examuinations during treatment

ASCORBIC ACID (VITAMIN C)

Methods for estimating the nutritional status of an mdividual
3s regards ascorbic aced are of three general types (1) The determ
nation of the ascorbic acid content of the blood with or without
test dose (2) the determnation of the urmary excretion with or
without a test dose (3) tests designed to estimate the capillary
fragility Obviously an increased capillary fragility 1s not always due
to ascorbic acid deficiency yet 1if due regard for other conditions 1s
mamtamned this test may be of climcal aid

The Determination of Ascorbic Aad m Blood 1
Reagents and Solutions 1 Standard 2 6 dichlorophenolindo-
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cork stoppered flask or centrifuge tube The contents are mixed
shaken, and centrifuged If necessary they may be kept o e before
or after centrifuging Three cc of the clear, supernatant fitud are
added to 1 cc. of the 2 4 dimitrophenyl hydrazine reagent i a centrs
fuge tube, mixed and allowed to stand at room temperature for not
less than 10 minutes The mixture 15 then extracted with 4 cc of
ethyl acetate shaking 1n the corked tube After shaking, when the
layers have separated the bottom trichloracetic aad layer 1
prpetted off with a capillary pipette and transferred to another cor
responding tube (tube 2) Thus trichloracetic acid portion 15 then
extracted twice with 2 cc portions of ethyl acetate addng the ethyl
acetate to the first portion m tube 1, the trichloracetic solution bemng
finally discarded after making sure no ethyl acetate rematns on 1t
The ethyl acetate 1s extracted with exactly z cc of the sodum car
bonate solution for at least g minutes, being careful to avord loss by
effervescence during warm weather The lower, sodium carbonate
layer 1s pipetted off with a capillary pipette and placed n 2 clean
corresponding tube tube g The extraction 1s repeated twice more
and the combined sodium carbonate washings are extracted for the
last time with 1 0 cc of ethy) acetate which 1s discarded The sodium
carbonate solution 1s then transferred quantitatnely to a clean
tube, and 4 cc. of 2 N sodium hydroxide are added In a warm
climate this must be done 1n a cool room (20° C) and the sodum
carbonate washings should be allowed to come into equilibrium
with the sodium hydroxide kept 1n the room The mixture 15 al
lowed to stand for 10 minutes untl the color 1s stabilized Color 1s
then determined i a photo electric colormeter with Wratten No 62
Iight filter (Evelyn 540) and the amount of pyruvic acid read off from
a standard reference curve

NICOTINIC ACID

At the present time there are no very sausfactory methods available
for determiming by laboratory methods the status of an mdmdua}
as regards micotinic acxd adequacy The diagnostic sigmificance ol
the methods now 1 use for esttmating nicotmc acid 1 blood and
urme 1s not clear That of Perlzwerg Sarett and Margolis which 15
referred to in the text may be tried, but its value 1s not yet fully
established
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RIBOTLAVIN

Several methods are available for esttmating the amount of ribo
flavin 1 blood and urine of humans but the significance of the re
sults obtained has not been clearly established

An alternauve approach for detecting nboflavin deficsency 1s the
biomecroscopic exammation of the eyes under shit lamp illumination
Recent studies have indicated that vascular proliferation from the
Limbic plexus and the 1nvasion of the anterior portion of the cornea
by these proliferating vessels occurs 1n ariboflavinosis The visualiza
tion of the ocular evidences of ariboflavinosis 1s achieved by use
of the ordmary sht lamp It 15 wise to use both the high power
objective and ocular of the wmstrument for this purpose As much
of the perimetry of the cornea as possible should be examined
Particularly smce normally a few vessels may cross the corneo
scleral yunction and imvade the anterior portion of the cornea 1n
the nferior nasal quadrant In ariboflavinosis there 1s congestion
of the limbic plexus with circumcorneal congestion  vessels pro-
hferate and wnvade the anterior portion of the cornea throughout
s pertmetry closely mterlacing and anastomosing  superficial
nebulae may occur at the perimetry of the cornea More advanced
and more chronie cases may show invasion of the postersor portion
of the cornea and mnterstitial or posterior opacities mayv occur i
these cases A more adequate description of the ocular changes
dccurming in aniboflavinosis may be obtamned from the studies of
Sydenstricker and hus co-workers 18 Caution should be used 1n 1nter
preting minor grades of vascularzaton as evidence of general
nboflavin deficiency and observations should be controlled by re
Peated examinations during treatment

ASCORBIC ACID (VITAMIN C)

Methods for estimating the nutritional status of an individual
3s Tegards ascorbic acid are of three general types (1) The determm
nauon of the ascorbic ard content of the blood with or without
test dose (z) the determmation of the urinary excretion with or
without a test dose (3) tests designed to eshmate the capilliry
fmgﬂuy Obviously an increased capillary fragility 15 not always due
to ascorbic acid deficiency yet if due regard for other conditions 15
maintained this test may be of clinical aid

The Determimnation of Ascorbic Aad 1 Blood ©
Reagents and Solutions 1 Standard 2G—dlchlorophenolmdo.
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phenol Solution —Extract approximately o1 Gm of the dye
(Eastman) twice with 25 cc portions of boiling water, pouring each
extract through a small filter 1nto 2 5o cc volumetric flask (Reject
nsoluble residue ) Cool and dilute to the mark This stock solution
will keep about 2 3§ weeks For daily use dilute 10 cc to 100 cc
with disulled water (recently boiled and cooled) Wesgh accurately
about 6o mg of ascorbic acid, dissolve and dilute to 100 cc with
5% acetic acid Dilute 2 cc of this solution to 50 cc with 5%
acetic acid (approximating the concentration of ascorbic aad i
deprotemnized plasma) Now determine the ascorbic acid equrvalence
of the dye solution by titrating against 2 cc portions of the ascorbic
acd solution The fresh ascorbicacid solution may be further
cheched by ttrating agamst oor N iodine solution (114 cc
oot N=1 mg ascorbic acid) Standardized tablets of the dye are
made by Hoffiman La Roche, Nutley, New Jersey

z 5% Metaphosphoric Acd Selution

Procedure Pipette 2 cc of oxalated plasma into a 15 cc centrifuge
tube, add 4 cc of disulled water and 4 cc of 39, metaphosphoric
acid solution Mix thoroughly by tapping and centrifuge Transfer
2 cc portions of the supernatant flmd into round bottom centrifuge
tubes and titrate with the standardized solution of 2,6 dichloro-
phenolindophenol using a 5 cc microburette (graduated 1n 001
cc divisions) The end pomnt the first faint pink color which per
sists may best be observed 1n comparison with a blank solution

The concentration of ascorbic acid 1n the unknown sample of
blood plasma may be determined n the following manner The
amount of dye necessary to titrate the sample 1s expressed as the
amount of ascorbic acd i milligrams (determined 1n the prepara
tion of the solution) to which it 15 equivalent This value, 1f

muluphed by ¥% equals the milligram content of ascorbic acid

per 100 cc plasma

Interpretation The iterpretation of the values obtamed 15 ade
quately discussed m the text

Test Dose Blood samples are drawn before and 1 and g hours
after the administration by mouth (preferably after a meal) of 600
mg of ascorbic acid (300 m the case of small children) exther as
crystalline ascorbic acid or an equivalent amount of orange juice
whose ascorbic acid content has been determned by utration This
may be combined with urinary load test (see below) Failure of the
concentration n the blood to rise 2 mg per 100 cc or more, md1

cates a deficiency 20
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The Determmation of Ascorbic Acid 1n Urine 1°

Reagents and Solutions 1 Standard 2 6 dichlorophenolindo
phenol Solutton The dye used for the urine titration should be
twice the strength of that used for blood It 1s prepared just as
described 1n the determination of blood ascorbic acid except that
for dailv use one dilvtes 2o cc rather than 10 cc of the stock
solution to 100 cc

Procedure The urine to be examined should be collected in dark
tightly stoppered bottles and should be kept on 1ce previous to
analysis * In addition each individual specimen should be aaidified
with glacial acetic acid (adding approximately 1 cc glacial acetic
acd per 100 cc of urine) When possible the specimens should be
analyzed within two hours of the time of voiding but if prepared
as desersbed above a 24 hour collection may be made without exces
sive loss of reduced ascorbic acd

One. cc of the aadified urie specimen 1s diluted with 10 cc of
distilled water after which this 1s titrated with a standardized
2 6 dichlorophenclindophenol using a microburette (graduated 1n
oo1 c¢c divistons) The end pont 1s the first faint pmk color that
persists

When the urine s hughly colored 1t 13 often necessary to dilute
the urine with more than 10 cc of water to obtan a satisfactory end
pomt If 2 large amount of vitamin C 15 present 1n the specimen 1t
may be necessary to use only 1 cc of the diluted specimen for titra
tion by the dye In the latter case the factor of dilution must be
constdered 1n calculating the 1amount of ascorbic acxd present 1n the
urine

The amount of the dye necessary to titrate the sample 15 expressed
as the amount of ascorbic acrd m millgrams (determined 1n the
preparation of the dye solution) to which 1t 15 equivalent Ths
value indicates the amount of ascorbic acid 1n the sample After
this 15 done the total 24 hour excretion of ascorbic acid 15 then able
to be determined

Interpretation The sigmficance of the values for excretion of
ascorbic acid 1n the urme 15 discussed 1n the text

A Test of the Ascorbic Aad Content of Tissues (Saturation Test)
Test Dose A satisfactory method of testing tissue stores (satura
t10n) consists of administering orally preferably after 2 meal 600 mg
of ascorbic acid (300 mg tn the case of small children) erther as

* All collection bottles and glassware used i determining ascorbic aad

11 blood or unine should be carefully cleaned with distilled water free from
any trace of copper
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aystalline ascorbic aaid or an equivalent amount of orange Juice
whose ascorbic acid content has been determined by atranion This
may be combined wath the blood level load test (see above ) Follow
ing the administration of the test dose a total 24 hour specimen of
urine 15 collected and analyzed s 1s described above Five cc of oxa
lated blood 15 obtained 1n the fasting state, and at one, three and six
hours after giving the oral test dose The ascorbicactd content of
these spectmens 15 determined as described above

During the 24 hour period of urine collection, the diet should
be reasonably low 1n ascorbic acid content

If the tissues contain a normal amount of vitamin C, approx
mmately 20 30%, of the test dose should be recovered 1n the 24 hour
urine 2!

The Determumation of Capillary Resistance The two most com
mon methods of estimrting capillary fragility are those of Gothlm™
and Dalldorf 2

Gothlins Method A arcular area of 60 mm n diumeter 15
deltneated on the shin over the anticubstal fossa The arm 1s placed
m the plane of the heart A sphygmomanometer cuff 1s placed
about the arm at least 2 5 cm above the nearest part of the crcular
area and 1s inflated to a pressure of yo mm Hg The pressure 15
maintamed for fifteen minutes The number of petechize m the
arcular area 1s then determined According to Gothlin a normal
mdividual will have less than five petechrae present tn this area
More than eight petechiae 1s considered abnormal

Dalldorf s Method Negative pressure outside the capillaries may
be used to induce petechiae as well as heightened pressures within
as mn the test of Gothlin Dalldorf employs a bicycde pump con
nected to a manometer which 1n turn 1s connected to a small glass
cup whose nside diameter 15 1 cm This glass cup s apphed to
the lateral aspect of the arm (not the forearm) Negative pressure
1 gradually increased over a period of one minute and the least
negative pressure required to produce petechuae 1s determined
This 15 checked by testing several areas in the same region In the
regton described negative pressures up to go mm Hg should not
produce macroscopic petechiae

VITAMIN D AND CALCIUM

Laboratory evidence of vitamm D deficiency can be obtained by
the determmation of the blood serum calcum serum phosphorus,
serum phosphatase activity and the x ray examnation of the bones
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Due to the intimate interrelation of vitamin D and calcrum metab-
olism the same determinations are emplojed mn the evaluation
of 2 callaum dehciency As 1s the case 1n most laboratory procedures,
2 climical evaluation of the indmidual 15 necessary to interpret
the role played by exther or both of the deficiencies i a given case

The methods for determimng the blood serum calaum phos
phorus and phosphatase actinty are described below No attempt
will be made to describe the xray techmc employed This 15 2
familtar routine to the roentgenologist and 1s usually delegated to

m

The cinical significance of the blood serum calcium phosphorus
and phosphatase activity values and the x ray changes are adequately
discussed 1n the chapter on vitamin D deficiency

Determination of Calerum n Serum by the Clark Colhp Modr
fication of the hramer Tisdall Method ¢ *

Reagents and Solutions 1 Potassium Permanganate Solution
Dissolve 04 Gm pure potassium permanganate i 1 hiter of redis
tilled water m a thoroughly clean Florence flask Insert funnel
covered with a watch glass as a condenser and digest for several
hours near the boiling point Cool let stand overmight and filter
with gentle suction through a ginch Buchner funnel Lined with
1gnited asbestos Transfer to a perfectly clean glass stoppered bottle
and keep m a dark place This 0 o1 N permanganate 1s standirdized
against 0 01 N sodium oxalate The permanganate solution should
be frequently restandardized although after the first few days if
carefully prepared st should not deteriorate more than 019, per
week

2 oot N Sodium Oxalate Solution Dry highest purity sodmm
oxalate 1n an oven at 100-105° for 12 hours Dissolve exactly 067
Gm of the oxalate n redistilled water add 5 cc. of concentrited
H:SO, and dilute to one hter M well Transfer exactly 25 cc.
of this solution to a 100 cc Erlenmeyer flask add 1 cc. concentrated
H SO, and warm to about %0° and ntrate with the KMnO,
solution

3 4% Ammomum Oxalate Sclution

4 Dilute Ammoma Solution Dilute 2 cc. of concentrated am
moma with g8 ce. of disulled water

5 10 N Sulfuric Aad

* The descripuons of the blood serum calaum  phosphorus and phos-

phatase determinations have been adapted from Practical Physiological
Chemistry by P B Hawk and O Bergeim P Blakiston and Son
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Procedure Introduce into a graduated 15 cc centrifuge tube
2 cc of clear serum, 2 cc of distilled water, and 1 cc of 4%
ammonium oxalate solution Mix thoroughly The centrifuge tube
should have an outside diameter of 67 mm at the o1 cc mark
Mixmng 15 aided by holdmng the tube at the mouth and gving 1t
a2 circular motion, tapping the lower end Let stand for g0 mn
utes or longer Again mis the contents Centrifuge for about g
menutes at 1500 revolutions per minute Carefully pour off the
supernatant iquid and while the tube 1s still inverted let 1t dramn
in a rack for 5 mnutes resting the mouth of the tube on a pad
of filter paper Wipe the mouth of the tube dry with a soft
cloth Str up the precipitate and wash the sides of the tube with
8 cc of dilute ammonia solution directed m a very fine stream
from a wash bottle Centrifuge the suspension and dramn agam as
before Add 2 cc of approximately normal sulfuric acid by blowing
it from a pipette directly upon the precipitate so as to break up
the mat and facihitate solution Place tube in a boiling water
bath for about 1 munute Titrate with oo1 normal potassum
permanganate to a definite pink color which persists for at least
one minute If necessary during the course of the utration warm
the tube by placing i a water bath kept at 70 75° A mucro burette
graduated 1n o 02 cc should be used

Calculation One cc of 0 o1 N KMnO; 1s equnalent to 0 2 mg Ca

(X—b)XoRX%:mg Ca per 100 cc serum

where X equals the number of cc of permanganate required 1n the
titration, and b 1s the blank 1 e the number of cc of permanganate
required to titrate 2 cc of the sulfuricacid solution to the usual
end point

Determination of Serum Phosphatase and Inorgamic Phosphate
by the Method of Bodansky 23

Reagents and Solutions 1 Substrate Into a 100 cc volumeomc
flask 1ntroduce successtvely 3 cc of petroleum ether (B P 20-40°C),
about 80 cc of distilled water o5 Gm of sodium glycerophosphate
0424 Gm of sodium diethyl barbiturate and water to volume
(read at interface between petroleum ether and aqueous solutxonl)
Empty (out of doors) mto a 100 cc glass stoppered pyrex bottle
contatning an mch layer of petroleum ether heep 1n the refrigera
tor When multiples of 100 cc are prepared it 1s advisable to
distnibute the substrate into small bottles
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2 Stock Phosphate Solution 110 mg of potassium acid phosphate
and 1 c¢ of concentrated sulfuric acd made up to 2yo cc {1 cc.=1
mg P)

§ Phosphate Standard Dilute 10 cc of stock phosphate solution
to 300 cc Add a drop of toluene (6 cc =002 mg P)

4 Aad Molybdate Solution (To be prepared fresh daily) Ddlute
while mixing cold 10 N sulfuric 2aad (kept m refrigerator) with
an equal volume of 7 5%, sodwum molybdate solution The mixture
should be free from even the shightest tinge of yellow To prepare
the 7 5% sodium molybdate solution dissolve go Gm molybdic
aad (ammoma and phosphate free) m 250 cc 5N NaOH m a
2 hiter volumetric flask Dilute to volume and mix The solution
should be faintly alkaline to phenolphthalein Let stand and decant
for use

5 Dilute Stannous Chloride (To be prepared fresh daily) Dilute
1 cc of a 60%, solution to 400 cc with water heep in refrigerator
between analyses The 609, solution 1s prepared by adding to 15 Gm
stannous chloride suffictent concentrated hydrochloric acid to make
a volume of 25 cc keep 1n refrigerator and always prepare fresh
monthly

Procedure Collect about 5 cc of whole blood 1 a centnifuge
tube allow to clot at room temperature remove clot then cen
tnfuge (twice 1f necessary) The separated serum may be kept
several hours 1n the refrigerator

Preparation of I'iltrates (1) For serum norganic P To 1 cc of
Serum 1n a test tube add g cc of 10%, trichloracetic acid mix well
and aftcr a few minutes filter through g cm  ashless filter paper
(Whatman No 44) (2) For total morgamc P (serum 1norganic P
plus phosphate Iiberated by serum phosphatase from the substrate)
Measure 10 cc of substrate preferably into a stoppered test tube
Immerse in a water bath at 37°C for a few mmnutes then add 1 cc
of serum with the up of the pipette about 1 cm above the surface
of the ignd tap to umpart rotary motion 5o as to mIX contents
well and to wash down any serum on the side of the test tube Re
place mto water bath and remove after exactly one hour Cool 1
e water for about » minutes add g cc of 109, trichloracetic aad
mix let stand a few mimnutes and filter as above

When a high phosphatase activty 15 expected and a igh dilution
1s therefore desired larger volumes of 10%, tnichloracetic acid may
be employed
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Preparanion of Aliquots A wide range of concentrations of P m
the aliquot 15 permussible, although the accuracy may be decreased
from about 1 or 2%, throughout most of the range to § to 5% at
the limits In accordance with the concentration expected, aliquots
of 2, 4 or 6 cc of filtrate are talen and made up with water to 2
total volume of 6 cc The comparison standards (2 or more in each

TapLe 1 (Bodansky) —INORGANIC P 1x ALiquor AT STATED COLORIMETRIC READINGS
CORRECTED FOR DEVIATION FROM BEER § LAW 002 MG STANDARD SET AT 20 MAr
In Column D are given the values for decrements corresponding to an ancrease of the
readings by o 5 yam  for use in wmterpolation

mm ° 2 4 6 8 | D mm o 2 4 6 8 |D
mg mg mg my me mp me mg mg "
5 |o oo74]|o 093t]o oBoszfo oisbio 0823|18 21 [o 018g0jo 01869jo o1849/0 01Bglo or1s0olro
6 792f 964 7az[ gu1] 687lrz 22 tg0]  Iy7r[ 1753|1335l v o
He o6sf 6as] 626 oy 583 o 23 1700] 1683 1666 1650] 1634] &
3 s70f ss4] s39| s3s| s13f 7 24 1618, 1002z I587) Ts7af  1557) 8
o 409 487  ars) a64] as3| 6 25 tss3] rszp| xses]  wsorf 1a8Yj 7
1o | aa3} 33| aza] g1s| acsis | 26] raral 46| r4a8y ra3s) warzjq
" 393] 300 382 374f 367] 4 27 1410] 1308 13801 1374} 1382 6
12 360] 353 246) 340 334| 3 28 tastf  13q0| 1329 1318f 1307| 6
y3 | 328 323] 318] 311] 306[3 | 20 1207] €38y 32yl 136y xasyfs
4 301) 206 20t] 286] 282 2 g0 1247}  1237] 1228 1289 1210 %
15| 218 274] avol 266|263l 2 | gr| rasf rvex ximy|  xavel 2266| 4
16 2s8| a254] asp]  348]  244] 2 32 x1s8f  zvso] rigal  xi3g] 1r36) 4
1”7 241)  238)  235p 23 239 1) 3y a8 1M0)  1102)  1094) 3087} 4
It 226 233|230 217|  ais) 1| 34 1080 To72] xo6s| ross] xostl 4
10 12| 200+ 207] 204+ 203} 1 35 toaq| to3r] woge| rozyl yosb 4
20 300) 198—| T95+| 193 Ten I 36 T010| 1003 997 o9 o841 3

set) contain 0 0z mg of P (6 cc of the phosphate standard) Each
set of determinations should include a number of check solutions
to serve as aglditional standards These may be made by suitable
dilutions of the stock phosphate solution varying the concentration
from one half to three or four times that of the standard The re
sults of the first determination usually fall within the permussible
range If not repeat using an ahquot which will more nearly
approach the P content of the standard

Golonimetric Procedure To each tube 1n sequence add 2 cc of
acd molybdate solution®* and mix by tapping 1n the same sequence

* The reagents should first be tested as follows To 6 cc of water in one
test tube and an equal volume of 10% trichloracetrc acd in another
add 2 cc of acid molybdate solution and 2 cc of dilute stannous chlonde
solution mixing after each addition The blanks will be colorless or at
most tinged faintly green or blue 1f the reagents are of smtable quality
and properly prepared
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add 2 cc of dilute stannous chloride solution to each tube and mix
during the addition The color develops rapidly and comparison

Tastr 2 (Bodansky) —INorcanic P CONTENT IN MG PER 100 ¢ CORRECTED FOR
DrviaTton FROM BEER 5 LAW AND THE EXFECTS OF TRICHLOROACETIC ACID AND
GLYCEROPHOSPEATE *

Por 6 cc Aliquots Por 4 ce Aliquots
{Or for 3 ¢c when half volumes are used) tOr for 2 c¢ when hall volumes are used)
nm| o 2 4 6 8 | Dfmm] of 2| 4| 6] 8[ D
my mg mg mg mg mg me | mg | omg me
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2rl2s6 | 254 |253~|250]3474| o1 | 2727353069 3606363 360} oa—
28| 248 }243 Joaar | 230 J2art] or {28]357] 354 351348 345) o1
29la36~[234 [232 1230 [228 | or |20[343]340i 338 335/333] ot
3ol aar~225—]225 |23r {2320~} or |sofa0[328 325332 3520) o1
(218 fargemla1s f23 |212—| or furfjasslansfanaarsos| or
328230 |2a0p 207 |206 |204 32 (307|304 302 300 298] o1
33203 1201 200 Jro9 Jxo7 33296 294 291 2002881} o1
2 tos |xos |10y [roz {101 ge|286f28g 28280228 o2
351190 1 88 187 1 86 1 BY 3512717275273 2 71] 270
36 v3s jrsz |81 [18 |1 36| 268|266z 64f 263268

*The values are calculated for a ten fold dilution {sec fext) If 2 cc ahquots are used
subtract 3 per cent from the value for 4 c¢ ahquots and multiply by 2

may be made 1mmediately after addition of stannous chlonide to a
large series A delay of 2 hours or even longer 15 permusstble
Calculation After calculaton 1s made in the usual manner from
the readings of the standard and unknown cotrections must be
applied for deviation from Beers law and for the effects of tn
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chloracetic acid and glycerophosphate * Bodansly has compiled
tables which give the corrected values corresponding to given
readingst The values of the check solutions, which contam
neither trichloracetic aad nor glycerophosphate may be obtamed
from Table 1 the value of ‘ serum morganic P, m mg per 100 cc.
1s found 1n Table 2, under the division corresponding to the volume
of aliquot used values of total inorganic P are obtamed 1n stmilar
manner but since the dilution 1n the standard procedure 15 20 the
table value 15 multiphed by 2 When dilutions of 30 or 40 are
employed, the table value 1s multiplied by 3 or 4 respectively
A unit of phosphatase activty 1s defined as that amount of actny
1ty which will Iiberate 1 mg of P (as the phosphate 10n) during the
first hour of incubation under the conditions described The differ
ence between total morganic P after incubation and serum inor
ganic P, both expressed on the basis of 100 cc of serum equals
units of phosphatase activity per 100 cc

VITAMIN E

At the present time there are no methods available for satisfactory
determination of the status of an mdiwvidual as regards vitamm F
adequacy by laboratory methods

VITAMIN K

The relatively recent concept that vitamin k 1s essential to the
proper formation of prothrombin by the liver and the maintenance
of a normal blood plasma content of prothrombin has promptEd
the development of several methods for esimating the prothrombin
content of blood plasma This n turn reflects the adequacy of
vitamn K 1 an mdnadual who 1s free of liver damage and a few
rarer complications Quick?® 27 has devised a method for esumating

* When serum phosphatase activity 15 high the relatively large amounts
of hiberated mnorganic phosphate retard the hydrolysis Bodanskys tables
mclude corrections for this effect which are applied to the value of

morgamc P liberated per 100 cc of mcubitnon A smple rule 1s ©
divide this value by 30 and add the square of the quotient to the un
corrected value Thus the correction for an observed value of 60 Mg
would be 4 mg making a corrected value of 64 mg If one half or on%
quarter hour incubation periods are employed multply the uncorrecte
values by 182 and 3go respectuvely On rare occasions when two- OF
three hour incubanion periods are desirable the factors 055 and 039
respectively are used A

tTables 1 and 2 are reproduced through the courtesy of Dr
Bodansky and the P Blaksston and Son Philadelphia Pennsylvania



VITAMIN K 363

the prothrombin content of blood plasma that 1s both technically
simple and rapid and 15 clinucally satisfactory The prieiple utilized
1n thus test 1s that if one adds an excess of calaum and an excess of
thromboplastin to the plasma of oxalated blood prothrombin be
comes the only varable 1n the reaction and the amount of thrombin
formed depends on the concentration of the prothrombin present
The clotting time therefore becomes a direct measure of pro
thrombin content

The Determination of the Prothrombin Time of Blood Plasma

Reagents and Solutions 1 Sodium oxalate solution 134 Gm an
hydrous sodium oxalate ¢ p 1s dissolved 1n 100 cc of distilled water

2 Calaum chloride solution 111 Gm anhydrous calcium chlo
ride ¢ p 1s dissolved m 400 cc of distilled water (a o o2 molar
solution of calcium chloride)

3 Thromboplastin solution* Carefully strip off the pia and
blood vessels from a rabbit s bramn and macerate the brain 1n a mor
tar under acetone The macerated brain tissue 1s now repeatedly ex
tracted with acetone until a fine granular powder 1s obtained when
dried on a small suction filter The extraction should not consume
more than 10 munutes and the acetone used must not be acd
This powder 1s now placed m ampoules 03 Gm to each tmpoule
and the ampoules are then evacuated by means of an o1l suction
pump for 3 minutes and finally sealed 1 a g1s flame Prepared 1n
this manner the thromboplastin maintains 1ts potency for several
months To prepare the solution open an ampoule add g cc of
physiologic saline and incubate the mixture at §0°C for 15 min
utes Then allow the mixture to stand until the coarse particles have
settled out and a mulky supernatant 1s obtained After opening the
ampoule and preparing the thromboplastin solution detenoration
occurs more readily If kept carefully stoppered and in a refriger
ator 1t will mawmntain a satisfactorv potency for about one week

Procedure Add 43 cc of venous blood to 05 cc of the sodium
oxalate solution mix and centrifuge to obtain a clear supernatant
plasma 01 cc of this plasma 15 added to 01 cc of the thrombo-
plastin solution 1n a small watch glass or the depression of a hang
ing drop shde o1 cc of the calcum chlonde soluuon 1s added
Cownadent with the addition of the calaum chlonde a stop watch
1s started ‘The mixture 1s needled about once each second and the
time of formauion of the first fibrin strand 1s recorded This 1s

.
Thromboplastin sol 15 now available ¢

1
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During the first minutes of distillation only a low flame 15 used
As distillation advances and the boiling pomt of the mixture rises
the heat may be increased Distillation 15 continued until from
one half to two thirds of the solution has boiled away or until the
first signs of bumping Most of the ammoma comes over within
the first few minutes In the latter part of the distillation the de
Iivery tube may be hifted out of the acid recening solution as a
precantion against sucking acid back mto the condenser

When the distillation 1s complete the delivery glass tube 1 dis
connected from the stll before the flame s extinguished The free
acid 1n the recerving flask 1s now ready for titration with the stand
ard ooy N sodium hydroxide solution This 1s done, and the
amount of o o5 N sodium hydroxide necessary to titrate the excess
acid to the end pomnt of the indicator 15 recorded

In order to correct for anmy mitrogen present in the reagents,
solutions, et cetera a blank determination must be made This 1s
done 1n exactly the same manner as 1s outlined above except that
no blood plasma 1s included All other reagents and solutions are
used m the same amounts, and the procedure 15 carried out exactly
as 1n the determination of the total mitrogen

Determmation of plasma (or serum) albumin plus non protemn
mtrogen

Procedure One cc of plasma 1s placed 1 a small Erlenmeyer
flask, and go cc of the 229 sodium sulfate solution and 2 small
crystal of thymol are added Mix, stopper the flask and al
low it to stand 1n an mcubator at g8° for three hours or longer
Then filter m the mcubator through a hardened filter paper * The
filtrate contans the albumun and non protemn mitrogen Certain
plasmas do not filter clear at once In these cases 1t 1s necessary t0
pass the cloudy filtrate through the filter two or more times until a
clear filtrate 1s obtamned Occasionally from highly lipemic plasmas
a clear filtrate cannot be obtamed In such a case one may analyze
the still somewhat cloudy filtrate The suspended matter appears
to be fat which does not sigmificantly affect the mitrogen figures
‘Ten cc portions of this filtrate are analyzed by the macro Kjeldahl
procedure The technics of digestion distillation, and titration are
the same as described above for the determunation of the total
plasma nitrogen

* Funnels flasks and pipettes must be kept constantly at 37 38 Other
wise the sodwum sulfate will crystallize from the solution The techmique of
Robmson Price and Hogden2$ eliminates this troublesome detail
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Agamn one must make 2 blank determination as 1n the case of
the total plasma nutrogen The reagents solutions and procedure
are duplicated but no plasma ncluded in the blank determunation

Calculations Following the digesuon distillation and titration
pracedures on the total plasma and albumin samples one 1s 1ble to
calculate the grams of nitrogen present 1n the respective samples
and then this may be readily converted to grams of protein

By the above procedure the mtrogen present in the unknown
sample of plasma has been converted mto ammoma and this 1s
disulled mnto a known amount of ooy N HCl This ammonia neu
tralizes 1ts equivalent amount of acid according ta the following
formula

NH,OH + HCI = NH,Cl +H O

Consequently when one titrates the excess 005 N acid remamning
after distillation 15 complete with ooy N NaOH the difference
between the ongmal total acid n cc present munus the cc of
equivalent alkali necessary to titrate the excess acid equals the
amount of mtrogen present m terms of cc of 0 0, N NH,OH The
grams of mitrogen present may be calculated accordingly since

rcc 005 NHCl = 1 cc 005 NNaOH = 1 cc 005N
NH,OH = 00007 Gm N

Obviously one must deduct from the grams of N found 1n the sam
ple any mitrogen present 1n the reagents et cetera as found by the
blank determination All this may be done by the following formula

Gm of N in sample = (A B C) X 0 0007 1n which

A ='Total volume mn cc of 0 o5 N HCI placed 1n distulling re
cener

B =Volume of 0 05 N NaOH 1n cc required to utrate the ex
cess of aad not neutralized by ammonia

C = Value of A B found in blank analysis of reagents

In order to convert the above value for grams of N 1n the sample
mnto grams of N per 100 cc of plasma (grams per cent) one must
take mnto account the dilution of the original sample In the deter
mmation of the total mtrogen this may be done by multiplying
the value obtained above by 250 T'or albumin nirogen the value
15 multiplied by s10

The value for the protein fractions represented by the total nitro-
gen and albumin nitrogen values obtamed above may be calculated
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by multsplying each by the factor 6 25 But since non protem nitro-
gen (NP N) 1s also measured by this method 1n both the albumin
and total nitrogen determinations, this factor must be considered
in the calculations The different proten fractions may therefore,
be calculated as follows

Total protemn* = (Total N 1n Gm % — NP N ** 1n Gm %) X

625

Albumin protemn = (Albumin N m Gm% —NPN** n
Gm %) X6 25

Globulin protein = Total protein — albumin protem

IRON

The laboratory diagnosis of tron deficiency consists of the com
bimed utilization of a red blood cell count hemoglobin determina
tion, and the determination of the volume of packed cells as meas
ured 1n a sedimentation tube With this data, one can determine
the presence or absence of anemia and can satisfactorily classify
the type of an anemua if present, by the calculation of the mean
corpuscular volume (M C V) the mean corpuscular hemoglobin
(M C H) and the mean corpuscular hemoglobin concentration
(M CHC)

It scems unnecessary to describe the technics for red blood cell
counts, hemoglobmn determinations, and obtaiming the packed cell
volume and the hematocrit values since these are standard proce
dures commonly employed

IODINE

No laboratory methods have been widely employed 1n the diag
nosis of an 1odine deficiency Such laboratory methods as have been
proposed are not practical for general use and therr nterpretation
15 not entirely clear at the present time

* Protern determinations may be made on either blood plasma or serum
as has been indicated previously The difference in the results obtamed
are shight the plasma values bemng slightly higher

#* If determinations are made on plasma or serum from patents with 1o
marked alteration mn the serum N PN 1t 15 feasible arbutranily to use the
value of 0 o0gy (35 mg %) for NP N 1n the formula



Recommended Dietary Allowances*
Food and Nutrition Board National Research Gouncil Circular No 115

3 tamin | T mmn | Rioo | 220 | A vof Viemn
C lories | Frote | Celium | Jron 4 *) ®) |t & ou V0" D
goas | 10 ! g mg | PEh D) ng 12
M {10Re)
8d tary 2500 15| g2 15
HModerataly s t ve 5000 0] o8 12| 500§ 18] 27 18 7 ft
ey 4500 23 33 23
[Woman (58 he)
210 1 18 2
Mod mately et o 2,0 60 08 12 { 5000 15 22 15 0 1t
Veryacti e 3000 18 27 13
Pregn ey (latter half) 2500 85 15 15 €000 18 25 18 100|400 ta 800
Lactstion 3000 1w | 20 15| s0 ] 23| 30 2 | 150 [«00t0800
lenidren pto 12yeam
UnderIy t 100/Kg. {30 4/Kg 10 € 1500 04 06 4 30 400t 800|
13y wit 1200 “ 10 7 2000 s 9 s % \i}]
4 yan 1600 10 500 08 12 2 50
TGy ars 2000 6@ | 10 o 30| 10 15 1 &
10-13 yeses 2500 o 12 EER 1z 18 3 75
[Children ov 12 yeare
G Is 1315 years. 2800 £ 13 15 5000 ta 20 14 0 it
16-") years. 2400 k) 10 5 5000 12 18 12 80
Boys, 1315y 00 85 14 1 5000 16 24 1B 0 1t
16-20 years 3800 100 14 15 6000 20 30 0 100

*Tentatnve goal toward which to amm 1n planning practical dietaries can be met
by a good diet of natural foods Such a diet will also provide other rmmerals and vita
mins the requirements for which are less well known

**1 mg thamin equals 333 I1U 1 mg ascorbic actd equals 20 IU
***Requirements may be less 1f provided as vitamm A greater 1f provided chiefly
4s the pro vitamun carotene
Needs of infants inerease from month to month The amounts given are for
approximately 6 8 months The amounts of protein and calaum needed are less 1f
dertved from breast milk
TtAllowances are based on needs for the nuddle year 1 each group (as2 5 8 etc)
and for moderate activity
‘Vitamuin D 1s undoubtedly necessary for older children and adults When not
available from sunshine tt should be provided probably up to the amounts
recommended for nfants

Further Recommendations Adopted 1942

The requirement for todine 1s small_prabably about 0 002 to 0 004 milligram
2 day for each Kilogram of body weight This amounts to about 015 to 0 30 muilly
gram daily for the adult This need 1s easdly met by the regular use of iodized
salt s use 15 especially important 1 adolescence and pregnancy

The requirement for copper for adults 1s 1n the neighborhood of 10 to 2 0
millgrams 2 day Infants and children require approsumately 005 per hjogram
\;f body weight *The requirernent for copper 13 approximately one tenth of that

or 1ron

The requirement for vitamn A 1s usually satisfied by any good diet  Speenl
consideration needs to be guen to newborn mfants Physieians commonly give
"f(ami)n K ether to the mother during pregnancy or to the infant iymmediately
atter barth
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Cooking effect on ascorbicacid con
tent of food 115
effect on thiamin content of food 66
Copper 275 280 315
Coramine 94
Corlette Marvin B 38
Cornea changes in due to vitamun A
deficiency 23 27
1 nboflavin deficiency 101 106
Corneal mjection due to riboflavin de
fiaency 105
Cough due to goiter 298
Cowgill G R 58 59
Cowgill s formula 58 59
cougﬂ;; prediction chart 58 59 844
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Coxa vera 1n rickets 170
Cozymase 79
Cramps abdomuinal 1n the treatment
of 1ron deficiency anemia 280
Craniotabes 156 165 167
Cravat Casals 86
Creatinine 236
Cretimsm 283 295
pathology of 204
Cryptoxanthin see Carotene
Crypts of Lieberkuhn changes in due
to nicotinic acid deficiency 83
changes in_due to sprue 83
Cupping of bones in 1ickets 172
Cutts vera 1n vitamn A defiaency 24
Cyamudes and simple gorter 289
Cyanosis 1 thiamm deficiency 50
Cyde of Marme 291
Cystine 234
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Dalldorf Gilbert 82 117 120 1352 356

Dam H 211 220 227

Dam umts 223 227 329

Dark adaptation see Night blindness

Davidson L § P 282
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De{orn;lltlcs due to thiamin deficiency
1n rickets 166

Dehydroascorbie aad 112

De]musr;l 1 nicotmic acrd deficiency

Delinum tremens relaton to thiamm
deficiency 56
D ntia 1n
87
Dental cartes and scurvy 119
Dentin_changes 1n due to vitamin A
deficiency 25
changes 1n 1n scurvy 118
Dentwion
faulty 1n crettnism 295
1n nickets 167
Dermatitis see Dermatosts
Dermatosts due to mcotinic acd de
ficiency 85 86
distribution of 86
due to miboflavin defictency 105 107
due to vitamun A deficiency 18 19
25 36
Desquamation m vitamin A deficiency
24

aad

DeTom: G 186

Diabetes thramin requirements 1n 63

Duagnosis by laboratory methods 337

Diarrhea and vitamm k  deficiency
217 21

1n nieotnic acrd deficiency 85
1n vitamin C deficency 124
Dichlorophenolindophenol 1n test for
ascorbic acid deficiency 126 353
Diet in treatment of — see various
defictencies
method of recording 30
therapeutic_as cause of deficencies
26 48
Dietary sources of essentral food fac
tors 351
7 Dehydro cholesterol 144
22 Dihydro calaferol 144
and srradiated fooii 1144;/
Dihydro ergosterol
22:md Zmdmﬁ?x foods 147
Duodotyrosine 284
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ficiency 73
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Doisy E A 227
Donath W F 40
Dysphagia due to goiter 298

m on deficency anemia 271
Dyspnoea 1n 1ron deficiency 267

In thiamm deficiency 50
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Eddy W H 82

Edema due to thiamin deficiency 53
hypoprotemema and 238
m beribert 39 45 46 49
mn (g;ASgnosxs of protein deficiency

in protein defiency 238
n scurvy 120
of face due to goiter 298
Effusions hemorrhagic in scurvy 120
Esenman A ] 216
Elbows dermatitis of due to micotinic
acid deficiency 86
Electrocardiograph ' beribenn 50
m thiamuin deficiency 54
Elxir and iron admimistration 277
Ellenger G F 371
Elot M C 172
Emau;g;m and vitamm E deficiency

238
ue to vitamin A

1 protein deficiencs
Enamel changes in
deficency 25

Endemic multiple neurstis see Beribert

Endocx;me diseases effect on richets
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Environmental temperature  relation
to edema 239

Enzymes 1 79

Epiphyseal s:i)amuon m scurvy 117
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sm 205

separation of i scurvy 124
Epistaxis 1n ascorbic acid deficiency
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changes 1 due to witammn A defi
Cency 18 28 24
Epsten A 233
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Enodictin 312

Enodictyol 312

Erythema of shin 1n ncotime acid de
fiaency 90

Esophagus changes 1 due to mico
tinic aad deficency 82

Essential edema see Protemn deficiency

Estrin like hormones and vitamin E

203
Ethyl mcotinate 79
Eustachian tubes changes in due to
vitarmn A deficiency 24
Evelyn K A 370
Evelyn photoelectric colorimeter 340
Excretion test for ascorbic acid defi
cency 126
Eye 1932
changes m due to mboflavin defi
clency 105 106
effect of vitamin A deficiency on 23
26 27

protrusion of 1n scurvy 124
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Face dermantis of due to nicotinic
aad defictency 86
Factor W 311
Fales Helen L 256
Falta W 232
Farmer C ] 370
Fat as a dietary essential 314
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loss of n vitarmn E deficiency 204
Fatigue m 1ron defictency anemia 267
1 thiamun deficiency 44 50 53
1n protein deficiency 242
Feces ascorbic aad in 113 114
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10dine excretion 10 281
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thiamm 1n 43
wvitamm kn 213
Feet dermatiis of due to micotimc
acid defictency 86
Fermentation method for estimation
of thiamin 346 349
Fermentometers 348
Ferrous carbonate 276
Ferrous sulfate 276
Fertihity m protein deficiency 215
Fetus and vitamin E
Fever in ascorbic acd deficrency 121
1 nicottnic acid deficiency 85
1n vitamin k deficiency 217
Field Henry 76
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Fingers dermatitis of due to nicotimc
acid deficrency 86
Fixen M A B
Flavins 101
see also Riboflavin
Fluid 1ntake relation to edema 239
Fluorme 315
m bone formation 151
Fluorosis 315
Follicles prlosebaceous 24 28
Fontanelles 1 nickets 166 168
Foods avulability of iron 1in 263
factors mfluenang thiamn content

of 66

forufication of 16 67

arradiated 180
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vanation 1n vitamin A content of
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vitamin D enrnched 180
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146 202 212 284
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of Williams and Spies 58 344
Fornfied fish oils 1n treatment of
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Funk C 40 79
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Gastromntestinal system changes
due to nicotinic acid deficiency
2 86
changes 1n due to thiamm defi
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changes 1n due to vitamm A defi
clency 29

influence on absorption of vitamin
26 37

thiamun deficiency resulting from
diseases of 48

thiamin requirements 1n diseases of
69
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Gemto uninary system changes 1n due
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n scurvy 118
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salwvary changes in due to vitamin
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thyroid changes 1n due to thiamm
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Globulin determination of 364
effect of mnfections on 247
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Glossttis 1n ron deficiency anemia
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dragnosis of 299
epidemtology of 295
history of 283
pathogenesis of 287
pathology of 287 290
treatment of 301
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Growth—(Continued)
of bone n ascorbic acsd deficiency

116

Guest G M 261

Gums 1n ascorbic acd deficiency 119
124 N

H

Hair folliddes changes in due to vita
mn A deficency 24
Hands dermatits of due to micotimic
acad deficiency 86
Harden A 79
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Holt L E Jr 370
Hormone thyrotropic  of prtustary
Hot cross bun head 1 nickets 167
Howe P R 38
Hu C 19 27
Hunger swelling see Protein deficiency
Hyber 79
Hydrochlonic acid in treatment of
1ron deficiency anema 280
Hydropenicardium 1n benbent 45 50
m protein deficiency 243
Hydrothorax in beribers 45 50
m proten deficiency 213

Harden and Youngs 79
Harns Seale 100
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Hartzler Eva R 336
Hay fever treatment with vitamin D
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Heath C W 269
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mn D 162 188

Hypercarotenemia 38

Hyperkeratosis due to vitammn A de
ficiency 24
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48

Hyperphosphatemia _due to hypervita
minosis D 188

Hyperplasia 1n vitamin A deficiency
24

of thyroid gland 200
Hyperprotemnemia 247
Hypertrophy of thyroid gland 290
Hjpochromic anemia 266 270
Hypophysis changes 1in due to thia
min deficiency 47
n benbers 46

p 339
m  ascorbicacid  defi

P
Hematemesis in protein deficiency 238

cency 124 Hypopyon secondary to vitamimn A de
Hematoma 1n vitamin k. defiency caency 24

218 Hyponboflavinosis 101
Hemeralopta see Vitamuin A d see also deficiency
Hemoglobin 258 260 Hypotension 1n protewn deficiency
Hemorrhage 1 ascorbic aad  defi 244

cency 119 123 124
mn scurvy 119
n vitamin k. deficiency 214 218
Hemorrhagic disease of newborn 210
see also Vitamin K deficency
Hennessy D j 76 349
Hennessy and Cerecedos method for
estimation of thiamin 349 350
Hepato flavin 102
see also Riboflavin
Hertz § 299
Herzenberg H 83
Hespenidin 312
Hess A F 143
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Hisudine 234
Hoffman G R 220
Holt L. E 256

Hypothermiz 1n  protem  deficiency
244
Hypothesis of Starling 233

Hypothyroidism 287
cgaognosu of 299
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Idiopathic hypochromic anemia 257
Indigestion 1t mcotimicaad  defi
cency 85
1 thiammn deficency 50 53
n weatment of ron defiaency
anemia 280
Infantile beriben see Beribenn
Infantile scurvy see Scurvy
Infantile tetany B9
Infections effect on richets 154
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Infections—(Continued)
mfluence upon absorption of vita
mim A°37
polyneuritis associated with 48 54
re]a!;gxlx to ascorbic acid deficiency

secondary m vitamin A deficency
25 30

thramin requirements 1n 69 70
Inosttol 311
Insomma 1n thiamin deficiency 50 53
Inspiratory apnea 1n tetany 197
Intermediate zone 1n rickets 159
International umt 33
Intestinal obstruction and vitamn k
deficiency 215
Intestine small changes in due to
nicotinic acd deficiency 82
Involution of thyroid gland '201
Todine defictency 283 307
diagnosis of 299
epidemiology of 295
history of 283
pathogenesis 287
pathology 287
signs of 296
symptoms of 296
treatment 301
Todized salt and prevention of jodine
deficiency 302
Inns n riboflavin deficency 106
Iron 258 282
foods rich m 278 335
reduced 276
Iron deficiency 257 282
dragnosis of 273
epidemzology of 266
history of 257
pathogenesis of 264
pathology of 264
signs of 267
symptoms of 267
treatment 275
Iron defitiency anemma 257 282
treatment of 275
Imtab}lzny n ascorbic aad deficency
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Isoleucine 234
Tsonicotime aad 79

J
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}aundlce and sitamin K defiaency
215 224

Juvenile myxedema 264
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Rakhe see Beriben

Kkennedy A 370

l\emuussdue to miboflavin defictency
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Keratomalacia see \erophthalmia
Keratosis follicular 1n nboflavin de
ficlency 107
iollm:\tlar m vitamun A deficiency
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relation to ascorbic acd deficiency
119

hidney epithelial degeneration of and

vitamun E 204
nicotinic acid 1 80
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min A deficiency 24 29

hnees dermautis of due to micotinic
aad defiaency 86

koehn C J 370

hohman E A 233

Rorsakoff’s syndrome relation to thia
mun deficiency 56

Rramer B 357

hruse H D 31 110

kyphosis 1n rickets 167 169
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Laboratory methods see Methods
Laboratory tests see Methods
Lacnimal glands changes 10 due to
vitamuin A deficency 23
Lactation defective treatment with
vitamin E 208
protein requirements of 252
thiamin content of human mik 43
thiamin requirements during 43 65
66
vitamn A requirements dunng 34
Lactoflavin 101 102
see also Riboflavin
Laryngospasm 1n tetany 197
Latent pellagra 88
Lateral trough of chest m rickets 166
Lattice of cartilage mn scurvy
Lead 317
Legs dermatoses of due to vitamin A
deficiency 28
effect of thiamin deficiency on 50
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Lime salts decgosmon gf 1n bone 151
Lind | NI

in ron deficency
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Iinoleic acd 314
Imolerc acd 314
Lips changes 1n due to nboflavin de
fictency 105 106
Liquor 10d1 compositus 302 303 304
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Iwver crrhosis of 35
damage of and vitamin K deficiency
221 224
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conversion 21 26
extract of m treatment of nicotinic
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nicotinic actd 1 80
relaton of liver reserves to vitamim
mntake 22
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use of 1n thiamin
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fictency
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Mercury 317
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Metabolized milk and vitammn D 146
in vitammn A 23
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for thiamin deficiency 61 349 300
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Lowenthal L. J A 28
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Magnesuum 316
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Mal de la rosa 78
Malignancy and goiter 298
Mandelbaum J 370
Manganese 315
and 1ron defictency anemia 275
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anemiz 280
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ficiency 107
gianne D 287 291 2921 o9
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Methods Bodanskys 358
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Quick s 362
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Milk and vitamin D 146 147
cow s milk thiamin content of 68
human milk
decreased secretion 1n protein de
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Miller D G 256

Milling effect of on thiamin content
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Minerals 3

Montha and stomatiis of riboflavin
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Monroe § C 370

Moore B 370

Morton Maines disease in cobalt de
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Mottled enamel 1n fluorosis 315

Mouse antt alopecia factor 311

Mouth changes 1n due to ascorbic
acid deficiency 121 125

changes 1n due to calaum deficiency
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changes i due to sron deficiency
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changes 1 due to nboflavin defi
clency 105
changes 1n due to rickets 161
changes i due to scurvy 124 125
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aency 105
Neck dermatoses of due to nicotmic
aad deficency 86
dermatoses of due to vitamin A de
fictency 28
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m thiamin deficiency 44
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Neurius 51
1 bentber: 45 47 51
m thiamn deficency 42 44 69 73
of phrenic nerve 47
of vagus nerve 45 47
optic d;]e to thiamun defictency 52
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Nickel 317
and 1ron deficiency anemia 275
Nicoune formula for 78
Nicotimic aaid 78 96
foeds nich in 332
Niconmic aad amide lack of reaction
to
see also Nicotimic aad
Nicotintc acid deficiency 80 100
dlagnosu‘of 89

Multiple neuritis 1n benbert 39

Munsel Hazel E 836

Muscles degeneratton of 1n scurvy
120

degeneration of and vitamin E 204
n thiamm deficiency 47 49
mcotinic aad in 80
Muscular atrophy 1n beriber: 39
Muscular dystrophy and vitamin E
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cency 242

Mydnasis 1n riboflavin deficiency 106
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1 protern defi
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pathogenesis of 82
pathology of 82
signs of 84 90
symptoms of 84 90
treatment of 93
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Nicotrnuric acid 81
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Nutntional edema 231 256
diagnosis of 245
epidemniology of 240
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signs of 242
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treatment of 250
see also Protemn deficiency
Nystagmus 1n nickets 170



INDEX
o

Obesity 1n protern deficiency 243
Obstructive jaundice and vitamin k
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1n vitamin A deficiency 27
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diagnosis of 197
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history of 189
signs of 196
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Pancreas—(Continued)
changes 1n due to vitamin A defi

cency 2%

Pancreatic dysfunction effect on ab
sorption of vitamin A 37 38

Panneuritis endemica see Beribern

Pantothenie acid 309

Papilledema  due to
cency 52

Pata armno beraoe and 310

Paralysis simulation of 1n scurvy 124
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dragnosis of 89
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istorical de\elopment of 77
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pathology of 82
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Ovarnies changes in due to vitamin A
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see also Raboflavin
Owen C A 220
Oxidation of carbohydrates 41
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Paw due to gower 208
1 ascorbic acd deficrency 123 124

i calaum deficiency 19
in protein deficiency 213
m nickets 167
1 thiamin deficien 53
Pallor 1o ascorbic aca deficiency 123
n 1won deficiency anemma 267 273
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m tron deficiency anemia 267
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Pancreas changes 1in due to thiamin
deficiency 47
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Pencardium effusion of 1n scurvy 120
Periosteum  changes in 1n scurvy 118
Penpheral nerves degeneration of and
vitamin E 204
m benber: 44 46
n nicotimic acad deficiency 83 92
Peripheral nervous system n vitamin
A deficiency 25
heral neuntis see Poly
Pentoneum effunon of w sourvy 120
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Peters J P 216
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Phosphatase blood content in vitamin
D deficency normal values 175
blood level 1n caloum defiency 198
blood level in osteomatacia 198
function 1n bone formation 152
method for determination of 358
unuts of 175 362
Phosphatase actwity and vitamin D
148
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Phosphorus 150 153
blood content 1n hypervitaminosis
D 176 188
blood content in vitamin D defi
cency 150
method for determination of 358
Phosphorus of blood in diagnosis of
nckets 173
normal values for 174
Photometer 31
Photophobia 1n mboflavin deficiency
105
n vitammn A deficiency 27
Physical findings see signs
Picolimic acid %sa 79
Pigeon breast 1n rickets 169
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method for determination of 364
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diagnosis of 215 249 361
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due to vitamun A defictency 24 27
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deficiency of 203
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Plasma prothrombin time of 363
Plasma see Serum
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history of 231
pathogenesis 236
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signs of 242
symptoms of 242
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222
Prothrombin time 363
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see also Carotene
Psoriasis treatment with vitamin D
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Platelets 1n 1ron deficiency anemia
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Plenra effusion of 1n scurvy 120

Plummer Vinson syndrome 271

Pneumonia 1n vitamin A deficiency
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Pollock H 370
Polyneuritis 48 57
orthopedic treatment of 73 74
treatment with thiamin 70
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Polyuria 1in protein deficiency 243
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cency 92
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Posture relation to edema 239
Pot belly 1n rickets 166
Potassium deficiency of 318
1n bone formation 151
Precordial pam an thiamin deficiency
5

Prediction chart of Cowgill 59 344
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cency 53
mn nicotinic acd deficiency 85 87
Psychoses 1n miconmic acd deficiency
85 87

thiamin defiaency resulung from 48
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1 thiamin deficcency 54
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Pustules 28
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Quick A J 220 362
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Race effect of on micotimic acid defi
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Refractory rickets treatment of 186
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see also Ascorbic acid deficiency
Seasons  effect of on micotinic acd de
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Sebrell W H 101
Selenium 316
Sensation changes mn micotinic acid de
fictency 87
changes in thiamin deficency 51 53
Serum albumin 238
Serum globulin 238
Serum protems 238 247
n diagnosis of nutnitional edema
245

i diagnosis of protemn deficiency
245

normal values for 246
Sex effect of on micotnic aad defi
aency 8%
Sex funcuons and vitamm F 203
Sherman W C 370
Sherman umits 326
of thiamin 64
Sherman Bourquin units 9% 32
Sherman Munsell umts 32
Ship benben see Benibers
Shlaer §
Shortness of breath
deficiency 123
m 1ron deficiency anemia 267
Shoulders dermatoses of due to vita
mn A deficiency 28
Shute Evans 206 207
Stlicon

mn ascorbic aad
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Silver 317
Simple goiter 283
Smpson J W 36
Swnuses changes 1n due to vitamin A
deficiency 24 29
Skeletal growth 1n rickets 155 159
Skeleton changes 1n due to ascorbic
acid deficiency 116
Skin acne like lesions 24 28
changes 1 due to nicotinic zad de
ficeney 82 86
changes 1n due to vitamin A defi
ciency 2% 26 27
erythema of n nicotinic acid defi
aency 90
xanthosis cutis 38
Skyshine and ultraviolet radiation 163
Smell changes i due to thiamin de
ficiency 52
smuth H P 220
Sodium defictency of 318
1n bone formation 151
Sodium citrate effect on absorption of
calcum 153 154
Sodium 1odide 302
Solutions see reagents
Sparing action of fat on thiamin 6 41
[

Spasmophihia 189
see also Tetany
Spasmus nutans 1n rickets 170
Spastiaity in beriber: 51
m mcotinic acd deficency 87
Sphincter of rectum and bladder in
nicotinic acid deficiency 87
Spres Tom D 56 58 59 344 370
Spoon nails and 1ron deficiency ane
ma_ 271
Sprue and vitamun k defictency 210
215 218

crypts of Lieberkuhn in 83
tetany mn_ 19
Square head 1 rickets 166
Stannus H S 1
Starling s hypothesis 233 238
Starvation |
effect on rickets 154
Steatorrhea effect on absorption of vt
tamin A 37
Steenbock unit 327
Sterols activation of 144
relation to vitammn D 143
Stomach changes in due to nicotinic
aad deficency 82
Stomatitis 1n nicotinic aad deficiency
83 91

m nboflavin deficiency 101 105

INDEX

Stools ascorbic aaid 1n 113
blood 1 1 vitamin k. defictency 217
caleum m 192
10dsne 284
1ron in 260
thiamin 1n 43
vitamin K in 218
Storing effect on thiamin content of
ood 66
Strauss M B 277
Strontium 316
Suba disease see Beribert
Subclinical pellagra 88
Subperiosteal hemorrhage m scurvy
120

Summary of dietary sources of the es
sential food factors 331
Summary of vitamins 319 329
Sunburn 87 90
Sunlight effect on nicotinic aad defi
cency
factors influencing 163
relation to inadence of rickets 162
Suppuration of gotter 298
Sutures cramal 165
Swelling 1 ascorbicaad deficiency
23 124

Sydenstricher V P 107 370

Sympathetic nerves in thramm defi
aency 47

Syncope 1n 1ron deficency anemia 267

Synthetic vitamm k227

Syphiliic keratitis and riboflavin de
ficzen

Syrups and admmustration of 1on 277

of hydriodic aad 302
Szent Gyorgyt A 2 5

T

Tabes dorsalis and vitamun E 206
treatment with vitamin E 208
Table of 1ron requirements 263
Tachyeardia 1n sron deficency anertia
267

1 proten deficency 244
1 thiamin deficency 50
Taon disease see Beribert
Taste changes m due te thamm de
fictency 52
‘Tears 1odwe excretion m 284
Tecth changes 1n due to scurvy 118
19

changes 1n due to vitamin A defi
cency 25 29
changes 1n due to vitamin D defi
ciency 161
Templeton C M 110



INDEX

Tenderness of calf muscles in thiamin
deficiency 53
of legs n scurvy 124
Testes degeneration of 20%
treatment with vitamin E 208
Tetamic facies 197
Tetany 175 199
diagnosis of 197
epidemiology 195
pathogenesis of 193
pathology of 193
signs of 196
symptoms of 196
treatment of 199
Thayer § A 227
Thayer Dotsy umits 227 329
Thiamin 3975
determinanion of 346 319
foods rich 1 66 323 332
Thiamin deficiency 39 75
dragnosis of 57
historical development 39
pathogeneus of
pathology of 43
signs of 49
symptoms of 49
treatment of 62
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‘Tongue—(Continued)
changes 1 due to nboflavin defi
aency 106 107
Toxerma and vitamin E  defiaency
206

‘Trace elements 314
Trachea changes 1n due to vitamin A
deficiency 24 29
‘Tracheal compression and goster 208
Transfusion 1n treatment of 1ron defi
clency anemia 281
of plasma in treatment of protein
defiaency 20t
Trauma hirth and vitamm h defi
cency 218
wn mcotimce aad deficency 87
Treatment confusing factors m 13
curative 11
general principles of 11
of lymphatic lenkemia with vitarmin

of myopathies 208

of tabes dorsalis with vitamin E 208
preventive 10

protective 10

shot gun type 3 15

see also various deficiencies

Thiazole 40 Trigonelline 79

Thiochrome method for of Trphosphopynidine 79
thiamin 349 Trousseaus sign 197

Thortum 317 Trummerfeld zone of in scurvy 118

Threonine 234
Thyroglobulin .84
‘Thyroid changes 1n due to thiammn
deficiency 47
hypoplasia of and vitamin E 204
m nckets 148
Thyroid extract 1n treatment of 1odine
deficiency 305
Thyroid gland 281 291
‘Thyrotropic hormone of pitmtary 29>
Thyroune 284 286

Tin 316
Tincture of 1odine 302
Tisdall F F 357

Tissue oxidation and simple goiter
289

Thssue tension relation to edema 439
Tissues ascorbicaad content of 356

alpha (q) tocopherol 202
beta () tocopherol 202
gamma (y) tocopherol 202
see also Vitamin
Tongue changes 1n due to nicotimc
aad defizency 85

Tryptophane 231

Tuberculosis effect on vitamin A defi
aency 26

Tyrosine 284

2

Ulcerauon of duodenum 214
of mtestine and vitamin K deficiency
218

of stomach in vitamin k deficiency
214
Ulceratine enterocolitis and  vitamn
°
Ultraviolet radration and wvitamin D
2 144

Units 322 329
of phosphatase 175 862
of vitamms 322 329
Urea 236
Unc aad 236
Urme blood in
aency 217
determination of thiamin 1n 316 349
1odine excretion in 284
Joss of won 1n 260

i witamin R defi
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Urine—(Continued)
nicotinic_acd 1 80
test of for ascorbic acid deficiency
126

thiamin in 42 60
trigonelline 1 81
U S P units of vitamin A 822
of vitamin D 327
Uterus changes in due to vitamin A
deficrency 2% 29
brownish discoloration 1n vitamin E
204

v

Vagina changes in due to mcotinic
aad deficiency 82
changes 1 due to vitamn A def
cency 25 29
Valine 234
Vanadmm 316
Vascularization of cornea in nbeflavin
deficiency 101 105
and oxygen transport 103
Venous obstruction due to goiter 298
Venous pressure 1n beriber: 46 50
Vertigo 1n 1ron deficiency anema 267
Viosterol chermustry of 144
Viosterol 1in o1l 1n treatment of vita
min D deficency 178
Vision changes m due to nboflauin
deficiency 105
changes 1 due to thiamin defi
clency 5
changes 1n due to vitamm A defi
cency 26
Visual purple 1922 25 36
Vitagen 313
Vitamers 143 202 211
Vitamn  mterrelationships 6 11
non idennfied 31
optimum amounts of 6
requirement of 1
Vitamin A 19 36
source of 32 36 322
Vitamin A deficiency 18 38
diagnosis of 30 322
eprdemiology of 25
historical development of 187
pathogenesis of
pathology of 23 322
signs of 26 322
symptoms of 26 822
treatment of 32 322
Vitamun B see Thiamin
Vitamn B, defictency see Thiamin de
ficlency

INDEX

Vitamn B, 101
see also Riboflavin
Vitamin B, 309
Vitamin C see Ascorbic acd
Vitamn G deficiency see Ascorbic zaid
defictency
Vitamin D 143 149
foods rich in 149 327 333
pharmacologic action of 188 189
preparations of 177
vitamin A content of 179
requirements of 182
therapeutic use of 177
toxtaty of 149 188
umts of 177
use of other than m defiaency 188
Vitamm D bread 181
Vitamun D deficency 141 189
diagnosis of 170
epidemiology 162
hlxjsmry of gly41
pathogenesis of 150 154
pathology of 150
signs of 165
symptoms of 165
treatment 177
Vitamin D foods 180
Vitamin D milk 180
Vitamm D, 145
see also Calaferol
Vitamin D, 146
see also Activated 7 dehydro choles

tero)
Vitamin E 202 206
Vitamin E deficiency 201 209
diagnosis of 206
epidemiology 20%
history of 201
pathogenesss 203
pathology 203
signs of 205
symptoms of 205
treatment of 207
Vitamm G 101
see also Riboflavin
Vitamm H 311
Vitamun Kk 210 230
source of 211 329 334
Vitamin K, 211
Vitamm k, 212
Vitamin k “deficiency 210 230
diagnosis of 219 222
eprdemology of 216
hustory of 210
pathogenests 214
pathology 214



INDFX 889
Vitarun k. defi y—(C d) Nerof h 1 develop
signs of 216 ment 18
symptoms of 216 pathology of 23 26 27
treatment of 223 signs of 26

Vitamn P 812
Vitamme 40
Vomiting 1n scurvy 124
w
Waddling gait m nckets 170
‘Wallerian  degeneration of nerves n
thiamin deficiency 47
‘War edema see Protemn defi

symptoms of 26
treatment of 32 35 36
Nerosis see Aerophthalma
X ray 1n diagnosis of ascorbic acid de
ficrency 132
m duagnosis of calcium defiiency
198
mn diagnosis of nckets 171
mn diag: of

Warburg E 79 102
Warburg s conferment 79
Warner E 220
Warner Brinkhous and Srmth test for
vitamun k defictency 220
Weaver 1 W
Weight changes of 1n protein defi
cency 243
changes of m scurg 124
loss of 1n thiamum defictency 50 53
Werss Soma 49
Wells H § 256
Wenckebach K F 76
Wheat germ use of in thammn defi

aency 63

White blood cells n iron deficiency
anemia 274

White e of healing 1n rickets 160

White line of Frankel in ascorbic
aad deficiency 133

Wilkins R W 75

Williams R R 40 36 58 50 844

Windaus A 143

Wolbach S B 19

Wound healing in ascorbic acid defi
aency 121

X
Nanthosts cutis 38

m diagnosis of scurvy 132
m diagnosis of vitamin D deficiency

b

Yeast in treatment of benberr 63
in treatment of nicotumc acid defi
ctency 94 95
n treatment of pellagra 91 9o
1n treatment of riboflavin deficiency

109
m treatment of thiamin deficiency

Yellow ferment of Warburg and
Christian 102

Youmans J B 38 258

Young W'J 79

Zemn corn 23t

Ziffern § E 220

Ziffern Owen Hoffman and Smth
test for witarmn h deficiency
standards for 220

Zinc 316

Zirconium 317









