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INTRODUCTION

There is prebably no preblem that cruses the senir
medical student mere concern than the prescriba
ing and orderitig of drugs end medicines. There are so
many of them, thelr dosages vary so grestly, andit 1s
sc imposrtant that the desage be correct in most of
them that the student tekes his pen in hand withmuch
hesitancy #nd meves as thsugh walking en hsllew-
ed greund when he writes his first few prescriptiens.
Net the least uf these worries is the use of
vitanina, as any plysicilan whoe has béen practicing

dur-



ing the past fifteen or twenty yesrs can corrobesrate.
Is the dosage he is prescribing sufficient? Or is
it too large &nd lisble to cause 111 effecta? Or,
another important consideretion, is the vitamin he
is prescribing going to be of sny velue in the treat.-
ment of ths particular problem with which he 1s con-
freonted? It was with these questions in mind that
I began my survey of the vitamins =nd this paper 1is concerned
with snswering them as well &s our present
knewledge of this new fleld will permit.

The advsnces made in vii-min legy have been
so repid, beth in their discovery and the isolation of
new preducts, and in the almost daily reperts -f further
applications of the eld, that an exhaustive survey of
their pediatric possibilities is heyond the scepe of
a single study. 4Agein, out of theinnumerable articles
published in the last decade, relatively few can be
selected as representing therapeutic appliceticns based
en sufficiently numerous and extended clinical experiences.
Only too many of these new substences have been advanced
as cure-alls and specifics for wvarious conditiens, to be found

on more cereful anrlysis to be premature or unreliable.



For the same reason we cennot expect to expl re
the effects of deprivation of these substrncee on
rodents or immature chicks since there are marked speciles
differences in nutritive reouirements, tke rst, fer
example, has no difficulty in synthesizing vitamin C.
Futhermore, a deficiency of the same factor may give
tetelly different symptems in diff-rent snimal species;

2 lack of vitamin E in the rat affscts primarily the
repreductive system, in the rabbit it preduces muscular
dystroppy and in the chick ostesmalacie.

One cannot assume that the msny deficiencies kuown
in experimental animsls willl necesserily have
counter-parts in men, Humen deficiencies also differ from
those of experimental snimels, in that human diets, when
def-ective at all, are likely to be lacking several
factors; the disesse pietures sre, therefore, nere
difficult to separate, We shall, consequently, leave
these mattersstrictly in the hands of the investigators
in the fieldof biolegical chemistry until such time as
adeguate clinical ussge has demonstreted their prectical
use-fulness in the armementarium of the practicioner, and
will largely confine Gurselves te the discussion of these

vitamins, the usefulness of which hs&s been substantiated



to at least some degree by the test of time, and touch
only briefly on the less tried prodvcts ardl their uses.
It 1s for this resson thet we will restrict our
study to the six witamins with recogrized therapeutic
efficiency, ne-ely vitemins A, C, D, ¥, K snd the
est-ablished members of the B group 2nd ghell emit
consid-eretion of such newcomers es vitemins P, T end F,
which have as yet to prove their identity or usefulness.
In recent years, emphasis on vitsmins has been
principslly in the field of preventative medicine. While
the normel, healthy child mey obtein vitamins frem a
preperly selected diet in spite of the severe processing
and high degree of refinement given nodern prepsred
foeds, inadequate inteke or impaired absorbtionof
important nutritionel factors will ultimately pro-duce
deficiency states. In this country, deficiency disesses
occur not so much becsuse our children lac- ssufficient
amount of foed, but because that which is previded tends
to exist as highly concentrated, "puri-
fied and impraved" forms such 2s white flour, sugar,
purified ails, rnd foeds "ready to serve." This limibs
the smount of feed taken im the natural state, and 1t is

in the natural state the* foeds sre richest in vitae-



mins and minerszls.

Undoubtedly the recent commerctal interest in the
exploitation of the vitamin-censclous parent by adver-
tising "Vita Flakes" as being twice #s rich as "ordinary
cereals” in vitamin X, will a2id to a certain extent in
offsetting these refining precesses. But the zmount of the
crystalline substance which they put baek into the cereal
is usually far less than that which they took
out. It 1is an interesting commentary on our present
mode of existence to see the insistence of consumer £nd
manufacturer alike on an extreme degree of refinement,
end an equslly intent and expensive cempzign to restore the
very substances discerded in the precess.

In considering the preblems srisineg from deficke
ney f these specific substances we cannot afford to omit
the developing infant im utere. It is still i1mpossible
teo estimste whet temporery or permsnent stlgmata are
lmplanted in the newbern as a result of & lack #s early
as conception itself, Certainly we do know that during
pregnancy the vitzmin store of the mother is depleted

in fevor of the fetus rnd must be met in order to assure an

adequacy fer both mother znd child.
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Chapter 1
VITAMIN A

Vitamin A is the "fat-seluble" vitamin which was
dlscovered by McCollum and Bavis when they observed thst
young animels sickened and falled to gre¥ unless
utter-fat or seme other preoduct carrying this then
unknown factor wes added to their dlet of puprified
foodstuffs.Ilt is now known thzt this vitemin occuples an
important place in pedlatiric praectice, being essential
not only¥
te growth but also to the chiid's health snd well-being

The most significent functlon of this vitamin 1s
its influence in maintaining the structural integrityof
epithelisl cells. Without 1t, eplthelial structures
everywhere, wherever their location or furnetion, all
undergo the ssme highly characterlstic chenge. This
tekes place through & process of metsplasia in whilch
nermel epithelial cells are replsced by stratified
keratinized epithelium. The diseeses of infarcy and
childhood dependent on 2 lack of thls subgtance
include many dermatoses, disesses of thé respiratory
tract,infections of the middle esr, intestinsl
disorders,

g8 well g8 by dryimg of the conjuective, with fallure



of the paraecular glands leadins to xerophthal mla.

Vitamin A deficlency may develep on £ besis of
inadequate intake, impaired intestinal cbsorbtion, or
defects in 1its utilizetion. The newborn infant is
perticularly susceptible to a faulty intake, for he is
born with very low gtores, *he concentraticn of the
vitamin in the liver at bifth being less than one-tenth
of thet feund in the adult. 4Another pessible cause of
defedtive vitamin.A inteke ts the exclusive uses of
canned foeds due to the slow deteriloration which occurs
on standing. This should be berne inmind in the case
of infants fed en everorated or driedmilk,

Defective ebsorbtion undoubtedly contributes to
the susceptlbility of the premature infant congenitel
atresia of the 1le ducts may likewi se lesd to vi
tamin A deficiency, end it hes been observed seversl
times in chrenlc dysentery snd in pestients with the
cellac syndrome snd cr etinlsm. Lastly, s fector which
may cause serious interference wlth the absorbtion of
the vegetable precursors of vitsmin A is the hsbitusl

use of minsral oill.

This partieular need for mitamin A during



infancy is emphasized by COnglll whe estimates thst
frem birth the infant should recieve not less than 2000
units, which requirement is met with about 750

c.c, of breast milk. He emphasizes the importance,
however, of sunplementing the feedings with cod liver
@1l or some other apprepriate concentrate, especisally
when cow's milk, which is poerer in this respect than
humen milk, forms & material pert of the diet.

It has been held th-t the average 3diet of
srt-ificiall)y fed infents is 1lnesdecuate in respect t
vitemin A. As night blindness 1s conceded to be a very
early manifestation of vitamin A deflciency, preceeding
retardagion of growth, susceptibility to infectionsand
xerophthalmia, Lewls ar¢ Halgg devised an sppara-tus
and developed a technique by means of which night
blindness or dsrk adaptation could -be estimated evenin
children less thsn one yrar of zge. They reported their
observations of the minimum light thresholdafter
complete dark sdaptetion on 53 infants ranging

1. G.R. Cowgill, "The Vitamin Requirements of
Man." J.Am. Dietet., XXIII, 195, 1937.

2, J.M. Lewis end C.J. Halg, "Vitamin A Require-
ments in Infancg es Determined by Dark Adaptation.”
J. Pediat. XV, 812, 1931.



in age freom 1% to 13 months. These infants were
diviaed Into four groups: Group 1 consisted of 26
infants recievéng the average infants diet; Group 2
consisted of 9 infants recieving a dlet supplemented by
large guantities of vitamin A (17,000'units) in the
form of halibut liver oill; Greup 3 consisted of 4
infents receiving & diet containing approeximately one-
fourth the vitamin A content of the average diet; and
Greup 4 coensisted of 14 infents receiving about one-
twelfth the vitemin A content of the average diet.
These diets were given for perieds varying from 3 tolO
months. The results ¢f the dark sdaptation tests were
within normal limits in a2ll four groups of infans.
Those in the low vitamin & group gained weight Just as
well and were no mere susceptlible tc infection than
those in the high vitamin A group. These observations
indicated thst 135 to 200 units ef vitamin A, or
approximetely 25 units per kilegrem of bedy welght,
covered the minimum vitamin A requirements of these
infants. Since the average dlet contains 12 times as
many units of vitamin A as were contained in the low
vitamin A diet used in this study, it appears thst
there is a large margin of safety in the infants' diet

In respect to its vitamin A content and these studles
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would seem to indicate that it 1s unnecessary to
supplenent this element in the average diei of infants.

This work, hewever, 1is not concerned with early
infency, that is, the first few weeks but other studies
2lso would seem to indicate that prophylactic
supple-ments are desirable only in very eecrly infancy and
in cenditions likely te interfere with intestinal
2beerb-tion, especially liver disease and chronic
diarrhess.

In arranging the dlets of elder children it is’
net difficult te meet the minimz)l recuirements of vitamin
A, but it 1s pesesidle that s great many children fail to
receive the eptimal s2mount. 1If the child takes a pint eof
milk deily, two eggs, two liberasl helpings of butterand 2
helping of carrets and some green vegatables,
with a little eheese snd e helping of liver occesionally,
he will be safe 2s far as vitamin A is concerned.

Although there may be considerabdble latitude in
vitamin A requirenents of nermsl children, Breesge and

3

McCoord” have recorded 2 seried of ceces of celiac

disease, which showed & subnermal absorbtion of vitamin

3. B.B. Breese, Jr., and A.B. McCoerd, "Vitamin
iggbserbtlen in Celiac Disease." J. Pedizt. XV, 183,
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A, Bven when given a large smount of vitamin A by

mouth these patients 4i1d net show an increase in the

blood vitamin A content equal to that of & group of children
with ether diseases. This inability of the patlient with
cellac disease to absord vitemin A wes

usually sssociated with & flat sugsr tol:rance curve,
increased per cent of fat in the stools and low careten-
old pigments in the bloed. This inability to absordb vitamin
A normally, slthough characteristic of celiac

disezse, does occur in other diseases and therefore 1s

not pathegnemonic of celisc disease.

In the treatment of such cases the usual thera-
peutic dose of vitamin A (ten drops of halibut liver oiloer
percomerph liver o0il 3 times a day, providing 50,000
te 60,000 internatienal units) should be doubled or trebled.

An interesting study of *he effects of avitamin-osis
A on the blood picture wss made by Ahmann andOverstreet.4 on
& group whe had been living on restricted diets for periods

that varied from a few months to manyyears. The children
had lost the alertness of health

4., C.F. Ahmann and M.R. Overstreet., "Effects
Aviteminosis A on the Human Blood Picture." of Am. J.
Physiol. CXXVI, 254, 1939.



120

and were listless #2nd inettentive, but conjunctivitis

wes the most eutstanding defect of this groeup. In a

few cases the ocular condition had progressed so far that

there was actual involvement of the cornea and

the conjunctiva appeared salty. The skin had become

dry and desquamated. These flaky areas were particular-

ly neticeable on the back of the forearm, the upper arm,

near the tips of the shoulder, on the calves and acress

the chest. Many of the children hed ne subcuteneous

fat, so that the skin on the face was shrivled &nd Aary.

The halr was alse dry, hed lest its nermel gless and

appeared bleached end lifeless. It 1s in such cases that

the therspeutic specificity of the vitamin i1s manifested.

Sendels et 2l° in her extenelve work on the va lue

ef vitamin A In the treatment of follicular cenjunet-

ivitis of ch:i:ldren of schoel age has shown that this

deficieney condition 1is rapidly cured by the administ-

ration of vitamin A and et the same time threws doubt

on the question of massive deses. The children whe

5. . R Sandels, H.D. Cate, K.P, Wilkineon and
L.J. Greves, "Follicular Conjunctivitis in Scheel
ehild-ren as Expression of Deficiency - Vitamin A." Am.
J.Dis. Child. LXII, 101-114, (July) 1941.
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received 13,000 U.S.P. units impreved at approximately
the same rate ss did those recelving as high as

38,000 units, a time factor so epersting which limits the
rat e of hesl:ng and which is not increased properte
ienately by excessive deses.

Lehman and Rapaport6 in a study of the cutaneous
manifestatlons of vitamin A deficiencies in childheod
suggest that keratosis pilaris, lichen pilaris, lichen
epinulosis, ichthyosis follicularis and ether synenymsare
merely descriptive terms fer the cutaneous manifes-
tations of vitamin A deficiency and may be expected to
respend to specific treatment.

The intensiveness of research an this vitamin in
the field of pediatrice 1# demonstrated in Streumjferd's’
repert presenting evidence to show that vernix caseosa may
be a menifestatien of vitamin A deficiency in the newbern
end that it represents distwrbasnces in cormi-fication

analegous to the skin changes accompanying

6. E. Lehman and H.G. Rapaport, "Cutaneous
Mani-festatiens of Vitamin A Deficiency in Children."
CXIM, 386, 1940. JoAM.A,

7. J.F. Straumfjord, "Vernix Caseosa: Manif-estation
of Vitamin A Deficiency." West J. Surg. XLVIII,
341 » 19400
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Keratomalacia and other signs of vitamin A deficiency.

In suppept of this theery 1s presented an experimental

study in which twenty-flve women received 50,000 te 100,000
units of vitamin A threugh six months of pregnancy.
Twenty-ene had beabies with 1ittle or no vernix; enly
four hsd babies with mederate or much. Of thirty-one wemen
who received no additional vitam'n A, twenty-
three had babies with moderste or much vernix.

In regard to the use of vitamin A in preventing

or smeliorating colds, or ether common upper resplra-
tery tract infections, the evidence reviewed by the
American Medicel Association8 indicates that severe
de“iciency of vitsamin A lowers resistance to infection
but that the administration of vitemin A during the
course of an infectien probably has no beneficiel
effect on the outcome unless a severe deficiency is
present. There 1l1s evidence that meder-rte deficiency
of vitamin A may also increase the duration or severity

T respiratery infections; that sn sdequate intake of

vitamin A msy lessen the severity and duration of

8. American Medical Associstion, "“The Vitamins:
A Sympesium." 1939.
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infection in cases of moderate deficiency. It seems

at the present time thet many facters are of equsal er

greater impertance, and no substantirl justificatien

exists for calling vitamin A the "Anit-infective Vitamin."

From this study 1t seems that the newbern infant

during the firs®t few weeks of life prebably requires

more vitemin A than it dees later on; approximestely

2000 units daily. 135 to 200 units, or sbout 25 unitsper

kilegram of bady weight, being the minimal Adesage sfter

the first few werks of life. This amount 1s easily
btained from a2 nermal dlet., In cellac dlsease the infsnt

sheuld recieve 100,000 to 150,000 units dalily, probably

because of poer absorbtion. Deficiency atatesseem te
require 2 certain minimal healing time aznd

doses of 13,000 units da21ly cleared up cases of

feolli-cular conjunctivitis as repidly ss doses of 38,000

units daily.
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Chapter II
VITAMINS OF THE B GROUP

The field of investigation concerning the
vita-mins of the B greup is 8till in a state of flux.
Almost daily new fectors and filtrates, new this and
thet preventing substances are iselated from the

ariginal cemplex. In order to preserve clarity we shall

avoid such nomenclature as Bl’ B2, etc., but shall speak
of these facters individually and as distinct entities,
ennly when they are represented by definite chemicsal
cempounds.
For this reason we will discuss in detsail en'y
thes vitamins which heve been subjected to at lesst e
moderate periad of clinical use end which have some
definite therapeutic applications, nsmely thlamin,
ribeflavir and nicotinic 2cid snd speak only in passing
of these members not yet #f determined wvalue in infancy
and childheed, such as bietin, choline, pyridexine,
inesitol &nd pentethenic and para-amine benzelc acids.
The vitamins of the B group, closely related
in nature, have been shown to be related in function
28 well. At least three of its members - thiamin,
ribeflavin and niocin - ere knewn to act as *he funct-

lenal greup of enzymes concerned in variosus stages
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of carbehydrate combistion, and there is evidence that
pyridexine and other factors, whose impertance has teo
date been largely demonstrated only in the rat, msy play
gimiler roles. The fact that the combustion of fat
apperently does n t require the presence of thismin
accounts for the well-known B-sparing 2ctien [ this
foodstuff. Pretein, on the other hand, reauires the
presence of various B facters. A deficiency of one
single factor may cause fallure to thrive and grew.
Interruptien of the chain of metabelic procegses at
different pbints, however, causes different metabelic
preducts to sccumulate, these different perversions
of metabelism being responsible fer the various defic-
iency syndremes.

In general when censldering the vitamins fthis
greup it is well te consider that children with
a deficlency of the vitamin B complex rarely present the
classical picture of nellagra, aribeflavinosis er
beri-beri. From the work of Spiesl and others 1t 1is

evident that in practice these syndromes frequently

1. T.D. Spies, S.P. Vilter, and W.F. Ashe,
“"Pellsgra, Beri-beri and Ribeflavin Deficlency in
Human Beings." J,A.M.A., CXIII, 931, 1939.
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ceexlst and that diagnesis of one necessitates s thereugh
search fer others.

While adequate am>unts of 211 the vitamins are
recognized to be essentisl to normal growth #nd health
in infancy snd childheed. The B group is thought to
be the one least l1ikely to be supplied in sufficient
am-eunts particularly in infaney. Vit-mins A, C and D
arendw prescribed for most bettle-fed babies, but ef
viteminB the infant receives enly the small snmount
present inthe milk formula and te & small- derree fronm
the orenge Julce which 1s given for its vitrmin C centent.
Breast mllk has been shown to contain even leass thiamin
than
coew's milk so thst there may develop evidences of thiamin
deficiencies in beth breast and bettle-fed infants. 1In

discussing the relatien of B deficieney

to infant mertality it must be remembered that of all
the disturbsmnces respensible fer infant mertality

during the first year, few cause greater apprehensian
than diarrhee and enteritis becruse 20-30% of infants die
of grstro-intestinal)l diseeses of vague etioloegy.Because

the maternal diet snd the artificial feeding

ef infants can never be controlled completely and rigidly,

particularly frem the standpeint of depleting vitamin

reserves, there is s considerable likelihoed

af these gastre-intestina)¥ disturtances being t he result
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of a vitasmin deficieney.

The influence of vitamin B cocplex on grewth and
constipation w~s studled by Joslin and Hblms.e’fhair
finding indicate a definitely increased grewth
in infants in length, in devel-.pment of *he chest nd
in weight ss the result of an incressed amount cof vit-
anin B given in the diet during the first year of life.
Constipatien w-s relieved in each instance of the 35%of
this serles which menifested the symptem. Of
thelr control greup the 20% who manifested constipa-tion

d1d not shew a disappeerance of this symptom upen the use

of the usurl laxatives such as mineral c¢il,milk of
megnesia and the like. In another greup of nursing
infants who had failed to geln in weight becau sedf
insufficient breast milk, vitamin B wes added to

the dlet of the mothers. Qf these 57% were able te
continue nursing their bablies for periods varying
from 2 to 6 menths. Of this greup of infants S0%
were constipated. The a2ddition -ef vitamin B te the
diets of the mothers clesred up all but 5%'of these

2, C.L. Joslin and S.H. Helms, "The Vitamin
B Cemplex: A Clinical end Experimental Stuqy with
speclal reference to Grewth end Censtipatioen.'
Pedist., LIV, 533, 1937.



cases. In 100 older children it wees found that 27 had
anerexia, while 40 were constipated. These were all
fed & pr per dlet a2nd given & specirl cereal rich in
vitamin B, The sppetite in each cese was impreved and
the constipatien was corrected.

Litchfield3

et 21., in a study of the vslue

of the administration of vitamin B to> premstures have
shown that infants recelving yeast extract shewedgains
in weight much sooner than those net receiving this
preparation., Of the group of prematures recelving

yeast extract, 55% began to gain dur‘ng the first week

of 14fe, wher ag less than 8% of the contr-1 gresup
showed a ga’n during the first week. Ninety-five
perecent of thise receiving yeast extract showed
gains at the age of 2% weeks, whereas enly
approxi-mately 48% of thé cortrel greup showed geins at
the end of this perlicd. Again infants with birth
welights under 1,500 gm. who were given yeast extrsct
attained four or five times theilr birth welght at the
ege of 3

months, 28 compared wi*h these not given yeast extract,

3. C. Litchfield et 2l. "Effect of Yeast Extract
(Vitamin B Csmplex) en Growth snd Development of

Pre-msture infants." JAm.Dig, Ch:la ., LVII, 546, 1939,
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who enly deubled or tripled their weight at thls age.
Of these hzving birth weights ever 1,500 gm. twice as
many -f these given yeast extract tripled their weilght
as these without the extract, and meny of these given
the yeast extract quadrupled their weight. Three

infents of theilr series given yeegst extract showed a

gain o>f five times thelr birth weight at 3 months. 1In
their entire study there were ne instences of
gastre-intestinal disturbances accoampanying the

sdministration

of this substance.

In general, the werk at present suggests that
the result cf adding thiamin to the diet of infantsand
children is an increese ir. appetite, arid in sssimi-
latien and utilizatien of food, thus preoducing an in-
crease in weight and heilght. Infants and children
up to 2 years of age gain 70 per cent more if supplied
with additienal thiamin.

A total of 20 patients with severe, moderately
severe, and mild cases of Sydenhams chorea were treated

by Stone# with vitemit B complex and artificial fever

A, S. Stone, "Treatment 5f Sydenhams Chores
by Fever and Vitamin B Therapy. " New Eng. J. Med.
CCXOTII, 489, 1940.
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therapy. He found the resudts ef the tepeatment be

be excellent. Artificial fever episodes were preduced
every three or feur days and the patients were given

in addition, thiamin chleride intravenously and vitamin
B complex erally after each fever treatment. The action
‘ef fever therapy on chorea 1s prebably not specific, but
the influence ef the vitamin is more direct. He feels
that these patients fer verious ressons de not eat the
general all-inclusive dlet necessary to avoid vitamin B
complex deficiency and thet the situation isapparently

analegeus to that found in the alcehelic avitemin sis.

Hay5 in his series of cases on the treatment
of pink disease (acr dynia) with intramuscular injections
of thiamin hes ebtained satisfactory results in a large
Percentage of the children treated.. He concludes that
"whatever may be the true explznatien of the part
vitamin B1 plays in this interesting disease, 1t woauld
seem Wise t centinue to edminister it :intramuscularly

in the hope of relieving some cases, and preventing

5. J.D. Hay, “Pink Disease Treated by Intra-
muscular Vitamin s}: A Repert f Eight Cases."
Practiclener, CXLVI, 264, (April), 1941,
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sthers from becoming severe. It would aslso seem
advissble to give the ther fractions of vitamin B."But
some authors believe vitamin B to be 2f ne valueiln the
treatment of acredynia. Possibly there is avitamin B
deficlency that closely resembles acradynia.

The child needs relstliwely more thlamin than
the adult and an acute 1llness may reveal a lstent
deflciency.6 Eighteen ceses of pestdiphteritic

paralysis of the diaphragm and pharynx were treated
with thiamin by Frey.7 Of these, 11 were cured by
injectien of large doses of thiamin; in 5, the parale
yels was rellieved but the child dled from other causes,
and net because the trestment failed. A smell dose of
thiamin given after serum trestment, failed tp prevent
the snset of paralysis. Larger dases given 1ln this
way were more effective. It secemed thst thlamin wes
use-ful in cases of paralysis of the dlaphragnm and
pharynx theugh ite effects on other types of
postdiphtheritis paralysis were Iess satisfactory.

In a recent study of endemic ribeflavin

deficlency in infants and children conducted in the

Editorial, "Vitamin B and Postdiphthepitic

6 Brito II ’ Igl’o.
Neuritis.; u.J. 325, 1

7. L. Frey, "Vitanin and Pestdiphtheritic
Diaphragmetic Paralysis."” Ztschr. f. Kinderh. LXI,

730 ’ 19#0.
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seuthern part of the United States by Spies® et 21.

it was feund that the clinlecal symptoms of this
defle-iency correspend closely with those vccuring in
the adult such &8s cheilosis, cernlunctivitis, etc.. The
children suffering from this deficiency were usuilly
underweight, underdeveloped for their age. Many of them
were apathetic and irdifferent and hesd made poer

progre ss 1n schosl. Frequently they complained of
theirmouths being sore and of thelr eyes burning and

itching.The symptoms waxed #nd wened with the seasons

and with changes in the quslity of the dletary but they
appear-ed most frequently during the spring and summer,
In-creased exercise £nd infeections seemed to precipitete
the appearance of lesiens in the berderline cases.

The respomse of these children with ribdeflavin defi-
clenecy to the sranthetic preparation or to substances
rich in ribeflavin was gratifying. The cheilosis healed
rapidly, the oduler symptoms diseppeared, and the
general hezlth of the children improved. In

treatment they found the* the average case respends.

8, Spies, T.D., W.B. Bean, S.P. Vilter ard
H. Huff, “Endemic Ribeflavin Deficlemcy in Infancy am
Childx>sd4." Am. J. Med. Se., CC, 697, 1940.
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satisfactorily to the oral administration of 1 mgm.
of riboflavin thrae times 2 day or one ounce of brewer's
Jeast or liver extract dally.
The reole played by niocln in infaney and child-
heed is well pertrayed in the report of a study mnade

in Alesbama by Sples, Welker snd Wo::dng of 800 pellagrins

and extended to include the femilies of these patients.
A diagnosis or pellagra wss made in 194
children sand six infants, and each case the diagnosis
wes confirmed Yy therapeutic tests., They examined the
children of pellagrous parents repestedly, wiih partic-
ular attention directed towards the diet of the mother
during pregnancy snd lactation and of the chila sfter
birth, towards the physiecal and mental deyelopment of
the child, enhd tewards the presence or absence of
lesions disgnestic of pellagra., It was often feunéd
that the diet of the mother was inadequate durlng
pregnancy and lactation and thet, as a result, the
quality of her bresst milk was poer and supply
often insuffictient for the child's needs so that the

9. T.D. Spiles, A.A. Walker, and A.W. Woeds,
"Pellagra in Infaney end ChildheBd. J.A.M.A., CXIII,

1481, 1939.
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nursing irnfant had to be weaned soon after birth and
was given some sort of fs>o0d, which in many cases, was
inadequate for its nutritiensl needs. As they grew
elder, the mejority of these children had poer appe-
tites and usually ate very irregularly. MNost of then

perferred carbehydrate feeds and eften refused most of

the other foods., Analysis of the dletaries of such
children showed that in most cases thelr dlets were
unbelanced and failed to supply in adecuate amounts
the foeds essential for preper nutritien. Usually
these children were unde rweight and underdeveloped
for their :sge and appeared to be undernourished and in
1l1-heslth, They were said to be irritable, easily
frightened and fretful and cried a great desl. They
were listless, tired and apprehensive and they did
not manifest the normel interests of childhood. These
of sch 1 age feund it difficult te concentrate and,
as & rule, made poor progress in scheel. Although
they seemed teo tired to play, they ceculd not rest.
They d4id not sleep well =t night but instead tossed

absut and frequently awoke crying. Many cemplained

f soreness of the tongue and lips &nd of burning and
pain in éhe stomach. Usually they suffered frem
censtipation but they might have attacks >f dlsrrhea

duripng the spring and summer. The response of niacine
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containing preparatisns was as dramatic as 1t is in
adults. Leslons characteristic of the disease vere
seldom seen in infaney but frequently appeared early in
childheod.

The dosage of vitamin B is quite variebdble,
Deficiency states will respond to ane ounce of brewer's
Yeast or liver extract dally. It should be emphasized

hewever that the requirement may be increased

consider-adly by long continued febrile cenditlioens.
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Chapter III
VITAMIN C
Infantile scurvy 1s the commonest form of
vitamin C deficiency sesn in the United States. It 1s
oharacterized clinieally by swelling and tenderness
of the thighs, disinclinAtion to move, irritability,

fretfulness, pallor and a worried expression;
patholegi~cally by a2 tendency to hemorrhages threughout
the bedy and especially in the bones. Theugh scurvy may
appear
at any age durling infancy end childheod, it 1s seen more
frequent!y in infants than in elder children snd adults
because of the necessarily restricted character of the
dlet. It 1s because of this fact that the greatedt

incidence of avitaminosis C is between the seventh and

tenth months of life, rarely before the fifth., In a

preliminary survey made by Jacksen and Parky in

Balt~imore, evidences of scurvy were found in the benes
of 12f ef the infents coming t> autopsy between the ages

of three and fAiineteen menths.

The disease is considerably rore ccmmon in

1. H. Jacksor and Perk, "Cengenital Securvy."

Jd. Pediat-. VII’ 741’ 1935'
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bettle-fed infants becsuse of destruction of s portion

or all of the vitamin by heat. Less ften scurvy msy

sccur in breest-fed infants due to a maternal deficilency
of vitam.n C er ir Infants whe because f eczema eor seome

ther ailment have been kept too long en a highly rest-
ricted diet.

Accordihg te various reperts, such as thet of Abt
end Farmer® intestinal dysfunctiens, such as enter-1itis,
colitis, and celiac disease, tend to diminish the
absorbtive power of the intestinal mucose with & cense~
quent predispesition to avitaminoasis C.

The determination of the scorbic acid coentent
of the bloed, spinal fluid and urine is a recent
dlagnostic advance and t.ne which coupled with the X-ray

has made pessible the detectien ef even very early
scerbutic tendenclies. By the use of these estimatiens
Wertis, Liebman and Wertis feound that ne specific level

Of vitamin C at any given mement in the bleod, spinal

2., A.F. Abt and C.J. Farmer, "Ascorbic Acid
Abserbtion in Infantile Diarrhea." Journ.
Pedlat XVIII, 756 (June), 1941,

3. H. Wertis, J. Liebmen, #nd E. W rtis,
Vitamin C in the Blood, Spinal Fluid and Urine."
J.A.M.A., 110, 1896, 1938.



fluid er urine wes necessarily associated with the
clinjical manifestatiens of scurvy. They found that a
bleed level eof vitamin C abeve 0.7 mg. per 100 c.c. was
almost invariably associated with 2 neRmal spinal fluid
content and a normasl urinary excretion test fer vitamin
C. A blood content of vitamin C below O.4 mg. per 100
c.c, was associated with a2 subnormgl spinal fluld centent
and a subnormsl urinary excretion test. In these ranges
the bloed was an accurate index of the state of the
vitamin C nutrition. In the intermediate subnormal
range for blood of from O.4 mg. to 1.69 mg. per 100 c.c.
all available tiests sheuld@ be uséd and the elinical
evaluatien of the patient sheuld be a large factor in
dlagnosis.

Absolute depletion ef ascorbic acid in the

urirne and lewering of the levels in the plasma from
0.15 to O mg. per 100 c.c. were found by Ingalls4 in
a study of 7 infents whe vere proved te have scurvy.
Increase in the aascerbic acid in the urine snd eleva-

tisn of the levels in the plasme depended on the dose

4. Ingalls, T.H., "Studies on the Urinayry
Excretion and Blood Concentration of Aacorbic Acid im
Infantile Scurvy." Jeurn. Pediat., X, 577, 1937.
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empleyed in treatment. The greater the dese the mere
rapid the replenishment ef the vitamin. These resulss
suggested that there are zenes in the excretien ef
ascerbic acid in the urine which are generally charact-
eristic eof frank scurvy, of symptematic scurvy and
of subeptimal and ef eptimal intake ef vitamin C. It
appeared that recevery frem frank scurvy depended en
the quantitative replenishment ef ascerbic acid in the
tissues threugh stages eof absolute 2nd then relative
depletien until an average depet had been attailned.
Frea studies eof large groups ef infants in an
oeffert te determine the minimel vitamin C requirements
it appears that the cenditien that has usually been
censidered as latent scurvy is actually definite mild
scurvy. 8Such a distinctien puts an entirely different
interpretatien en the evaluatien and classificatien of
syaptems and causes ef scurvy. It seems that scurvy is
a definite pathelegical entity bBut dees net becene
evident er retard develepment until the absence ef the
specific physielegic functiens ef the vitamin is manifest.
A cenditien ef chrenie scurvy may exist fer several
menths, ¥ith spentaneeus clearing end recurrence acecem-
panied by its resultant retarding effects on cellular

functien and physielegic precesses ef tissues. The



32.

synptems ef severe manifest scurvy cooprising the clzssic
entity ef Barl ws disease, develop threugh a ceabinat-
.len ef facters, which include centinued lev utilizatien
of vitanin C and diminished cellular metabelisa in int-
errelated functiens ef the tissues as a result ef inf-
ectien, allergy eor glandular heritage. There is a dis-
tinct variabdbility in individual susceptibility which
is determined by prenatal as well as pestnatal facters.

Prephylaxis eof infantile scurvy is essential
in all infants even partially dependent n beiled,
pasteurized, dried er evaperated milk, and seme supp-
lenentatien in an artificiel er proferabfy a natural
ferm sheuld be instituted as early as the first er
secend month. Orange juice is the mest convenient
seurce; ene teaspeenful daily, increased as seen as
Permitted by the digestive abilities. The minimum
pretective dese has been steted te be abeut ene table-
speenful a day, theugh this prebably far shert ef the
eptimal, and a dese eof twe er mere tablespeenfuls per
day is desirable.

The treatment ef e child whe has develeped
scurvy 1s usually a simple matter. Orange julce sheuld
be given in deses of four eunces er mere a day.. The

enly difficult cases will be these in which gastre-
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disrrhea abates and the 1iquid steols change te formed
steels. These facts peint te a failure of abserbtien
of ascerbic acid frem the intestinal tract during
infantile diarrhea, rather than te an increased dest-
ructien by bacteria in the intestinal tract. This
failure ef the eral abserbtien weuld pr bably net be
clinically significant in the acute diarrheas ef shert
duratien but in pretracted er chronic diarrhea in inf-
ancy the need fer the parenteral administratien ef
ascorbic acid as a pretectien against the develepment
of scurvy weuld seenm te be indicated.

The value ef vitamin C in the premetien eof
weund healing while ef censiderably greater interést
te the surgeen then the pediatrician is, nevertheless,
deserving of censideratisn in peerly heasling wounds in
children. EKenny and Rﬁpaportairor instance, repert an
interesting case in which the administration ef crystalline
vitamin C was ef value in the stimulatien ¢f weudd healing

in the incisien eof an infent eperated upen fer pyleric

8. A.8. Kenny, and M. Rapapert, "Studles in
the Use of Crystalline Vitamin C (Ascerbic Actd) in
the Prephylaxis and Treatment ef Infantile Bcurvy and
Seme Other Diserders eof Infancy and Childheed." Jeurn.
Pediat., XIV, 161 (Pebr.) 1939,



stenesis in whem there wae ne evidence eof healing
prier te its administration.

Fellewing the iselation of vitemin C in cryst-
alline ferm there was a great impetus fer investigat-
iens eof its therapeutic value in hemerrhsgic diseanes
and hemerrhage 1in ether diseases. At first, numersus
reperts appeared claiming goed results frem the use eof
vitamin C in symptematic purpura, thrembepenic purpura,
Schenlein's end Henachs purpuras, end he hilia.
Faverable claims alse were made for many diseases of
infancy and childheed as leukemia, acute hemerrhagic
nephritis and ethers. It has since beceme evident that
these early enthusiastic cleims ceuld net be substant-
lated.

Vitamin C deficieney hess recently been esnsidered
as playing seme part in the etielegy ef certain infect-
ieus diseases, such as acute rheumatic fever. Rinehnrtg
studied a greup ef children including their dietary his-

teries, assay of their secial envirenment, capillary

resistance tests, routine exsminatiens and periedic

9. J.F. Rinehart, "Btudies Relsting Vitamin C
Deficiency te Rheumatic Fever and Rheumateid arthritis;
Experimental, Clinical and General Censiderations."

Ann, Ipt. Med., IX, 586, 1935.
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fellow-up. It was feund that most of these rheumatic
children were en the berderline of nutritiensl inad-
equacy. Many were severely deficient in vitamin C
intake, particularly during the winter menths. In many
instances the ecenemic status precluded adequate feed.
In ether instances racial habits er idlecyncrasies led
te lew censumptien ef feeds containing vitamin C. The
capillary resistance tests revezled in general lew
levels particularly in these cases manifesting evidence
of recent rheumatic activity. Many children were faund
te have edemateus puffy gums. The patients were in-
structed te previde generous amounts of vi amin C in
the diet. Usually a definite daily dietary of erange
Juice was prescribed. The auther reperts thet alte-
gether there was sstisfactery increase in wéight,
generel clinical imprevement #nd absence ef recurrence.
The levels eof capillary resistance were invariably
elevated.

Feverable reperts have 21so0 appesred fer the
use of vitamin C aleng with ether treatment in pneumenia
and pertussis. Negative results have teen reperted in
Peliemyelitis, and the results are incenclusive in

diphtheria.
It 18 evident thet vitemin C 1= net a specifie
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agent in the treatment ef any ef these diseases. It

sheuld net be fergetten, however, that the importance

of an ample diet has leng been recommended in the treat-

ment ef febrile cenditiens, and such patients heve,

perhaps, and increased requlirement fer all ef the vitamins.
In edncluding our study of vitemin C it cen be

said that the best source 1s prebably erange Jjulce.

Feur eunces per day will cause a rapid recevery in a

case ef scurvy. If they are unable te take this, 100

mg. of the crystalline substance ean be given daily by

meuth. 8eme reperts indicate that a single intraveneus

administratien ef 100 te 400 mgm. will give results equal

te a weeks censuaptien ef srange Jjuilce.



Chapter 1V
VITAMIN D

Vitamin D has leng been the subject eof much
study and ef many centributiens te the literature.
&lthough its use as a prephlactic accessery te the
dietary ef infants 1s widespread, many pspers are
published relative te the effects of its lack, er its
use eor eof its relationship to ether phases ef the humen
erganisa.

As has been shewn te be true of many f the
vitemins, what was fermerly called vitamin D has been
demenstrated te be net a single entity but 2 cemplex
Which includes ten er twelve members. Of these, we
are fermally cencerned with enly twe, vitamin D2 and
D3y. The designetisn, vitemin Dy, is a misnemer, hav-
ing been enmpleyed fer enly a shert time te identify.
@ prepsratien subsequently feund te be a mixture.

Vitumln‘Dz, or calcifer 1, is preduced by
the activatien ef ergesterel; it is the neesterel
vitamin, the vitamin ef plant erigin. Vitamin D)
results frem the activatien ef chelesterel end is
technically knewn 2s irradiated 7-4dihydrechelesterel,

Ne ether vitamin eccupies a more impertant
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place ameng the nutritional accessorics which serve

te prevent nutritioenal disease than vitamin D,
Mereever, it is equ2lly useful in the cure of rickets,
which is caused by the faillure te include sufficlent

of this vitawmin in the diet ef the grewing infant. Fer
this reasen it has always been speken of as the anti-
rachitic vitamin.

Fer many years ced liver eil was regarded as
the principal source ef this vitamin, but retent studies
have demenstrated that eils frem the livers of ether
fish are superior in that i1 wes difficult te supply
a sufficient amsunt ef the fermer without giving deses
that were net easily retained by yeung babies. Buwp-
eclally was this se in premetures in which anti-rachitic
measures are of even greater impertance than they are
in full-term babies.

8¢ far as eur present knewledge has pregressed,
preparatione centaining vitamin D are used chiefly fer
the preventien and cure ef rickets in grewing children.
Te a lesser extent, they are useful in the preventien
and treatment ef infantile tetany.

Foer the effective use of vitamin D in the
preventlion ef rickets, it should always be remembered

that the peried ef greatest susceptibility te rickets



is in the first few months ef 1life. Mereever, the
rate of grewth 1s a very definite and impertant facter
in determining the vitamin D requirements. The
severity ef rickets increases with increasing rates
of grewth. Conpecuently, the mere rapidly the infant
grews, the greater the need fer vitamin D, if defective
develepment ef the beny structure is te be prevented.
All infants require some source ef vitesmin D beginning
at abeut the secend er third week of 1ife. Many are
ogpecially susceptible te the develppment ef riekéts.
This may be explained in a large measure en &n inade-
quate diet ef the mother during pregnancy. All pre-
matures are especially susceptible te rickets and ‘ms
a censequence require at least twice the desage eof
vitamin D than the nermal infant needs.

In selecting the seurce ef vitamin D fer nermal
and premature infants, a standardized ced liver eil
or ene of the several cencentrates may be used. Ob-
Vvieusly, if ced liver eoll is used, the bulk ef the
desage necessary te supply adequate unitage will be
much greater than that ef the cencentrates. In erder
adequately te pretect an average nermeal infant with
ced liver oil, it is desirahle te begin with sne-half
a teaspeenful during the secend week of 1ife and rapidly

increase this te twe or three tesspeenfuls each day
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if the recegnized number ef units is te be edbtained.
Obvieusly, this is bulky snd will net be retained at
all by the premature baby with a stemach frequently ef
frem ene-half te one eunce capacity. There certainly
woeuld be little reem fer the feed se impertant fer exist-
ence te the premature. Ced liver eil is frequently net
well telerated by nermal infants i1n the early weeks

of 11€e. In additien, 1t must net be everleeked that
ced liver ell, like the 1liquid petrelatum ferming the
base of many nese dreps, 1s capsble ef causing lipeid
poeuaenia..l€ it 1s aspirated threugh the larynx inte
the lungs. This is especially likely te happen when
vemiting eccurs. 8tandardized ced liver eoil is still
favered by a number eof pediatricians, and its wse
centinues in elder children. In fact, many children °
like the taste eof it. In very young babies, in premat-
ures, the ratiensl precedure seems te be te utilize ene
of the cencentrated fish 1ivor'olls, because the same
unitage can be given fer the yeung badby in cencentrated
desage. If it 1s se decided te use these concentrated
fish liver ells, fr.l'15 te 30 dr;pu sre suffieient fer
premature bablies, while frem 8 te 10 dreps will pretest
the full term child against rickets. The therapeutic

dese, hewever in either type ef baby shauld never be
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less than 20 dreps 2 day. Seme advecate as much =28

30 - 40 dreps. Even mere than this cen be given witheut
fear eof causing evidence eof excessive calcificatien te
which the name hypervitaminesis has been given. This
wes caused when irradiated ergesterel was first put en
the market in Germany under the name ef Vigantel and

wes characterized by the depesitien ef calcium in var-
ieus tissues eof ergans ef the bedy 28 a result ef the
hypercalcemia caused by evérdesage with this newly
ereated vitamin D cencentrate.

L frem the results edbtained in

Streng et al
their study cenelude that irradiated evaperated milk
containing 3.8 Steenbeck units te the eunce, is an
inexpensive, pleasant tasting, cenvenient seurce eof
vitamin D, which is almest universally availadble and
which, when fed te the averege, nermal infant in the
average or belew average hene, will pretect abeut 9
eut ef 10 infants frem rickets. They feel that 1t

effers a seurce of vitemin D in an ameunt sufficient

te reduce greatly the incidence ef severe rickets.

. 1. R.A. Streng, E.F. Naef, and I.M. Harper,
"The Antirachitic Preperties of Irrsdiated Evaperated
Milk Fed te Nermal Babiles Under Heme Cenditiens."

Jeurn. Pediat., VII, 21.36, (July) 1935.
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ameng patients whose parents either have net been
educated te the necessity ef antirachitic supplements
te the feed of all babies er whe ceannet afferd thenm.
Their impressien is, hewever, that the irradiatien eof
evaperated milk as yet sheuld net be relied en exclus-
ively te previde pretectien te all infants threugheut
the first year. It sheuld be supplemented with addit
ienal vitamin D units frem one ef the cenventienal
seurces, particularly in the early menths ef 1life, whan
the intake ef irradiated, eveperated milk may be insuff-
icient te previde the unitage necessary te pretect the
infant. Obvieusly, when irsadiated evzperated milk

is used, the necessary amount ef additienal anti;achp
itic facters will be censiderably less than when in-
fants are fed a milk in wWhich the vitamin D petency

has net been thus enriched.

Cencerning the laudatiens ef the varieus
cenmercial firms ever the superierity ef their varie us
vitamin D preparations, irradiated milks, etc., and
the benefits te be gained frem cencentration and large

. deses, Drukea reperts that ne evidence can be feund te

2. 'T.G.H. Drake, “Cemparisen ef the Anti-
rachitic Effects en Human Beings of Vitamin D frem
Different Beurces.” Am. J, DPis, Child,, LIII, 7%4,
1937.
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suppert any difference in the antirachitic effective-
ness ef vitamin D whether administered in the ferm ef
ced liver eil, of a mixture ef fish liver ells ef high
petency (percemerph liver ell), er irradiated cheles-
terel of irradiated fresh milk er ef irradisted evap-
erated milk, He ebserved ne difference in the anti-
rachitic value between the daily administration ef
150 U.8.2. units ef vitamin D in the ferm ef ene eof
these substances and that ef 270 U.B8.2. units ef vit
amin D in the ferm ef viesterel. The administratioen
of this vitamin in ameunts as lew as 95 UxB8.P. units
daily prevented the develepment ef rickets ef a
mederate eor marked degree in every case., Ne evidence
was ebtained that this extremely smell s2meunt was
less effective in preventing rickets, as measured by
reentgenegranms, than were the large zmeunts usually
administered, and thet rapid healing af rickets eof

a maderate eor marked degree, resulted frem the daily
administration ef as 1ittle as 300 .and %00 U.S.P.

units,

Accerding te Bnkwin3 the enly ferm eof tetany

3. H. Bekwin, "Pathegenesis.ef Tetany in the
Newbern." Am. J, Dis 114., LIV, 1211, 1937.



45.

knewn te eccur in infants after the neenatel period

is that due te a deficiency ef vitemin D er sumnlight.
On the ether hend theugh the newbern infant has ne
appreciable reserve of vitamin D as shewn by Teverud
and Ender, the faillure ef vitemin D supplements te
prevent the drep in serum calcium content fellewing

the ingestien of phesphate seems te be evidence agaimst
the peint ef view that this ferm ef tetany is related
te a @eficlency ef vitamin D.

The requirements feor ingested vitamin D has
been assumed te decline after infancy, although 1little
experimental evidence fer this suppesitien exists.
Belief in this 1dea is reflected in the widespread
lack of use ef vitamin D preperatien in childheed
cenpared te the élmest universal use in infancy. The
assumptien ef & lesser need may be bases en the absence
of rickets in childheed and on the presumptien that
elder children get mere sunshine then infants. Whether
or net the fault is with vitamin D, there is abundant

evidence that present custems ef diet in this ceuntry

4, K.U. Teverud, and F. Ender, "The Vitamin A
and D Centent ef the Liver of New-Bern Infants." Agta.
Paediat. XVIII, 174, 1936.
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are net fully adeguate fer eptimal skeletal and dental
develepment. This 1is atteatqd by the prevalence eof
dental caries and, in late childhoed, the finding ef
esteeperesis. As 2 cause of these abnermelities a
deficliency ef intake ef calcium, vitamin D er beth
substances 1s prebably mere cemmon with the American
type of dlet than an intake deficient in phesphereus.
At least seme of these defects may be caused by inad-
equacy ef vitamin D.

The criteria ef adequacy 6f intake of vitamin
D are fewer fer children than fer inf-nts. Preventien
of rickets 1s of ne value and studies of calcium and
phesphoreus in the bleod a2re ef little assistance.
The rate ef grewth might be useful, but tee few studis s
are avallable in which this criterion was used when
vitamin D was the enly facter vsried.

A criterien which haes 2 considerable degree
of usefulnerw 1s the preventien and arrest eof dental
caries. Numereus ebservatiens have shewn thst vitamin
D is an lampertant facter in this regarad.

5

Beyd, Drain ard their ce-werkers~ ebserved

5. J.D. Beyd, C.L. Drainh and M.V. Nelsen,
"Dietery Centrol of Dent-1l Csries.” Am. J. Dis. Child.
‘OXVIII, 721 (Octeber) 1929.
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rapid arrest of dental caries in children given a well
reunded diet which included a quart ef milk and abeut
350 units ef vitemin D daily, the latter in the ferm

of ced liver eill. In a recent intensive study ef feur
children with dental decay these authers6 n ted the
offect of diets etherwise adequate but with the vitamin
D intakes graduated; O, 155 and 600 units daily were
given successively te the same children. The ingestien
of a goeed diet witheut added vitamin D breught abeut
appreciable lessening ef the activity ef the ceries
during the first few weeks ef the study im the fall
menths with the children spending wmuch time eutdeers.
subsequently fer a peried ef five menths, during which
the children recieved a diet eof high pretective value
aside frem its vitamin D centent and threugh beth the
perieds ef ne added vitemin D and ef the 155 units
additien, the caries was stetienaly with minimal but
definite activity. It was net until the higher ameurt
of 600 units ef vitamin D had been given fer nine

weeks that the caries became definitely srrested.

6. §J.D. Beyd, C.L. Drain, and G. 8tesrns,
"Nature ef Diet in Its Relatienship te Centrel ef Da tal

Caries." Jrec. Sec. Exper. Blpl. apd Med. XXXVI, 645,
(June) 1937.



The results with 600 units daily shewed ne advantage
of this amount ever the 350 units daily intake ef pre-
vl us experiments.

One may cenclude from the varieus dental
studies thzt the greatest freedem frem dental caries
is ebserved in greups ef childr n reeéiving an adecuate
diet centaining ample quantities ef milXk and 350 er
more units ef vitamin D daily., If the diet 1s sub-
eptimal, the addition ef vitamin D lessens the severity
but dees net prevent dentel caries. 8Similarly, a diet
etherwise adequete but lacking in vitsmin D may decroase
the incidence but dees net prevent entirely the develep-
-ment of teoth decay ner previde fer cemplete arrest eof
caries already present.

In suppert ef the single massive dese methed
of vitamin D therapy, Bredsky et a17 have reperted in
their studies of prephylaxis ef dental csries in child-
ren, that a greup ef children receiving 600,000 U,8.P.
units in the ferm ef crystalline vitamin D, dove%oped

cavities at the rate of enly 0.17 cavities per child

7. R.H. Bredsky, B. 8chick, and H. Vellnmer,
"Preventien ef Dental Caries by NMassive Deses of

Vitemin D." _Am, J, Dis. Ghild., LXII, 1183, 1941.
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while the centrol greup acquired new cavities at the
rate of 1,180 per child during the ebservatien

peried.
Despite eur studieus avoldance of werk based

en animals sna 2t ocuestienable practicsl significance,
it 1is extremely interesting in regard te vitamin D te
mentien in pessing the werk being cenducted by Toonoy8
en the relatien of the avitaminesiste susceptibility
te peliemyelitis.He finds that the ingestien ef
vitemin D pretects the monkey frem the peliemyelitis
when the virus is subsequently intreduced by wey ef
the gastreintestinal trect and that the lack ef this
vitazin increases susceptibility. He feels that the
lack of vitamin b in infancy may leave 2 peerly in-
sulinated myelin nerve sheath which cen be affected
by varieus cenditions mere easily than are nerves eof
subjects whe have had adequate deses of vitrmin D,

In cenclusion we can say that the requirement
fer vitamin D begins in the 2nd. er 3rd week eof 1life,

and is greater in times sf rapid grewth. The premature

8. J.A. Teemey, "Ingestion ef Vitemins A, B,

C, end D on Pellemyelitis.” 4m, J. Dis., Child., LIII,
1202, 1937.



infant needs larger deseges than the full term. If
eed liver eil is used the infant should be given ene-
Balf a teaspeenful per day at first 2nd the desage
sheuld rapidly be increased te 2 er 3 tesspeenfuls,
Cencentrates are much easier te give, especilally te
the premature whese stemach is se smasll. The premat-
ure will require 15-30 dreps ef percemerph eil daily,
the full term baby B-10 dreps. In the treatment ef
rickets desages ef 20-40 dreps daily should be used

and larger deses are safe,
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Chapter V
VITAMIN E

The first ebservatien on the need ef vitamin
E fer nermal muscle metadelism was mede by Evans and

Burr1

in 1928, when they permitted rats lew in vitamin

E te suckle and reer their yeung. Tewards the end ef
the lactatien peried, they noticed that the majerity ef
the apparently healthy yeung rats develeped a mysterieus
malady, eof which the main characteristic was e muscular
paralysis and inability te right themselves when placed
en their backs. One-third ef the affected animals died,

& small greup recevered witheut sequellae, and abeut

ene-half centinued te exhibit seme evidence ef paralysis

even after recevery. The recsvered animals usually

belenged te the greup mest:mildly affected. Feeding
vitanin E te the mether prevented the disesse;alse the

administratien directly te the yeung was just as effect-
tive.
Altheugh ne definite disease cenditiens have

been asseci ted in the p st with an insufficlient ameunt

1. H.M. Evans, and G.0. Burr, "Develepment ef
Paralysis in the Suckling Yeung ef Methers Deprived eof

Vitamin E."J, Blel, Chem., LXXVI, 273, 1928,



52.

of vitenmin E in the dlet, the similsrity ef the sympt-
ems descridbed in the animal dystrephic greups as
cenmpared with the findings in human beings prempted
the investigetien ef the value eof vitemin E in the
treatment ef muscular dystrephies and related cenditiens
in children and adults. The essumptien that vitamin
E was net specific fer muscular dystrephies and that
the actien was alse as thet ef a stimulant te muscle
metabelism, especilally in the yeung, prempted alse its
rise in a nuaber ef ether cenditiens where disturbance
of muscle functien was ene ef the preminent sympteus.

While 2t the present time the exact part played
by this vitemin in the human dletery still remains te
be determined, mes*: ef the present evidence suggests
that the pretective influence ef vitamin E 1s required
especielly during early perieds ef grewth, altheugh its
absence frem the diet will else preduce neuremuscular
demage in .the elder subjects. The variety ef changes
ascribed te vitamin E deficlency weuld indicate that,
like vitamin B cemplex, 1t is cempesed of many frectias,
each with effective actien in its own sphere.

As leng as the newbern infsrnt depends fer its
supply ef vitamin E mainly en the reserves stered

during its intrauterine existence =2nd acquired threugh
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placental transmission, it is plesusidble te assume that
the anlage fer such cesses ef muscle dystrephy has been
laild dewn during pregnancy threugh dietary deficlency
of the mether, fer the supply ef vitemin E received
threugh maternal milk is limited ~nd has apparently
little pretective value. The prematurely bern infant
especially will be apt te suffer because vitamin E
deficiency in the mether is in itself an eccasienal
cause ef premature birth.

The extent ef the deficliency, the age at which
it eccurs, and the lack ef ether vitamine may explain
why, in seme cases, nerveus lylptoin predeminate, while
in ethers the brunt ef the damage seems te be berne by
the muscular system. Thus, éxtreloﬂdeprlvatlon of vitamin
E in the effspring threugh maternal inability te sbserd
or trensmit'vitemin F threuch the placenta te the fetus
may result in myatenies. The inprevement occlilonally-
seen wWitheut treatment in such cases 1s pessitly due te
imnprevement in diet during  infancy end childheed. Less
severe intrauterine deficiencies may result in cases
of pseudehypertrephic muscular dystrephy. MNilder feras
of deprivatien may beceme apparent in the freguently
seen states of muscular hypetenia, generally peerly

develeped musculeture, retarded grewth, and slewness in
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beginning te walk in cases where ether causes have
been ruled eut.

Bicknollz believes thzt many eof these diseases
of the neuremuscular systen may be due te relative er
abselute deficiencies ef vitamin E, either threugh
dietary lack, impeired intestinal abserbtien er if the
demands ef the muscular and nerveus systems were higher
than nermel, either from a hereditary dispesition er
frem texic influences. He feels that many ebscure
lesiens of these systems night be explained in this
way. The musculer dystrephies 2nd amyatrephic lateral
scleresis fer instance, weuld be interpreted as the
same deficlency disease having ene ferm in children
and anether in adults. In the greup ef myepathies ef
childheed he feund the results ef treatment with vitsamin
E te be remarkable; every patient except ene inpreved
whe was trested fer mere than six weeiks with wne-half
eunce eof whele wheat germ, twice deily.

Hewever, the instences ef thereugh clinical

applicatiens of this vitamin in infancy and childheed

2. F. Bicknell, "Vitamin E in Treatment ef
Muscular Dystrephies 2nd Nerveus Disesses." Lancet,
I, 10, 1940.
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are as yet tee iselated and uncenfirmed te merit its
enthusiastic acceptance by the practicioner, and a
final verdict 2s te its ultimate usefulness must be

held in abeyance at this time.
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Chapter VI
VITAKIN K.

The recent phenemenal pregress in the knewleglige
of the antehemerrkagic facter, called vitamin K by Daa

1 and its influence en the prethremdbin

and Schénbeyder,
activatien ef the bleed have dbreught inte clear relief
the etielegic relatienship in which this vitamin stands
te.the fermerly ebscure bleeding tendency frequently
enceuntered in the neenatal peried.

The lew prethrembin level ef the bleed as
determined by the micre prethrembin methed by Kate and
Poncher2 in newbern infants satisfacterily explains the
pathegenesis ef hemerrhagic disease ef the newbern.

This may be expressed clinically as hemerrhage inte the
gastreintestinal tract (nolcla,'hematgnelil) or‘bloodin(

frem the cerd er genit,—urinary tract. While in many

cases of intracranilal hemerrhsige birth trauma is the

1. H. Dam, and F. Schfnbeyder, "A Deficlency
Disease in Chicks Resembling Scurvy." Bleghem. {.
XVIII, 1355, 1934.

e 2., K. KEate, and H. Pencher, "The Prethrembin
in the Bleed ef Newbern, Miture and Immsture Infants."

J.AMA., CXIV, 749 1940.
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precipitating facter, the severity ef the bleeding may

be indueed by a lewering ef the prethrembin level eof
the infants bleed.
b

Quick and Gressman,” frem their study ef the
prethrexbin cencentratien ef the bleed ef newbern in-
fants cenclude that at birth the prethremdin in the

baby's bleed 1s relestively high btut eften dreps prectp-

itcusly during the first days e¢f 1ife and then, strangely,

is restered spentanecusly. The frequency wi th which the

prethrembin falls in normal infants makes it highly
prebable that all infants are in danger ef hemerrhage
during the first few days ef 1life. In the recegnized
neenetal hemerrhegic disease it i1s likely that the
fundamentel cause is a delay in the spentaneeus restera-
tien ef the prethrembin level. Censequently, if an
infsnt sheuld bleed accidentally the samall less eof
bleed may be sufficlent te reduce the already lew pre-
thrembin level te a peint at which hemerrhage becemes
difficult te centrel and a vicieus circle 1s initiated.

The cause of the prethremdbin deficlency seems te be an

3. A.J. Quick, and A.M. Gressman, "Nature eof
Hemerrhagic Disease of the Newbern: Delayed Resteratien

of the Prethrembin Level." An. J. Med. Scien., CXCIX,
1 (Jan.), 1940,



inadequate sterage ef prethreadbin er vitamin K in the
fetus. Presumably as seen 28 the bady is bern the
physielegic dennndl.pronptly exhaust the available
prethrenbin. 4As there is apparently a reserve neither
of vitamin K ner ef prethrembin, a marked decrease eof
the latter eccurs. The cendition 1s due tea lack ef

vitamin K, fer the prothrembin can be restered preaptly

te nermal by giving the baby an eral concentrate of this
vitanin and the serieus fall in cencentratien can be
proveqtod.

Since the drep in prethromdbin is a manifestation
.of vitaain K deficiency, the rise must be due te a
supply ef this vitamin which was net present at birth
and since the feed intake during the first few days is
scarcely sufficient._anether seurce must be respensibdle,
Bacteria readily synthesize vitamin K and while at bdbirth
the intestinal centents ef the baby are sterile, in a
shert time, especilally 1f the badby 1s put te the bdreast
early, bacteria are intreduced and an intestinal flera
1s established. The time relatien between the beginning
of bacterial activity and the resteratien ef the pre-
thrembin level makes it appear likely that the available
vitanin K 1s ef bacterial erigin. The practice eof

putting the baby te the breast early may serve the
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primary purpese of intreducing harmless but useful
bacteria inte the alimentary tract and thus be a facter
in d€mainishing the incidence ef certain pestnatal
hemerrhagic tendenciles.

The plasma prethrembin ef the newbern infant
can be significantly raised by feeding vitamin K
cencentrate te methers either fer a prelenged peried
prier te delivery er during laber. 8&393 and his ce-
werkers cencluded that the time when this vitamin wag
administered te the mether by the intra-veneus reute
was inasterial, Whether it was given 24 heurs er 5
minutes befere delivery the prethremd:n time ef the
cerd bleed was practically identical. They used 1l
nga. of synkamin in a single dese. The same result
but te a lesser degree, can be ebtained by the feeding
of vitamin K te the newbern infant. When 1t 1s censid-
ered that 20-40% ef neenatal desths ~re asseciated
with ceredbral hemerrhage and that the lew plasma pre-
thremdbin level mey eften be a facter in these hemerr-
hages, vitamin K sheuld be a definite therapeutic
weapen in the armamentarium ef the pediatrician.

€ ¢

It bas been demenstrated that the administration

Behlender, G.P., Resenbaum, W.M. and Bage, E.C.,

"Ante-partun Use ef Vitamin K in the Preventien ef Pre.
threnbin Deficlency in the Newbern." J,A.M.A.. 116,
April 1941,
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of vitamin K, either te the mether at seme time
befere delivery er te the newbern i1s especially in-
dicated in cases of maternal texemia; inceases of
difficult er instrumental delivery; where breast
feeding is net pessible, where any cerebral symptems
develep during the first few days ef life; in cases
of hemerrhagic diathesis, icterus grevis neenaterunm,
hydreps cengenitus and anemia neenaterunm, a2nd where
an eperatien is necessary en the newbern.

Grollnans has recently reviewed the uses. of
vitanmin K in infancy and childheed. He stated that
a-;do frea its pre- er pestnatal use in the newbern,
;1tal1n K therapy is alse indicated in these cenditiens
of hemerrhage er petential hemerrhage in which there
is a definite hypeprethrembinemia. Prethrembin metab-
olism is interfered with when:

1. Vitanin K 1s inadequate in the dlet.

2. Blle is net present in the upper intestinal
trect.

3. Fat digestien 1s 1mpaired.

4. Nermal nmueesa eof the upper intestinal tract
is destreyed.

Liver function 1s impaired.

5. A.M. Gressman, "Vitamin K fer the Pedia-
trician."” J, Pediat., XVI, 239, 1940.
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On these greunds the auther is ef the epinien
that all cases in which there 1s cengenital ebstructien
te the sutflew ef bile will present lew prethrembdbin
cencentratiens snd sheuld be given vitsmin K te prevent
a hemerrhagic disthesis. All cases of prelenged vemit-
ing, especially hypertrephic pyleric stenesis will be
in jJeepardy ef hemerrhage, and any surgery attempted
during the first week of 1ife sheuld include 2 pre-

‘eperative ceurse eof treatment with vitamin K.

But the use of this vitamin is still rather
new and in eur survey ef the literature en this subject
314 net find any cenclusive werk en the minimal require-
nelts. Hewever, Judging frem the work ef Bege et.al,6
it seens prebable that 2 single injéetien ef synkamin
weuld predbebly increase the prethrembin centent ef the

bleed as much as reperted deses wevld in the ceurse ef

a day er twe,

6. Behlender, G.P., Resenbaum, W.M., and Sage,
E.C., ep. eit..
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Chapter VII
SUMMARY

The vitamins are ef impertance threugheut
infancy and childheed. Their pesitien as s grewth
facter sheuld be reemphasized. They are specific fer
the prephylaxis and cure ef several net uncemmen Ais-
erders enceuntered by the general practiciener and
pediatrician; their use 2s a valuable adjunct in many
ether diseases has been firmly established.

It 1is less the nermal breast-fed infant started
early en a jucicieus regimen ef selid feeds that is in
danger of a vitamin deficiency er 1s in serieus need
of the reutine benefits ef fish-liver eils and erange
Juices. Rather, it is the premature, the bettle-Tfed,
the infants and children ef parents in the lewer
eceneuic strata and these debilitated by enteric er
other infectiens that are predispesed te the avitanmin-
eses. Of like impertance, and as frequently enceuntered
as the cenditiens preduced by inadecuacy ef thé’;;trinlie
supply, are these dependent en the impaired sbserptien
or utilizatien engendered by a diserdered metadbelism.

Despite velumineus literature en the subject,

there has as yet been ne clear demenstratien that the
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adninistratiasn ef the vitamins far in excess ef bedilly
needs preduces greater resistance te disease than the
1ngéstlon of quantities just sufficient te meet nermal
metabelic requirements.

Diagnesis and treatment ef the deficiency
states 1s ebvieusly a medicsl preblem and requires
specific therapy. Pllls purperting te centain multiple
letter cenbinatiens ef vitamins de net suffice. Bpec-
ific nutritienal biechemicels, tegether with adequate
supperting therspy and a suitable diet, are necessary
for effective treatment ef vitamin deficlency syndremes

in infancy and childheed.
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