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PREFACE

The object of this book 15 to supply a relatively bref
and summanzed account of all the more important
known facts and conclusions about the vitamins

It 13 hoped that the book may be useful to Univensity
sacnce students in the carlier stages of therr carcer
and to others who may wish to learn about current
knowledge and views

As to the wope of the hool, 1 have included mn the
biochemical sections for example, the greater part of the
ground covered tn my lectures to the Part I1 Tripos Class
m Biochemustry m Cambndge (e the Advanced
Honouns Course)  The treatment 1= somewhat fuller than
that needed for Part I of the Honours Course, and 1t may
thercfore be regarded as a compromuse between these two
stages. The secuons deahing with the chemical, the
pathological and the medical aspects, on the other hand
are rather more detailed than 1s required for those whose
nterests are exclusively biochermical and these secnions
should meet the corresponding, needs of students in these
other subjects, at the same stages of thewr work,

I have tnied to bear 10 mind also the requirements of
other classes of readers ¢g  medical men chemnts,
dieutrans, who may have occanon to comsult such a
book as this 10 order to refresh their memones or to gain
an umpression of the preent state of knowledge 1n some
particular direcion  Also I hope that the more advanced
student or rescarch worker may powubly find 1t useful
to take the summanzed statements and brief Ints of
references miven 10 this bool as the starung point for hns
more extended bibliographical research.



440 UL A S IUHOgTaplly’ [ds gencrally bpecn
ate the earhest reference mn the literature to the top
under discuswon but qute often I have conudered
helpful to add references to a recent review article ar
1 some 1nstances a fuller bibliography 1s provided for
matter of special topical nterest.

I am a firm believer 1 the value of the hutoric
approach for anyone wuhful of gaining a true unde
standing of and innght into any scientific quastion ar
I therefore make no apology for my devotion to 1t here.

The present volume may 1n a sense be regarded as
condensed vermon of my larger work, Vitamins aad Vitam
Deficrencies Vol. 1 of which was published m 1938 an
the printing of the remamnder of which had to be pos
poned because of the outbreak of World War 11 wath
consequent famune 1n newsprint, and 1ts other preoccup:
tions. The task of revimng the typescript of the larg:
work has become a formidable undertaking and 1n th
meantime this briefer synopss 13 sent out m the hope ths
1t may perhaps meet some of the same needs. My preser
text 13 denved 1n large measure from review article
based 1n turn on my larger work, and contnbuted to suc
publications as The British Encpelopadia of Medical Practic
Chambers s Encyclopacia and Thorpe's Dictionary of Appl
Chemstry—and to all of these I am grateful for permussio
to reproduce here.

In prepanng this book, I have had the inestmabl
advantage of being able to submut the proafs to a numbx
of emnent experts and specialists, includmg Mr A, I
Bacharach Dame Hammette Chuck, Dr S k. Kon, Pro
J R. Marrack, and Sir Charles Martin and if the to
18 found to be relatively free from errors and not unfa
1n 1ts balance of treatment, a large measure of the cred
13 certainly due to these fiends for their kindly comment
cntiasms and corrections. I am no less indebted 1n th
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same direction, to a number of my own colleagues at
Cambndge, including Dr V. H Booth Dr I Clark,
Miss E M Crnuckshank, Dr D A G Galton Mr M B
Harmms, Dr E Rodicek and Dr Thomas Moore, and to
them too I wish to expresy my sincere thanks

At the suggestion of severl fnends, I have appended a
Glowary of \Medical Tertns 1n the hope that 1t may prove
of usc to rcaders whose approach to the subjeet 15 on the
saientific sde rather than the clincal

The preparanon of the typescripts would not have been
possible without the loyal and skilful secretarial assistance
gven by Miss J E. Etchells and Mis A C Martn
In the drawing and phostographing of the structural
formule I have had the expert and careful technical
assistance of Mr A Ward and Miss N L. Gass

Lesure | Hawris
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2 Precnawary Ournine

The fuller account of the discovery of vitamuns, and of
their differentiation from one another wall be found 1n
Chapter IT

Definition

It 13 not easy to give a completely satisfactory definition
of what we understand by the term vitarun but the
following 1s probably as good as any —

Vitamins are substances that (a) are distnbuted in food-
styffs an relatively munute quantities that (b) are dishinct
Jrom the marn components of food (1 ¢ protans, carbokydrates,
Sats muneral salts and water) that (c) are nesded for the
normal nulriion of the ammal organsm, and {d) the absence
of any one of which causes a corresponding specific deficueney
disease
What this defimtion imphes will be more clearly

understood as we expand 1t, pomnt by pomt, m the
following pages *

The Vitamins Foumerated
At present (1951) about 20 vitamins are known.
These are listed 1n Appendices I and I At least eight of

Acrording to this defini wxcorbee acxd (vitamun C) In @ vitamin
for & human or guinca but not for & rat, tince the rat can
rynthcgze tin ip and hener doca not need It m it diet.
vitamun may be needed m one set of circumstances and pot i another
for example, a }ygwu'aiuDum na;:-xrylnthcdhlf
the body & 1o ultra violet irrediation {p. 100
rw-ﬂdh-ﬂm(qumnt)mm:h
an amino-acxd, 1t 41 not one of the amino-acids nocmally n
protems.  On the ther hand, the so-called mcntmmel(y ecwxtie! emms—acids
(vix Whﬂz&ta)mmmﬁmmﬁ&;mm
parcel of the protem molecule. Loglally “vitamin

ionall tual, ’ﬁwnw)mk%
it doex pot with clause § but 't fulfilb other criterls,
hmmmmmmhmmﬁm(ﬁmmym
inchuded with) the yitamins,

Choline 15 needed (by & rat) -(d:elcvclo(.hnmt:l%dﬂnd.l;.'t.

exam

»

S

t than, for for viamin D (0 ooooooa %
mﬁlﬁmma%) but thus does not prevent it from qualifying ander
dawe o
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them arc known to be needed by man or «re of un
doubted climical sigmificance namely —

Vitammn A
Vitamm B,

Nicounamide } components of ‘vitamin B,

Riboflavin complex.*

Faolic acd
Natamin ©
\tammn D
Vitamin K

Vitamuin D for example, 15 the factor which protects
agunst rickets a common ailment of chuldhood (Chapter
VI) Vitamin C prevents scurvy a disorder formerly
prevalent among sailors and due to insufficent use of
fresh fruits and vegetables (Chapter V) Vitamin B,
defiaency 1s the cause of berl berl a duorder wide-
spread 1n nce-cating countries mn the East (Chapter II1)

There arc seven vitarmins whose exact significance
for human nutrition still remans uncertain namely —

Pyndoxin
Pantothenic acd
Biotin
Choline
\tamun E
Vitamin F
\itammn P
and another three (all classed as B, factors) which have
s0 far been demonstrated only to be needed by animals
or by micro organlams namely —
Inositol
p~Anmunobenzow acad
Strepogenin
Tor explanation of “By ace pages 6 47

B, witamns
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As this book 13 bemg wntten new vitamins are |

coming to light, mcluding—a very important addition
Vitamin B,,,

and also a so-called
Anumal protein factor (or factors)

Most of the vitamuns exut in more than one form
modification For example, vitamin A, and g-carot:
are two of the more important forms of vitamin A, a
vitaruns D, and D; of vitamin D Most of the vitam
have also been given more exact chemical names
cach of ther several form, and (unfortunately) sor
times several synonyms: Thus crystalline vitamin
1s called caleifers! and wvitamun B, 15 thtamoe 1in Amer
or eneunn 1n Europe  Only one form of vitammn C
known 1ts chemical name being ascorbie and

Distribution in Foods

Foods vary greatly in the amounts of the differ
vitaruns which they contamn  For example, halibut lis
o1l 13 extremely rich (and cod hiver o1l somewhat less ri
m vitamins A and D but contains no trace of vitam
B CorE Certain fruib—for example, oranges lemc
and blackcurrants—are valuable sources of vitarun C
they contamn little or no vitamins A or D Apples a
plums, on the other hand are less good for vitamin
Again, different types of apples vary in the amount of t
vitamun which they contain  Wheatmeal bread

mstance of a food well supphed with vitamn |

but there 18 little 1n white flour white bread or biscwn
and these are all devord of vitamuns C and D

Milk 1s an example of a food which contans aff t
vitnmuns 30 far mentoned (and others in additic
although 1t 18 icher 1n some of them than 1n others—tk
1t contains relatrvely httle vitarmn E



DustRBrTiON  REQUIREMENTS 5

It 13 scarcely cver powible to give an absolute value for
the vitamin content of a food but only an average value
or range For example, Sevnlle ornges as purchated
Bntaun contnin on the average around g5 mg of ascorbic
acd per 100 g but individual speaimens may contaln
anything from go to 45 mg Morcover a variable
degree of destruction of the different vitamins may
occur as a result of ageing storage, handling procesning
and coolung of the foods This will depend on the con
ditions employed and on the vitamin n question  For
nstance an average value for vitamin C i reww potatoes
18 45 mg per 100 g for the vanety hang Edward, and
25 mg for \Majstic  Old potatocs may contain only one
third to one half as much as ncw potatoes  Cooking by
boiling may cause an average loss of about 60 per cent.

Details about the amount of each vitamin contatned 1n
typical foods will be given 1n the appropnate chapters and
a summanzed statement will be found in Appendix 111

Vitamina and Humun Health

A certan minimum quantity of each vitamuin 13
needed in our diet if we are to be protected from the
corresponding vitanun-defiaency disease.  For example,
a diet contamng no fresh fnnt or vegetables, and con
ssting, only of such foods as dried fish dned meat bread
and butter cakes and pastnes, tea, cocoa sugar and
condensed mill 15 devoid of vitamun C. An adult
restricted to 1t would dev elop scurvy 1n about 6-9 months
If however any food contaiming enough vitamun C to
supply about 10-20 mg per day were to be ncluded in
this diet (or the same amount of the pure erystalline
substance were to be adminutered) scurvy would be
prevented or cured  Simularly for the other vitamins

The daily minimum dose vanes greatly from one
vitamin to another It 1s usual to add a small margn for

AT N
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safety and for human vanabiity and with ths proviso
the repated daily requirements range from go mg per
day for vitamun C down to 1 mg for vitamm B,, or
o-o1mg for vitamun D (pp 84,77 105 and Appendix 1)

The foregoing figures give the requirements 1n approx
mate, round numbers and 1t would be a mustake to apply
them over ngidly Indeed the amount of 2 given vitarnin
needed may vary with other factors  Thus the require-
ment for vitarmin B, depends onthc carbohydrate mtake,
and for vitarun D on the calaum and phosphate, and
other things The value cited above for vitamin D applies
to a child adults appear to need much less,

The type of diets consumed m normal circumstances by
most middle-class adults 1n Britain as well as in most
parts of Europe and America for example, can be relied
on to supply a suffimency of all the vitamins provided
that 1t 18 reasonably varied ( a good mixed diet ) This
18 not to say that vitamuns are, after all of httle practical
ngnificance. Their ducovery has been of immense con
sequence, and has made possible the conquest of diseases
such as rickets formerly very common mdeed in Britan,
or of scurvy bern bert and pellagra, scourges in other
regions of the globe. Indeed mckets sull occurs
Britain U S.A. and elsewhere, because of a neglect to
supplement children s diets with adequate vitamin D

Sometimes a vitamin-deficiency discase may result not
because of a defiaency 1n thig diet, but because the
patient 13 unable to ingest or absorb the vitamin  Thus
1s called a conditioned deficiency Examples are the
polyncunitis (=ben bert) or the pellagra like symptoms
that are from tme to ttme found associated with gastro-
mtestinal obstruction or with aleoholsm and which are
caused by the mability of the panent to ingest (or to
utihize or asumilate) the vrtamin B, or micotnamude,
rapectvely  Sumiarly a defigency of witammn K,
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mamfest a3 a hemorrhagic ditease (p 168) 18 generally
conditioned by fmlurc of abrorption

Chemicnl Propertics and Functions of the Yitamins

In the carly davs of vitamin rescarch a somewhat
arbitrary but useful distinction wns made between the
fat soluble and the water soluble witammins The
distnction 13 based on the fact that the former are found
to occur 1n fatty foods only or in the fatty portions of
food and the latter in the non fatty foods or fractions
Similrdy  the fat=oluble vitarmns dissolve 1n the so-
called fat solvents {e.g cthr light petroleum) while the
water-soluble wvitamins are generally soluble 1n varous
aqueows media ncluding dilute acds and mixtures of
alcohol and water  Five of the vitemins are fat-soluble
vz, —

Vitamun A
Matamin D
Vitamin E
P
Vitamin h

The remainder are water-soluble

When the vitamuns are described one by one mn the
following chapters 1t will be found that they differ widely
i their chemical nature, and possess few 1f any chemical
features 1n common  In one respect however namely
in ther biochemucal mode of action several of the
water soluble vitamins are recognized to function as
co enzymes (scc lor example pp 41 63) On ths bass
an alternauve defimtion of a vitamin may be sought n
place of that grven on p 2 namely that a vitamu s
an exogconous catalyst—or one which the animal
organism needs but i unable to synthesize and must
therefore tecenc 1n 1ts food
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Requirements of Different Species

Speaies vary considerably in their needs for the differeat
vitamms For example, human beings need daily approx
mately 0 02 mg of vitamuin C for every 100 g of body
waght but the gumnea pig needs about forty times as
much (te. o 8 mg per 100 g) Monkeys also require
vitamin G, but other amimals, ihcluding rats, mice, cats,
dogs, horses, cattie and sheep do not need vitamm G
m ther diets, the reason bewdg that they are able to
synthesize 1t 1in their bodies (see footnote, p 2)

Again  certain  speaes  particularly ruminants
(including such farm ammals as cattle and sheep) thrive
in the absence of B witamins from their diet, whereas
other specaes such as humans rats and dogs, develop
fatal deficency diseases—ber: ber1 pellagra, etc. The
reason appears to be that the first mentioned group
obtan these vitamung from the alimentary canal where
they arc elaborated by micro organisms particularly
by those asociated with the massive processes of fermen
tation which occur in the rumen

Several of the vitamins are known to play an important
rdle 1n plant phymology Vitamun hke substances needed
speaially by higher plants are named auxins Agamn
vitamin Like substances are needed by bacteria and other
microbes (growth promoting lactors for mlcro
organisma) and thesc may or may not be vitamins for
mammals.

Methods of Estimation
Three main types of assay arc employed 1n determumng
the amount of a particular vitamn present 1n a foodstuff
or ammal or vegetable timue. These are —
(a) Chemlcal or physico chemical
(b) Blological
(c) Microbiological
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Rats are the speaes most commonly uted for biological
amsay cxcept that gunea pigs have to be used for vitamm
C  Pigeons, chicks, dogs pigy, and other spectes, have
all been used for speaial purposes.

In the microbological method the prinaple 13 to
choose orgamisms which need the wvitamin 1 question
for therr nutrition and to measure their growth or some
metabohic activity

Examples of phymcochemical methods are  the deter
mination of vitamin A by 1ts ultra violet absorption
spectrum, and of carotene by ats natural vellow colour
(Chapter VI1) A wmple chemical method is the
determunation of vitamin A by 1ts reaction with antimony
trichlonde, or of vitamin C with an indophenol derivative
(Chapter V)  Microbiologically mcotinamide or
riboflavin can be asaved by meatunng the growth or
the lactic acid production 1n the orgamsms Lactebaciilus
arabinosws and Lactobeallns case respectvely (Chapters
IV and IX)

REFERENCES



CHAPTER II
VYITAMIN HISTORY

Recognition of the exstence of vitarmins hay grown
gradually The first atep 1n a long senes of developments
leadimg eventually to the vitamun{e) hypothesss may be
discerned 1 some early observations on deficiency
disenses in man expeaally on scurvy and bert ben *

Empirical Cures of Scurvy Beri ber! and Rickets
We have to go back to the sxteenth century for what
appear 1o be the first records of the cure of scurvy—that
old scourge of manners—by such agents 2y a decoction
of spruce needles {Jacquea Cartier 1535) or oranges and
lemons (Sic Richard Hawlans, 1583} 1t was carly m
the seventeenth century (1601} that Sir James Lancaster
mtroduced the regular use of oranges and Jemons wnto
the shups of the East Indw Company as a preventive
agaumst the duease  Many others dunng the seventeenth
and eighteenth centuries repeatedly confirmed the fact
that fresh frutts and vegetables were effective in cuning or
preventng scurvy (¢ g Woodall 1639 hramer 1739
Lind 1757 Captawn James Cook, 1772) In 1804 the
daly consumption of lemen juice was made compulsory
n the British Navy
1n 31883 Takals found that he could stamp out ben
ben 1n the Japanese Navy by certain changes w the diet
For a more detailed himory of the docovery of asmin, see Herris
(1533, 1928)
o
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He conndered however that 1t was an 1ncrease mn the
protan mtake which was responsble for the cure (sec
Takak 1885 ctc)

Thus we may say that although dictary cures had been
duscovered for the control of these two diseases—berd ben
and scurvy—jyet the true nature of the dietary crror
responsible for them remained unknown It may never
theless be recalled in parenthens that o far sighted
physician named Budd had predicted 1 1840 that scurvy
18 due to the Iack of an ewcnual clement which 1t 13
hardly too sanguine to state will be discovered by organic
chemustry or the experniments of physiologsts in a not too
distant future

Towards the end of the nmincteenth century the view
began to be expressed by podiatnaans that  rickets 1s
produced as certamly by a rachitic diet as scurvy by a
scorbutic diet  (Cheadle, 1899)

Discovery of Experimentnl Avitaminoses

In 1890 Eykman 1n the Dutch East Indies made the
important discovery of experimental beri berl in fowls
From 1890 to 1897 he carned out the earhest work on the
extraction of the antineuntic substance (now called
vitarun B;} which he found to be present in the bran of
nce but not in polshed (mlled) nee  But the fint to
state clearly that ben bert was due solely and umply to a
dictary defizency and was not caused by any positive
agent or toxin was Eykman s collaborator Gryns (1go1)

In 1907 Holst and Frolich in Chnstrama [now Oslo]
ducovered experimental scurvy in guinca pigs.  With
Eykman s pioneer work on ben ben in mind they nghtly
conadered this to be ikewsse a deficency duscase and
s¢t out to examine the properties of the anti-scorbutic
substance (now vitamin C)



The Concept of Vitamins

By 1906 Hoplans could refer to scurvy and rickets as

duscases 1 which for long years we have had knowledge
of a dietetic factor  He realued moreaver that the
errors m the diet “although still obscure  were  certamly
of the kad which comprses the mmnimal qualitative
factors  In 1912 Funk, then working on the anti beri-
bent factor (Chapter III), propounded his “vitamine
theary—1 ¢, he postulated the existence of separate ant-
ben ber, antiscurvy antinchett and  anti-pellagra

vitamines

Experiments on  Synthetic Diets '

In the meantime, experiments had been 1n progres
attackmg the problem from an entirely different angle—
wveshgating not deficency diseases as such, but determin-
mg what consututed a physwlogieally complete diet.
Lumn a pupil of the Swiss biochemust Bunge, first
showed 1 1881 that animaly failed to thnve when kept
on an artifimal regimen comprising the then known
constituents of food re. re-punfied fat, proten carbo-
hydrate, mineral salts, and water He concluded that

a natural food such as milk must therefore contain
beudes these known prmcipal mgredients small quantities
of other and unknown substances esential to hie
Symilar conclusions were reached by vanous other
workers, of whom the most notable were Soain (1891) and
Stepp {1909) menunon must also be made of Coppola
(18g0) Hall (1896) Hiusermann (1897) Hennques and
Hansen (1g05) Falta and Naggerath {1go5) and Jacob
(1go6) The ermnent Dutch phymolognt Pekelharing
publuhed 101905 the statement—generally overlooked at
the tmme—that the unimown substances must be effective
in very minute amounts, for he had found that quite
1mal! supplements of natural foods added to the artficial
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synthetic ration were sufficient to afford protection  An
independent and more detailed study by Hopkins (1912)
had as1ts principal conclustons (1) that an insignificantly
small addition of milk would suffice to render the punfied

trod

0 ot

SV

4 S0dars

T3 Growth curves of raty, v th and wathout rupplement
of mlk Hoplma, g 1)
Q00 Tt rt siaoe (rciied protem, St cartokTdTa, mdorral st
-

® @ ® B diet pios mmall adkdxon of ali

diet adequate and (i} that the animals ceased to grow
while still eating sufficient i1 quantety of the punfied diet to
support good growin

The Modern Period

The year 1912 may be smd to mark the beginning of
medern intenave work on vitamins,  Hopluns s celebrated
paper and Funl s review published a few months earlier
for the first me attracted world wide attention to  the
vitamin question  For a few years longer nesertheless
the existence of vitamuny was sill disputed
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Chemical Names and Chemical Relations

Vitamun A (G, H,,OH) was shown to be chermcally
related to the naturally occurnng hydrocarbon 4-
carotene (CyoH,,) which shares 1ts biological activity
Vitamun B, (C,,H;,N,OSCLHCl) has been given the
name of aneunn (or thiamme n USA)  Vitamm C
ascorbnic acid has the formula C,H,O; There are several
forms of vitamin D) the most important being calciferol
or ‘mtamin D, (G,H,0OH) and witammn D,
\Cy;H,yOH) Vitamun E a tocopherol has the formula
CqoH,O, there are also g y- and 3-tocopherols with
somewhat lower biological potency (for rats) Chemical
names and synonyms for other vitamins are given else
where 1n the text.

Further Progreas

Side by mde with these mvestigations on the orgamic
chemustry of the vitamins, methods were being elaborated
by which witarmns could be accurately assayed 1n bio-
logical materials or i foodstuffs, and the losses incurred
on cooking or processing ascertamned  their chermeal and
phymical properties were being examined 1n close detail
tests were devised to assess the status of 2 human subject
1n some particular vitamun  the daiy requrements were
beng estimated some new and unexpected clinical uses
were found and the mode of action of the vitamins 1n
the body was bemng gradually eluadated

A notable advance 1n this last mentioned direction was
the ducovery that vanous vitamins of the B group owe
therr biological activity to the fact that they can function
as co enzymes in the Iiving cell (cf p 7 and pp 44 63
175, 178 180) The poncer observaton of this kind was
the finding of Lohmann and Schuster i 1937 that the
pyrophosphate ester of vitamin B, 15 the co-enzyme for
decarboxylation of pyruvic acld a substance which 13
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an 1mportant metabolite 1 the breakdown of carbo-
hydrates

Recapitulation
‘The early stages of vitamin history are summanzed 1n
Tables 1 and 2 For a fuller catalogue of the vitamins
now known reference may be made apain to Appendices
I and 1T
TABLE 1
Chromolsgical Chart

The Early History of Vitanuns

Pert I Deficiency Disases,

1 M
601 Scurvy (Lancaser)
882 Ber berl (Takakn) | Tonpacd, el by detary
1900« Rickets

In Experimental Animah
1850-7  Lipwuax ] berl-beri discovered

rat work an anth-ber-beri factor

go1 disease.

Gaga Ber-ben defiaency
1907 2 Hoest and Proosnt Experimental slmi-
" larly dcﬁo;nymm Work oo
anthacurvy [sctor

B0 Buo Antlscorbutic factar postalated.

1906 Hoexrn Scurvy and nckets— Mimmal quale
tatrve factors

9 Fowx The “vitamme  theory  Anti-berd
beri, antiacarvy  aatkrickets and
;lnzpcﬂqn vitamines  postus

Py i Aswmal Dutr.

188 Lo Punfied benl dyen wnadequate
{:gug Srzrr Extracted bread and milk Insdequat
1903 Praaniarng Sweal! sopplement of milk wffices.

9 Horxra Con quaniitsin  evidence for
these srcomwory factorn

1915 McCorow and Dava Two such factons t lesst.
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Chemical Names and Chemlical Relations

Vitammn A (C,oH,,OH) was shown to be chermically
related to the naturally occurnng hydrocarbon g-
carotene (C,.H,,) which shares 1ts biological activity
Vitammn B (C;,H;,N,OSCIHCI) has been given the
name of ancunn (or thinmmne wn US.A)  Vitarmn C
ascorbic acid has the formula C,HO, There nre several
forms of vitamun D the most important beang calaiferol
or witammn D, (G, H,0H} and witamun D,
(CyH,OH) Vitamun E «a tocopherol, has the formula
CyyH;,O, there are also 8- y- and 3-tocopherols with
somewhat lower biological potency (for rats) Chermeal
names and synonyms for other vitammins are given else
where m the text

Further Progress

Side by mde with these mvestgations on the orgamc
chemistry of the vitarmns  methods were being elaborated
by which vitamins could be accurately asayed 1n bio-
logical matenals or m foodstuffs; and the losses incurred
on cooking or processing ascertained  their chernrcal and
physical properties were betng examined o close detad
tests were devised to assess the status of a human subject
i some particular vitamun  the daily requirements were
being esnmated some new and unexpected chimcal uses
were found and the mode of action of the vitamuins 1n
the body was beng gradually elucidated

A notable advance 1n this last menuoned direction was
the ducovery that vanous vitarmumns of the B group owe
their biological activity to the fact that they can function
as co enzymes n the hving cell (cf p 7 and pp 44 63
17, 178 180) The proneer obscrvation of this kind was
the finding of Lohmann and Schuster in 1937 that the
pyrophosphate ester of vitamun B, 14 the co-cnzyme for
decarboxylation of pyruvic acld a substance which 15
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an important metabolite n the breakdown of carbo-
hydrates

Recapitulation

The carly stages of vitammn lhustory arc summarnized 1n
Tables 1 and 2 For a fuller catalogue of the vitaminy
now known reference may be made again to Appendices
1and I1

TABLE 1
Chronologrcal Chart
The Early History of Fitamins

Part I Deficiengy Diseases.

1 Man

6ot 8curvy (Lancester)

18 Berd berl (T /}h:‘::ud omprrically by  dictary
1900 «. Rickets

In Expermnental Animals
18907 Liymoean E bernben d a
Foxt work an ant-beri-beri factar
tgo Gripes Beri-ben wmply a deficency disesse,

1907 12 Hour and F o1y Expermentat Scurvy smi-
h:\yndrﬁu:n\;'lm Wock oo
Theory

184 Bone Antscorbutc factor postulated.

1906 Horznys Scurvy and nckets—  Minunal quali-
ntive facton

g1 Fre The wviamune theory  Anti-ben-
berl, antigcuryy mnti-rickets and
ot “vitamines  posto.

FPart Il Aormal Dwtr

388 Lisow Purificd basal diens imadequat
{-909 Srerer Extracted bresd and miTk inadrgquate
1603 Praayuans Small wipplement of milk wuffices.
gie Horwra Commang quantiam  evidence for
thee actoes.

sccemory
98 McCorium snd Dave  Two such factors at beast,
Ymasens
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TABLE 2

Progress 1 Vitarun Chemustry
The Four CGlassical Deficrency Diseases’

Rccoaurroon | h"-(c‘.w
DxvremecY DIsCOVERY oF o 4 1 =

Ewown*) )
Scurvy | Fruits and vegetabley 1907 (1gme*) ™
(ca. 1600)
Beri-berd e ree, barley 1901 rge7 146
ete. (xsag)
Rickets | “Good faus 1g1g-1gez | 1932 —t

Pellagra | Good foode” | 1026 | (197 | (18671)

“artificuTly~, by irradiation of the
AT The oo Mu:ﬁzmm provitamin, ergosterod,
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CHAPTER 111
VITAMIN B, AND BERI-BERI

Vitamun B, deficency was the first of the vitamin
deficiencies to be produced experrmentally in ammals and
to be recognized s such It 1s, therefore, logical to begin
the systematic study of vitamins with an account of ben
ben 1 expenimental ammale®

BERI BERI IN EXPERIMENTAL ANIMALS

Polyneuritis In Hens Pigeons etc
As mentioned 1n Chapter IT polyneuntis in hens was
discorered by Eybkman n 18go  Pigeons have been more

1

i,ﬁé"s’ /]

Fra. 3. Pgron with pol ncunu (fi and after cur  (rght)

(From  phatograph by Drumomad)

often used 1n later expenimental work. After 12-24 days
restricion to a diet of polished nice, the birds become
collapsed and helpless, and some of them may develop
marked opisthotonos (rcmcuon of the head) or some

tamin B and berkberd, the

bcohlryl-hm(ggﬂ \\.nmmmds;vh( and Com.
bocka b ) a38) 1l (1534)

b
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times emprosthotonos *  Adminustration of vitamin B,
or of a food nich 1n 1t, brings about a complete cure
within a few hours. The very rapdity of the cure indicates
that the nerve lemon 15 chemical rather than morpho-
logacal  Although, in advanced defiaency degenerative

- g

I = -
" Fio 4 Fowh, with polyncuntls of incremng degrea of
{4 fder Frass end Stasben)

anges heral nerves
ch: may sometunes be found 1n the penp!
these are not conuidered to be duc speaifically to lack of

tarmin B
v Polyncu’nm has also been recorded 1n other species of

d some—e.g
birds kept on diets devoid of vitamm B, an
nice b:.fd: —_have been used for purposes of biologreal
assay

* See Glomary p. =1
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In Rats

Rats are more conventently used for expenmental
studies, and have the advantage over pigeons that they
devclop the symptoms and are cured, with greater regu
lanty and reliability On a punfied basal diet devord of
vitamn B, a state of acutc deficiency (avitarminosis)

& " s <

'

7@ ‘,

il
i

Fio. 5. Polyncunti rat, with convulsions (sbews) and after
cure (A5 Swdd and Mwnsell)

marked by anorexia and progresuve lom of weaght, sets
mn after about three weeks. The characterstic poly
neunbic symptoms are produced more effectively
however by a chrome partial deficiency (hypovitamnons)
They include muscular incoordination with dragging
of the hind limbs, and convulsions There 1 also a
charactenstic bradycardia (Drury and Harrs, 1930

Drury Harms and Maudiley 1930)

In Other Specles
Vitamin B, deficiency has been described also 1n mice,
and vanous other ammals A somewhat irregular
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production of symptoms noted 1n some species (e.g cats,
dogy) 1 possbly due to a vanable degree of synthens by
micro-flora 1n the intestine {see next paragraph)

Micro synthesis in Ruminants Refection

In cattle, vitarmun B, (as apparently also most of the other
vitammns of the B group) 1s synthesized by the bactena
present 1 the rumen  Thu is of practical importance
nnce such farm amumals are therefore mdependent of an
external source of vitarun B,

Sometmes n raty, parhcularly when ther diet
contams much raw starch a somewhat analogous process

Vgt my

i Viade

e

6. Spontanecus tefetton In & rat ({1 on & vimmm-
mfrtedrt. Two ather raa {1 and 11} remain en-refeaied,
and die from the

»

(AR Fruderma of o)

involving excessive fermentenon m the gastro-ntestinal
canal, called refection may occur spontancously and
prevent symptoms of deficency occurning even when the
diet 1 devod of the vitamun (Frideriaa 1926 Fridenena
et al 1927)
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Even 1n man a small varable amount of micro-
synthesis may occur (Napar and Holt 1943)

Univeraal Need

Apparently vitamun B, 13 nceded by all types of living
matter ncluding plants and micro-organisms, as well
as by higher amals and msects for thar vital processes
Organisms differ however in the extent to which the
vitamin must be supplied externally or to which 1t can
be synthesized internally

BERI BERI IN MAN
Symptoms
Beni ber, common m the East among populations
subsusting too exclusively on diets of polihed (whte)
nice, 1 charactenzed by —

(1) polyneuritis (1¢ a multiple symmetnical pen
pheral neuntis* or neuropathy  of which the typrcal
mamfestations include patches of parmsthesa m the
lower hmbs, diminshed knee jerks wrist-drop lugh
stepping gait muscular weakness)

(2) by cardiac Irregularities (dyspncea, tachy
cardia dilatation of the night nide of the heart)

(3) anorexia and sometimes emaciation ( dry
ben-beri” ) or at other tmes ®dema ( wet ben bert )

The disease may follow scveral different courses
depending on whether (1) the polyneuntic, (2) the
cardac, or (g) the adematous symptoms predominate.

Perhaps better described m a “peuropathy” (=dnorder of perves)

w00 of pen ) mAce
of the
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Synonyms

Vitamuin B, was given the chemical name aneurin by
Jansen, and was later renamed thiamine by Williams
in Amenea  Both names are 1n use.*

Chemical Propertiea
Vitamimn B, 1 a base, forming salts, e.g the chlonde-
hydrochlonde shown 1o the structural formula below

a
L] NH LY
H'c_i/ \1/ e \j_%_cn.m
YIANM 8,
.
NN
1] N, 3
NN N _
e i ? j-'CH) CHyon THOCHROME
[
\CH, \C(

\cég——c—c C!
Vtamun B, thiochrome and eo-carboxylese

@
_or NN ?‘: I
HiE i } "‘i, i“c"'_c"'_‘)_é LOH CO-CARBOKYLASE
~
<

The fact that 1t 15 fairly readily destroyed by heat explains
why 1t is dbsent from certain canned products or sterilized
foods Alkahmty greatly increases the rate of destruction.
The vitamin 1s easily soluble in water and alcohol but
not 1n fat solvents. It can be adsorbed on fullers earth
and certamn other substances  The pulvis vitamum B,
of an earlier Brush Pharmacopceia was such an adsorbed

Also two spellings, wnth or without the termmal -+ are extant, ssarm
of encxrias thiewss of thowsw  Thiowise ls Dow official in USA, and

owsnx in many Beitish
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preparation supplying 100 umts per gram in clintcal
practice it has since been superseded by the pure erytal
linc vitanun

Important derrvatives of vitamuin By are

(1) thiochrome a substince devoid of antineuntlc
actmaty  which 1s formed by mild oxidation with
potasuum ferncyanide 1n an alkaline medium and
13 used for the estimation of the vitamin (p 38)
and

(») the pyrophosphate ester co-carboxylase the
form m which the vitamin functions blologically
P 4)

Antl vitamlins etc.

Pynthiamine, an artificially prepared pyridine ana
logue of aneurtn can block  the vitnmin and thus
operates as an antl vitamin Other substances antagon-
1zing vitamun B, occur naturally m cercal grains, and m
ferns. Thiaminase 1t the name for an enzyme found 1n
raw fish which nactivates the vitamun by splitting 1t at
the methylene bndge.

Diatribution in Foods

Vitamun B, 1s present, but in raoderate amounts only
n many natural foods The best sources include dned
brewer s yeast (¢ 10002000 1u per 100 g) wheat
germ nce germ  barley germ (ea 1 000) oatmeal (ca
300) wholemeal wheat flour peas hancot beans egg
yolk (ce 100) White bread contamns relatvely small
quantites.  Dunng the Second World War the most
ymportant measure for ensunng an adequate supply of
vitamin B, for the population 1n Great Bntain was the
replacement of ordinary white flour (about 70-73 per

4

TuEDa
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cent extraction) by the nattonal wheatmeal flour (varying
from about 80-85 per cent extracton) *

In ammal tissues the vitamin occurs largely m the
combined form as co-carboxylase, whereas 1n plant tissues
1t 19 largely as the free aneurin

Methods of Assay
The amount of vitamun B, m foods or tmues 1
commonly determmned either by chemucal test (eg by

Fm 19 Amay of vitamh By by growth method with rate

(Afsr Barris)

lem
mg_&:upt“ﬁ;ﬁ;'n,mth:ﬂ:n:cdmﬁ:nmnhdmupamm 1941
and then to 85 per cent in g4a It fluctuated between 8o and 85 per cent
wémhwubamdtoyopcrcmt.nndmma year
agaln to 85 per cent
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BIOCHEMICAL FUNCTION OF VITAMIN B,

Relation to Carbohydrate Metabolism

It 15 now known that vitamin B, 12 concerned 1n the
intermediate metabolsm of earbohydrate  In animals
or human baings suffening from a deficiency ofthe vitamin
excessn ¢ amounts of lac
tic and pyruvic aads
accumulate 1n the blood
and tssues*  Adminn- .. \
travon of vitamin B, a °
recufies this metabolc
error by accelernting the T
removal of these sub- » .
stancs  Peters (1936)
showed that added vita
min B, i oo could
restore the lost oxidative -1
actrvity to avitaminous
tissues respiing o the | NQE"\_
praence of lactic or

pyruvic acds.

LR S

oo o

—d

Role as Co enzyme l"ﬂtr:\ Drrmabhing oxygen uptake
The key to the puzzle %ﬁ:‘imi‘”‘&
was furnished when e on cure.
Lohmann and Schuster Ulfimw Gamriinnes d Putarry
(1937) proved that the pyrophosphatc ester of vitamun B,
functions as the coenryme portion of the enzyme
carboxy lase.
Vitamin B, 1n this form (that 1, ax its pyrophosphate
ester  cocarboxylase) 1 nceded for catalysing the
dmrboxylauon and D'udauon of pyruvic acid 1n ammal

9101 g1 B:d:l,lga; m‘ Pﬁg Puﬂk: 518 | Hayanaka,
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TasLE 5
T anous Reactions 1 which Cocarborylase Participates
(After Ochom, 1941.)
WELLTION AEFEXENCE WO

CH CH, CO COOH+0O=CH CH, COOH-+CO

CH, COOH
OH
CH, COOH
éo +0+CH, CO COOH= +CO T3
COOH N
COOH
COOH
tornlecrtate} (pyrevatr} foitrute)
CO COO o i H CO
COOH CH H+O~= +
CH EH,COOH w3
{co e,
*CH Q)G)OH'PO—L_H +2CO +H,0 6
COOH
e {acetomcrtat)

€O +CH CO COOH~COOH CH, CO COOH (1) 78
(pytweate {oaaLacetate)

CH COOH+20 =eCO +2HO 9

{scrtate)

1) Lows, € nﬂmlA{lm L | 32, TS
Soam, H A Lirfow M A amdlivi yem C A (L ] b Chem 134 008,
mE.G ""L"u”i,c"lé Samer 13357 Aty Jhd.cn

g ST M e

LK) LoTow M A aad Lrwaw C M. (1ML
[ 11 ¥y
) 0 lvmaw € M Lirrow M A asd Oceoonoma, § M. (1M1}

xwd Jocirston, L ¥ (1040) Buckes | 34, 1L
m Carvn D L (18407 Hiochem 1.
s FLad WEsry D W (109 Nadery Loat, 144, 833, (1141) Buackem,
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because thedsagnosss of pellagra has not been considered
Its occurrence mn the mentally deranged can sometimes
be attributed to food fads and a consequently unbalanced

Fro 1g. Pellagra m a mental
patient.

ration Conversely, a deficient
intake may 1tself be the cause
of the mental symptoms.
Diagnoals of pellagra 1n
the early stages may be helped
by a hntory of dictary defia
ency and 1n doubtful cases 1t
may be useful alo to make a
chemical  determunation  of
nicotnic acd dermvatives ex
creted m the urme after ad
munsstration of the vitamm in
a saturation test (cf p 62)
In fully developed pellagma
the diagnoms 15 casy bang
based on the charactensticskin
lestons  glossibs, stomatitiy,

diarrheea mental symptoms and the response to a thera
peutic test with the vatanun

Prognosis and Treatment

The treatment of pellagra was revolutianized by the
identification (see below, p §7) of mcotimic aad {or
amide) as the P P factor* The amude is preferably
used for therapeutic purposes snce unlike the acd 1t
does not give rue to unpleasant mnde effects
flushing and tinghing 1n the skin when given
doses  In severe cases, doses of up to a total 0
of mcotinamude per day may b 5 © begin

The atnde is considered to be the a toniing

in the body  The acid, when ingest
the

berames
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reduced later 10 50~100 mg A dramatic improvement
n the mental condition 18 commonly seen within a few

Fra 2 Prilagra, before and after tresumemt (left and nght,
respectively (Afer Sumfren)

hours of the int dose and 1n the lesions of the skain and
the mouth within a few days. A daily allowance of 50
of meotinamude 15 sufficient to prevent relapse Ay
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of diet rich 1 mcotinanude—some of which should be
supplied 1 preventive as well as in curative treatment—
wnclude those mentioned below Le. yeast, Liver (or yeast
and liver extracts) canned salmon, meat, whole wheat,
or the bran or germ of wheat or nice.

In condifioned deficiency caused by faulty absorption
or utthzanon of the vitamin, parenteral admunstration
of nicoinamide may be required

Concurrent Deficfencies

Since the diet of pellagring 13 likely to be low 1n vanous
amociated factors ay well as in the P P factor the
provision of a satisfactory muxed diet for the correction
of concurrent deficiencies 18 important  For example the
polyneuntic signs xometmes seen accompanying pellagra
will need vitamun B, for thewr cure and lemons of the
Iips and face may respond to nboflavin, or posbly other
constituents of the vitamun B, complex which 1n general
occur together with mecotime aad 1n the foodstuffs just
mentoned

Dalily Requirement

The daily requirement of nicounamude (preventrve) s
thought to be of the order of 10-12 mg but 1t probably
depends on other vanables, e.g the amount of trypto-
phan 1 the diet, and perhaps on the extent of micro-
synthess (p 60)

PELLA(}‘RA AS A DIETARY DEFICIENCY
DISEASE
Dietary Origin
Proof that gra was not conyveyed by mfecton but
was a deficiency drsense was first furnished by Goldberger
and his co-workcq (1914 and 1915) In the first place he
A

\
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solubility as follows —(1) Certain wheat embryo extracts
contained relatively more of the antineunitic, and imer
extracts more of the P P factor (2) Heat treatment 1n an
autoclave destroyed the antineuntic, but not the P P
activity  (3) The antineuntic factor was more soluble,
and the P P factor lexs soluble 1n strong alcohol

Experimental Pellagra

Thus advance—the differentiation of a separate P P
vitamin—was made possible by the dncovery by Gold
berger ef al of an expennmental condition mn dogs, black
tongue, analogous with human pellagra. Since then
pellagra bas been produced m monkeys (Harrs 1937
1638) and 1n pigs (Birch Chick and Martin 1937 Chuck
et al 1938) The discase 1n these anmmals 15 prevented

4!-:;ka frd om  duet of mmise
Tl T

Afir Chich Mocres, Martin snd
(A it 108
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by the same means as human pellagra  Raty, on the
other hand do not readily develop symptoms of discase
when kept on a diet which will give rsc to pellagm n
man, dogs, monkeys, or pigs {cf below p 59) A
condition accepted by Goldberger at the ume (1926) as
beng  mt pellagra  was later shown to be due to de
fictency of ancther factor vitamin B,

Nature of P P Factor

As already mentioned Birch, Gybigy and Harns in
1935 charactenzed the P P factor as a third component
of the vitamin B, complex (the heat stable part of vitamun
B) duferent both from this rat pellagra factor and
from riboflavin (see p 17) In 1937 Elvehjem and his
collaborntors tested micotmic acad upon dogs suffening
from pellagm (black tongue) and found 1t to be acuve.
It was equally cffective 1 cuning pellagra in monkeys
(Harns) or pygy (Chuck ¢f af ) and very soon afterwards
was tned 1n human pellagra by three different groups of
investigators (Foutsetal 1937 Harms and Hasan 1937
Sprax ¢t ! 1937) and at once met with unqualified
success

The carlier nutritional history of nicotnic aad 1 of
much interest A quarter of a century previously (1912-
1914} Funk i England and Suzuki in Japan had 1solated
nicotnmic acid from concentrates of vitamin B Since
at the tme vitamin B was not yet recogmzed as a
complex, 1t wa natural 10 assume that ucotmc acid was
related to the anti rewntic factor or to vitamun B, as we
should now say  Subsequent developments, however
disproved this supponuon  and therefore the suggestion
that niconnic acid was a vitamun was almost forgotten

Much later 1n 1935 Euler and i collaborntors on the
one hand and also Warburg and (hnstian on the other
found that meotimic acad or rather 1ts acid amide, was a
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component of certan hydrogen trwsporting co-enzymes
In 1987 kmght m England and Mueller in U.S.A
proved mcotinamide to be a growth factor for certm

Fia 03 Cnuah of nicotnamide (/) and nicotlnle ackd (rigkt)
(dftr Rochs  wd Buchnall  ad Frascut}

micro-organsms, It 1denufication as the P P factor
followed also mn 1937 as mentioned above.

Chemical Constitution of Nicotinic Acid and
Nicotinumlide
Nicotinic acid has the ample constitution of pyndine g-
carboxylic acad and 1s biologically active, being converted
wto 1ts aad amude, nicounarmide, on ngestion {p 52)
Many other related substances have been found to be
mactive
C
kc/ \l we? \cl—ro-un,
|
NC\N/(LH Hé\u/ H

Nicotin K Nicotnamude
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Nicotinamide Deflclency in Rats

It was shown by Krchl and his colleagues (1945 and
1946) that the effects of a deficiency of micotinamide
could be demonstrted 1n young rats, although only by
an imparment 1n thetr growth provided that appropnate
measures were tahen These were that the diet should be

S

30w

S Lo ety

el I —— L

Fro x3 Ncourmamide debicency m rats.
ngrowth canedby the ws {  dact ow i proters 2l
e o o inm o Tembane ] oF ettt o]
trrpiophus,  Jock acts s of
chart sarws the evuimgr @ of af mt
o2 LTI o
"o rga o
(Harrs and Kedicrk 19860)

i

i

concurrently deficient 1n protein especially 1in the amino-
acid tryptophan and also that 1t should mclude certun
pellagragenic ingredients  uch o a large proporuon of
maize In the view of svome workers the maize 15 thought
to contam some mdependent ant vitamin or peliagm

gene agent  An imbalance an the amins-acid content
of the diet may also accentuate the deficiency 1n rats

thus addition of threonine or phenylalanine and some
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tests It 1s not yet clear however whether these observa
tions may have any practical application 1n medicine and
dietetics
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among the troops at the vanous fronts there were many
thousands of cases Dunng the Second World War
deficiency of vitarmn G was successfully prevented n
Great Entain by measures such as the provision by the
Government of supphies of concentrated orange juice or
black currant yuice or synthetic ascorbic acid for mothers
and young chuldren and by the encouragement of the
cultivation of fresh frints and vegetables in  allotments

The discase 1s hable to occur sporndically in wolated
commumnities or individuals cut off from supphes of fresh
fruits and vegetables or among those on expeditions and
campaigns It may be encountered 1n institutions where
the dietary arrangements are faulty or among ba
Iiving alone and 1t 18 still hable to occur endemucally
mn Polar regions during the winter months It 13 occanion
ally seen 1n the tropics among gangs of coohes or labourers
who are fed on an unswitable dictary  Outbreals are on
record among native mune workers in S Africa

An occanonal cause of the disorder as mentioned
below (p B81) 15 a restricted diet grven in the course of
medical treatment,

The diagnons of scurvy 15 sometimes missed because
1t 18 niot looked for

Symptoma
Scurvy 1n adults may take from 4 to 8 months to develop
on a vitamin C-free diet—or of course Jess of the previous
diet had been low m the vitamin  According to the
classical literature on the subject, the ecarly mgns may
meclude weakness and lasatude, and fatigue on cxertion.
The first pathological change generally to be detected,
ﬁ-du‘-ﬂnﬂ to meare modstn nvestigaton may be 8
vy bt follicles followed by pen
M“‘“‘""J e (’R‘ {730 and| As the ducasc develops,
Q_ﬂ.\.l(nl_,_}"l-"l ( 046) Prac. X g skan or the subcutaneous,
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74 Virauin G AND Scurvy

sx to eight months, although 1t must clearly depend on

the previous dictary hustory (of p 68)

1 4 [ ]

Fio 0. Effect of yriamin C on
growth of boae
{Afier Rocke)

Twoo vitambn € b =0 15 my
por ey =1 ougmy 324
5 Oog per

mg daily (for an adult)

Most cases
occur between the ages of
6 and 18 months

Prognosis and Treat
ment
Scurvy responds drama

tically to treatment with
vitamin C and the prognoss
18 good unless complieations
have supervened  Anmm

provement can generally be
detected 10 24 to 48 houns
and the cure may be com-
plete within about 2 to §
weehs  For maximal rapid

ity of cure, large doses of
ascorbic acid may be grven
for about a week say 750
and thereafter about 100

mg a day untl recovery 1y complete.  Alternanvely
lemon orange, grapefrit or black currant juice may be
ued Local treatment for the gums 18 advisable.

For an mfant, a dose of 20~40 mg  to begin with, has
been found adequate  For prophyl € Orange a day
for an adult or 1ty vitamn C equvali%1n the form of
other fruits or synthetic ascorbic acid, 1 ample (cf
above) An infant recetves about 3o to 50 mg of nscorbic
acid daily in average human mulk (Harris and Ray 1935)
and thus figure has becn used as a baus for calculation
of normal needy

Vitamin C Therapy in Absence of Scurvy
Treatment with vitamin C has been recommended for
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a number of hamorrhagic conditions other than scurvy
but there 13 no evidence that 1t s cffective. In infectious
dueases, however the need for the vitamun 1s increased
and specinl proviion of 1t should be made (see below pp
78-19)

VITAMIN C INTAEE REQUIREMENTS AND
ASSESSMENT OF STATUS

Assessment of Vitamin C Status

The uninary saturation {or loading ) test involves
the measurement of the amount of vitamin C excreted
1n the unine after a senes of dmily tat-doses  The greater
the defiat in the past intake, the smaller will be the
cxcrenon and the greater the number of daily test-doses
needed to bring about a state of saturation 1e. to give
risc to a continuous large overflow 1nto the unne. It has
been shown that subjects who are sufferning from scurvy
or are about to develop scurvy take from seven to ten
days of standard test dosing* before becoming saturated
subjects whose past intake has averaged about 30 mg
per day (League of Nations standard) take one or two
days only while those who have been recemving 50 100
mg (US.A socalled optumum standard) show the
full response almost with the first test dase.  With various
intermedinte intakes the responses are graded 1n propor
tion  (The standard test dose 15 700 mg per 10 stone of
body waght) These observations enable a reliable
estimate to be made of the past intake from the number of
days before saturation u reached (Harms 1942 1943
Nutrition Society 1945)
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xx to eight months, although 1t must clearly depend on
the previous dictary hustory (cf p 68) Most cases
oceur between the ages of
6 and 18 months.

Prognoais and Treat
ment

Scurvy responds drama
ticalfy to treatment with
witarin C and the prognoss
13 good unless complications
have supervened  Anm
provement can generally be
detected 1n 24 to 48 hours,
and the cure may be com
plete withun about 2 to g

Loog booe of gelwea pige, sbowmg
Syt of meeoow vt weeks For maximal rapid

acroncieg misacy of shamis € nfaie, ity of cure, large doses of

T=wo vitemin C
bl

in iet. =0 25 oo,
0 my per ey IV~
per dey

io ascorbic acid may be given

for about a week, say 750
mg daily (for an adult) and thereafter about 100
mg a day until recovery 1s complete  Alternatively
lemon orange, grapefruit or black currant juice may be
used Local treatment for the gums 1s advisable

For an mfant a dose of 20-40 mg,, to begin with has
been found adequate. For prophy. o€ orange a day
for an adult or its vitamin G eg %10 the form of
other fruts, or synthetic ascorbic acd, 1 ample (cf.
above) Aumfant receives about 30 to 5o mg of ascorbic
acid daily 1o average human muk (Harns and Ray 1935)
and this figure has been used as a basms for calculation
of normal needs

Vitamin C Therapy in Absence of Scurvy
Treatment with vitamin G has been recommended for
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a number of hxxmorthagic conditions other than scurvy
but there 15 no evidence that 1t 11 cffective.  In infectious
disenses, however the need for the vitamin 13 increased
and special provinon of 1t should be made (sec below pp
78-/9)

VITAMIN C INTAKE REQUIREMENTS AND
ASSESSMENT OF STATUS

Asscssment of Vitamin C Status

The unnary saturation (or loading } test mvolves
the measurement of the amount of vitamun C excreted
n the unine after a series of daily test-doses  The greater
the deficit 1n the past intake, the smaller wall be the
excreuon and the greater the number of daily test-doses
needed to bring about a state of saturation 1 ¢ to give
rse to a continuous large overflow 1nto the urine. It has
been shown that subjects who are suffering from scurvy
or are about to develop scurvy take from seven to ten
days of standard test doang* before becomung saturated
subjects whose past ntake has averaged about 30 mg
per day (League of Natons standard) take one or two
days only while those who have been recaving 50-100
mg (US.A. so-called opumum standard) show the
full response aimost with the first test dose. With vanous
intermediate intakes the responses are graded n propar
tion  (The standard test dose 13 700 mg per 10 stone of
body weight.) These observations enable a rehable
estimate to be made of the past intake from the number of
days before saturation 13 reached (Hams, 1942 1943
Nutniion Socicty 1945)

ol mmiske of 7 0 g of macortuc ack In the 1ot

akso If uz
\;;nzl ro3s Abban | hnl-u.dfﬁﬂ -937 enndired






Saturatiov Test 75

n number of hemorthagic conditions other than scurvy
but there 13 no evidence that 1t 1s effective. In nfectious
disenses, however the need for the vitarmin 13 mercased
and special provision of 1t should be made (see below pp
78-19)

VITAMIN C INTAKE REQUIREMENTS AND
ASSESSMENT OF STATUS

Assessment of Vitamin C Status

The unnary saturation (or loading ) test mvolves
the measurement of the amount of vitamin C excreted
n the unne after a senes of daily test-doses. The greater
the deficit 1n the past intake, the smaller will be the
excretion and the greater the number of daily test-doses
needed to bring about a atate of saturation, 1¢. to give
rise to a continuous large overflow 1nto the urine It has
been shown that subjects who are suffering from scurvy
or are about to develop scurvy take from scven to ten
dayy of standard test dosing® before becomung saturated
subjects whose past intake has averaged about 30 mg
per day (League of Nations standard) take onc or two
days only while those who have been receiving 50-100
mg (US.A. socalled opumum standard) show the
full response almost with the first test dose. With vanous
wtermediate intakes the responses are graded in propor
tion. (The standard test dose 13 700 mg per 10 stone of
body weight.) These observations enable a rehable
etimate to be made of the past intake from the number of
days before saturation 13 reached (Harms, 1942 1943
Nutnnon Soacty 1945)

Represcn ng otal miake of 7 0 10 g of awcorbec 10d o the test
dases. For earber Literature dncfomlduﬂanddﬂuhd

-rnhnlhrru-:ER;)l Al Harrn, Ray and
Marrack, 1935 Abbary Harrw and | 937 and
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2ix to exght months, although 1t must clearly depend on
the previom dietary hutory (of p 68) Most cases
occur between the ages of
6 and 18 monthy

Prognosis and Treat
ment

Scurvy rasponds drama
fically to treatment with
vitamin G and the prognoss
18 good unless compheations
have supervened  An im-
provement can generally be
detected 10 24 to 48 hours,

Fo 30. Effect of viamin C on
growth of bone.

(After Rocks}
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and the cure may be com-
plete within about 2 to §
weeks  For maximal rapid
ity of cure, large doses of
ascorbic acid may be given
for about a week, say 750

mg daly (for an adult) and thereafier about 100
mg a day until recovery 1s complete. Alternatively
lemon orange, grapefrutt or black currant juice may be
used  Local treatment for the gums 1s advisable

For an mfant a dote of 20~40 mg,, to begin with, ha
been found adequate. For prophyl: d Orange a day
for an adult, or 1ts vitamm C equivall % n the form of
other frmts or synthetic ascorbic acd 1 ample (cft
above) At infant receves about g0 to 50 mg of ascorbic
aad daily in average human milk (Harris and Ray 1935)
and this figure has been used as a bans for calculation
of normal needs

Vitamin C Therapy In Absence of Scurvy
Treatment wath vitamin C has been recommended for
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a number of hxmorrhagic conditions other than scurvy
but there 13 no evidence that it 1s effective.  In infectious
drsenses, however the need for the vitamin 13 Increased
and speaal provislon of 1t should be made (sec below pp
78-19)

VITAMIN C INTAKE REQUIREMENTS AND
ASSESSMENT OF STATUS

Assessment of Vitamin C Status

The unnary saturation {or loading ) test involves
the measurement of the amount of vitamn G excreted
1n the unne after a senes of daily test-doses  The greater
the defiat 1in the past intake, the smaller will be the
excretion and the greater the number of daily test-doses
nceded to bnng about a state of saturation 1¢. to give
rise to a continuous large overflow into the urine. It has
been shown that subjects who are suffering from scurvy
or arc about to develop scurvy take from seven to ten
days of standard test dosing* before becoming saturated
subjects whose past intake has averaged about 30 mg
per day (League of Natons standard) take onc or two
days only while those who have been recaving 50 100
mg (US.A. socalled optimum standard) show the
full response almost with the finst test dose. With vanous
wtermediate intakes the responses are graded 1n propor
ton. (The standard test dose 13 700 mg per 10 stone of
body weight) These observations enable a reliable
estimate to be made of the past intake from the number of
days before saturation 18 reached (Harns, 1942 1943
Nutntion Society 1945)

Reprosen ng u:ulmukn{7| of meartec acd (o the test
dowes, Furnrbtrh dn(fopnrmd’mlmddeuﬂ:
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sx to eight months, although 1t must clearly depend on
the previous dictary historv (cf. p 68)  Most cases
occur between the ages of
6 and 18 monthy

Prognosfs and Treat
ment

Scurvy responds drama
tically to treatment with
vitamin G and the prognosis
13 good unfess complications
have supervened  Anim
provement can generally be
detected 10 24 to 48 hours,

and the cure may be com-

Wiir Bek)  slete wattun about 2 to 3
Loog bowe ol guives pigs, P
et of ceivoervene 1o riennl weeks  For maximal rapid
tocresstxg of ke Oty of cure, large doses of
Impo vitamain € jo dlet. TI~0 25 my.
prday MMeiomppod Iv- ascorbic acid may be grven
Per dmy

mg daly (for an adult)
mg a day until recovery

for about a week 1ay 750
and thereafter about 100
1 complete, Alternatively

lemon orange, grapefruit or black currant juice may be
used Local treatment for the gums s advisable

For an mfant a dote of 20~40 mg,, to begin with, has
been found adequate. For prophyl: wdt Orange a day
for an adult, or 1ts vitamun C equival.Z%1m the form of
other frts or synthetic ascorbic acd 15 ample (cf
above) An mnfant receives about 30 to 50 mg of ascorbic
acid daily 1n average human mitk (Harns and Ray 1935)
and this figure has been used as a bans for caleulation
of normal necds

Vitamin C Therapy In Absence of Scurvy
Treatment with vitarmin C has been recommended for
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a number of hxmorrhagic conditions other than scurvy
but there is no evidence that it 14 effective. In nfectious
disenses, however the need for the vitarmn 1s increased
and special provision of it should be made (see below pp
78-19)

VITAMIN C INTAKE REQUIREMENTS AND
ABSESSMENT OF STATUS

Assessment of Vitamin C Status

The unnary saturation (or loading’ ) test mvolves
the measurement of the amount of vitammn C excreted
in the urine after a series of daily test-doses. The greater
the defiat 1n the past intake, the smaller will be the
excreton and the greater the number of daily test-doses
needed to bnng about a state of saturation, 1¢. to give
risc to a continuous large overflow into the unne It has
been shown that subjects who are suffening from scurvy
or arc about to develop scurvy take from seven to ten
days of standard test dosing® before becomng saturated
subjects whose past intake has averaged about 30 mg
per day (League of Nations standard) take onc or two
days only while those who have been recaving 50 100
mg (US.A. socalled opumum standard) show the
full response almost with the first test dose. With vanous
termediate intakes the responses are graded n propor
tuon (The standard test dose 15 700 mg per 10 stone of
body weight)  These observations enable a relable
estimate to be made of the past intake from the number of
days before saturation 13 reached (Harms, 1942 1943
Nutniton Soccty 1945)

t:u]u:ul.:d7ml of ascoriuc aced (0 the

Represcn og et
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six to eight months, although 1t must clearly depend on
the previom dietary huwtory (of p 68) Most cases
occur between the ages of
6 and 18 monthy

Prognosis and Treat
ment

Scurvy responds drama
tically to treatment with
vitamin C and the prognoss
11 gootd unless complications
have supervened  Anm

X L
Fro 30. Effect of vitamin C on
growth of bone.
1Afier Rocke)
Locg bowe of gutbes lb'h!
iy et meerreaat o
acresang adeqoncy of rtamin G mtake.
T30 vitamin C fn dict. II=0 25 xg.
P day THwl O g day Y=
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mg daly (for an adult)
mg a day untl recovery

provement can generally be
detected 1 24 to 48 houn,
and the cure may be com
plete withuin about 2 to §
weeks  For maximal raprd
ity of cure large doses of
ascorbic acad may be given
for about a week, say 750
and thereafter about 100
13 complete. Alternatively

lemon orange grapefruit or black currant juice may be
used Local treatment for the gums 15 advisable.

For an infant, a dose of 20~40 mg,, to begin with has
been found adeguate. For prophyl et Orange a duy
for an adult, or 1ts vitamin G equval$%'1n the form of
other fruts or synthetic ascorbic aad 1 ample (cf
above) Aninfant receaves about 30 to 50 mg of ascorbic
acid daily in average human mulk (Harrs and Ray 1935)
and this figure has been used as a bans for calculation
of normal nced+.

Vitamin C Therapy In Absence of Scurvy
Treatment with vitamin C has been recommended for
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a number of hemorrhagic conditions other than scurvy
but there 13 no evidence that 1t 15 effective. In mfectious
dusenses, however the need for the vitamin 1s inereased
and special provision of 1t should be made (see below pp
78-79)

VITAMIN C INTAKE REQUIREMENTS AND
ASSESSMENT OF STATUS

Assessmont of Vitamin C Status

The unnary saturation (or loading ) test mvolves
the measurement of the amount of vitamin C excreted
in the urine after a sentes of daily test~doscx. The greater
the defiat 1n the past intake, the smaller will be the
excretion and the greater the number of datly test-doses
needed to bring about a state of saturation, 1¢. to gne
nise to a continuous large overflow mto the unne It has
been shown that subjects who are suffering from scurvy
or are about to develop scurvy take from seven to ten
days of standard test domng* before becorming saturated
subjects whose past intake has averaged about 30 mg
per day (League of Natons standard) take one or two
days only while those who have been receving 50 100
mg (US.A. socalled optmum standard) show the
full response almost with the first test dose  With vanous
intermediate intakes the responses are graded 1n propor
tion (The standard test dose 11 700 mg per 10 stone of
body weght) Theae observanons enable a reliable
atmate to be made of the past intake from the number of
days before saturation 1 reached (Harms, 1942 1943
Nutrition Society 1945)

Represen. ng  towa) oxake of 7t 10 g ol ascorlac sod
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six to eight months, although 1t must clearly depend on
the previous dietary hustory (cf p 68) Most cases
occur between the ages of
6 and 18 months

Prognosi{s and Treat
ment
Scurvy responds drama

tically to treatment with
vitamin G, and the prognoss
13 good unless compheations
have supervened  An um

provement can generally be

Fro 90 Effect of vitamun C on
growth of bone.
(A fter Rocke)

T=1o vitemin C fo det. [0 25 g
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detected tn 24 to 48 hours,
and the cure may be com
plete within about 2 to 3
weeks  For maxymal rapid
ity of cure large doses of
ascorbic acad mav be grven
for about a week say 750

mg daly (for an adult) and thereafter about 100
mg a day untl recovery 1s complete  Alternatively
lemon orange grapefruit or black currant juce may be
used Local treatment for the gums 15 advuisable.

For an infant, 2 dose of 2040 mg  to begin wath, has
been found adequate. For prophyl eat orange a day
for an adult, or 1ts vitarmn C equival ®¥ 1n the form of
other frnty, or synthetic ascorbic acd’ 1 ample (cf
above) An mnfant receives about 30 to 50 mg of ascorbic
acid daily in average human mulk (Harns and Ray 1935)
and this figure has been used as a bans for calculation
of normal needs

Vitamin C Therapy in Absence of Scurvy
Treatment with vitamin C has been recommended for
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a number of hemorrhagic conditons other than scu
but there 13 no evidence that 1t 18 effecive  In infect
discases, howaver the need for the vitammin 13 inerea
and special provinon of 1t should be made (sec below
78-,9)

VITAMIN C INTARE REQUIREMENTS A
ASSESSMENT OF STATUS

Assessment of \itamin C Status

The unmary saturation  {or Joading ) test imvo
the measurement of the amount of vitamin C excri
in the urine after a scres of datly test-doses. The gre
the defiat an the past intake the smaller will be
excretion and the greater the number of daily test-d
needed to bring about a state of saturauen, 1 10
sz to a contnuous large overflow nto the unne It
been shown that subjects who are suffering from scu
or are about to develop scurvy take from scven to
days of standard test dosing* before becorming satural
subjects whose past intake has averaged about g0
per day (League of Nauons standard) take one or
days only while those who have been recasving so
mg (US.A. wo<alled opumum standard) show
full reaponse almost wath the first test dose  With var
intermediate intakes the responses are graded n proj
tion  (The standard test dose 13 J00 mg per 10 ston
body weight)  These obsemvations enable a relu
atimate to be made of the past intake from the numbe
days before aaturation 1t reached (Harms 1942 10
Nutntion Society 1945)
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Other Methods

An csumate of the level of nutntion can also be gained
from tests on blood* or cercbrospimal flmd but the pro-
cedures are less imple and have not come nto such wide
use as the unnary tests

Tests of capillary fragihty have not fulfilled the carly
expectation of forming a useful method for assesming
status i vitarmun G

Daily Requirement of Vitamin C

The physiological mnimum for an adult 13 thought to
be 1n the region of about 15-20 mg of ascorbic acid per
day or o lttle less  Thas figure agrees with calculations
bated on the amount of lemon juice which had been
found to be necessany to counteract incipient symptoms
of scurvy according to some old observatons in the Navy
Furthermore 1n some expenments on a group of human
volunteen, carmned out m 1944-6 1t was observed that
a dose of 10 mg was sufficient to cure or to prevent
symptoms of climeal scuny  some doubt remained
however whether this was the gptimam dose needed for
manmum effiaenty under conditions of stress (Medical
Rescarch Counal 1948)

The League of Nations tandard requirement (g0 mg, )
thus seems to allow a reasonable margn for safety and for
buman vanation

Special Needs

With hard physical eflort the need for the vitamun 1
1 also dunny, pregnancy and lactaton
In fever again there 1s an increased demand (see below

much as adults per unit o
Ly ty Roc method sccp 80
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Hypovitaminosis C Sub scurvy Latent
scurvy

For many years 1t was maimntamed by some padia
tricians that inapient, latent, or subacute scurvy in
infants was relatively common but often escaped diagnoss,
or was mutaken for rheumatsm (Hess, 1916 1920
Comby 1921) A difficulty was that the symptoms were
described as vague  the cluld was sallow and fretful but
not wasted Provision of additional antiscorbuntic food
was sud to lead to improved stamina and growth and
to a lessened 1mitability  Simlar suggestions were made
concerming & condrion of sub-scurvy 1n adults (Stefinsson
1918 Sherman 1927 Abs 1928) and also 1n expen
mental ammals (Meyer and McCormuck, 1928)

Much of this 1s still controversial but on the whole the
balance of evidence seems to suggest that 1t 13 possible for
an mdividual on a diet poor 1n vitamun C to remain free
from any obvious symptom of scurvy and yet to be 10
near a state of deficiency that 1t only becomes apparent
when for example, wounds fml to heal satisfactonly after
surgical operations, or ulcers bleed  With such partial
defictency’ of vitarmun C there may also very well be an
increased liability to infection and wath children 2
delay 1n growth. The level of nutrition 1n vitamun C can
be astessed by the saturation test mentioned above.

Vitamin C and Infectfon
Application of the ‘loading test (p 75) has shown
for any given mtake of vitamn G, the excretion 18
sed 1n infectious diseases notably s0 1n pulmonary
oms (Abbasy Harns and Ellman 1937) Thus
hntthcrcuanmcrwtxlumgeofwmuun(]m
D= conclusion confirmed by actual analyns of
fryied =T the tissues of infected gumnea pigs (Harns,
"l‘!"“"‘s'“ag:l 193,) One cffect of deficiency of
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Inatability

From a practical pomnt of view one of the most
important properties of ascorbic acad 13 1ts great instability
due to 1ts Liabihity to destruction by exidation  This inactt
vation 1s greatly accelerated by heat and alkah and by the
presence of copper whuch acts as a catalyst.

An enzyme, ascorbic oxdase present in varnous plant
tissues 1lso promotes the mactivation of ascorbic acd
it 13 referred to again below (pp 86 8g)

Dehydroascorbic Acid

The fimt product formed 1n the oxdaton of ascorbic
acid 13 dehydroascorbic acid  Thus 15 still biologrcally
active. Under appropnate conditions, this stage of the
oudation can be reversed The dehydroascorbic acd
like ascorbic 1ad 1tself 13 very unstable and with further
oxidation the acuvity 1s lost irrevermbly

0=? o:.r.i 0:?_0
o-cj o:cj H o=c
o — "o ] o "%, 1
MO—Cl_J L1 o:rlzJ t bt 0=?
H—C H —(;. H—C‘—O‘*
|
HO —C — Ho—(;-u HO—C—H
cH oM cH o CHy OH
OAT AL DANYDRO- A3 GAKC ALK " 0=  GURCWC ACW
! ’ [4 J f )

Oadation products of vwtamin C,

Dehydroascorbic aad can be prepared in the laboratory
by muld oxidation of ascorbic acid eg by a process
mnvolving adsorption on charcoal Treatment with HyS
regenerates the ascorbic aad



Astay or Viraumin C 85

Other Chemical and Physical Properties

Unlike vitamun B, witamin C cannot be adsorbed on
fullenn earth and smilar reagents. It dissolves readily in
water and methy! or cthyl alcohol and tn various aqueous
media, but not 1n fat-solvents.

METHODS OF ASSAY

Blologtlcal Methods

The standard method of estimating vitamin C in food
stuffi was for a long time that mtroduced by Holst
namely a determunation of the mimimal dose needed to
prevent typical signs of scurvy 1n guinea pigs A nimpler
alternatrve to ths  clascal preventive test wath guinea
pigs 15 a semi-curati ¢ growth test (see Harns and Olhver
1942)

Another senutive test 15 based on the microscopical
examination of tooth structure (Hojer 1924 1926 Key
and Elphuck, 1931)

Chemical Methods

Tillmans (p 82) observed that many active foodstuffs
reduced the dyestufl 2 6-dichlorophenolindophenol
and, by the introduction of a preliminary extraction
process and by carrying out the utration rapudly 1 aad
solutton Hams and Ray (1933 1) made thy the basis
for a more specific quanutative method of chemical
etumation (see Birch, Harns and Rmy 1935 Harns,
1937 2) This has been shown to give rehable resulty
and to agree with biological assays for ordinary food
stuffs, such as numerous raw or cooked fruita and
‘vegetables (Harns and Ollwer 1942) The only 1mpor
tant exceptions known to the speafiaty of this simple
method of titration applied to common foods and tssues
are  (a) with products which have been caramelized

T 1
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Instability

From a practcal pomnt of view one of the most
important properties of ascorbic acad 19113 great instability
due to 1ts Liability to destruction by oxidation. This inactd
vation 1s greatly accelerated by heat and alkali and by the
presence of copper which acts as a catalyat.

An enzyme, ascorbic axdase, present 1n various plant
tissucs also promotes the nactivation of ascorbic and
it 13 referred to agaun below (pp 86 8g)

Dehydroascorbic Acld

The first product formed 1 the axidation of ascorbic
acid 18 dehydroascorbic acid  This 1s still brologacally
active  Under appropnate conditions this stage of the
oxidation can be reversed The dehydroascorbic aad
hke ascorbic acid 1tself 1s very unstable and with further
oxidation the activaty 1% lost wrreversibly

—_—

o=c¢ o=¢ c
o 1—{ o éj o é
HO—~C = =
Mo A f no ]
O—CJ . O:T—J ¢ "ol (:u.—_cl
-(! " —C H—C~0

| |
HO~C—H o—C—H Ho—<':~n
{
CH O cH o Chy OK
M P ar Yo om o AL - QoM ACS

’ ’ 4 ) 4
Oxdation produtsy of vitamin C.

Dehydroascorbic acid can be prepared in the laboratory
by mid oxidation of ascorbic aad eg by a proces
imvolving adsorpuon on charcoal Treatment with HaS
regenerates the ascorbic acd
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Other Chemical and Physical Properties

Unlike vitamn B, vitamun G cannot be adsorbed on
fullern earth and similar reagents. It dissolves readily in
water and methyl or cthy] alcohol and in various aquecous
media, but not 1n fat-solvents

METHODS OF ASSAY

Biological Methods

‘The standard method of estimating vitamin G 1n food
stuffs was for a long ume that mtroduced by Holst,
namely a determunation of the minimal dose needed to
prevent typrcal mgns of scurvy 1n guinea pigs A simpler
alternative to this  clasmcal prevenuve test with guinen
pIgt 13 & temn-curative growth test (sce Harrs and Olliver
1942)

Another senutive test 13 based on the mucroscopical
examnation of tooth structure (H&jer 1924, 1926 Key
and Elphick, 1931)

Chemical Methods

Tillmans (p 82) observed that many active foodstuffs
reduced the dyestuff 2 6-dichlorophenolindophenol
and, by the mntroduction of a preliminary extraction
process and by carrying out the titranon rapidly m acid
solution, Harrs and Ray (1933 1) made thus the baus
for a more speafic quantitabve method of chemucal
estimation (see Birch Harms and Ray 1933 Harris
1937 2) Thus has been shown to give rehable results,
and to agree wath bnolomical amays for ordinary food
stuffy, such as numerous raw or cooked fruits and
vegetables (Harms and Olwer 1942) The only impor
tant exceptions known to the specifiaaty of this simple
method of utration applied to common foods and tissues
are  (a) with products which have been caramelized

e T



84 Arramiy G AND Scurvy

Instability

From a practical pomnt of view one of the most
1mportant properties of ascorbic acid 13 1ts great instability
due to 1ts liability to destruction by oxadation  Thus inacu
vation 1s greatly accelerated by heat and alkal and by the
presence of copper which acts as a catalyst.

An enzyme ascorbic oxidase, prasent in vanous plant
tissucs also promotes the mnactivation of ascorbic acd
it u referred to again below (pp 86 8g)

Dehydronscorbic Acid

The first product formed 1 the oxidation of ascorbic
acd 1s dehydroascorbic acd  Thus 1s still biclogically
active.  Under appropnate conditons, this stage of the
oadation can be revesed  The dehvdroascorbic aad
hhe ascorbic acid 1tself 1s very unstable and wath further
oxidation the activity 13 lost irreversibly

O:? O_—_l|: O=C—0H
|
o—c _\ o:c_‘ “wo o=c

o —— f 0 — |

o—c Y o:cvl i v} O=C

d - ed o
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Oadation products of vitamm C,

Dehydroascorbic acid can be prepared 1n the laboratory
by mild oxidation of ascorbic aad e¢g by a process
mvolving vdsorption on charcoal Treatment with H,S
regenerates the ascorbic aad
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Other Chemical and Physical Properties

Unlike vitamin B, vitamin C cannot he adsorbed on
fullers carth and smilar reagents It dissolves readily in
water and methyl or ethyl aleohol and n vanous aqueous
media, but not 1n fat-solvents,

METHODS OF ASSAY

Biologlcenl Methods

The standard method of esimaung wvitamin G in food
stuffe was for a long tme that introduced by Holst,
namely a detertunaton of the mimimal dose needed to
prevent typical signs of scurvy 1n guinca pigs A ampler
alternative to ths  clasncal preventive test with gunea
pIgs 13 2 semi-curative growth test (see Harris and Olliver
1942)

Another tensitive test 15 based on the microscopical
exarmnation of tooth structure (H&jer 1924, 1926 Key
and Elphick, 1931)

Chemical Methods
Tillmans (p 82) observed that many active foodstufls
reduced the dyeswff 2 6-dichlorophenolindophenol
and by the introduction of a prelminary extraction
process and by carrving out the utration rapidly 1n acd
soluuon, Harrs and Ray (1933 1) made this the bans
for a more specific quantitative method of chermical
esimation (s¢¢ Birch, Harms and Ray 1933 Hams
1937 2) This has been shown to give relable results,
and to agree with biclogieal amays for ordinary food
stufls, such as numerous raw or cooked fruts and
vegetables (Harrs and Olliver 1942)  The only impor
tant exceptiont known to the speafiaty of this smple
method of utration applied to common foods and tissues
are  (a) with products which have been carnmelized
e
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Inatabllity

from a practical pomnt of view one of the most
umportant properties of ascorbic acid 1s 1ts great instability
due tots hability to destruction by oxidaton  This mnact
vation 18 greatly accelerated by heat and alkali and by the
presence of copper which acts as a catalyst.

An enzyme ascorbic oxidase present in vanous plant
timues, also promotes the mactivation of ascorbic aaid
1t 1s referred to again below (pp 86 89)

Dehydroascorbic Acid

The first product formed 1n the oudaton of ascorbic
acid 18 dehydroascorbic ard  This 18 still biologically
actne  Under approprate conditions thus stage of the
oudation can be reversed  The dehydroascorbic aad
hike ascorbic acid 1tself 18 very unstable nd wath further
oxidation the activity 15 lost irreyermbly

0=C| 0=Cl o=Cc—Q
I
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H
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| ~— |
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Oxsdaton products of vitamin C.

Dchydroascorbic acid can be prepared in the laboratory
by mild oxadation of ascorbic acid eg by a process
imolving adsorption on charcoal Treatment with H,S
regencrates the ascorbic aad
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appreciable amounts of the revernbly-oxidised form of
the vitamin dchydroascorbic acd are present m
ardinary foodstuffs or processed materrnls

Distribution in Foods

The best natural sources of the vitamm include vanious
fresh frunts and vegetables. Figures ated below in brackets
are typical ranges of values for the ascorbic acid content
n mg per 100 g Fresh faats —Orange juice (50-70)
lemon juice (40-60) grapefnut (35-45) tomato juice
(20-30) pwncapple juice (30) strawbernes (60-80) black
currants (200) Other fruts such as apples, chernes
greengages, pean, plums, contamn much less (3-5)  Many
fresh green vegrtables arc hghly active, including kale
(120-140) Brussels sprouts (go~110) caulflower (60-8o)}
cabbage (60-80) spmach (6o-70) and green leaves
generally  Other potent vegetable products include fresh
green peas (20-30) turmips (20—40) and new potatoes
(30-40)  Poorer s lettuce (12-15) and relatively
nactuve are celery marrow radishes (5-7) and muwh
rooms (0)

It was Szent-Gyorgyl1 who 1n 1933 discovered that
paprika 1s exceptonally nch m vitarun G, and Olliver
(1936) who showed the same to be true of black currants
(values of about 200 mg per 100 g) Other notable
figures arc papaya, 50-100 and guava 50-100 Prob-
ably the most active known source 1s rose hips (1 ooo)
and mince 1942 a rose hip syrup (175-200) has been 1sued
by the Bniush Minstry of Food

Fresh meag contamns small but appreciable quantities
of the vitamun.

Mot agelng and drylng processes entnil a connder
able or complete loss of actnaty Thus fruts and
vegetables as purchased at the market may as & result of
wilung be appreciably poarer than those freshly gathered
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appreciable amounts of the revembly-oxidised form of
the vitamin dchydroascorbic acid are present 1n
ordmary foodstuffs or processed matenals

Distribution in Foods

The best natural sources of the vitamm include varous
fresh frnts and vegetabler  Figures cited below in brackets
are typical ranges of values for the ascorbne acid content
m mg per 100 g Fresh fnnts —Orange juice (50-70)
lemon juice (40-60) grapefrwit (35-45) tomato juice
(20-30) pineapple juice (30) strwbernes (6o—8o) black
currants (200)  Other frunts, such as apples cherries
greengages, pears plums contun much less (3-5)  Many
fresh greem vegetables are highly active, including kale
(120-140) Brussels sprouts (go-110) cauliflower (60-80)
cabbage (60-80) spmach (60—,0) and green leaves
generally  Other potent vegetable products include fresh
green peas (20-30) turmips (20-40) and new potatoes
(30-40) Poorer 1s lettuce (12-15) and relatively
mactive are celey marrow radishes (5-7) and mush
rooms (o)

It v as Szent-Gyorgyr who 1 1933 discovered that
paprika 1 exceptionally nch 1n vitarun € and Olliver
(1936) who showed the same to be truc of black currants
(values of about 200 mg per 100 g} Other notable
figures are papava 50-100 and guava 50-100 Prob-
ably the most active Lnown source 15 roxe hips (1 0oo)
and since 1942 a rose hip syrup (175-200) has been 1ssued
by the Bnush Minutry of Food

Fresh meag contatns small but appreaiable quantities
of the vitamn

Most ageing and drying processes entail a conuder
able or complete loss of actvity Thus fruts and
\egetables as purchased at the market may as a result of
wiltng be appreciably poorer than those freshly gathered
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Canned fruits and vegetables are found to vary
conuderably m their acvity, canned tomatoes providing
an example of a good antiscorbutic foodstuff. Orange
marmalade, and some jams (c.g black currant, straw
berrv) may also contam useful amounts of the vitamin

In commerual pasteurization of mulk, the presence of
copper 1n the contamners has been responuble for the
destiuction of the vitarun. A further loss occurs when
milk 13 left 1 bottles exposed to the hght the photo-
wfalvtc destruction being sensitized by mboflavin (hon
aud Watson 1936 Hopkins 1938)

The vitamin C 1n the plant organism first appears when
the ~ed germimates (Fdrst, 1912) and this pnnciple has
sometimes been put to good practical use, as when a
supply of freshly sprouted grain has been used to
furnsh an antiscorbutic pabulum on expeditions of
exploration and military campaigns

It 18 worthy of note that certain foods which are
rich in wvitamin By—including yeast, yolk of egg and
cereals—are distinguished by being entirely devold of
vitamin C

For full lists of ascorbic acid contents of foods see Fixsen
and Roscoe (1938 etc.) and the later Brotish Tables (eg

Nutntne Value of Warime Foods 1945 Ollver
1948) or the American counterparts (Tables of Food
Composition 1945)

Losses on Cooking and Processing

Some loss of vitamun C during cooking of vegetable
foods 15 almost unavordable The loss 15 duc partly to
oxdation of the vitarmin and partly to 1ts dissolving
mnto the water used for the cooking  Such losses can be
mimmized (Olliver 1941 Allen and Mapson 1944) 1
care 13 taken
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(1) to avod undue crushing or chopping of the
vegetable nto too small preces (whereby the
oxidizing enxymes are set frec)

(2) to have the minimum of water

(3) to start with the water boiling instead of bringing
it to the boil (to cut short any oxidative processes)

(4) not to keep the cooked vegetable on the hot plate
for longer than necessary (mashed potatoes rapidly
lowng almost all their vitamun on being kept hot)

In the cooking of acad frunts, ¢ g goosebernes it 1 safe to
add bicarbonate of soda m order to save sugar—provided
that an excess 13 avoided which would spail the colour
and the flavour as well as the vitamin value (Mapson
and Barker 1941)

Dehydrated Foods

Durnng the Second World War 1t was found a great
convemence for the fighting Services to have a readily
available supply of vegetables in the dehydrated form
Being less bulky they were casy to transport, and could be
used in regions, e.g 1n the desert campaign, where fresh
segetables and fachiues for cooking them were not
forthcoming  Other advantages of the use of dehydmted
vegetables are (1) that seasonal gluts can be saved and
used subsequently and (2) that choice products can be
sent to distant lands where they are not normally grown
Invesngations at the Low Temperature Research Station
and the Dunn Nutntional Laboratory Cambndge and
m the USA and elsewhere resulted 1n the esoluuon of
o manufactunng procedure by which vegetables could be
dried without serious loas of thair vitamin value  The pro-
cess includes (1) a prehiminary scald with sulphur dioaude
(2) drying under speafied conditions of temperature
humidity etc  and () storage i an mert gas. (Tor
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Canned fruits and vegetables arc found to van ~
connderably 1n their achwity, canned tomatoes providing
an example of a good antiscorbunic foodstuff  Orange
marmalade, and tome jams (e.g black currant, straw
berry) may also contain useful amounts of the vitamin

In commercial pasteurization of mlk, the presence of
copper i the contamers has been respongble for the
destruction of the vitamun A further loss occurs when
rulk 15 left 1n bottles exposed to the light the photo-
catalytic destruction being senmtized by nboflavin (kon
and Watson 1936 Hopkins, 1938)

The vitamin C in the plant organism first appears when
the sced germipates (Fimt, 1912) and this principle has
sometimes been put to good practical use, as when a
supply of freshly aprouted grain has been used to
furmish an antiscorbutic pabulum on expeditions of
exploration and military campaigns.

It 1s worthy of note that certmin foods which are
rich 1n vitamin B,—ancluding yeast, yolk of egg and
cereals—are disinginshed by being entirely devoid of
vitamin G

For full Lists of ascorbic acid contents of foods see Frxsen
and Roscoe (1938 etc.) and the Iater Brnush Tables (e.g

Nutritive Value of Wartime Foods 1945 Olbver
1943) or the American counterparts (Tables of Food
Compontion 1945)

Losses on Cooking and Processing

Some loss of viamin C during cooking of vegetable
foods 13 almost unavordable. The loss 15 due partly to
oxdation of the vitamun and partly to its dissalving
1nto the water used for the cooking  Such losses can be
mummzegOlliver 1941, Allen and Mapson 1944) of

care 1 -
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(1) to avoid undue crushing or chopping of the
vegetable nto too small pieces (whereby the
oxidizing enzymes are set free)

(2) to have the mummum of water

(3) to start with the water boiling 1mstead of bringing
it to the boil (to cut short any oxidative processes)

(4) not to keep the cooked vegetable on the hot plate
for longer than nceesary (mashed potatoes rapidly
losng almost all their vitamin on being kept hot}

In the cooking of acad fruns, e.g goosebernes it 1s safe to
ndd bicarbonate of soda 1n order to save sugar—provided
that an cxcess 3 avorded which would spoil the colour
and the flavour a1 well as the vitamin value (Mapson
and Barker 1941)

Dehydrated Foods

During the Second World War it was found a great
convemence for the fighting Services to have a readily
available supply of vegetables in the dehydrated form
Being less bulky they were eary to transport, and could be
used 1n regions, ¢.g 10 the desert campaign where fresh
vegetables and faalines for cooking them were not
forthcoming  Other advantages of the use of dehydrated
vegetables are (1) that seasonal gluts can be saved and
used subsequently and (2) that choice products can be
sent to distant lands where they are not normally grown
Invesigations at the Low Temperature Research Stauon
and the Dunn Nutnuonal Laboratory Cambndge and
n the U.S.A. and elsewhere, resulted 1n the evolution of
1 manufactunng procedure by which vegetables could be
dned without serious loss of thar vitamun value. The pro-
cenvancludes (1) a preliminary scald with sulphur dioxide
(2) drying under spenified conditions of temperature,
humidity etc  and (3) storage in an mert gas. (For
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further detarls see Proc Natrut Soc 1942 , or for

a review
t()fAn:;Tcnn work  “Vegetable and Fn;n Dehydration
1944,

PHYSIOLOGICAL ACTION

Blochemical Role

It 15 supposed that the action of vitamin C must be
linked 1 some way with 1ts intense reducing action which
1 assocated with the presence of the charactensuc
ene dlol grouping —~C{OH)=C{OH)~ It has to be
admitted, however that the exact biochemical rofe of
vitanun C 15 sull obscure, although there 15 probably
significance m the recent findingy that m animal tssues
1t can catalyse the axadation of the side cham of the aro-
matic amno-acrd  tyromne (Lan and Sealock, 1g44
Darby et ol 1945) There are suggestions that 1a the
plant hingdom sitarmn € may be concerned mn the
catalybe axidation of lactate to pyruvate (James and
Cragg 1943) and in the tniosephosphate system {James,
Heard and James 1044) a3 well as the tyramine-quinone
equibriurm (Miler and hus colleagues, 1944)

Morphological Changes

It was shown by Wolbach and Howe, 1 1926, that
vitamun C 15 needed for the producton of collagen, or
mtercellular cementing substancer. Thus  absence of

collagen 1 one effect of deficiency of vitamun C.

' Furthermore as was demonstrated by Fish and Harms
(£934) the formate cells of the body such as the osteo-
biasts, odontoblasts and ameloblasts, lose thexr normal
functional actrvity 1n the absence of vitammn C thus the
mantfeatations of scurvy may be regarded as due to an
impairment 10 the funcuon of such formatve cclls.
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Explanation of Hypovitaminosis C

The foregoing theoty «cem to account for the remark
able changes scen in the weth of expenmental anmmals
suffering from a shght or paitial deficiency of vitarmin C
(Fish and Harns, 1934 for the no less remarkable over
growth of bony trssuc (bsirved m some circumatances
(hodiceh and Mwra 1943 ctc i and no doubt also
for the poor hcahing of wounds 1in scurvy or m the sub-
scorbutic state The piobable sigmificance of thee find
mgs i human nuinuoHn sull remain tu be worked out,
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CHAPTER VI
VITAMIN D AND RICKETS

Rickets 15 a dmease of nutrition seen generally {1
not exclunvely) mn early chuldhood 1t 1s caused by I
of vitamin D and the most charactenstic signs are |

deformuties of the growing bones

RICKETS IN INFANTS

;mfﬂ'mig'i ta ge Head

Fio 36. Dizgram of deformlteyin nckets.
#:;hm( from Hemx, | dam e @
i Pracixy™ 1$18, afwer Harouws ortd)
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The Conquest
Ricketa

At the close of
19th century and |
beginnung of the 20
catex af sev ere ricket:
eanly recogmized by |
well known bo
changes, such as kno
knees or bow legs p
con chest and bead
of the nb juncuo
curved spinc  rach:
peivis and bossing
the forchead —~were s
very common Im
Brtsh Isles  Inde
n some northern
dustral areas rnick
was »0 prevalent as to
almost unnersal 1
cradication  of sev
rickett 18 one of |
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major triumphs of modern medical rescarch but although
no child nced have nchets  muld nckets stll occurs

(4t Mmper md F Mcileabi)

Incidence in the Past

In 1868 [aevere] nicket was said by Gee to have
occurred m about 33 per cent of London school children
and 1n 1871 the same figure was given for Mancheter by
Rutchie *  Between 1915 and 1928 official reports con
cernmng school children from the L.C ¢ and Durham
gave evidence of some degree of ncket 10 8o to 87 per
cent A survey by the Minutry of Health in 1926 gave 2

mat modern methoch by whch the inbder manfotatsne of
rﬁeunnl:xlnxnmnl\rr\'ul ouree 1 that ume unknown
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50 per cent incidence among 1 000 children examined
throughout England and ¥ ales

Continued Prevalence of Mild Rickets

With the growth of knowledge and the spread of the
mnfant welfare movement rickets 1s becoming less common
and the very severe cases once so fumiftar are naw
comparatively rare. But 1t has been emphasized that after
the winter months and in the absence of prevenuve
treatment, some degree of rickets 1n a proportion of mfants
15 almost wmevitable n such climates as those of Bratamn or
many parts of Northern Europe and North Amencn
(Gebhart, 1924 J H Hes ot ol 1930) Preventve
treatment 18 oficn neglected and surveys, in which the
modern more sensitive methods of diagnons were used
have 1n fact indicated that the mcidence of mild nckets
was stll surprisngly huigh (Newman 1929 Elot 1925,
1926 Crawford and Wilhlamson 1930)

A natonal survey was carned out by the Britsh
Pxdiatric Association at the suggestion of the Minustry
of Health 1n 1944, to ascertan whether there had been
any increase of nckets 1 war time  In 2g areas m Great
Britain and Ircland a total of 5 283 children between the
ages of 3 months and 18 months were examined both for
the presence of chimeal signs and for radiological evidence
of rickets The conclusion reached was that  the incidence
of nickets diagnosed mdwlogically n children between
g and 18 months of age 1 2 per cent before 6 months,
¢ per cent i the Sisst yeor nnd neghgible after that
period  This meant that about 24 ooo children 1n Great
Bntun suffered from nickets every year  The rates for
active richets diagnosed clinteally (enlarged epiphyses,
enlarged costochondral Junctions delay 1n closure of
the fontanelle cranwtabes late walking and delayed
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dentition) ranged from nil in St Albns wnd Watford to
64 per centin Sheflield *

Early History
Most medical littonan hwve overlooked the fact that

m 1645 1 young methenl student of 26 years of age,

named Damel Whistler

{hailing from Merton N PSR ﬁ#

College, Oxlord) pub- \ -

Ished 1n Leyden 1 Thewus

for is MDD degree cn

utled  De morbo puerttt

‘GLX’if/_)\lUS [
x

{nglorem quem patite RACHITIDE
liomate ndigeme  rocant

X ﬂ/ff-'j\j }
The Rickets T i

probably the first known
account of nchets and
antedates the more cele
brated book of the Cam
brdge chmaan Ghsson

De Rechitrde published
m 1656 On the conunent
of Europe, rickets was

long known as die englische
Arankkett (n atlusion
kY P———.
ather to the wntings of | =, i 4MNanmy o
Glisson and other Enghsh = A donletsanid
authors or to sts common U, | l;‘”"‘":-'::;‘m P
ocawrrence - England ;4 ) 1 poge 4 Glosoo e use
From 1782 onward the & ket publubed i 630
The report agam sircmes the fmding that alibough 1 seere cases the
dinieal disgnows of 11 ketsos uwsall @ n he ulder§ 4o B extroncy
duficalt, and m the minoc degrees quit - wmpesible For
the laster  radiologacal duagmons 1 demratd A hemsal e of the
Hoxd serum, for mocganx ¢ and  alcum, ¥ sul) betier for
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uze of cod hver oul for nckets gradually ganed ground
and by 1865 1t was confidently recommended by the great
French chimaian Troussean as  the well known and per
fect cure for nckets  Already m 1838 Jules Guerin had
produced rickets expertmentally 1n puppies to substantiate
the theory that 1t was a discase of faulty diet, and the
Englsh surgeon Bland Sutton, some 50 years later had
cured nckets 1n lion cubs at the London zoo by the use
of cod liver ol together with muk and crushed bones.
Nevertheless chimical teachung remained confused and
divided and 1t was not until 1918-1923 that the wtiology
of rickets as a defiaency disease became clearly establshed.

Recognition of the Antirachitic Vitamin

Ax mentioned on p 12 Hophkins 1n 1906 alluded to
rickets as a disease. 1n which for long years we have had
knowledge of a dietetic factor and mn 1912 Funk

postulated that rickets was one of the wvitamme
defiaency diseases. Conclustve proof of the existence of an
anti nckets vitamun was first given when Mellanby (1918)
showed that experimental mckets in dogs could be
prevented by the clusion of certan fats 1 therr diet,
such as cod hiver oil or butter but not by various vege
table oils such as linseed or ohve ol  Soon afterwards
followed the production of rickets in rats (McCollum ¢
al WD d Pappenheimer 1921) and the
/’/d:ﬂ‘ antt nickets vitarmn—then to be
—from vitammn A (McCollum

pigddl : that rickets

Brtd 192 gruzed (Palm 18go) that 1
tcmperate zone or wherever the

active b humud climates, 1n smoky or

argcd' 15 Ui
:1:1 fontarded industnial ateas, or where the rite of perdah
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bone at the cpiphyms where the zone of Pprovisiona}
calaficanon 13 increased 1n breadth and madequately
mineralized  An urregular growth of the soft osteard

In placr of the straght, hawet
{marked by wrow), there % pcen b TEEE e
xperiectly ey wadeont
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tissue follows nd 1 comsequent swelling of the epiphyseal
Junction { rachiic metaphyms ) The bending of the
inadequately calafied bonet wnd the overgrowth of
odeord tisue cume the well recogmzed  deformities
already  referred  to—bow legy,  knock knees  mchatic
pelvis, green suck  fractures, the enlargement of the
ends of the bones, and the beading of the ribs.  Together

4 lnhrp-mm l.l:ddrfrrmjnr‘rpu]’*\wl t Wl
ket

4 b Hwwer)

with the be ny changes therer los of tone of the muscles

and the pct bellv 1 a noticeable feature  Tetany (p 106)
may be present

Pathogenesis

The immediate cause of the deficent calaficaton of
the bone n nckets 15 thought to be the low level of the
morgame phosphate 1 the blood plama or more
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correctly the low Cax P product (Iversen and Lenstrup
1919 Howland and Kramer 1921 1922 1923) Ul
mately thus chemical defect 1n the blood 15 related to an
madequate net absorption (sce p 118) of the P and/or
Ca from the testne, A low plasma P (or CaxP
product) 1s charactenistic of active riclets

Laboratory Diagnoais
Use 15 made of the last mentioned fact for diagnomns
Indeed an analyms of the blood serum aither for P and
t

A{?
i &

o
A Y
1% 7 ),
Fia Radlologscal disgresis of active and bealing
Frckett \-ray plctore of boags of wrst (distal end of radns)
O Icft, astme rickets, showing, 4 the “Tachiyc metapiy s 1 e lack
tome e of te diiplrysle.
I(uhﬂc-thd'rt‘bhn:‘ { e growiog

¥

‘ j}ﬂ

Ca or for phosphatase (see Smuth 1933) 1 the only
certun method of detecting mcipient rickets or muld
rickets. The radiographic abnormalittes at the cpiphyses
do not become apparent until a later stage, but they form
the most useful gude 1n following the course of healing

(cf footnote, p 97)

Prophylaxis and Treatment
If rickets 15 to be prevented with any degrec of certainty
in northern chimates 1n the winter at least the infants
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diet must be supplemented wath vitamin D This may
be aither 1n the form of cod liver ol or better halibut
liver a1l or concentrates of vitamun D, {calaiferol) or D,
Perhaps the most convement procedure for artfically
fed infnts 13 to employ an infant food (e.g a propnictary
dned milk preparation) in which a standardized amount
of vitamin D hns been incorporated  Success has also
attended the use of irradiated mulk, or of helio- or actino-
therapy but these measures are not generally 3o
convenent.

In curatne treatment halibut hver oil and calaiferol
have the advantage over cod liver oil that they can be
tolerated at a more adequate level of antirachitic activaty
The optimal prophylactic dose for infants and chuldren
has been found to be from 500 to 1 500 1u dauly and
the optimal curative dose about 1 000 to 3000 The
mintmal toxic dose may on occauons, be as low as
10000 1u daily although very much more has often
been given with apparent impunity—as 1n the so-called

bomb therapy which has had s advocates. It
nevertheless seems desrable that the more moderate
levels of dosage above advocated thould be adhered to
the lower posble Lt of taxiaty being not too far
removed from the opumal les el for most effectne curatne
treatment (see Harns 1933)

Vitamin D and the National Diet

Dunng the Second World War the Ministry of Food
mn the United hungdom arranged for all the margarine
to be renforced with vitamuin Dy, and made available
supphies of cheap or free cod-Inver ol renforced with
vitamin D, for pregnant and nurung mothens and for
children. A war ume somal suney however revealed
the diconcerung fact that only 4o per cent of mothers
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were collecting the cod liver ail to which they were
entitled

Rickets and Dental Carles

It has been known nnce the last century at least, that
rickets s often, although not mvanably asociated with
dental canes, and 1t 13 now apprecated that vitamun D
by promoting the narmal calafication of the teeth, mds
them to resist eromon  Climical tnials have proved that
adminustration of vitarmn D 18 one of the facton which
can help to keep 1n check the spread of cartes (M Mellan-
by 1934) Sec further onp 122

VITAMIN D FOR THE MOTHER

In Pregnancy and Lactation

In prescribing vitamin D for the child, the need of
nursing and expectant mothers should not be overlooked
An allowance of about 1 000 to 2 000 1u. daily may be
recommended The extra vitamin 1s needed not so much
for any cffect that 1t may have on the offspring or on the
composiion of the milk—which 1 small in ordmary
arcumstances—but rather 1 order to increase the
mother’s asamilation of calaum and phosphate, so as to
make good that lost to the feetus or in the milk,

INFANTILE TETANY CELIAC RICKETS
JUVENILE RICKETS OSTEOMALACIA
RENAL RICKETS

Tetany Assoclated with Rickets

Infantile tetany seen in amsocation with nckets 1 a
nutntional dsorder due directly to the low level of
calaum 1n the blood plasma. It 1s cured and prevented
by the samc measures as those which are effective 1n the
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always between the nge Limuts of about six months to two
years In Central Eurape at the close of the First World
War  however juvenile nckets was prevalent (Simon

_—

Fig 44 Cases of adolescent nckets.

.2 mmmwm:;;:nﬁu:;)
1921) In recent decades, 1t has still been seen 1 a
number of eastern countries mcluding India (see c%
Hutchison and Stapleton 1924 Wilson 1931) ém
elsewhere for example, among Finns and Laplanders

\Kloster 1931)
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Osteomalacia

Osteomalacin or adult rickets has been prevalent in a
number of eastern countnes, c.g 1n Northern China
(Maxwell and Miles, 1925) and w1 parts of India

1
- »
!Z v -t
W 1 46 Namowing of pel b
) et normal
\ Huldberth umposl
} Fred A am U (vn.-fl)-'-'va
whnae slogr | Sweeons Lendon)

o I 4 Aamer ae
of adul ncket oo
makicia

Afer Franh)

(Vaughan 1929 Wilon and Sume 1930)  Its cause
commonly lies 10 a combinauon of arcumstances  there
may be a lack of vitamin 1) from the diet or diminished
expusure to sunlight, ns when purdah tp 98) 1v obverned
but often there n alis an actual shortage of calaum or
phosphate in the diet  In Vienna dunng the food
shortage after the Firnt World War osteomalacia was
prevalent an the late winter and spnng among poor
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Probably vitammn D, (calaferol) occurs naturally in
irradiated vegetable tusues and vitarmin D; 15 the
princtpal form 1n most fish Liver oils

agﬂ\ﬁ ‘
4%?/2;/“*“
ol

7 Debydrocholesterol (peov tamun Dy)
- ‘

~ o= e
?Q%Tﬁ? '
qctlgnl & /l"‘_‘"'
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SreLeroN Formura 1y

Other D Vitamins

There are certan other vanants of vitamin D in
addiion to D, and D,, such as aruficially prepared
rrradiated @ dikrdro-ergosterel (vitamin D) and aradiated
7-dehrdrositosterol (ritamin D) but nonc of these seem of
much practical importance.

Alo s ndicated above, fish Iiver oils may contain
varying amounts of addional D-vitamuns, disunct from
the pnnaipal form D, but these have not yet been well
character1 od

Cholesterol  under certamn  conditions of chemical
treatment may also be made to yield a product possessing
distinct antirachiuc properties, but this differs considerably
m propertice and structure from the group of D wita
mins  as understood above

The Vitamin D Skeleton

The general  skeletin formulr  for All forms of the
vitamun nd provitarin are hown below R representing
1 vanable ade chain

[ R

&

Pres wamn N\ am
Genrera) formd for the D pron tamurme od the D vitamum

ASSAY OFVITAMIN D INFOODS AND TISSUES

Alternntlve Assay Techniques
For the amay ofvitamin 1 various alternative procedures
are avalable  The most satisfactory are the following
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(1) curative tests on rats with X\ ray examination of the
rachitic metaphyses (see Bourdillon et of 1931) (u) the
hine test {McCollumetal 1922) sumilar to the foregoing

Fio 49. Radwologwl smay o vitamin D
1 thw redsologuau method Sor the swty of Himm D the crrienod waed
= the dogres of hoaling prodmcet i the boces of rackric rats. Lu the
y ot ealrag,
the incrosec graded doses of viamm D admmwtered.

The appeatumer of the booe at the postlon merked b the erTow abouid be
corpared wafh merewsed healng the width of the mmoaicied pp

{After Bownvilon o« 1831)

but involving visual mspection of a silver stamned prepara
tion of the metaphvses past mortem  and (1n) determunation
of the sh content of the bones Nos (1) and (in) are
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causes, durectly or indirectly esther an wnereased absorption
of these elements from the intestine or alternatively ther
dimimshed re-¢xzevetion into the alimentary tract  As it was
not certain which of the two processes was more important,
the action was cxpressed by saying that it caused an
mncreased net absorption (Harnw, 1932) 'Thus increased
net absorption 15 reflected 1 a rused concentration of
phosphate or calaum or both in the blood-stream
(Iversen and Lenstrup 1919 Howland and Kramer
1921) Thus 1n turn promotes an increased calcification of
the bone 1n other words the defechioe coleification arises

TABLE 7

Loss of Ca and P tn Feces 1n Rukats, and uts Effect on the
Mineralization of Bons

Moouy | Rxxen

100

2040
pereentage of intake ’-’io 70
a5 ¥0-30

directly from the low blood phosphate or caleon. In this sense
rickets 13 a disorder not of the bone but of the blood In
fact 1t has been shown that bone will calafy normally
m oo provided the blood-serum with which it 13 in
contact contans adequate phosphate and caldum

(Shipley 1924)

Hypervitaminosis D
This concept of the mode of action has been sub-

stantiated by observations on the effects of excesmve
doses of the vitamun. It has been shown that just as
deficency of vitamn D leads to a low blood phosphate
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Fia. 51 Metastatic cabefiention
n xxlt thanres, trn hypervitammons
Dintherat —

(A) At root of tooth, caudd g
ankylons ( t G)

(B) In kidoeys and

{C) 1 sorta (=aress stain
ing blacki

(4fter Harrls, 1833, end Tnace, 1975-30)

Explanation of Effect op Net absorption

There 1 httle or no evidence that vitammn D acts
directly upon the function of the alimentary canal. It
13 true that m certain circumstances admmustration of
the vitarmun can duninish the alkalmity of the intestinal
contents (Zucker and Matzner rgeg) Ths makes the
calaum and phosphate more soluble and would account
for the observed increasc in the net absorption  But this
action does not seem general and in any event it lacks
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oxplanauon At the time of wnting (1951) there 13 no
full explanation of the chemical action of vitamin D
Recent evidence based on observations with radio-active

labelled  elements, suggests that an mual effect of
vitamin D 1 to cause an mcreased  turn over  of organic
to norgamec phosphate 1n the soft tissues * The obscrved
effect on the net-absorption may thus be secondary to
thus action

The Parathyroid Theor)

A defiaency 1 the parathyroid secretion 15 known to
cauwse a fall in the lovel of calcaum 1n the blood and
admimstration of parathyroid hormone results 1n a rise in
the caleum level  With excess of the hormone, calaium
depositions are found 1 the tusues. In these respects
the action of the parathyvrod seems to resemble, super
ficually at lcast, the effects scen with deficiency and with
excess of vitamin P respectively  The theory had there
fore, been propounded that vitamin D acted by stimula
ung the parathyrod gland  This view had to be rejected
however because this fundamental difference was found
thut whereas the parathyruid rased the calcium in the
blood by withdrawing 1t from the bones and causing a
loss 10 the body the vitamin D did so—as indicated
above—by decreasing the lows of calaum 1n the ficees and
thus increanng the retenuon m the body (see Harris
1932)

MY PERVITAMINOSIS D

Several allusions have already been made to the
1ll-effects produced by toxic overdoses of vitamuin D The
pathological changes seen in human beings are the same
as those produced expenmentally in arumals vz, rased
levels of calaum and phosphate 1n the blood lows of

Cohn and Greenberg | gag)
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calaum by way of the unne and abnormal calcium
depositions 1z such mtes as the kidney aorta, growth
cartilage, and penodontal membrane (for further refer
ences, sec Harris 1932 and later hiterature)

VITAMIN D AND THE TEETH

From what has been said above (p 106) 1t will be
understood that admimstration of adequate vitamin D 1
the early years of ife 113 important for bnnging about an

adequate calafication of

ST SATTSSRAY"  the teeth, and hence for

o e e rme  ensuning  ther  normal
structure the possesnon

ot of sound normal teeth
may therefore be ex
[ Kod pected to increase the

chances of remstance to
erosion

Administration of vita

s mue D was found by M

SN E Mellanby (1934) to dum-

1msh both the spread of

Fra sa Incdence of dental cancs in
refaton o fluonde content of drmiang  old caries and the de-

i1
T

vmter m USA. velopment of new canes
! UDRSR SRS T in school children It

(dpiw Dumn s 1940 did not however emfirely
arvest the discase.  Thus
1t 18 clear that other factors, 1 addition to dcficiency of
vitamin D areinvolved in the pathogenensof dental canes.®
Uy been establnbed that & ufBcient | take of the *mrace

It has recently cxtal = 3

element  fluorine, 1 0oe of the moat important of these  From
from 21 cnies 1n 4 difierent states In the
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This same conclusion 13 to be drawn ajso from the ob-
servation that 1n some regons of the globe nckets and
osttomalacia are common but dental cares 18 almost
unknown, and that i other regions canes 1s common
but nckets 14 not

PHARMACOLOGICAL USES OF VITAMIN D®

In Parnthyroprivic Tetany in Lupus Vulgaris

The usefulness of vitammn D 1 prevenung a predipitate
fall 1o the level of calaum in the blood llowing surgmeal
damage to the parathyroid glands, has been recognized
for some tume

A more recent and remarkable development 19 the
spectacular cure of lupus vulgans, following massive
doses of vitamn D (Charpy 1945 1944 Dowlmg
1946 D E. Macrac 1947) For it to be effecuve, the
amount of vitamuin gven has to be so lugh as to provoke
a babihty to hypercalermua (=bypervitamunasts) and
toXic symptoms, 10 a proporuon of casey  thus careful
control of the treatment 15 necessany
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vitamun A. If an individual 1n the last mentioned group
(c) shows a ugmificant improvement after being dosed
with the vitamin A, but no improvement before being
dosed (b)—while the controls (a) also remain unchanged
—1t 13 a reasonably sure indication that he 15 suffering
from a defiaency of vitamin A.

In some surveys carried out in Great Brtain between
the two World Wars, such precautions were taken and
there seemed to be an indication of some ncidence of
rubnormality (viz in about one third of the subjects
examined) among certam groups of madequately fed
children 1 poor-class areas (Maitra and Harrus, 1937
Abbasy and Harris, 1938)  This suggestion was confirmed
by an imndependent finding 1 some nutrition surveys
carried out at the ttme—in which 1t was shown that those
children who were subnormal in the dark adaptaton
test had m almost all mstances been those who were
recerving virtually no fresh milk, either at home or at
school those with better dietary histories had come n
the normal group on test (Menztes 1938) Since those
days socal conditions have improved so much that
such a degree of underfeeding must have almost vanished
there has been a greatly mereased consumption of milk
in poor-class homes a general extennon of the provision
of milk 1n schools and of school meals not to mention the
fortfication with wvaitamin A of all marganne sold i
Great Britain and a free supply of cod liver oil prepara
tions for all expectant and nursing mothers and young
children

Such evidence of deficiency 15 thus no longer to be
expected m Great Britan - Nevertheless 1t remains true
to say that i the mter war penod according to the
1ndependent surveys reported by Orr (1936) a connider
#ble proportion of the population was judged to have
—takes of vitamin A below the reputed optimum
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In the Umted States of Amenca (O Bnn 1933
Jeans and Zentmure, 1934) and in other industnial
countries of the W est, stomew hat amilar conditions appear
to have applied while 1n parts of India (see Aykroyd and
hrshnon 1936} and in other onental regions the rate
of inadence, and the seventy of the deficiency have been
mcomparably worse.

Night blindness

Defimte subjectrve symptoms of mght blindmess such as
obtrude themselves on the patient, deserve to be clearly
dutinguished from the carlier and milder mamfestation
of subnormal dark edaptatron which 1t will be undentood
may necd speaial laboratory equipment for its detection
From records i the hiterature 1t 1s clear that this mark of
the more advanced deficiency has been common 1n
vanous parts of the globe, e.g Newfoundland (Lattle,
1912 Aykroyd 1930) Labrador (Lattle, 1qr2) China
(Pillat, 1926 Chou 1930) Guatemala (Maephail, 1929)
and the Dutch East Indies (Wille, 1922) Aykroyd and
others have observed that after o patient has recerved a
large dosc of vitamun A his mght may be restored to
normal within so short a time as 12 to 24 hours.

It has to be borne 10 mund that other types of mght
blindness are known not related to witamin A—for
example 10 the hereditary defect, rettmtus pigmentosa—
and these do not respond to treatment with the vitamin

Ocular Leslons

In adults a long-continued defictency of vitamun A
generally gives nse to might blindnexss 1 children on
the other hand xerophthalmin with or without
keratomalacla s the more usual symptom

The fist change to be detected 1w xevophthalmia 1n
man 1 in the conjunctiva which becomes dned,

vITaDs "
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vitarin A. If an indmvidual 1n the last mentioned group
(c) shows a mgmficant 1mprovement after being dosed
with the vitamm A, but no improvement before beimg
dosed (b)—whle the controls, (a) also remam unchanged
—1t 13 a reasonably sure indication that he 1s suffering
from a deficency of vitarmn A

In some surveys carnied out 1n Great Britain between
the two World Wars such precautions were taken, and
there seemed to be an indication of some inaidence of
subnormality (viz mn about one third of the subjects
examned) among certain groups of madequately fed
children 1 poor-class areas (Mastra and Harrs, 1937
Abbasy and Harr, 1938)  Thus suggestion was confirmed
by an independent finding 1n some nutrihon surveys
carmned out at the ime—1mn which 1t was shown that those
children who were subnormal in the dark adaptation
test had 1n almost all instances been those who were
receving virtually no fresh milk, esther at home or at
school those with better dietary histones had come 1
the normal group on test (Menzies, 1938) Since those
days soctal conditions have improved to much that
such a degree of underfeeding must have almost varshed
there has been a greatly increased consumption of milk
1n poor=class homes, a general extenmon of the provision
of mulk 1n schools and of school meals, not to mention the
fortification with wvitamin A of all marganne sold 1n
Great Britan, and a free supply of cod hiver oil prepara
tions for all expectant and nursing mothers and young
children

Such evidence of deficiency 15 thus no longer to be
expected 1 Great Britain, Nevertheless 1t remauns true
to say that in thc inter war penod according to the
mdependent surveys reported by Orr (1936) a consider
able proportion of the population was judged to have
mtakes of vitamin A below the reputed optimum
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In the United States of Amenca (O Bn n, 1933
Jeans and Zentmure, 1934) and in other industnal
countries of the W est, somew hat nmilar conditions appear
to have applicd while 1n parts of India (sec Aykroyd and
hrshnan 1936) and 1n other onental regions the rate
of inadence, and the seventy of the deficieney have been
mcomparably woree.

Night blindness

Defimite subjective symptoms of mght Lliadress such as
obtrude themselves on the patient deserve to be clearly
dutinguished from the earlier and milder manifestation
of submormal dark adaptaion which 1t will be understood
may need speciafl faboratory equipment for its detection
From records in the hterature 1t 18 clear that this mark of
the more advanced deficieney has been common 1n
vanous parts of the globe e¢g Newfoundland (Lattle,
1912 Aykroyd 1930) Labrador (Lattle 1912) China
(Pillat 1929 Chou, 1930) Guatemala (Macphail 1929)
and the Dutch East Indies (Wille 1922) Aykroyd and
others have abserved that after a patent has recenved a
large dose of witamun A his smight may be restored to
normal within 50 short a ime as 12 to 24 houn.

It has to be borne 1in mind that other types of mght
blindnes are known not related to vitamin A—for
example i the hereditary defect, reinuts pigmentosa—
and these do not respond to treatment with the vitamin

Ocular Lesions

In adults a long-continued defictency of vitarmun A
generally gives rise to night blindness  1n chuldren, on
the other hand xerophthalmia with or wathout
keratomalacia 1 the more usual symptom

The first change to be detected 1n xerophthalmia 1in
man 1 1n the conjunctiva which becomes dned

Vs "
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and then wnnkled and thickened. In cases of mild
deficzency of vitamun A the so-called Bitot’s spots may
also be observed at a fanly ecarly stage. These are
charactenstic, chalky white specks, named after C, Bitot,
the physician at the Foundlng Hospital 1n Bordeaux
who first described them 1n 1863

In severe cases, the xeroms of the corneal epithehum,
if not treated may lead to corneal ulcers, and so to blind

{ 1MW ouiiii
Fio 57 VimminA defioency  Xerophtbalmsa in Dankh
917 (i Binch)

ness.  If however cod hiver ol or vitarmn A concentrate
18 given 1 time, the cure 1s dramatcally rapid

The classical accounts of xerophthalmia are those given
by Mort in Japan (1go4) and by Bloch i Denmark
(1917 1924) In India, xerophthalmia 1550 common that
1t is said to have been the pnnapal cause of blindness
(Wnght, 1931 Kmowan 1931) Other records refer to
1ts prevalence mn Ceylon (Nicholls, 1933 1934) 1n parts
of China (Pillat and Chang 1932) 1n Yucatan (where one
child 1n every five was a vicam Carrillo 1932) in
Malaya, in Newfoundland and elsewhere.
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Eplthelial \crosls

The charactenstic change in the skin 1in vitamin A
deficiency  dexcribed by numerous clinical observers s
an excasive dryness, which may be followed later by a
typical follicular hyperkeratosis Dry homny papules
are formed which may
vary in size from a pins
hend to a quarter of an
mnch acrow, and which
oceur predominantly  at
fint on the extencor sur
faces of the thighs and
forearm and may spread
to other parts of the body
(legs, army,  shoulders,
abdomen  chest, back
buttocks) (Figs 58 59)
Howenver the folhcular
hyperkeratoss 13 by no
means always observed 10
defiaent  subjects, and
there has been some ques-
tion about its specificsty as
as a sign of vatamin A de-
ficiency

A pecubar condition of
the skin seen by Loewen
thal in Uganda and later
by Nicholls in Ceylon has VR b anm s tun
been grven the name  phrmoderma  1Greek, from the
natne desgnation  toadskin ) It may beassociated wath
Tack of vitarun A, but perhaps also with other concurrent
defiacnaes.  Loewenthal dexnbed 1t as consssting of a
drynes of the kin with a kerunized papular eruption
onginatung at the mlo-sebaceous follicles and occurmnng
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on most parts of the body except the face. This con-
dition has been shown to be very common m Ceylon
(Nicholls, 1933 1984) 1n Uganda (Loewenthal, 1933

This is the mme casc s in the previows
(4fser Fromer o ol., 1M3}

Pillat
Mitchell, 1933 Wnght, 1930) and m Chna (

1929 Frazer and Hu, 1931) In England, Mackay
(1934) consmdered that, among infants mnor nfectrons
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of the skin constitute o common result of hypovitamn
noss-A.

Relation to Infoction
Sce nbove, p 129

QUANTITATIVE REQUIREMENTS AND
CURATIVE DOSAGE

Needs of Adults

A commuttee of the Medical Rescarch Council (1945
1949) found that 1300 1u of vitamun A or 2600 1u
of carotene were sufficient for a slow cure of the nigns of
mild defiaency 1 a group of human volunteers  The
League of Nations standard requirement of 3000 11U
for an average adult therefore seems to allow a small and
reasonable margn for safetv  Such a supply s afforded
by a daily mntake for example, of 500 milhlitres [7/8 of a
pmnt] of whole flmd mlk, one egg 25 gramma [g/10
ounce] of butter and a medium nzed serving of a green
leafy vegetable (League of Natons 1938)

Mothers Infants and Children

For pregnant and lnctaung women the nceds arc
doubtless mcreased  The requirement of infants and
growing chidren 1 also greater than that of adults,
waght for waght  The vitamun may be supphed to
infants 1n the form of a fish lner ol or a concentrate.

Carotene Not Quantitatively Equivalent

It must always be realized that carotene 1 less well
utibized weight for werght than vitanun A the carotene
content of a food should be diided by an arbutrany figure
of about 2 to 3 1 order 1o express appm\\mld) it
equivalent halogical actiary 1n tem
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GLINICAI DIAGNOSIS OF DEFICIENCY
DIAGNOSTIC TESTS

At least mx posuble indications may be sought as
evidence of early vitamin A defictency m man —

(1) duninuhed dark adaptation, remainng unchanged
without treatment but restored to normal after
administration of vitammn A (see above, p 131)

(2) xcrosis 1n the conjuncva (scen on nspection with
a alit lamp mucroscope) with

(3) presence of Bitot s spots and

(4) keratimzed cells n scrapings from the cornea

(5) occurrence of follicular eruptions 1n the skin the
latter being dry and thickened

(6) low level of vitarrun A 1n the blood

Post mortem an indication of the vitamun-A reserves
of a buman subject 15 readily obtmined by chemical
analyss of a speamen of the liver for its witamun A
content. Thus fact has proved useful for purposes of
surveys, as for example, 1n comparions of the vitamin A
status of different sections of the commumity or n
examning the effect of various duenses on the vitamuin A
cconomy of the body (T Moore 1937)

PROPERTIES OF VITAMIN A

Identification and Relation to Carotene
Observations by Steenbock (1919) and by Euler ¢f of
(1928) gave ruc to the suggestion that there was some
connechon between vitamin A and the naturally occur
nn ow plant pigment, carotene, Then, m 1929
Lhcgmgij'lmcn{s of 'IE g-;(‘oom led to the recogmition that
two distinct substances, (a) the yellow pigment carotene
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and (b} the colourdest vitmin A of liver oily, thare
vitamun A activity Carotene occurs as such in the
vegetable kingdom and some or all of 1t 15 converted to

-
a ™
*

. [ 3
lt' -\'. S ] .
[ 1
&ilgt‘. ‘

-

Jw 00 Crvssh of fcwrotene pro-vttamin A
(Afier Paimer)

vitanun A mn the ammal organsm  The chemical relation
between f-carotene and vitamin A (harrer ¢ of  1931)
1t shown 1n the formulr below
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B-Larotrne bon showing lu relation ¢ vitamin A (axrrophtbol) below
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Various Blologically Actlve Forms

It hns since been shown that several other carotenord
substances 1n addition to fcarotene also possess vitamin A
activity but the matter 1s not of great practical import
ance. B-Carotens hns the highest blological potency of
the several actine carotenoids 1t posscases two S-1onone
nog {(p 145) « Carotene y-carotene and crypto
xanthin which have only a single f10none nng have
about one half the activity Other active carotenowds
although of hittde more than academic interest nclude
leprotene (present in the lcprosy bacillus) echinenone
(1n the sex glands of sea urchins) myxoxanthin (in cer
tam algz) and aphanin and aphanicin (in green algz)
Numerous other carotenoid prgmentt are mactuve 1n
cluding for example lutemn (1n green leaves) and lycopene
(in tomatoes)

To turn to the pre formed A vitamuns (1¢ the alco-
hols) as disunct from the parent carotenoids (hydro-
carbons} vitamin A, 1s the prnincipal form present in
manne liver olls,  Vitamin A; occurs 1n some fresh water
fish  There are also scparatc cls trans 1somers of the
vanous active carotenes and A vitamimns, In nature, the
all trons form predomunates m cach caw, and has
the highent biological activity

\ / <
N —c =cu—lnc —cn-cu—iucn—cn -]

\/

Vuamin A

(Fentatn  furmula, accordung u R A. Morton )

-
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due to vitamun A (aleohol or ester) plus active carotenods
(hydrocarbons) The cntena cmgloyed m the rat test
may be either (a) restoration of growth, or (b) the cure
of speafic xeronc changes, which are best observed by
means of a vaginal smear A method nvolving (c)
measyurement of the amount of vitamin A stored mn the
rat 8 hver has also been used

The dustribution of vitamin A 1 ammal tissues can also
be followed hustologically by means of the so-called
fluorescence test. Thus depends on the fact that, sf a
tissue-alice 13 exposed to ultra violet wrradiation those fat
globules which contain appreaable amounts of the
vitammn emtt a distinctive fluorescence.

The chemical determination of carotene 1 based on a
meayurement of its natural yellow colour after a pre
Lminary extracton and separation, if necessary from
other carotenods (e.g xanthophylls*) and asocated
pigments (such as chlorophyll) by chromatography t

In the chmmnlogrnPhJc process di-calctum phosphate (or
alumina) may conveniently be employed asy the adsorbent
and acetone as the extractant. Another solvent found to be
uscful 18 2 muxture of light petroleum with acetone and quinol

The international unit adopted 1p 1934, 15 0 0006
mg (=0 6 pg) of a standard speamen of g-carotene.

For vitamin A a corresponding umit was set up 1n
1949 viz 0 944 wg of a standard preparation of wita
min A, acetate, representing 0 3 pg of vitamun A,
alcohol

Distribution of Vitamin A and of Carotene
In the ammal kangdom, fish hver oils and mammalian
livers provide the best sources of vitamn A Fish body
oils and beef and mutton fats are but poor carmers.
Ordipary margarine, as formerly supphed to the public,
Garotenols.” For Ribliography sce Society of Public Anslysts, rg50.
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was mactive, but dunng the Second World War th
forufication of marganne with vitamin A was mad
compulsory an Great Britain and this no doubt helpe
to prevent any definency among the population

In the plant kingdom pre-formed vitamin A does n
occur a« such  Most leafy vegetables are however ric
m f-carotene, and hence highly actne. The actr
often runs paralle] wath the degree of greenness. Amon
root vegetables the carrot and sweet potato are especiall
active most others are poor  Certain yellow frnts contan
sgnificant quantiies. Red palm od has a very Iug
carotene content most other vegetable oils contain Litt]
of none.

Dairy products are dustinctive 1n owing thesr vitamin
actrvity partly to the vitamun itself and partly to caroten
Milk and butter are important as sources of vitamun .
n the natonal diet  egg yolk 1 less smportant becaus
of the relatively smaller amounts consumed

Origla of Vitamin A in Nature

The ultumate source of all the vitamun A 1n the anum;
kingdom whether 10 mammals or 1n fish can be trace
back to the carotene synthesized by plant bfe terrestr:
or aquatic. Thus, the vitarun A 1n a helping of ox live
consumed by a human being denves from the caroten
of the pasture.  Simularly the vitarmn A 1 our dose
fish liver o1l enginates 1 the carotenc (or other acti
caratenoid mgment) elaborated by the munute plant
of the sca this 11 devoored by lowly Crustacea, mollus
or small fish which 1n turn form the prey of larger fis}
such as the cod or halibut  We thus have o vitamun
chain

Whale liver 11 extremely nch 1n vitamin A, and ther
has been some question whether the whale getyits vitam

preformed or a3 provitamin-carotenoids.  hon an
FITAMTG R13
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due to vitamin A (alcohol or ester) plus active carotenoids
(hydrocarbons) The cnteria employed 1n the rat test
may be aither (a) restoration of growth or (b) the cure
of speatfic xerotic changes, which are best ohserved by
means of a vagmal smear A method mvolving {¢)
measurement of the amount of vitamin A stored in the
rat s lrver has also been used

The distnibution of vitamin A 1n animal tissues can also
be followed histologically by means of the so-called
fluorescence test. This depends on the fact that 1f a
tissue-shice 13 exposed to ultra violet rrradiation those fat
globules which contain appreciable amounts of the
vitamun emit a dishnctive fluorescence.

The chemucal determinaton of carotene 15 based on a
measurement of 1ts nataral yellow colour after a pre
liminary extraction and separation if necessary from
other carotenoids (e.g <anthophylls*) and assocated
pigments (such as chlorophyll} by chromatography

In the chroma hic di-calcrum hate (or
alumina) may mmdyprl;‘mployed as flif:mpldm‘rbm( t
and acctone as the extractant. Another solvent found to be
wseful 11 2 muxture of light petroleum with acetone and quinol.

The international unit adopted 1n 1984, 13 0 0006
mg (=0 6 pg) of a standard specimen of f-carotene.

For vitamun A, a corresponding umit was set up in
1949 vz O 344 pg of a standard preparation of vita
min A, acetate, representing o 3 pg of wvitamm A,
alcohol

Distributlon of Vitamin A and of Carotene
In the ammal kingdom fish liver oils and mammalian
Livers provide the best sources of vitamuin A.  Fish body
oils and beef and mutton fats are but poor camien.
Ordinary margarine, as formerly supplied to the public,
“Carotenols. 1 For Bibliography sce Society of Public Analysts, 1950.
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(3) a pigmentation and duscoloration 1n the uterus
and elsewhere  apparently associated with a
degeneration of muscle fibres

(4) a degeneration of the epithclium of the convoluted
tubules of the hidney

(5) aso-called exudatne dinthens and

(6} dental depigmentation

Fio 6y Paralym m  amm-E deborncy m rat.

The rxt om Coe gt lad recereed  camom T free durt, that om the Wit
The mume with viamm T

(437 Vort wnd Wowwe 1939
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(Reproducad after Horriz, 1836)
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(3) a prigmentation and discoloration wn the uterus
and elscwhere, apparently aswociated with a

degenertion of muscle fibres

(4) a degencration of the epithelium of the convoluted

tubules of the kidney
(5) a so-called exudative diathens and
(6) dental depigmentation

Fro 64 Parshms m viamm-E deficrency m rat.
T rut om Owe et bad recerwed. damm E free dart, tmt o the keft
ibe mrme durt wih vigmo

(4her Yatrn ud Lows 1939

I 65 Cterws 4 oo oounll defickne o
bnormal prgmen pliniei
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resorption gestations  as the result of deficency of
vitammn E.
Chemical tests depend on the reduction of (a) fernc
salts to ferrous, or the comparable reduction of (b) aunc
sals  colonmetric or electrometric methods are used *

International Unit and Standard

The international umt (1 1) 1 mg of the Inter
national Standard Preparation, which consuts of a spea
men of punfied, synthetic racemic o tocopheryl acetate.

Distribution in Foodstuffs

The best sources of vitamin E include wheat germ and
nce germ oils  cotton seed oil and green leaves (eg
lettuce) Cod hiver oi and other fish Irver ois although
10 nchly endowed with the two other important fat
soluble factors (vitamun A and vitarmn D) are generally
almost devond of E Indeed substances present i cod
liver oil may exert a destructive action on vitamin B w
foods or 1n the ammal organism

Isolation of « tocopherol

In 1936 Evans and his co-workers nolated the vitamin
m a crystalline form and gave 1t the name o tocopherol
It has the formula G,,H,,0,, and may be regarded as
built from tnmethyl-quinal and phytol molccules. The
presence of the latter grouping i vitamm kK, (p 168)
may be noted

8 y- and 3 Tocopherols
8- y and ¥Tocopherols have structures closely re-
lated to a tocopherol, differing only in the omsston of

Emmene wnd Karrer and Keller 1998, respecthcly
Fu: rcvicw;'nd ;:geﬁoda.n}:denmdlholh, 950
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ather one or of twe of the three methyl groups
« Tocopherol b 5, 8-Inmcethyl tocol  f-tocopherol
5.8-dimethy! tocol and y-tocopherol 7 B~dimethyl tocol
&-Tocopherol 15 B-menomethyl tocol
The structurl relations are set out below
i
o \ﬁ/ \:'_1 .
e~t, \e/i-c Oty — = My My— ! -:».'c-.—u-,—i
il oy
R
- ) !
¢c\</ S
R

A
RN

R,

0 —j"'
?-!-:-c — M- —tm—~  -C -~ —twy

CHy ! J.

«Tocopherad (5.7.Bvu'imdh)l uxun muu:;nnw relavombup to

Certain other related substances have alio been
fyothesized and show some degree of biological acuniny
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had been found necessary because of their poor absorp-
ton ather to inject them or to admunster bile salt
sumultaneously  The mtroduction of this new alternative,
vitamin K, thus represented & conuderable advance.
From vitamuin K,, also can be prepared vanous water
soluble denvatives which are useful when treatment by
mjection 15 desired

2 Methyl 1 4 naphthoquinone 18 now offiqal 1n the
Britsh and U § Pharmacopeeias, where 1t has been grven
the names menaphthone and menadione

respectively

AN
C%C{ N
]
Phthiocol.
(#-Methyl-y-trydrexy1,4 naphthoquinone.)
[}
"y g
NN
" e A \ﬁ—cu,
SNy = Y
Y \c/ el N
i B
General formula Menaphthooe™ (*“Menadione™
for K vi{:nmhn. (2-Methyl-1,4-oaphthoquinone.)

Mode of Actlon and Propertiea of Vitamin X
Lattle 13 known about the mode of action of vitamun k.
Prothrombin stself has no vitamn K action nor does the
vitamin possess prothrombin actvity A suggestion that,
biochemucally vitamin K exerts its mfluence by its case
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of oxidation into phthahe acid has not been confirmed
All that can be siud is that in the absence of vitammn K,
the liver 15 unable to carry on 1ts normal truk of claborating
prothrombin.*

Ant! Vitamin K

A naturally occurnng  sweet clover disense  1n cattle
has been traced to the action of dicoumaro! a substance
which 13 chemieally related to wvitamin K, and which
‘blocks theaction of the latter 30 caunng hypoprothrom
binemia, and consequent hxmorrbage.  The dnorder 1
cured by vitarn K

Dicoumarol has been employed in medicine for the
treatment of thromboss, It has 15 obvious risks—the
pombility of induang excesmve hxmorrhage—and o
must be used with great caution

Clinlcal Usecs

Vitamun K aelf finds chmeal application 1in the
prevention and cure of those hxmorrhagic conditions
which are due speafically to a low protbrombin value.
These fall nto three categornes, to be dcussed more fully
below pamely (1) a hemormhagie state m new bom
mfanty, \2) hxrmorrhage occurnng after surpcal wreat
ment of obstructne jaundice and (3) hemorrhage
amoaated with stentortheea or with  gastro-intestinal
obstrueion, which cause @ faulny absorption of the
vitanun.

Other hrmorrhagic states not anociated with low
prothrombin e.g hemophilia are ofcourse not susceptible
to treatment by witamuin K. Agam a low prothrombin
figure may sometimes be due to I er damage rather than
to any lack of vitamin K and 1n such cases adminustra
tion of the vitamin may be vathout effect

CL Addendum, p. ns.

FITaNTvy
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Yitamin K and Neo Natal Hemorrhage

In the new born mnfant, & transient hypoprothrombn
zmia frequently occurs on the second to third day afte
birth and may perust for five to ux days. Ths 1 th
cawse of a farly common condion, a  hxmorrhag
state  seen from two to nx days after birth, 1n which th
hrmorrhages may be observed m the gastro-ntestins
tract (discoloured stools bemng pamed) from the cord

K in barn child dve 1 vimmin-h
0. &7 Huzxxﬂzzgr(hw S

(A fwr Grocrmsa)
Hasacrrtagey cxa b cca 18 {oe . of the gpper ert showir exd
wmmmm% Tea! whamda

1 the nose and palate, and 1n the gento-urmary tract.
It s now thought that mtracranial hemorrhages also
may sometimes be due to vitammn b deficiency

It would be an obvious fallacy to regard all hxmor
thages 10 the new bomn as necessarily due to hypopro-
thrombingrnia, and thercfore amenable to treatment
with vitamun K. Nevertheless statntics cell a strikang



‘cews 1n the pres ention of neo-natal haemorrhages
dication with vitarmn

planation of the transient hypoprothrombin

1 the conscquent hxmorrhage 15 thought to be
normal intestinal micro-flora, which ordinanly
s vitamin K by a symbiotic process docs not
1ance to become firmly established in the new

mt untl after the mgestion of food Prior to
¢ himuted transfer of the vitamin no doubt occury
mother to the factus ra the plicenta

K Therapy for the New born

»y may consist ather of (1) pre natal treatment
ther or (2) the prophylaxis or curauve treatment
s borninfantitself The former 13 to be preferred
wen shown that administiawon of vitamin K
er day of 2 methyl 1 4 naphthoquinone) to the
‘or ont month pror to the calculated ume of
13 completely effectine in preventing hypopro-
wmia  Faling such pre natal treatment, vitamin
3¢ given to the mother at the omet of labour
rely the new born nfant may be grnen vitamin
wlactically (1 4 mg of 2 methyl 1,4 naphtho-
per day ather orally or by injection)  Of 400
it treated with vitammn K only 1 per cent

TasLE 10

lexts of Aeonatal Hemorrhage by Vutamn A
(I'rorn data of Waddell and Lawson, 94 )

Incmex or
+ Ixraxre

Tapsama vt Mawwanacy,
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developed hemorrhages, whereas of 219 not treated 10
per cent developed hzmorrhages (Waddell and Lawson
1940)  If hxmorrhages should have occurred m the
absence of prophylactic treatment, a switable dose for
curative treatment 13 1-5 mg of 2 methyl 1,4 naphtho-
quinone to be given to the infant every 12 hours.

In Obstructive Janndice

The second mmportant use of vitamin k 1 to rase the
prothrombin level and hence prevent hemorrhage after
the surgical treatment of obstructive jaundice. The
explanation of this use of vitarun K 13 as follows The
biliary obstrucoon—which 18 the cause of the jaundice—
results 1n an absence of bile from the intestinal tract, and
hence the vitarmun K 18 not absorbed In conseguence,
there 13 a low prothrombin figure, and so hzmorrhages
are hable to result. Formerly this hemorrhage was the
cause of a high mortality rate 1n the surgical treatment of
obstructive Jaundice, but since the introduction of vitamin
K the outlook has been transformed this attendant
hazard having been almost abolished Treatment with
the vitamun 113 now given as a pre-operative routine.
Preparations of patural vitamins k; or k, were used at
fit being admumistered wath bile salts to ensure thar
asnmlation (cf. above, p 164) Now however the
synthetic product, 2 mcthyl 1,4 naphthoquinone, 15 used
nstead It may 1tself be given by mouth, or myected 1n
the form of certamn water-soluble denvatives (p 164)

Conditioned Deficlency Failure in Absorption
or Obstruction

Hemorrhage, due to low prothrombin values may
also be caused by a falure to absorb the vitamn K,
aither because of an obstruction or for some other reason
Vitarmn K defictency of this type has been noted
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parucularly 1n association with {a) steatorrheea, including
that occurning n (b) spruc, and (c) sometimes also 1n
patients with mtestinal obstruction  Treatment with
vitarmn K ts indicated 1n such cases, a usual dose agan
being from 1-4 mg of 2 methy! 1 4 naphthoquinone
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CHAPTER IX

THREE ADDITIONAL B; VITAMINS

RIBOFLAVIN AND HUMAN  CHEILOSIS
PYRIDOXIN AND RAT PELLAGRA
PANTOTHENIC ACID AND
CHICKEN PELLAGRA

It 15 convenient to discuss together in this Chapter
these three vitaming which are often found associated
together 1n foodstuffs and which 1n therr earlier history
were, one after another each i turn mustaken for the
true pellagra preventing factor (sec pp 16-17 47)

They are —

(1) riboflavin fint demonstrated to be a vitamn by
18 growth-effect for rats  a deficency 1s now recog
nized to be the cause, in humans of a condition
known as chelosis (pp 171%)

(2) pyridoxin or vitarmin By, lack of which was shown
to be responsible 1n rats for a severe skin dusease,
first muscalled rat pellagra

(3) pantothenic acld found to prevent a duscase 1n
poultry formerly known as chicken pellagra

Later Investigationa have proved that these vaitamins
are of importance for various other species also—e.g both
riboflavin and pantothenic acd are needed by doga by
rats and by pigs as well as by poultry

(1) RIBOFLAVIN
Discovery
Riboflavin a water-soluble, fluorescent yellow-coloured
substance was d‘::‘cctcd first 1 mulk, by Winter Blyth 1n
70

\
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1879 and subsequently shown to occur also 1n cgg lLiver
Lidney and other tissues.  Tts role as a growth promoting
vitamin for rats was cstabluhed by hubhn Gydrgy and
Wagner Jauregg 1n 1933

Fmo 68 Crystab of dboflm.
(4f3r K uha)

Nomenclature

Riboflavin was formerly called lactoflavin {or ovo-
flavin or hepatofiavin etc  according to its ongin) and 13
still sometimes known as vitamim B,. (Stnctly speaking
this last term was correctly used only when nboflavin
was still the sole known B, vitamun—that 1y before the
latter was found to be a complex see pp 16 47)

Clinleal Significance

A defiaency of riboflavin 1n man 1 now known to be
assocated with chaloss (lesons on the Lips) together
with an angular stomatitis (wath cracking scaliness and
maceration at the camen of the mouth, leading to
fissuring) and o spectfic type of glossiuzs (the magenta
tongue ) A seborrhaic dermatius and corneal changes
—opacity and vasculanzation—have also been described
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Deficlency in Various Specles

In poultry nutnition, riboflavin 15 of practical importance
as preventive of a deficiency duease known as  curled
toc

In dogs a nboflavin-defictency disease, ow liver
has also been descibed Ran dcpnvcd‘yoil'lﬁboﬂawn
suffer from an eczematous condition of the skin, and
corneal lemons may develop Pigs also have been shown
to need nboflavin - For many speczes of mucro-organtsms
nboflavin 13 2 growth promoting factor

Human Requirement
The daily requirement (preventive) 1s probably about

1-2 mg

Estimation in Foodstuffs Assessment of Nutri
Honal Status

The fluorescence of mboflavin® 13 widely used as a
method for 1ts quantitative estimation 1n foods and tissues.
Other methods depend (a) on growth of rats, or (b) on
microbiological tests, i which lactic acd production 13
measured (Snell and Strong, 1939, and subsequent
Iiterature)  The nutritional status 1n man can be amessed
by the unnary excrenion after a loading test (cf p 75)

Distribution in Foods

Foods nch mn riboflavin include yeast, Iiver kidney
mik and eggs (white and yolk) Beer also contans
mgnificant amounts

Bfochemical Role
Riboflavin 1 known to have onc tmportant physological
function as a component of certamn co-cnzymes, namely
Euler and Adler 933 1933 Kuhn, Gyorgy and \\agner Jauregy
1933 and an cxtenove lnter lterature.
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the ealloxazine adenine dinucleotides, The latter
in combmation with vanous speafic proteins form
flavoproteins which act as catiysts by transporting
hydrogen 1n a vancty of oxidative enxyme reactions
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Deflciency {n Varlous Species

In poultry nutrition, nboflavin 1s of practical importance
as preventive of a deficiency duease known os  curled
toe

In dogs, a nboflavin-defictency dusease, yellow kver’
has also becn described  Rats deprived of mboflavin
suffer from an eczematous condition of the skn, and
corneal lenons may develop  Pigs also have been shown
to need nboflavin - For many species of mucro-organisms
nboflavin 1 a growth promoting factor

Human Requirement
The daily requirement (preventive) 1s probably about
1-2 mg

Estimation in Foodstuffs Assessment of Nutrl
tional Status

The fluorescence of nboflavin* 13 widely used as 2
method for 1ts quantitative estimation 1n foods and tissua
Other methods depend (a) on growth of rats or (b) on
microbiological tests 1 which lactic acd production 13
measured (Sncll and Strong 1939 and subscquent
literature)  The nutntional status I man can be assensed
by the unnary excretion after a loadng test (cf p 75)

Distribution in Fooda

Foods rich i riboflavin nclude yeast, liver lodney
milk, and cggs (white and yolk) Beer also contains
ngnificant amounts.

Blochemical Role
Riboflavin 13 known to have one important physlogical
function as a component of certam co-enzymes namely

Euler and Adler 1933, g34 hobn, uyorgy and Vwagner Jauresx
1ge3 and an extenave later lucrature
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the wealloxnzine adenine dinucleotides The latter
i combmation with vanous specific protans form
flavoproteins, which act as catalysts by transporting
hydrogen 1n a vantety of oxidative enzyme reactions
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Deficlency In Various Species

In poultry nutnition, nboflavin 1s of practical wmportance
as preventive of a defiaency disease known na  curled
toe

In dogy a nboflavin-deficiency dusease, yellow Liver
has also been descibed Rats depnived of riboflavin
suffer from an eczematows condition of the sk, and
corneal lesions may develop  Pigs also have been shown
to need nboflavin - For many species of micro-organisms
riboflavin 13 a growth promoting factor

Human Requirement
The daily requrement (preventive) 1 probably about
1-2 mg

Estimation in Foodstuffs Assessment of Nuotrl
tional Status

The fluorescence of nboflavin* 15 widelv used as a
method for 15 quantitative esimation 1n foods and tisua.
Other methods depend (a) on growth of rats or (b) on
microbrological tests, m which lactic aad production is
measured (Soell and Strong 1939 and subscquent
literature)  The nutntionsl status in man can be asessed
by the unnary excretion after a loadmg test (cf p 75)

Distribution in Foods

Foods rich 1n riboflavin mclude yeast, hver kadney
mulk, and eggs (white and yolk) Beer also contains
ugmficant amounts.,

Blockemical Role
Riboflavin 13 known to have one important physiological
function as a component of certain co-enzymes namely

Euler and Adler 933, 934 huhn, Gyorgy and 15 agmer Jaurerg
tga3 and an extennve later Hierature.
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the wonlloxazine adenine dinucleotides The latter
m combmation with vanous speafic protans, form
flavoprotelns which act as catalysts by transporting
hydrogen 1n a vanety of oxdative enzyme reactions
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Form of Occurrence

In mulk a greater part of the rboflavin 1 present m
the free state, whereas in other materials such as yeast,
Liver and plant tissues, 1t seems to occur mostly 1n the
combined form

(2) PYRIDOXIN (VITAMIN B, ADERMIN)

Deficlency In Varlous Specles
Deficzency of pyndoxin 1n rats as described by Gydrgy
(1934) 13 marked by a flond symmetrical dermatitis of the
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extrermties, This m1y be accompanied by hamatuna and
sometimes by epileptiform seizures  The last mentioned
sgn 18 seen also 1 pigy, together with a mucrocytic
anemia  The defimency has been studied also 1n chicks

Man appears to need pyndoxin and 1ts deficiency is
pethaps asociated with a chellons ninular to that secn
with deficiency of nboflavin

Structure
Pyndoxin resembles nrcotinamde 1n being a pyndine
dervative. Tt was 1solated and 1ty structure determined

T5a. 73 Crystals of pyndoxin ( tamin B,
{A ey Bukarll and Prowcen

M 1939 and 1t was soon afterwards synthesized (5 Al
Harms and Folkers 1939 huhn et of 1939) Its
structure 15 shown below

Pyrdoun (\ tamn R
(n-&inh,l.g-b,dnm 4 5 (by droxymethy Dpyndine }
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Distribution and Estimation

Vitamin B, 13 found 1n many different types of food
stuft  Among the best sources are yeast, lver pulses
and cereals A noteworthy fact 1s that 1t occums
appreciable amount 1n maize and maize products, which,
although productive of peliagra, wall therefore cure
vitarmin B, deficiency 1n animals

Tests on rats have been most commonly used for 1ts
estimation. An alternative assay 1s with chuicks. Chermical
and microbiological methods have also been described
(e.g by Scudi 1941 and by Snell, 1950 respectively)

Blochemical Function

The physiological role of pyndoxin appears to be m
relation to protein metabolsm  Several derivatives have
biological activity The corresponding aldehyde, pyrl
doxal 1s concerned as a co-enzyme ( co-decarbaxylase )
m the decarboxylation of certain ammo acids (Gale,
1946) and like the amimne, pyridoxamine mn brological
transaminations (in the so-called aminophorase system)
These substances, related to pyndoun functon mn the
enzyme systems 1n a phosphorylated form. A third
dertvative pyridoxic acid has been shown to occur m
human urine

Suggested Medicinal Use

It has been claimed that pyndoxin 13 of use chmcally
1n combating agranulocytoss after therapy with thiou
racil or sulphonamude (Cantor and Scott, 1945 Fishberg
and Voyzimer 1945 Pmey 1946) However smler
claims ve becen made for vanous other lupposcd
remedies \and as such cases tend to 1mprove anyway
wrespective of treatment, the evidence 1s difficult to

ajcss,
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(3) PANTOTHENIC ACID

This vitamun 13 concerned i preventing a discase in
poultry (Ringrosc Norns and Hewser 1931) formerly
called chicken pellagr on the mustaken assumption that
1t was analogous with human pelfagra The vitamin was
afierwards shown to be identical with a previously
desenbed nutnent for micro organisms calied panto-
themc aad (R.J Wilhams, 1939) Its identity was then
atablshed with a “filtrate factor for rats  (By

filtrate factor 1< meant a component of the vitamin B,
complex diffening from micotinamide  nboflavin and
pyndoxin by not being adsorbed on fuller s carth but
on the contrary passing through nto the filtrate from
thrs adsorption )

Chemlical Constitution
Pantothenic actd has the following structure (Wilhams
and Major 1940) —

(=]
i

HO=CrymC—C ~CO—MM—C —Cih—CooM
[<3]

Pantothens maad ( podibry drovy-8,8-dsmethy Hortyry LA -alansde

Deficiency In Various Specles

Deficiency of pantothemc acid 1n poultry gives nse to
2 characterstic dermatius In rats there 15 growth
failure asociated with dermatts, nose bleeding and the
occurrence of a sticky exudate 10 the evehds, depilation
around the nose, achromotnchia {a greying of the black
hain) and adrenal lesions Doy and pigs and almost
certainly human beings also require pantothenie aad
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Fia 74. Greying of fur (achromotrichis)
in namt
rection of the
Sollicles.

akin to show the characteristic dﬁtm of the
(dfhor Semtram and Nicheds)
Clinlcal Usen

It has lately been claimed that a deficaency dusease
common 1n parts of Southern India, the so-called
burning feet  syndrome, 15 cured by pantothenate
(Gopalan  1946)  Also  glosmtis amociated  with
Addironian pernicious anermia, or with steatorrheea, has
been found to respond gn different occanons to treatment
with mngle synthetic vitamins of the B complex, meluding
nicotinic aad or folic acid but more especially to panto-

thenate (Brown 1949)

Mode of Action

Pantothenic acid appears to be the component of a
co-enzyme system concerned in various acetylation
reactions (Lipmann «t ol 1947)

Assgy and Distribution in Foods

The vitamn occurs 1n yeast and liver and various othet
foods It 1 determined by means of microbiological

tests * or with chicks or rats.
SBer Borll, 1950,
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OTHER B VITAMINS
Other vitamins of the B group including

p-aminobenzoic aad
momto]

choline

biotin (vitarmn H)
folic acd

are discussed in the next Chapter
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CHAPTER \
OTHER VITAMINS

In this chapter the following additional vitamuns s
be described

Anown by letter or by name
Vitamin F better referred to as the nutritionall
essent{al unsaturated fatty acids
Vitamin H now generally known as blotin
Vitamin P (socalled permeability’ factor)

Krnown by name
Choline
Inositol
#-Aminobenzolc acld
Folic acid
Strepogenin

The order 1n which they are here tahen 15 approx
mately that of their discovery Folic acd 1s the only
one of thesc vitamins which has so far proved of muct
chimical mterest

New Vitamins
Other pames which have appeared almost for the first
ume as this book was sall i preparation include —

Animal protein factor (or factors) Zoopherin

Vitamin B,
182
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ESSENTIAL FATTIY ACIDS ( VITAMIN F )

Experimental Deficlency In Rats

Rats fcd on synthetic dicts artificinlly freed from all
traces of fat develop a diseree (Burr and Burr 1929
1930) which 1 charactenized by (1) a scalines of the
tall sometimes leading to crudal necross (2) rrregulnnties
i reproduction and (3) kidney lesions The disease 13
due to deficieney of the nutntionally enential unsaturited
fatty acids linolac aad hnolenic acid nd arachidomic
aad

Clinlcal Enquiries

Attempts to produce the deficiency state i human
volunteers have failed and 1t would indeed be hard to
produce a diet devoid of these components  Nevertheless
vitarmun F* has been claimed to be 2 skin vitamn
and has been exploited for use in cosmeties' A more
serious case has been made for 1ts having had a powble
benefial result in some cczematous conditions but a
final judgment can scarcelv yet be given

M= WL~ CH=CH—CH, —CHm W[ Hy— 0O

© )
Cy—CrymC TOH—  — =CR—~  — =C—C J— OOM
[ - 3
CARI—OQL—Cr=C —CH,—ON=  — dy—CHZE  ~ Hy— W= Ca{—CH, ], —COO

oo ¢

« - “ )

S

] anum

(\ intionally eacnual umaturated Latty scxds )
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BIOTIN (VITAMIN H)

Synonyms

Biotin was the name finst given to a growth factor
needed by yeast* and other micro-organsms, Later 1t
was found to be 1denticalt wath the so-called vitamin H}
(==Haut [skin] Faktor, or anti egg white myury factor §
for rats and other ammals) and with coenzyme R
(growth factor for the micro-organisms wn the nodules of

legumes) |

Properties

Biotin protects rats and other experimental ammals
(e.g chicks) from seborrhemic skin lesions and other
abnormalities when they are fed on a speaal diet con
taiming raw egg white as an ingredient.  The latter con
tains a protewn Like substance or anti vitamun  avidin
(Eakin Snell and Williams 1940) which inactivates the
vitarmun but 1s destroyed by cooking

Chnical relations are stil obscure, although biotin
deficiency has been produced expenmentally i the
human subject by means of a diet contmmng large
amounts of raw egg white (Sydenstncker et af  1942)
and there 15 saxd to be at least one record of a pnmary
deficiency having been seen resulting from the use of 2
sumilar dict (R H Williams, 1943)

Chemical Constitution and Assay
The molecule of biotin can be regarded as derved
from molccules of urea, thiophen and valenc aad

* Kogl (1933)

1 Gyorgy # e (1940)

1 Gyorgy ( 931 1939)

§ Bateman (1916) Boss (1927)
J Allson o & (1938)
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i
e R

Fro 76 Hustology of skm, In blotn defiaency in rat.
(Afser Suitroan and Vichalli)
scrtion how  trype axd ddatatso of the

5

The
e o G T

Fio 77 Crystah of blotin.
(4fter dn ¥ igrmend ol )

5
\

(du Vighcaud e al 1942) Microbological methods

are used for its esumation  Biotin occurs 1n yeast hver

and vartous other materials
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fron ur

Biotm ( [aoun 11 how g ot strwe urad den ¢
theophen ard 4 abery anid

Blochemical Role

Tests with micro-organisms have sugaested that bioun
may be concerned perhaps indirecth i ammonnn
awmilation (as i the comerion of oxaluett aad 10
aspartic acid) and perhaps more directly as u to-enzvme
m the fixauon of carbon dioxide ne Curboxilatn
the oxalacetate system)

VITAMIN P AND CAPILLARY FRAGILITY

Vitamint or atnn (a goup of sub- tances including
hespendin and some related glycosides) was fint regarded
2 a factor concerned together with vitamin C 1
PTevenung scuivy 1 guinea pigs or i spanng the needs



188 OTHER VrTAumi:

on
7
o He=—¢
uu—cf{c/ —

] 1 C—0—tw,
N /i\c/“' N

d

H ’
~ o, He=c
" /CQC/ \cu—c/ Qc
Z\\ g é": >\c cf

c{ \E/

r
4':{C/°\cN

I} ]
\\ C\c/CN

H

a,

Hi¢ and its t fixvanone, chramone and
s mez“@hwy) : hoone and s s
tarmn

for vitamm C* This, however has never been sats-
factorily confirmed Later vitamin P was claimed as a
factor controling the fragility of the capillary blood
vessels 1n man  This agam has been disputed. Ifit
* Armen Mmhnmmmgmsﬂtwuggﬁ)x
cexayak and Szent-Gyorgr: trath, Rusroyak and Seent
éyﬂ?yl(lﬁ Wmdég?w(xggs,xm) Srent-Gydegyl
(1938)
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is mamtaned that some cases of scurvy apparently
needed both vitamins C and P for healing on the other
hand it can also be confidently asserted that many cases
have been cured by exhubition of wvitamuin C alone
without additonal “vitarun P | Thus the tssue 5 sull
a controvernal one.
To avord confusion an Amencan Committee in 10,

has reccommended that  the term wvitarmun P heuld ne
longer be employed

CHOLINE A TRANSMETHYLATING AGENT

Deficlency In Animals
Deficency of choline 1n rats (Best e#al  1932) and other
expenmental anmmals (dogs and rabbuts) results 1n a fuih

Fx. 78, Furty infiltrauon of Lver in cholme definency 1
(A Falus, 1M5)

Aot o ey cofl 4 e {0 be dmtendad wits fat pobeles Magmicaton 80

n fay transport and consequently 1n fatty hiver (sometimes
accompamued by curhons) as well as by hzmorrhages
In the lydney paralyns, and other 1ll effects  Fatty Iivers
produced in dogs by removal of the pancreas, can abo
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be prevented by adminstration of chohne In chicks
defiaency of choline may cause 2 condtion known as

sbpped tendon or ‘peroms  (a sumilar effect bemg
produced also by lack of biotin or of the  trace element
manganese)

Physiological Significance
Biochemcally choline functions as a transmethylating
agent that 15 1t provides a source of labile methyl
groups *  As such 1t 1s replaccable by the ammno-neid
methiomane, or by betawne, Ttis thought that the mcreased
requirement for choline brought 1bout by depancretuiza
tion (see above) 15 due 1o a shortage of methiomne which
would be normally hberated from the proteins of the
diet by the acuon of pancreatic ymee
Posmible clinical applications sull remain to be defined,
although 1ts use has been propesed to control 1 negatne
mitrogen balance n conditions similar to those in which
methiomne or a high protein diet have been found
effecive—as dunng recovery from imunes and burns
and after fever
CH
HO = CH, = CHy —~N—=CH
nc:\CM
Chaline

vl b raide.)

(Tronethyk-hyd

INOSITOL

A Nutrient for Micro-organisms

Mice and Rats
Inoutol 12 1dentical wath a growth factor formerly
called Bios I (sce Table 11 p 192} needed for the growth

du\gooaud /el 039

and (?) for
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of yeast* and other micro-organisms  In micet a defia
ency s saud to cnuee baldness  1nratsd a simlar condition
spectacled cye  (denudation of hair) has been desenibed

Ti. 70 Hildnem caused by Inowtol defioency  motse
1Frem Fail hert WD

The hast haa Leen bowl From Uee body, knd romare oml et ] mb
extremiae

Defiency 1in man is unknown  \s to 1t biochemical
action, mosmtol may posseas hipotropie properties 1t 1
possible, howerer that mositol 1s merely o secondary
nutnent e 1t may stmulate the micro-flora of the
wtestine to produce other nutrients needed by the huost

Recently 1t has been found that mosito! 1 4 compenent
of the enryme, = amylase present n Iner {Lane and
Williams, 1948) The numtional sgmfic i ¢ of th
finding 1 sl pwaited

Anather point of interest about moattol 1 that as 16
hexa phosphate denvative phytic acld 1t tun ton a a
rachitogenic agent  antagonining vitamin 1) pp 1ou-1}

Fancon { a8

t Welley (19402 &
1 Pa el and Haom (1g41)  Nwchm nd Black (1944)
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The msechade Gammexane (the gomma 1soma
of benzene hexachlonde) 1s structurally related to mositol.
The suggestion has been made that 1t may functon by

blocking 1nontol, that 1, by acting as an anti vitarmn, but
this 11 questioned

Ho—ch  Ho—om

i i
»o—clfc-ou

Inoadtol.
(Creded N benzen h troxde.)

TABLE 11
Scheme of Nomenclature of Buros Fractions
Bios I=Inontol
{ I1a=Pantothenic aad
Bios II{

IIpe==Biotin

~AMINOBENZOIC ACID
A Growth Factor for Micro organisms
p-Anhnobenzoic acid (or ‘PABA ) s 2 growth factor

for variqus micro-organisms

NH
|

13
N

il

N

A ]

coo
\ # Aminobozode add.
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Relation to Sulphonamides and Infection

Of great interest 13 the fact that drugy of the sulphon
ammde clags exert thar bactenostatic action by blocking
the bacterrum s supply of PABA  Indeed 1t was a study
of the mode of action of the sulphonamides which finst led
to the recogmtion of PABA at a nutnient for micro-
organssms (W oods, 1940)

In the opposite direction PABA can negative the bac
tenostatic action of the sulpha-drugs.  Clums have been
made that large doses of PABA itself may cxert 1n
anti infectve action in ammals 10 some Circumstances
(sce Dutcher and Guerrant, Anatal Remuew of Biochemustry
1946) but doubts have been expressed about this

Deficlency in Mammala
PABA has been said to prevent achromotrichia fcf
p 180) 1n some speaies (Ambachcr 1941) but expen

\i
3v L3

A 8
Fr, 8o, of the hair (achromotrichia) m p-amino-
%Ennic-nddr&dutyinnu
{Frow Foltu #~7 S dusbweder)

A ARY fowr  erio e deBowmt dat
B, Coatrol rat, carrd By # ammcbenroa el
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pteroyl triglutamic acld,* and pteroy! heptaglu

tamic acld (= B comjugate ) A fourth vanant 1 the
parent substance, pteroic acld ie. the combined ptern
and p-aminobenzoic acid molecules without any glutamic
aad t Other ptenn denvatives may also be active.

c—¢ ” N \\C—W,
womcome? o e <4 B
NN
c=c ?
OH
» 4
P AN
ooH c—cu ”T/ N \f_""'
u—w—-co-—r</ %c—m-—r_n,—c N
) 4 NN
CN' HC=CH
|
COOH
3 . - ‘
OOH N, L
[ p N?¢ N %T_,,.'
T» I»— -co—c\ /c—- H—CH’_C\\N/:\ P
e cw, t=ch
] i’" o
COOH
OO0H
» ] - ‘
pterayhdghutamic aad
Preroic ackd, preroylghatamic acd, end
("dlopteria™)

factor —
Albo known as “teropterm, U""h‘mepmm glutamic
not to be confumed with the L. oo factor proper which bs

acld
+ For literature, et Anmusl Review of Biochemietry 1947 148
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Actlon In Macrocytlic Ansemias

Great mterest was aroused 1 the clhinical possibilities
of folic acid when 1t was found to produce & hemato-
potetic response m Addisonian permcious anzma, and
n some other macrocytic an@mias 1n man (Spres 1946)
A note of warming was soon sounded however when it
was reported that, unhike hiver extracts, folic acid was
without effect 1n checking the cord degencration in
permicious angmia  and hence if used experimentally
In treatment 1t was essentral that a watch should be kept
for posterolateral cord smgns (Spies and Stone, 1947)
Other observers emphanzed mndeed that the use of folie
aad 1z place of liver 1 the treatment of permicious
anzmea, was to be condemnned for while giving as good
a hzmatological response, 1t might actually hasten the
sugns of nvolvement of the central nervous system
(Davidson and Girdwood 1947 Hemnle and Welch,
1947 Wilkinson & af 1946 Ross ¢t ol 1948) (See
further below under vitamuin By, pp 203 205)

olic acad has, however been used with remarkable
sufcess 1o the treatment of the macrocytic anmma
ted with tropical sprue, and of some other nutn

tichal macrocytic (megaloblastic) anemias (cf p zo4)

Possible Relation to Tumour Formation
Admnistration of pteroyl tnglutamic acid was claimed
by Leuchtenberger and his co-workers in 1945 (sec
further Lewisohn ¢ a/ 1946) to have caused a regression
of spontancous breast tumours m mice, folic acid atself
(pteroyl glutamic acid} bewg without cffect. These
findings however could not be substantiated by some
later investgators. On the other hand 1t has been found
that the development of Rous sarcoma mn baby chicls
can be inhibited by a deficlency of folic acld, or better
by the admnustration of certamn structurnl analogoes
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of folic acld—which act by antagonizing 5t (Woll 1948
Laule et al  1948)

In clinical trials in man one such 1naloguc especally
aminopterin has been used for the treatment of acute
leubenua  and has resulted 3t 33 clumed 1n clinical
improvement and 1n induaing short remnsions 1t a rate
far in excess of that at which they could be expected to
occur spontincously (Farber ef ol 1948 Meyer 1948

Blood 1948) There may perhaps be some rationnl
bass for such a treatment of leukxrua with folic acd
mnhibitors mnce folic acd steell appears to be needed
for the development of the white cells and its admunis-
tration 1s sard someumas to accelerate the Jeukmmc
Pprocess.

Preliminany reports have also appeared of the use of
teropterin 1n treating human neoplasuc discase  the
cautious claim 1s made that 1t reheved pain and caused
a sense of well bang (Lehy ef af., 1948)

It 1s necessany to emphauze however that these tnals
of folic aad nd of folic acid antagonints 10 neoplastic
disease are stll (1048-51) 1n the early expenmental stage
and final judgments cannot vet be pavsed *

It has been uggested that fohe acrd may be concerned
1 the metabolism of punnes and pyvoimudines and 1n the
production of nucleoprotein  Its action 1s certanly
mter-connected with that of another smportant ann
anxmua factor vitamin B, isee below p 202)  but the
mterrelation between these two substances s not yet fully
understood

STREPOCENIN

Strepogenin 1¢ the name given by Woolley (1041) to

a growth factor needed by certain hrmolytic streptococet

It 1¢ a peptide-like substance which occun n association
Sece Addendum, . .
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with various proteins but 13 absent from egg white. In
the molecule of insulin 1t appears to be present at the end
of the peptide chamn  Strepogenn 18 sad to be a growth

promonng factor for rats, muce, and guinea pigs, but has,
as yet, been relatrvely hittle studied  Studies with micro-
organusms suggest that strepogenin may be elaborated by
some enzyme system concerned with the synthems of
peptides

ANIMAL PROTEIN FACTOR(S)

Several groups of investigators, in the U S.A. and
elsewhere, have observed that their experimental amimals,
kept on speaal punfied diets, thrived better when
provided with small supplements of certain crude ammal
protemns, e.g a suitable preparation of casein  Such an
effect has now been reported for varous species (e g
rats chicks monkeys dogs) and for various dietary
supplements as well as for casein {e.g liver extracts,
muscle tissue fish press juice, and even cow manure! /%)
In poultry reanng these conclustons have been found of
practical importance, under some conditons 1o the U §.A

It 1s not yet certain how many distinct factors are
1nvolved, but vitammn By (next section p 201) 1 certamly
to be regarded as one such ammal protein factor

Another pomnt of mterest 1s that the animal protan
factor or factors may be the same as a vitamin hike
substance, physin which was postulated by Mapson as
long ago as 1932 Thus was shown to be present 1n liver
it promoted lactation 1n the rat, and also had =
transmutted growth snmulating cffect on the offspring

Hartman afie (1
[l ot e 5.%&?’1%&5@93‘& ()T e
o and Burd (1946)  (8) Spatser and Phillips
1941 9 tton o 10) Cravems o o ((|'94%)

o (946 o )
: 3 ot 'ﬂdzmu&ﬁ” &%ﬁ?ﬁ?ﬁw) Novat aad

uge (1946)  ( 6) Rucgamer a
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VITAMIN B,

This the newest addition to the family of vitamay, 13
in some ways perhaps also the most remarkable and the
most unexpected

Mary S Shorb working at the Maryland Agncultural
Expenmental Staton set out to scarch for 1 mucro-
organusm which would rapond to the rat growth factor
or factors (ammal protein factor) previously descnbed
by Cary and by Hartman (p ~00) She found' that a
particular bactenum  Lactobacillus lactis Dorner could be
used 1n thus way It needed two such factons, one present
i casein {and in tomato jwce and other substances)
and a second 1mn Iner extracts. The fint factor she
called TJ and the second LLD and later vita
mn By,

A continuation of the investigations! 124 led to the
notable conclusion that vitamun By, 15 identical with the
anti anemia factor 1¢ the factor effective 1n treaung
Addisoman permcious anxmia 1 man  This latter
factor 1n the form of lexs lughly punfied extracts had
needlass to 2y been familiar to phyuologists and phy
sicians ever maince the pioneer work of Minot and Murphy
n 1926

Vitamin By, has been 1solated 1n a urpstalline siate t4
and 13 remarkable for contaimming the element cobalt ¢7
to which 1ts brght red colour can doubtless be attnbuted.
Cobalt, 1tmay be noted 1n parenthenis had already been
known to be of importance 1n animal nutnton 11 another
connection namely as a trace element 1ty deficiency
being the cause of discuases endemic in farm ammal 1n
certain areas.

-)qha-h( 847) (nRxlﬂddé)ga Ji (b (o8 () bren

(8) Smuth (1 o (o, 1 (7) Smict
np.n. (@) See revim by Aol (1544)
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As has been explained above (p 201) witamun B, 1s
to be regarded as one of the ammal proten factors
and the crystalline matenal has indeed already been
shown to be needed for the growth of chicks.*

As to 1tx biochemical functon, observations on the
nutrition of micro-organsms have wndicated that vitamimn
B,y may be involved m the hosynthess of purnes and
of thymidine, and also that there exists some wnterrelation
between 1t and the action of folic acid (cf also p 199)

Clinical Trials of Vitamin B,
In experimental climical trals, n Addisoman perruciouy
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helps to potennate the actvity of the extnnuc factor
(=witamun B,,) when the latter u grven by mouth *

Some Properties of Vitamin B,

At the time of wniting the constitution of vitamumn B,
hes not yet been fully unravelled Several different
forms are recogmized, vitamin By, vitarmn Byg, ctc
An nteresting development 13 the use of a micro-organtsm,
Streptomyces gnseus a3 an alternative raw matenal 1n
place of liver, for the commercial olation of the vitarmn

&
Y +

g 800 1000 1200 100 1800 2000 3200 J0O
nie Da sty 13 o
Fro Ba. Infra red absorpton spectrom of vimin By,

A simyle microncopee crystal, wesghing abost 107 g wes weod.
{4ftcr Barer 1948

Thus promuses to furnush increased amounts at a lower
cost. In Bntam, vitamm B, 1 now sold under such
trade names as anacobm, and n U.S.A, as cobione

The ungle dose needed for full remusmon n pernicious
anxmia has been estimated at 100 pg  if imected daily
a dose of 3 pg 13 suggested durmng the first nx weeks of
treatment, followed by a mamtenance dose of 1 pg daily

Vitamin B, and Folic Acid in Treatment of
Macrocytic Ansmias

From what has already been sad (pp 195, 203) it
will be apparent that administration of folic acd 15 &
correct treatment for some megaloblastic anxmias,
notably for sprue  Folic aad 18 however not permmible 1

See Addendum, p. 225
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the treatment of some other types of megaloblasuc
anrmia, partcularly permicious anerma, because (as
mentioned on p 203) 1t will not cure the neurological
complications, and may even accelerate their appearance
One recent wnter hay stimated that there is an 8o per
cent sk of patients with permcious anemua developing
discase of the central nervous system iof kept for a long
tune on folic acd even when initally free from this
complication
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CHAPTER XI
DIETETICS AND APPLICATIONS

Fortunately 1t 1s possible to formulate a few simple rule
which should ensure the provision of an adequate supply
of vitamuns under most conditions—e.g with normal
muddle-class dietanes 1 Western Euvrope and U S.A.

Infants

For artificially fed infants the diet may be considered
satufactory—assumung the calone requrement to be
satisfied—provided (1) that 1t 1 based on whole milk
(modified 1f necessary and with the addition of iron) and
(2) that 1t 13 supplemented with orange juice or ascorbic
acd and withvitamin D e.g 1n the form of 2 concentrate.
Even for breast fed infants 1t may be a uwseful precaution
to furnuh such supplements '

The daily requirements for the various vitamins have
already been dealt with and generally the directions
given with any reputable propnietary preparation can
1afely be followed. Experience in America suggests that
it is posubly an advantage to provide a supplement of
vitarmn B; (or B complex) from a fairly early age this
may be given as & cereal (c.g wheat germ) preparation
or as a concentrate,

Diets of Adults and Children Inter war Perlod

The commonest faults 1 the diets of adults in Great

Britain during the peniod between the two World Wars
208
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maze 15 the staple diet, the public authorities have
wstituted measures to combat pellagra. These are but a
few examples

War time and Post war Dietaries

Durng the Second World War years (193g-1945)
measures taken by the Brntuh Government, such as the
substitution of the national loaf® for the ordmary pre
war white bread the vitamimzation of marganne and the
provinion of vitamin concentrates for mothers and babies
played a large part in ensunng an adequate diet.  With
the restrictions in the supply and i the vanety of food
smuffy available, analyus showed that the Bntsh popula
tion was relying to a surpnung extent on a relatively
small number of foods for 1ts daily supply of each of the
essential vitamins

Vitamin B, for example, was supplied largely by the

national loaf” and to a less extent by potatos there
were no other important sources of B, 1n the diet.

Again the only mmportant sources of vitamin C for
adults were home-grown potatoes and green vegetables
and to a less extent native summer frwts  the importation
of foreagn fruts (especally the citrus vaneties) had largely
ceased For babies the concentrates of vitamun C (syn
thetic ascorbic acid preserved orange and black—currant
juice) provided through Government action were the

safeguard
Vitamin A, in turn was derived mostly from the wit

amumzed m: vegetables and carrots, with
smaller amoauft:nf:oc;ng:hc:nmﬂk and butter Other foods
provided almost none (except for fith hiver ol or con
centrates for mothers and babies)

For vitamun D rehance was placed on witaminized
marganne, or for infanty and mothers, on synthcuc

or fortified preparations.
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Some of thewe conditions ull apphy (1951) lthough
for example ornges are now ag-un n supply

Food Consumption Levels

A report on Food Consumption Levels in the Umited
Kingdom 1ssued by the Ministny of Food in 1947 draws
attention to the progresan ¢ incretse i the mtake of milk
unce 1939 The con umption of potatoes nd of fish
smilarh increased while that of sugar and tea declined
because, no doubt of restrnictions Some of these trends
n terms of foodstuffs and of nutnents are shown in Figs
83 and By

Standards
The League of Nattion standards of requirements for
an adult are as folloy

Viamin A 3000 mternanonal units per day
\itamin B, 30
Vitamin C 30 milligrams

The prophnla 11t dose of vitammin D for a child 1s mven
as 500 internatic nal umt per day

The foregomng fiLutes are accepted as the  normal daaly
requirement 1 a schedule t the Bnush Labeliing of
Food Order win h gives the following 1n additon —

Riboflavin 1 8 mulhgrams per day
Nwottnic a31d 1 ©

Some Amecran tandards are con iderably lugher than
those cited ixve but they are defined as the recom-
mended all wances andare tc betaken as tarpetvalues
or deurable mtoles  rather than as  requirements
with 1 suflicent margin for safets  which the Learue of
Natons tandard pr hablv doven fairly represent
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Nutrient Equivalents of Civilian Consumption Per Head Per Day
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APPENDIX I
List of Additional Vitamins Growth Factors etc.
Naw Noras
I Km!]; letter
t factor]) Undefined.
“By* “By7] Pigeon factors] [ Names now obsolete.
Anti-anema belos
bhgei 34 (—Numnun.lﬂy emen- Linolec mad O
tal unmturated Lmoh:-:(c lcd( .H,.I-,l‘ 8)
H ﬁfg;fd?-hu) BIOTIN c():,"N.s'}
L = Lactanon factar) (C“H
M (~Monkey factor)
P (=Pomeability factor) HESPERIDIN ((...H..O Y and relsted
W (-Wn.:r-.olublc mt
factor)
II Knesws by nome
BIOTIN See above
CHOLINE C.HuO.N (Biologacal tranametirrlating
INOSITOL [ ,ﬁ
#-AMINOBENZOIC ACID G7H, b,k (Anugmm:d by sulphons
Anti-aneemic factors —
FOLIC ACID Vanoa PTERIN ﬂv?é‘m cgt—
HUY'-E utam ¢
gmkmmmx ((- u
p(:myl-hqx) taglutamic ackd (Colil ¢
2y
VITAMIN B, Anu pemciouvanemia factor of 1 vr
" Conalm th  element, Co
ANIMAL-PROTEIN FACIOR(S)
STREPOGENIN
“ G factors for yesst
ABIOS" mmh—prw\o(hngﬁ cm:,rar anu
Structeral vitammn
ANTI VITAMINS deim:f frecs
tors and enhancers
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APPENDIX 1T
Some Important Sources of the Cetter known

\itamins
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APPENDIX II
List of Additional Vitamins Growth Factors etc.
I Kwoem by letter o
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APPINDIX 111
Some Important Sources of the Better hnown

Vitamins
© e mom AR appenx At 108 Frema*
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