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Preface

In common with many other scientific subjects, that of nutrition becomes more and more
difficult fo envisage as a whole because of the avalanche of published papers which envelops every
worher m thus field Even in speualized aspects of nutrtion 1t 1s often dsflicult to keep pace with
the course of events and the spate of publications The role of the review journal becomes thus
ever more ymportant i the comprehenston of nutaittonal progress There are already s existence
a number of review Journals in America the Umited Kingdom, and Europe which fulfit 1 valuable
role n interpreting the nutniional field, but I feel, together with the Advisory Editors, that there
1s more than ample scope for this new World Review We hope to provide a forum for more
lengthy and discurstve review s than are published 1n conventronal journals andwe hope that these
reviews will not be a catalogue of the papers published 1n the last few years Each one will be
written by an expert m the particular field which 1s to be covered and should provide a entical
evaluation of the ficld We hope at will bear the imprint of the author himself, that 1$ to say lus
snterpretation, his views and his theonizing will be welcomed as an ntegral part of hus article

1t 15 asmed to produce thus review annually and to make 1t truly International In the present
volume the following natronalities are repr d Umited kangdom, Umted States France
Japan and Guatemala

These then are the aims and objects of the new review and 1t 1s to be hoped that our readers
will find that the volumes will Iive up to them

It has been a great pleasure and an honour to have as anthors m thus first volume Prof E V
McCollum and Prof C G King, who have carved for themselves a permanent place i the
history of nutrition and the editor and publishers are greatly mdebted to them for adding
tustre to the new series We also owe a great debt of gratitude to our other very distingwished
contributors for thewr confidence 1 us and n the new Horld Revien by lending their abilities
and their pens to Volume I

Grorrrey H BourNE

Department of Anatomy

Emory Unnversity, Atlanta 22
Georgla US A

12th Januarv 1959

Pupiser s NoOTE
IT 15 regretted that thus volume has been seriously delayed by circumstances over wWhich we
had no control We wish to apologize for this delay and to seeh the reader s ndulgence 1 he
1s surprised at the omussion 1n certan articles of references to important recent publications

v
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I INTRODUCTION

The World Review of Nutrition and Dietetics 1 1ts
successive volumes will be wntten by people with
special and expert knowledge of nutrition problems
The objective 15 to describe the nutritional status of
peoples under different geographic chmatic and
econonic conditions and to examne all available
knowledge 1n order to find solutions wherever nutr

tion problems eust The Editor invited me to introduce
this new series of nutntional reviews by wniting this
chapter on the history of nutrition I shall endeavour
to do this by giving an account of the more important
events in thought and expentment by wiich the science
of nutrition developed In the space available the story
of progress mn this field must of necessity be con

siderably abbreviated Elsewhere (McCollum 1957a)t
T have given a detailed account of expenmenters who
contributed some hundreds of observations of import

ance mostly ct ! which lated refl

minds and mwvited further inquiry <nd brought to
Light important new facts

The early writers on materia medica m describing
medcmal plants employed such terms as fannaceous
mucilaginous saccharine acidulous otly, caseous
gelaunous  albumynous and fbrinous  principles
Early chemists recogmized only these properties in
vegetable substances The pioneer physiologists
wondered that foods so unlike each other and unlike
any body tissues could be so metamorphosed 1n di
gestion as to form the various body structures i
growthrepair of injuries and for conversion 1nto wool
eggs mulk etc Chemusts had no explanation to offer
The problem of what was important i foods and what
ummportant was so perplexing that few were mot
vated to do more than speculate Nobody knew how
to conduct experiments which offered any prospect of
important discoveries

II PRIMITIVE MAN'S IDEAS ABOUT FQODS

Prnmitive peoples held very defimite ideas about
quality in foods Frazer (1931)? n Ius vast studses of
ancient cults and folklore descnibes many food taboos
Most of these had to do wath behefs that certan foods
had magscal powers Perhaps the most common 1dea
was that the eater acquired the qualities of the
ammal whose flesh he ate either strength or weakness
depending on the strength and courage or the timidity
of the creature Modern expenence mn general has not
confirmed these old beliefs

Prmitive behiefs sn the medicinal value of many
plant substances contan the germ of the idea that they
were composed of different principles each one
effecttve 1n cuning a different disease Such 1deas were
based exther on observations or on authority of power
ful persons It was not possible to venify or refute such
claims until the advent of the science of ct y It

1791 Dr George Fordyce® a promunent physician of
London believed that experiments which he entrusted
to an asststant proved conclusively that small minnows
grew to much larger fish with only water and arr avail
able to them He did not suspect that his assistant
secretly fed the fish

Fordyce was the first man to conduct a nutrition
expeniment using controls for companson He noted
that his canary hens looked poorly nournshed as the
epg laying season progressed He reasoned that the
hens might need more calcareous substance for
making €gg shells than the ordmary det of cana;
seeds provided He put the question to test He divi
ded his canaryhens intotwo  parties  to oneof which
he gave a prece of old mortar The brds ate 1t freely
Theresultsshowed that the hens which ate of the mortar

1s worth our attention to consider what the most out
standing early philosophers thought about the nature
of the physical world and especially of the origin of the
organic matter of plants and amimals

Thales of Miletus (650-580 r ¢ )} believed that water
was the substance from which through condensation
2 pnmordial mud was formed and from this plants
and animals were dernved More than two th d

dn good through the Jaying season

whereas those which ate seeds only were malnourished
and some died

In 1799 Vauquelin* one of the most emneny
chemusts of histume believed that he had demonstrated
by expersment with a farmyard hen that transmutation
of inorgamic elements occurred 1n the metabolc
processes The question whether i the process of

years later van Helmont believed that he had proved
experimentally that in the growth of a willow tree
1641b of wocd had been formed from water Lven in

veg plants g d or tra d inorgame
substances was unsettled until 10 1842 W iegmann and
Polistorfi* proved conclusively that all mineral syb.
stances i plants were derned from the soil.
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T EARLIEST CONCLPTIONS ABOUT FOODS

i 4 1

Reasoning about why herbs p
properties was impossible so long as philosophers
believed that water, arr fire and earth were the
Enmordml matenals from which all things even the
uman body (Empedocles) were formed by umting
them in different proportions and that health and stck
siess depended on the harmon) or disharmony of the
four humours blood phiegm black bife and yetlow
bile (Hippocrates)
P Isus (1493-1541) duced the concept of
the body as a chemical system He accepted the sdea of
the four e} but d the p n the
body of a mysterious force, which he called archaeus
and which he concenved to be endowed with the power
of dommating the Wife processes Health and disease
depended upon the mood of the archacus Van
Helmont (1577-1644) the discoverer of carbonsc acd
gas accepted the views of Paracelsus
The actunl founder of iatrochemustry (medical
chemistry) was F de le Boe Sylvius (1614-1672)* who
assumed that processes of physiology and pathology
resulted from what he called fermentation He
attubuted metamorphosis of food to the action of
saliva and a ferment secreted by the pancreas and
believed that peculiar virtues of the blood derved
from ferments contributed to 1t by the bile and the
Iymph glands If ferments were i right proportions
and amounts the body was in a state of health Disease
was caused by an acrimony  a superabundance of
acid or alkaline substances generally or locally
The philosophy of Sylvius Iike that of Paracelsus
was madequate to a compreh of the properties
of foods and of the processes of nutrition But the
view that many plants were endowed with medicmal
propertres suggested the idea that in the disordered
states which their admimistration corrected somethtng
that was mussing in the body was supplied by the
remedy The hundreds of remedies described in early
pharmnceutical watings suggested ccn;plcmy of bobdcy
the rel.

was modified by later ch and by the year J®
Thomas Thomson Regus Prafessor gr Chc)mxsm ?1)
Glasgow was able ta list twenty-one organic sub.
stances which had been dernved from vanous plants
and from ammal tssues From Rouelle s time fo the
present chemusts have followed his principle 1 seck
tng to discover unknown constituents of the materials
In orgamc nature It was the beginning of food
analysis

2. PAPINS PRESSURE POT AND ITS INFLUENGE OV
CuricaL ThovaHT
In 1679 Denss Papin® invented a pot with a close

fittmg hd securely fastened and equipped witha safety
vahe Its original purpose was the preparation of
gelaun from bones Hitherto no onc had heated
organic substances with superheated steam  The in

strument was of great interest to chenysts and soon
vanous hinds of amimal tissues—bone muscle nene

cartilage ligament horn etc —~were separately heated
with supecheated steam When the brown lquor
formed by this process was evaporated it appeared to
the uncritical eyes of chemusts of that penod that
every anmal Gssue yielded gelatn The idea was
accepted that ammal tissues of different appearance
and propertics were denved from gelatin combined
with different proportions of water  Albrecht von
Haller the great Swiss physiologist (1707-1777)

expressed his beltef that about half the human body
was gelatn  Upon the evidence presented this con

cluston seemed warranted

3 BrcCARI S ORSERVATIONS ON WHEAT GLUTIN

In 1742 Becean® prepared wheat gléten by washing
the starch out of dough Since 1t casily putrefied like
flesh he fuded that 1t was lized  matter
and drew the further deductton from the ¢vidence that
man with the exception of the spirstual pan of hus
beng was made from the animalized matter of hus
I food wheat Sixty four years later Vau

chemustry but could not 1!
tween food and nutrition

1 HizaRe M Rouriir s DrsicN OF A SYSTEM OF

CHEMICAL ANALYSIS

H M Rouelle (1718-1778)7 an apothecary
Pans about the muddle of the eighteenth contury
suggested that the best way to  dissect  plant
matenals was (o apply to them successiely a seres
of orgime solvents” the poorest one to be apphed
first the next poorest second and so on By this

auelm‘and Fourcroy leaders 1n chemical thouzht and
expenment after discovening that beans were nhn
anuma) matter  anbuted to this vegetable product
high nutnitne value because of 1ts tu.h content of
aliment from which blood could be formed and
which could therefore nounsh other nissues Thawr
critena for idenufying “ammal matter - were the
odour on burnng precpitation by nut galls and et
tamn heavy metals and suseeptibiily 10 putrefsction.

Common observations of amumals loung thew

of fat when underfed or s anvd ar}r‘l
i

specific sub or simple hay
1ng di pc: were scf d and much
d about the hinds of

new anformation was gane
chermical substances contamed in plants His system

ts restoration when good feed was suppbed €2
;u@ttd that an ammal could prolong ufe b
expending ats fat_ Lavomier establshed by expenment
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8 THE HISTORY OF NUTRITION

people in India on the basis of their protein content
only and attnbuted the tugh standards of physical
vigour of some groups to high protein consumption
and the poor physical status of other groups to
deficrency of this element 1n their diets

need of anmals for sodwm chlonde had been dis.
cussed for opinions differed on the subject That an
ash free dict could not support Lfe of animals was
first proved by Forster 1n 1873 1n 1889 1n bis famous
l)c‘t book of physiological chemustry G von Bunge

Throughout the mncteenth century hitle
was given to the physiological importance of the m
organic motety of dictaries A few expenimental tests
were made by animal husbandmen to find to what
extent the bones of domestic anumals could be
creased n size and breahng strength by the use of
supplements of bone mea! caloum carbonate or
wood ashes Bone size and strength were improved by
this means  Acid base balance was considered by von
Bunge to be tmportant m nutrition Still eacker the

p only 1 refation to the need for
sodm chionde by grazing ammals whose intake of
potassium was high because of their ingestion of
potassim nich plants Sodium salt he believed was
essential for assisting herbhores to exerete the

intake of p Plant ph st in
the nineteenth century were far in advance of amimal
physiclogists inseeking to determine inorganic requine
ments 1t was not untl after 1920 that it em that
this was a field of great importance

¥V THE DISCOVERY OF VITAMINS

The first man to suggest that a diet which supplicd only
protein carbolydrate and fat was inadequate for the
support of Ife was J B A Dumas" the famous
Freach chennst In 1871 he desceibed in the siege of

hus results can be deduced from the observations of
Dumas on the fate of infants fed synthetic mik *
Space does not permut giving an account of twelve
experimental iqutrtes published bdetween 1881 and
1906 on simphified duets the ch 1 of

Pans the nccompanying shortage of food esg ly
for infants and young children The high mortality
among these was attnbuted to the shortage of milk
and eggs Efforts were made to construct artificral
mifk by making an emulsion of fat tn a sofution of
albumimnous substance and sugar When given ths
mmulk substitute nfants soon died No one knew why
Dumas declared that no cheanst could justly clarm
to be able to make a food equivalent to mulk by such
means He clearly expressed hus belief that there were
n mmulk chermeal substances sull unknown and of
nutrittonal significance He did not follow up this
observation by expennmental inquiry into the nature of
these hypothetical constitucnts which were so impor
tant 1o hfe

Farst to restnict animals (muce) to a dict consisting
of purified protemn (cacemn) mulk sugar and ik fat
together with what were believed to be the essential
torganic clements was N Lumn (1885)" At the
suggestion of his famous teacher von Bunge he tned
feeding this simplified diet of purified food substances
ta determune whether the ammals would die of 1ad
intoucation from suiphune acid and phosphoric acid
formed from oxdation of the phosphorus and sulphur
m the casein when alkal bases were not present in
suflictent amounts to neutralize them On this diet the
mice soon sichened and died whereas when he gave
other mice only mlk as food they remained i appar
ently normal condwion for sixty days Lumin st3ted
that mulk must con an essential nutnents other than
the pnnaipal constituents casen lactose and milk
fat and that they were i the whey constitucnts
Eventhuny, that Lumn observed and concluded from

which were known The author has given 2 descuiption
of these elsewhere (McCollum 1957a)t Each investt
gator met wath fatlure to nourish mice or chickens on
such dicts In 1844 Gobley discovered lecithin 1 ecg
yolk and found that it contained both nutropgen and
phosphorus In 1881 Miescher isolated {eop
from the heads of salmon sperm  Hoppe-Seyler had
prepared a simtfar substance [com pus from an abscess
and in 1874 Picard obsenvedd that the purines guanine
and xanthing were hberated on hydrolysis of ucleo-
proteins A few men who were curious sbout the cause
of failure of mice on dicts made of punfied food
substances naturally wondered what was miswng and
so efforts were made to supplement such miuures
with lecithin or wath nucleic aaids These additons
did not improve the status of expermental ammals

The step taken by Pekelhanng in 1905'* fo demen
strate the cxtreme importance of small amounts of
umdentified nutrients was the most meanngful to that
date He observed that while muce could pot surve
many days on 2 dict of punfied food substances they
were greatly smproved sa health by a small sllowance
of whey This contamed so hitle of anything which was
recosmized as a food prnciple that Pekelnanng con
cluded that undentfied nutnents eusted in the whey
e did not nfluenre the thought of any mvesugators
of hts gencration

After Pehelhaning the most important eXpenT<n %
with focds were carnied out by Rokmunnand reported
n 19087 He proved that young ammals faling 17
health on a dies of protest carbolndrate £t and uL‘i
were greatly benefited by small supplements of sevend
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Hedw later employed this reagent for precipitating
basic amino acids and discovered lysine and histidine
Hausmann (1900)*" applied the method of Nasse and
of Schuize and Steiger to the of

muxture of norganic compounds together with some
vitamun A By feeding young rats thus basal duet 1o
t:hlch different punfied proteins were added they

ammonia and of basic ammo acids 1 several proten
hydrolysates The results were so contrasting with
respect to both these types of mtrogenous substances
that it d broch that p must have
different nutnitive values since certan of them were so
differently constituted

Willcock and Hopkins®® in 1906 demonstrated by
experiments with mice the mmportance of the amino
acid tryptophan i nutntion Hopkns and Cole had
recently discovered st and had found that it gave a
certain colour reaction with a reagent which had long
been employed asa test for proten Zem the principal
proten of maze, did not give this colour test which
indicated that it did not yseld tryptophan on digestion
They employed 2 synthetic 'diet 1n which the sole
proten was zein  Mice were able to survive on an
average only fourteen days on the basal diet but with
a supplement of tryptophan they survived twenty
eight days

About 1902 E Fischer devised a method for frac-
tionally distidling the ethyl esters of various amino
acids contaned i protein hydrolysates  Parual
separation of amno acids was effected by this means
Although 1t was far from gving quantitative results
this method of analysss clearly showed that different
protans yiclded strongly contrasting amounts of
various amno acids This confirmed the conclusions
of others mentioned above In the light of the new
observations it became evident that the nutritive values
of proteins depended on their yield of amino acids mn
terms of the nutnitne needs of the body for each
Evidently nitrogen muluplied by a factor did not repre
sent the same nutritional values i protews from
different sources

In 1909 Osborne and Mendel®® began their expent
ments on Osborne s callection of punfied protemns
Using rats as their subjects and growth and reproduc
tion as cntenia they sought to determine the relative
values of a wide varety of protemns They first at

d the fact that proteins were indeed, a5
different i brological values as the chemical analyses
had suggested they should be The studies of Hopkins
and of ‘Osborne and Mendel formed one cr the
monuments on the path of nutntion vestigations.

1 THE BIOLOGICAL ANALYSIS OF CERFALS

In farm practice 10 Amenca pigs were often fed
exclusinely on com (mnze) on which they did not
make satisfactory gains In 1912 McCollum (19574
undertook. to deterrmme whether 1t was possible to
1dentify the nature of the shortcomings of thus cereal
when 1t served as the sole food for rats Anuno acid
requirements and different composition of protens
were then much discussed The discovery of the fat
soluble vitamin A afforded another factor the distri
bution of which it was desirable to study McColfum
had noted that the ashes of all cereals were very low 1n
caleium and might not be adequate for growing prgs
Animal husbandry studies had shown that bone size
could be mmproved by supplements of calowm
compounds

On the basis of these 1deas McCollum compared
the effects on young rats of feeding (1) com atone
(2) corn plus a calcum salt (3) corn plus a protein
(casemn) to provide addinonal amuno acids (4) com
plus butter fat to provide the pew fat soluble nutnent
Rats given rauons {2) (3) and (4) were distinctly
better nounished than on ration (1) When they were
grven corn plus both calcrum and protemn or ealeum
and butter fat or protein and butter fat they were 1
decidedly better condition than when given only on¢
supplement but they sull did not grow at the mau
mum rate nor present the healthy appearance whxh
they prescnted when given all three supplements
Theése results showed that several dictary factors 18
corn were present at far below optmum fevels.
Comparable expenments with wheat and rolled oats
demonstrated that the three cereals were symulac
their dictary properties They were afl smproved by

tempted to use a diet of punified food
Having fatled n this they next used a dict contaimng
28 3 per cent of whey solids prepared by heating

dified whey to coagulate lactalb fitrering and
evaporating the filtrate to dryness This ﬂdju\'::l:ﬂ

the same

The n-spér:sc of young rats to rolled oa's plus the
three suppl was less factory than with
wheat andcom Theesuse of this remaned unexplained
for some years It was eventually shown fo be due to
the ribofl. -y of the 0at kernel.

provided all water soluble vitamuns and a

VIl SUPPLEMENTAR}Y RELATIONS AMONG COMMON FOODSTUFFS

McCollum and his co-worhers investigated the effec
tiveness of vanious combinations of natural foods
They observed that combinations of two or more
cereal grans when (ed to young rats were not supenor

to the grains fed singly This was easilv explaned 01
ﬁ?e b.nsx? of thewr having Lke defiiencics. But the
combination of a cereal gran with the leafof a pl;t;:
{alfalfa Jeaf flour) yiclded a muvture of Autnents wh
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disorder by gning the ammals milk meat and eggs
Stnce he published s study 1n a setermary Journal 1t
farled to attract attention ‘That blacktongue tn dogs
was analogous to pellagra in man was rediscovered by
Goldberger™* twelve years later He showed that it
could be prevented or cured by certain diets Tt was not
until 1937 that Elvehjem and his associates®? demon
strated that blacktongue mn dogs was dramatically
cured by admunustration of mtcotinic acd In 1938
Spies and his assocuates Street and Cowgll Margolis
Smith Dann and others proved that mcotimic acid
(macin) or 1ts amide was a specific remedy for pellagra
in man Nicotuue acd had been isolated from an
extract of rice bran by Suznkiin 19129 1t was isolated
by Subbarow m 1937 from liver

For some years there was confuston about the
nature of what Goldberger considered to be rat
pellagra The disorder was not cured by ntacin It was
later renamed by Gyorgy rat acrodyma and was
found to be due to deficiency of pyridoxin In 1938
Chuck and her associates®® observed that young rats
thrnived on certain expenimental diets which induced
pellagra i man swive and dog They devised a dret
deficient in both nuacin and the amuno acd tryptophan
and found that when restricted to 1t rats developed a
disorder which could be cured by esther nuacin or
tryptophan  This was pellagra an the rat Chick
showed by her expeniments that tryptophan can be
converted into nsacn in the body

4 FurTHER PROGRESS IN THE DISCOVIRY OF FAT
SOLUBLE VITAMINS

In 1919 E Mellanby*® demonstrated that the dret

growth was abnormat as shown by histologie)
studies provided that (1) the animals were deprved
of certun fats and (2) they were kept out of direct
sunlight (1n shadow or behind window glss) Oppor
tunity for cxercise was untesteicted  Pursung the
analysis of the properties of the different food sub-
stances mn therr etpenmental diets  McCollum,
Simmonds Park and Shipley concluded (1922, 1923
that a second fat soluble vitamun eusted Its physio-
logical function was espectally marked n preventing
nickets in young rats kept on rickels producing dicts
by regulating the content of morgarc phosphate wns
m the blood plasma Since at that ime  accessory
food factors ~(vitamuns) A B (ant: benben: factor)
and C (ant1 scorbutic factor) were known the anti
rachiie factor was called vitammn D It was found to
be abundant in cod Iver oif much Jess so 1n butter fat,
and absent from many vegetable oils and the adipose
deposits of mammals Ammals 1 direct sunlight while
kept on nickets producing dicts had no bose defects.
It was later shown by Hess (1924)** and by Steen
bock and Black {1924)® simultaneously that whea
rachstogentc dicts were exposed to ultravioket ravs,
vitamin D was generated Its precursor was shown to
be present 1n certamn fats and was soon traced to the
non sapomfiable fraction and then to the sterols
contained 1n 1t
At this stage studies by several groups of bio-
chemysts were directed to sdentifying the substance in
the sterol fraction from fats which was susceptible to
converson 1nto vitamin D by ultraviolet rays Spa:'t
does not permut of giving the details of these In 1927
Rosenherm and Webster® 1n England and Windaus
(Germany) and Hess (Amenca)” ssmuttancoust
d that the of vitamun D s ergostero

could be so adjusted as to be the factor 14
whether puppies developed nickets or not He offered
expennmental evidence that some fat soluble umdent
fied factor could prevent or cure the bone disorder
He tentatisely suggested that defictency of vitamin A
mught be the cause of rickets Hitherto 5t was widely
believed that bad hypiene chmatic conditons and
lack of exercise caused the disease Mellanby hsted
twelve foods which did not protect and eleven foods
which did protect puppies against nickets Among the
latter were olive ‘ol lard meat extract and malt
extract which did not contamn vitamin A so 1t ap-
red uncertain whether the ants rachitic factor was
sitamin A
In an experimental study made between 1918 and
1922 by bioch and pacd: at Johns
Hoplins U ' 1t was d that an
important factor 1 causing young rats to develop
severe acute rickets way the ratio between calcum
and phosphorus in their food If one of these clements
was in low concentration and the other disproportion
ately high (e,g 0 2and 1 2 per cent respectively) booe

This 15 the principal sterot tn oit of ergot yeast and]
other fungt but ss widely distributed i nature n smal
amounts Certan other sterols when activated were
found to possess ants rachie properties hence sev
forms of vitamn D are known od

McColtum and s associates devised the so-call
hine test for accurate assay of the anty rachitic potency
of s cte (1922) Uung thus test Bills assayed many
Xkinds of fish hver oifs and found thatthere is mormou;
sanation i their vitamun D potency Cod lner o o
Pharmacopoesal grade contains about 100 Intern2
tional Units of vitamua D per gramme Blue in mnrl
Iner ot contans about 40 ,(Xl)? 1u nng"%:llou i
tuna hver oil about 10000 r gral

Cod hver ot had been cmplo)td[; 3 remed; ’ror :hi
cure of nchets since the report of Scheutte (1824) 21
11 was effective for this purpese Dut medical urw:?:
differed as to its value and the controversy over
actiology of the disease tended to prevent s mi
spread use. Wath the discovery that nckets 13 8 dise pr
due ta lack of a viamun and the sdeatficatien
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yellow pigment having strong green fluorescence The
name fiasins was applied to this new group

The Warburg-Chnistran  yellow enzyme  was
found to oudize Robison s ester (glycopyranose-6-
monophosphate) The enzyme was in this process
reduced to the leuco form “and could be regenerated
by shaking the solution with molecular oxygen This
series of observations revealed that it serves as an
oxygen transport system between molecular oxygen
and the subsirate

In 1931 Bourquin and Sherman* dewised a diet
suitable for assaying for what was then known as
vitamin By or vitamin G these terms being used
synonymously to desig an unid d nutrient
eventually called nboffavin 1t consisted of a muxture
of casen salts butter fat cod lver oil starch and an
80 per cent alcohol extract of whole wheat mn the
proportion of extract from 50 grammes of wheat to
100 grammes of the food mixture When fed the basal
Bourquin diet young rats from mothers kept on an
expenmental diet steadily dectined in weight and

eighteen enzyme systems Small wonder that a defi-
cency of 1t results 1o profound metabolic disturbances

7 Discoviry of Viramm k

In the years 1929-31 Dam Horvath and McFar
fane working independently observed delayed clotting
time of the blood of chickens on certain rations Dam,
m Copenhagen also noted extensive mternal hae
morrhages 1 chickens fed a certain expenmental
diet (1934) He found that the blood of these birds
was defi n pr p factor
he traced to the non sterol fraction of the non
saponifiable fraction of pig Inver fat To this unsus-
pected nutnient which he showed by expenments to be
distinct from other fat soluble vitamuns A D and E,
Dam gave the name vitammn h

Dams studtes nroused great interest and several
groups of biochermists undertook to isolate and iden
uly the new dietary factor ‘The details of expenmentat
work planned with this objective cannot be described
here In 1939 four groups of scientists working inde-

health When given the same diet plus a suppl

of niboflavin they grew approximately i proportion

to the fraction of the mummum requirement of this
d a

[ ly under the leadership of Almquist and

Doisy (MacQuorquodale er af 1939)™ (Almquust

and Klose 1939)"* (Fieser and Karrar 1939)%¢ re
1y identified several naph d:

vitarun they recened This method
fairly assay | ¢ for r
foods

n

tafl (o

m rats are

hd.

of r

which mn different degrees possasc’d the properties of
naturally occurning vitamm h
It was observed that guinea pigs suffered no redue

The symy Y
dermatitis and loss of hair from head,

tion of when fed the rations which

around the nose mouth and ¢yelrds and sealing of the
eyelids by o sticky exudate The front paws are
stained with blood from rubbing the inflamed margins
of the nostrils and the abdomen 1s wet with blood

staned unine

Symptoms of Ariboflasinosis in Humans
Spiest et al (1940)* and Sebrell and Butler (1939)%
and their associates described the symptoms of nibo-
flavin defictency in man These are cheilosis eversion
of the lips fissures at the mouth angles scaly greasy
desquamation about the nose and on the ears There
15 a sensation of roushness 1o the eyes with stching
and burming and muld photophobia There s also
invasion of the comea by capillary blood vessels
These symptoms have offen complicated these of
pellagra Only after nboflavin was discovered and its
bolic i recognized was 1t reahized that
many patients with peliagra were i multiple defi
ciency states Riboflavin participates in no less than

produocd‘lhls deficiency n chickens It was also found
that bactena growng in fish meal increased the vita
mun k content and that chichen faeces allowed to
stand some hours showed a marked increase of this
substance Thus the bactenal synthests of vitamn K
was established The ability of micro-organisms in the
alimentary tract of guinea pigs to synthesuze the
vitamin rendered these anmmals resistant to the effects
of a K~defictent diet

Vitarmn h proved to have great therapeutic value
Delayed clotting time 1w paticnts suffenng from ob-
structive jaundice was already known 10 surgeons and
had been correlated with deficrency of prothrombin ta
the blood Admunistration of vitamun k pre-operative
Iy promptly raused the p bin Ievel of the blood
and restored its clotung time to normal thus reducing
the risk of surgical operattons for relief of th conds
tion 1t was also found to be a wscful remedy for
haemorrhagsie retimitis and for prevenung the haemor
rhagic tendency i the newbomn

VI THE DISCOVERY OF THE ESSINTIAL FATTY ACIDS

Between 1330 and 1850 there was a controversy be
tween certun French and Genman chermsts over
whether animals could synthesize body fat from carbo-
hydrate taken as food Expenimenis sustamed the

f
view of Liebig that such synthesis was possibh, Froo
r;s(cd on axualptcal data which showed that ammaly
{a1d on more (at reserves i adipose tissue (FZY grr:;
or gave out more faton mulk (cows) than was contarr
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growing period deficiency of manganese causes
skeletal defects called  slipped tendon or perosis
and fow egg hatchabifity

4 Znc

Zinc was shown by Raulin™ 1n 1869 to be essential
for growth of the mould Asperglilus mger but the
significance of hus abservation was long overlooked
The pathological effects of zine deficrency mn plants
were descnibed by Reed and Dufrenoy™ 1n 1935 In
1937 Hubbell and Mendel observed beneficial effects
on young rats from giving them zinc Hart and his
associates (Todd er al 1934)"* demonstrated the
mdispensability of zinc i ammal nutrition

Zinc 15 a constituent of carbonic anhydrase an
enzyme which in the blood catalyses conversion of
carbomc acid to carbon dioude and water It s
assoctated with 1nsulin and five other enzymes Since
cach of the steps 1 metabolism which these enzymes
catalyse 1s an essential molecular change it 15 obvious
that deficiency of 1t causes profound myury Zinc 15
positively correlated with thiann ta foods and 1t may
be that a deficiency of 1t as well as of thiamun 1s a
factor n the polyncunitis syndrome Hart and his
assoctates (Wachtel et al 1931)* found the unc acid
content of the blood of zinc-deficient rats to be twice
the normal value and 1t could be reduced to normal
by admuinistration of zinc Salmon and Tucker have

described the oceurrence of zin¢ deficiency 1n swincer
& certawn farm ration and ats remisston upon the prow
sion of the element Severe dermatitis and dirthoes
were prominent symptoms  Other than this tnstance
deficiency of zinc has been seen only 1n laboratery
ammals

5 ComaLt

Cobalt deficiency results 1 2 type of nutntional
anaenma 10 sheep and cattle In Australia 1t 1s known
as Morton Mains discase and as coast discase, and in
other parts of the world as pines bush sickness, ete.
A sheep may develop mucrocytc hypochrom
anaema and die for want of 1 mg of cobalt a day
This fact was established by Underwood Filmer Lunes
and Marston in the years 1934 and 1935™ Thg!
observed the deficiency 1n sheep and cattle whi
grazed on herbage grown on cobalt-deficient soils
Several years of intensive tvestigations were required
to reveal that cobalt was the missing nutrient Admin-
istration of this element sufficed (o protect ammuils
against anaemia, or to curc those which had developed
the disease Hitherto no one had suspected that cobalt
was of any biological importance Only ruminants are
able to utihze inorganic salts of cobalt, man omnr
vores and carmivores must obtain 1t an the fom of
an orgame compound which will be conudered
later

\. GROWING INTERLST IN NUTRITION INVESTIGATIONS

With each new of a
which the diet must provide 1f an ammal 1s to mantam
health the advancing science of nutntion rose n th;
of ch hysiolog hologists an
chimcrans The numbcr'of m\'csngntc‘rs who devoted
themselves to the study of speaific problems i this
field rapidly mncreased In 1931, 724 semor authors
published 3024 papers which were abstracted n
Mutritlon Abstracts and Reviens The most notable
vestigations were those directed toward discovering
hitherto unsuspected nutrients  both orgamc and
WnorganIc

that for young rats and chicks water extracts ofs;c:;

foods as yeast wheat germ egg yolk hwver, alfalfa
flour dained the & ggr) t 5 n:cd::
make them adequate They were thercfore W
soluble and noiqfat solubl?, This fact directed the
attention of the most constructive thinkers to the
rewards to be reaped from festing the values of ¥
tions of the water soluble matenal separated frv.f‘:
natural foods for enh the vaiue of exf

diets containing only known substances All putnents
soluble 1n water except the antiscorbutic yitamin <
were early designated the B-complex of \mm\hﬂ:
¥ of this complex led to the discovery that

With the d of the of each
new sitamun (the description of symptoms in an
expenmental ammal which developed because of 13
deficiency or fack in the diet and thetr disappearance

n its Provision) nveshigators followed the pattern
of formulating dicts which contained every known

1t was uncypectedly complex.

Determmation of the nature of the eiv,canl nd
tricats was a ch § problem Only b o
could imuate ammal expenments directed (@

b But since of any type kads o
! of phystol and pathologt

)

nutrient and were fully ch 17ed ch 1y and
tested therr effects on ammals It was the common
expenence that fulure to thnve and short penod of
sunaval resulted making 1t evident that stiff other
cxtential constituents of the dict eusted Testing for
eflecuve supplements for such syntheuc diets revealed

cal changes m' anatormucal structures xh?c :M'wi'l;
were not i to cxamne mnutely so um
disunguish concurrent symptoms whih togethert
indicate the pature of the specific diseased 513
from y of indimnd 1 dictary €37
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tals Diseases of nutntional ongin tmvolve 1mtially
faflure of a chemical interaction between two sub-
stances at the molecular level Pathologists and
physiologists of the early twenticth century had Iittle
traming 0 chemsstry  and could not visualize meta
bolic processes 1n terms of complex and varned con-
cat nated chemical reactions Both the latter sciences
were making rapid progress by the employment of
aher techiques than chermstry  What was most
needed after about the year 1900 was more co-oper
aton between physiological ch 1
pa bologists and physiologists tn the study of the
details of what happened to an ammal tn nutritional
failu e from different causes Such co-operation did
not immediately appear rewarding but three mvesty
getors who were not chermists and who applied their
special knowledge to the study of the pathology of
milrutntion caused by speaific dictary deficiencies
made contnbutions which rased the ‘standards of
such work above what unaded chemusts could
aheve
Mot much of value came from the early attempts to
stedy the witamn problem by observing amimals
fstited (o polished nice as thérr sole food because
m general unless the experments were of short
duration multiple deficiencies developed
In 1922 S Mor* an ophthalmologist working 1n
MeCollum s laboratory usmng the entire contents of
the bony orbit described the Iistologreal changes 12
consecutive sections of specimens of the eye and s
:ﬁhwd structures 1n rats 10 different stages of deple
k“’" of witamun A He described the progressive
l:m;lmmuon of epithelia and attnbuted all patho
w%:’ dachmgcs 1n the eye to this change and to the
o mn" t?d:gmg of d;'_yl}n‘g of the conjun;nval sacf
o tuction of the 1thelium o
theEzw— eland the specialized epithels
¥ans an anatomist (1922)** applied histological
?:uh:]‘}“ts to the study of the pll;lz’:cma and foetal
mamm’cs of guinea pigs and rats suffering from
Chcmuth deficiency He drew the attention of bio-
e to the need of more searching techmques n
Kmsschn studies  Hitherto only the most obvious
Tode Or"‘r"ECS had been recorded in descriptions of the
Ta 192 6311”& of ammals on inadequate diets
techny Wolbach and Bessey*® applied the special
stug g'l-_'u and mnterpretation of pathologsts to the
“‘Atyyde the successive changes which occur 1o rats as
of nbofr:bp the abnormalities caused by deficiency
SPporty Vin These fine studies made clear the great
o) :mec which awaited investigators equipped
tion gw gly g methods of 2
lopy 1o hon the techniques of chemustry and patho-
dﬁﬁu:m! °dSlUdy of malnutrition caused by diets
Bew ang n different nutrients ‘The apphcation of the
. broader to ammal exper t:

led to the discovery of the following additiopal
members of the B-complex

1 FRACTIONATION OF THE B COMPLEX VITAMINS

In 1937 Gyorgy® distingwished three kinds of
dermatoses 1n the rat which could be produced by
faulty dicts and cured by appropriate dietary supple-
ments In 1939 Oleson and his assocrates®® distin-
guished four such syndromes which were clearly
referable to dictary errors One of these was traced to
deficiency of a substance to which the name brotin
was given This substance was for 2 ime known as
Bios I vitamin H and co-enzyme R 1t was discovered
through a series of experiments directed toward find-
ing the cause of a severe skin ijury which aflicted
rats fed raw egg white The condition was first
described by Boas 1n 1927 Chief among the symptoms
were eczematous dermatitis allopecia  blephantis
spasticity and 1n some cases haemorrhages in the skin
and oedema of the feet The myury from feeding raw
egg white was soon confirmed by others in the rat and
chtick It was found that egg white contams a sub-
stance avidin which binds biotin and prevents its
absorption from the digestive tract Deficrency of the
vitamin then results

Biotin 1s essential for mammals and birds and also
for the nutritton of yeast It was tsolated by kgl and
Tonnss from boiled egg yolks and was synthesized by
Harns and his associates®® i 1943 The symptoms of
biotin deficiency were produced expenmentally 1n
buman subjects by Sydenstncker and his associates

(2) Pyridoxin was discovered as a fesult of studies
of what was fora imecalled rat pellagra It did not
respond to adminsstration of mcotuuc acid Gyorgy,
who was promunent i determuning 1ts properttes and
1ts distribution renamed the disorder  rat acrodynia
Lepkovsky®?, keresztesy and Stevens® and Gyorgy**
working -pendentl ded m cr g
what had been variously known as Factor Y Factor ]
and witamun By It was named pyndoxn at the
suggestion of Gyorgy

(b) Pantotheric acid was_first recognized as the
result of an attempt by R J Willams to use yeastasa
test organtsm for thiamm (B,) It was found that this
was not the yeast growth substance studied by
Wildiers who designated 1t Bios In bus yeast studies
Williams®® eventually 1solated and described panto-
thenic 2c1d so named because of 1ts wide distribution
10 nature It ts an essential nutnent for mammals and
for yeasts

In 1930 Norns and Ringrose* described in chicks a
type of dermanttis which was eventually traced to
deficiency of pantothenic acxd In rats and foves and
probably other species deficiency of pantothenic acid
causes greying of the harr Lipmann discovered that
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this vitamun functsons in metabolism as * co-enzyme
A (A for acetylating)  Failure of acetylation m
several metabolic steps causes profound phystological
disturbance

() Pa benzoic acid » which was
long famdiar to organic chemists was 1n 1940 found
by Woods and Fildes* to be essential m bactenal
metabolsm The following year Ansbacher*! reported
that on an expetimental diet toth

+

be effective 1 the alleviation of all the symptoms of
pernictous anaema.

Apart from its efficacy tn the treatment of pernicious
anaemta this vitamun functions m many specific ways
i metabolic processes The great mterest whch fis
discovery aroused among nutntion mvestigators
pathologists and chnicians 1s reflected tn the publica
tion withm five years after ats isolation of 1138

acid black rats turned Adminsstration of
p-ammobenzoic acid caused new growth of harr to be
black Thus greying of hair was caused by either of
two vitamn deficiencies
{d} 1 inositol was first 1solated from muscle in 1850
by Scherer and was later found to be widely distnn
buted 1n ammal and plant tissues It was not untd
1931 that 1t was found to be an essential nutrient for
yeast and in 1940 Wooley™ discovered it to be an
essential nutrient for mice In mositol deficiency muce
lose almost all therr hair
() Folic acid Belore the discovery of the role of
copper 1n the utilzation of iron for the syathesis of
h lobin only those which ded
to 1ron therapy were successfully treated Several types
of anzeruz among which pernicious anaermua hadlong
been recogmzed did not yield to sron therapy In 1931
m

papers dealing with sts physiologic roles
Vitamun B,, s able to bond certamn other organie
complexes 1 such a manner that there 1s a shifting of
radicals the end resuflt of which 1s synthesis of the
sulph g anuno acid mett Methion
me 15 an ndispensable amuno acd and must be
supplied by the diet unless certan mcro-organisms
shich have the power to synthesize 1t when cobalt 1s
Ppresent 1 the food are sufliciently abundant 1n the
caccum or the large intestme of carnivores and
omnvores The rumen bactena of rumenants
this power and morgame compounds of cobalt
suffice for their nutniion Butin other kinds of ansmals
and 1n man the intestinal Rorae fostered by many kinds
of dictanies are of types which do not effect this syn
thes:s and accordingly the complex orgamie cobalt
substance By, rtself must be supphed Methiomne 13
yielded 1n the digestion of many vegetable protens
m

Lucy Wills® described & macrocytic
women in India which was alleviated by giving extract
of yeast By resticting monkeys (o a dret like that of
the anaemic women she preduced experimentally an
anacnua like that of her patients Hogan and Parrott®
using an exp diet, produced a t

anaemia 1 chicks which responded to liver extract,
Several groups of investigators followed up these
observations As 2 result a substance was isolated by
Mtchell and his associates®? from spmach which was
essential for the growth of certain bactena and to
which they gave the name folic acsd 1t proved 10 be
effective for the rehef of the macrocytc anaema
which results from the kind of deficient diet descnbed

below the needs of man and
ammals Its synthesis in the animal body by the
catalytic property of By, n 1ts organued state 1n
some macromolecule gues this vitama a place of
peculiar mterest
‘The discovery of thus property came about through
the observation that certain dicts of vegetable ongin
contamned protewns of low biological value which could
be greatly improved 1t thew value for ammal nutntion
by either of two ways supplementing with an animal
proten or the provision of vitamun By, 10 the dict,
Since vitamun Byg ts effective i very munute amounts 1t
could not be regarded as a direct source of the
necessary amuno acids It was evident that at must
fi directly to the nceded amno

by Wills It was also effective 1n of the
anaerua of sprue but did not allewiate all the symp-
toms of pernicious anacma

(€) Vamin By, The discovery of this vitamun was
due tn large measure to the extensive studies directed
to the 1solaton from hver of the factor or factors
responsible for producing rerussions i patents with

acid or acids For a time 1t was known as a hypo-
thetical substance called  ammal protein factor
After the discovery of folic acid and By, and com-
pounds of nutntive sigmficance which may be denved
from them or are related to them, the discovery of new
vitamins apparently came to an end This 1s sud not

permicious anaemia Feeding lasge of liver
was first suggested by Whipple Minot and Murphy
(1927)°* studied the problem ntensively and Cohn
(1928)** p d the first eff of the
active fraction of hver In 1948 E. L. Smuth™ fimt
1solated the active pnnciple from liver In the same
year Rickes and * ded 10 cTy 4
ared substance which proved to be a cobali-contumng
organic compound It was called B,; and prosed to

ding the not g1 of a
new factor which ts believed by those who‘d:scmt
stto be | for of some
ity 10  parucular speaies

As with vitamuns 50 also 13 there a likehhood that
ologral functions wall be traced 10 clements n’ot
now believed to Rave sigmificance i putnton. In
recent years st has appareatly been extablished that
molybdenum, and perhaps selenium, are essen
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the patniotic spinit stired them to make sacrifices
from humanitarian motives Women were alert to
follow the advice of those with special know]edgc of
foods, nutnition and d The florded
excellent opportunity to teach people about good and
poor combinations of foods The new principles of
menu makig then mtroduced have not been much
altered since that period

‘The principles of duetetics ncluded more and more
for and emph as knowledg d
as the result of ammal experimentation  After the
recogmtion of a fat soluble and a water soluble factor
of unknown nature both of which were taken nto the
philesophy of meal planners 1n 1918 came consider
ation of the peculiar value of uncooked fruits and
vegetables for the protection of the capillary blood
vessels from fragility, long known but first empha
sized by Hess in feeding of infants in 191510 and
recommended for people of all ages in the publications
of the US Food Admumstration in 1918 Then
followed the ! appl of vitamin I to the
prevention of rickets in infants and children after jts
discovery 1n 1922, With the steady advancement of
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pnimary importance to dietetics These were of three
types In some cases chemucal methods were desiened
and are hughly valuable, but 1 general these are Jess
specific than those based on tests on Iving organsms.
They mvolve determuning the munimum amount of 8
witamin which will promote growth or prevent or
cure spectfic Jesions caused by the vitarun deficiency
1 the test anumal In a number of cases mucro-
organisms have been found uscful because using az
appropniate medium  the amount of growth or other
entena n the hife of the organisms depends on the
amount of vitamun supplied in assay tests.

With quantitative methods available the amounts of
cach vitamm 1n fresh foods of many kinds have been
determined Also the losses of these due to agemng,
storage under different conditions canning, and
;ookuzg by differcnt methods are farly accurately

nown

3 DETERMINATION OF THE AMOUNT oF Eaa
NUTRIENT FOR OPTIMUM HEALTIE

Many attempts have been made to determine the
of man and antmals of several

knowledge of new dietary I of
the mimmum requirements of each food factor and 1ts
dustribution in foods was and 1s given to the feeding
of the well and the sick Early 1 the Second World
War the Basic Seven  statements for guidance of
bousewives in the feeding of their families were formu-

species for each of the nutnents which the diet must
provide Requirements of sats and chicks are pretty
accurately known but for humans from nfancy
through growth i pregnancy and lactation n tnfec
tious discases and i the aged the values are not fully

factory One important consideration has been,

lated to stmphify the f of food purchasing and
of menu planning to ensure adequacy of menus

2, Tue Discoviry OF METHODS OF AsSSAY for
ViITAMINS
The d of hods for q cly esti
matng the content of cach vitarmn 1 foods was of

NI MALNUTRITION A NEW

Cl and a few T gists studied the nature
and cause of berniben before and after the discovery by
Eykman and Gryns that a condition analogous to the
human disease could be brought about by restnicung
ammals to polished rice as thewr sole food Thar
observations stimulated thought and expeniment by
others but since polished rice 1s deficient 1 so many
essential nutnents the symptoms of the nce disease

hal.

hal,

and ss the behef that there should always be a factor
of safety over actual minimum requirements and on
this point opuions of wformed people have differed
widely But miumum requirements have been agreed
upon by quahfied fic groups Dict on
the basls of assay values and nutntive needs pow rests
on a generally satisfactory basts

DIVISION OF PATHOLOGY

192241 that the newly discovered vitamin D prevented
or cured expenimental nickets m rats and that it was
the substance 1o which cod liver oil owed ns thera
peutic value for mckets i infants and chuldren,
brought into view another specific state of malnutn.
tion caused by lack of individual nutnents. These
following as they did the ever growing knowledge and
interest in the cflects of deprvng ammals of one ot
more amino acids ead of the profound metabolic

wih which resulted from
dxs’ru rb:?-.arfl e between cakwm

were those of I3 and p £y Was
but Little advanced by the mvestigations The experr-
mental prod of defi states ref to

vitamins A and E and nboflavin respectively which
were studied by the technsques of histology and
patholozy by Mon® Evans® and Wolbach'® sepre-
sented only the inital steps in the study of the patho-
logy of these defiiency discases. The discovery 1n

q
and phosphorus tly sumulated the wnvesest of
chcm!’m :{‘nd lehmn{t in the study of metbolic
disturbances ansing from faulty dicts. £ the
Pathologists have contnbuted knowkdge of ¢
sequence of symptoms  the smiggal and sxoesve
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structures have been produced of beng useful 1n the
contro! of malignancies

1 SyntuETCc Viamins Present New  Nutrmow
Pronrrss

The discovery of vitanuns and of the fact that the
mlhing of wheat and maize and the polishing of nce
removed the vitamins from the portions used as human
foods, brought refined cereals under unjust criticism as
foods The great cercal producing areas in America
Argentina and Australia are far from the principal
centres of populationwhich depend on them for bread
stufs There are sound reasons for mulling white wheat
flour and degerming corn meal which must be shipped
fong distances and undergo storage for considerable
periods before they are consumed Raneidity and
infestation with 1nsects arc the two most senous
hazards to the matketing of whole wheat flour or whote
corn meal Afl informed people know that there 1s no
health hazard 0 the consumption of refined cereal
products provided their nutntine deficiencies are
supplied by other foods in the dadly diet In perhaps
half the world inclusion of sufficient milk and other
dairy products and green vegetables accomplishes ths
The germs of wheat and maize which are mlled out
have gone nto ammal feeds at ammal feed prices, but
could easily be freed from fat to prevent rancidity and
treated to destray any nsect eggs present In the
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ation of sitaruns by
products

The temp to people educated
about nutnition to misuse vitamns 1s Very great
because they hear such marvellous accounts of what
they accomplish when properly used In full blown
deficiency diseases the provision of the night vitamm
causes sp lar recovery Less d but highly
graufying are the responses of patients in states of
carly ‘and muld deficiency of any vitamun They feet
Iike new persons Patients with chrome wasting
discases who may develop secondary deficrencies
have often shown marked improvement from vitamin
therapy In pre and post-operative medcal care and
1 patients with Iiver damage the admunistration of
vitamins may be hfesaving However the profit
motive has led to over-cxplostation of vitamms They
are recommended through every medim for garming
the attention of the public for such vague svimptoms
as weakness or fauguability nenousness insomma
imtabiity  gas  andefinite digestive disturbances

etc arrespective of the hand of dict bang taken
Thus the medical profession scientists and teachers
of duetetics find themselves n a dilemma ln ther
efforts to nstruct umnformed people they have to
pete with graceless expl of credulity Those
who are qualified to judge are in agreement that in the
absence of organic discase the individual who em
ploys a dict adequate 1 calores 1n which cereals are
but are suppk d with milk

incorporation of synthets,

defatted state they keep w ly and
could be incorporated in bread to restore the full
complement of water soluble vitamins  The great
quantity of yeast produced as a by product of fermen
tation industnes mught well be used as human food
because of its nchness i all vitymins except those
soluble 1n fats These excellent vitamin resources have
tn great measure been neglected n favour of restor

;:ggs meat fruits and green and yellow vegetables
does not need and docs not gain physiologically from
taking addihonal vitamins

There can be no question about she uscfulness of
synthencvitamsns both tn normal and clinrral dietetrcs
It 15 only meant here to emphanize the great tempta
tion to mususe them 1 the tnterest of manufacturers

\V DIFFICULTILS IN CDUCATING PEOPLE IN NUTRITION

Since we possess such an imposing body of knowledge
of the indnidual nutrients contained n our naturat
foods and the serrousness of deficiency of any onc of
them i the dict 1t would appear that there should be
no difficulty about convincing everyone of the impor

tance of nght cating Sound teachung of dictetics to the

but weakly motwvated to alter establshed habits 1o
order to fealize the rewards which nutnvon has to
offer In the adolescent gil indulging the appeti €
often prevails over self-control for the reward of
health beauty or forcthought about future mother
hood The middle aged may confidently be promised
©of the signs of agewng as a recompense for

pubhic 15 confr d by senious d i Health 1s
umversally acknowledeed to be a precious possession
and no one now doubts the importance of nutntion to
health But teaching people how to plan good dicts 1s
not enouth The practice of good principles of dicte-
tics requires not only knowledze but a certain degree
of conviction and of sclf-discipline Many people who
accept sound teaching 1 principle are deficient 0
awarenest of the unpartance of nght eating and are

prudence 1 cating habus Yet common obsena
tion shows that weak motnation generally frivails
Promse 1o the overweight of better comfort 100ks and
fonger Lfe for refraning from some of the enjovmer!
of fates the resol of only 3 few
The establishment of sound eaung habuts in chikood
affords greatest promuse of success safegLarding
health through the right use of foods.




MICALs IN ro, Foop p, ODUC‘I’IOV
Preveny r, fi m sp, rlcnng in fry, 'S to re, d smlmg
of pre. of Potatoeg 1R che, iCals ¢
Preven, Stening ¢ ¢ coloy, ey

Spi Uling o, 1 ¥
Preked While Untipe the Use of Mlibioycs to Preveny
SPotlage op fish efe

Mcreage ¢ use of nsec, Cides apq "
klfers on f; n MLation of Teals €¥lends g
poss:b:hty f tion of foods With Poisonoy,
Sidues 1 37 long famyy, tduay con.
¢t Mination of frugs 1th Isenie and | from Sprays
n T all sy Brand Use of Porsong
AB01cu ]y, U5€ Conee all lhmkmg

'ger of 00d cop. 3

¢ o]
ra
0 f e °ern upgyy
haye lateq More facts m npcnche
C proble, nled py, hese new techmqucs of
deay; BrIculty g han, doubtlcssa
Soluble Lt are pey, andntmayw 1l be thyy there
nstderapy, blungs, S 1w eq ly fTorts 4, Solve
th trcmendous Chiever, efit 1o
heajey to ch Screntific Vestioate, have led
reatry h i 'Portance the t
of k; Vhich f,, d Produc,q, and pr°ccssm°
Presen; al USCeptpy, f sol, n by Scrent,
cthod
ERSPECTIVE
Metaboy, d:szurbancc by the ¢, pt hich 4
2y be 2ed 1n OF animya)s d the pa,
and ocgy, Dature of €ach ny, Provideq
the me. prevemlon and cyre of sey, ! dlxcascs
10t huthers, Shized a4 beung feferaple | ietary
ty s TS 320 b, bent s, e fog
nfangg Tick gra ndeny;, Boitre T,
Cloys 4, 'y, -’xllgrc:uh n Tges of
Whiep W the Cases 5, for yp, B th 2
e Methogg Toda_y the;r aetio)
futly Undery;, all haye Atialyy erag,
cated Wil nog aA8un afflicy Tab)
Umber o pl
e Te nog Possess,, facts ‘ght to
Lighe by Nimay ﬂpenmmzauo 3y muy,
People OUghoy, the Worlq “ho o’ Cnjoy heay,
Would yStcaly, ha dmp or an:patn:ucd
Suffer pa d haye shory SPans of bfe Specy
Tequire, Is of, r:dunng prqn:mcy for Yaro;
Mtnenss d are,, Breatme, oo Provideg
o $ heanyp, protacuon for Mothery 'Proveq
Prospeces o S for being ph)!lmuy boy
The Problem f1afape o, g haye Solveq
Oier | 23 the gy, ! dentay



24 TUF HISTORY OF NUTRITION

been reduced by half That dictary factors are impor
tine in safeguirding the health of the blood vessels
has been established and the kinds of dictary errars
which lead to lesions of atherosclerosts are at present
the subject of intensive study and should soon be
understood

This newly gained body of facts is of unversal
benefit to mankind Its application represents the
grettest achievement in the tustory of preventive
medicine Dietetics ranks with immunization acamst

fag diseases and a5 a
health measure
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I INTRODUCTION

The sex hormones are hnown to produce an activation
of the growth of genital organs and therefore they
obviously have an anabolic influence on them But

We shall try to examine the principal data on the
metabolic action of androgens and oestrogens
unfortunately our documentation 1s necessarily n

1

they also play a st g or inhubiting role in the
development of other organs and tissues The result
of these vanious actions reflects on the total mitrogen

balance of the body

p because of the too extensive scope of the
subject and limitations of space *

I THE ANDROGENS

The mvestigations on the metabolic action of andro
gens have often had for their purpose to find a sterord
showing a himited effect on accessory sex organs but
a marked anabolic action on all other body tissues
so that 1t could be used 1n certain pathologtcal states
with negative mitrogen balance

In fact 1t 1s now known that even the androgens

2 ACTION OF ANDROGENS

(@) In the dog rat and mouse injections of testo-
sterone propionate (TP) and other androgens provoke
a gan of weight which 15 more pronounced i cas
trated than in intact males unless the latter ate mn a
state of exaggerated protein catabolism especially
if hor induced tons of ACTH (Selye

which are most anabolic 1n therr 1nfl on 2z
excretion exert a very different action on the vanious
target t me are lated others inhibited

and still others are not influenced 1n their develop
ment

The androgens Lke all other hormones interfere
as activators or inhibitors with some enzymatic
systems which i general take part ly

1955) or cortisone (Gaunt Tuthill Antonchak and
Leathem 1953) If the catabolism 1s secondary to a
dietary deficiency the beneficial effect of the andro-
gens 1s much less pronounced being inhubited by the
deficit in protemn building matersal

The effect of androgens on weight 1s not accounted

1 1n
several metabolic processes such as the carbohydrate
fat and protemn metabolisms or water and electrolyte
¢xcretton contributing thus to the elective develop-
fment of some tissues and to the 1nvolution of some
others Ul ly the total b 1 bal are

for entirely by the increase 1n alimentary intake Such
an has been observed n castrated rats treated
with these hormones but not 1n ntact rats 1n which
testosterone propionate (TP) rather reduces the
appetite (Lelu 1943 Aschkenasy Lelu 1951)

In any case the weight gain caused by TP in male

often positive only to a slight extent and for a very
short time

A. Effects on Growth and Maintenance of Body W eight
in Mammals
In order to avord repetition dsfferences 1n growth
between sexes will be reviewed in the part treating of
the oestragens  here only the of orcht

d rats 1s only temporary (hochakian 1950)
persisting for no more than 1010 15 days In the same
way in male rats recovening from a proten starva
tion ngections of TP accentuate the gain 1n weight
only for a short time (Aschkenasy and Dray 1953-4)

The secondary exhaustion of the effect of androgens
on somatic weight—a phenomenon to be found also
for the nitrogen balance—shows that the gencral

bolic effect appears within the lumuts of a defimte

dectomy and the action of and; will be analy

1 ErrecTs OF ORCHIDECTOMY

total dosage beyond this dosage the androgemic
impregnation of the body induces some compensatory

In man prepubertat the
Statural growth because of the non-closure of epiphy
Scal centres The same phenomenon 1s obsenved 1n
Some domestic amimals (ox sheep) On the contrary
Gastration delays growth (esther statural or ponderal)
In the guinea prg (Ancel and Bouin 1906) and 1n the
Tat (Stotsenburg 1909 Donaldson and Hatai 1911
Tang 1941 Aschhenasy Lely  1951) even of per
formed after puberty (Aschkenasy and Paniente 1952)
However m rats deprived of alimentary proteins the
fall 1n weight 15 not altered by castration (:5:d)

D

33

(6) In the young male pig, the oral admunsstration
of methyltestosterone does not extubit any benefictal
cifect on growth and even retards 1t 1n the female
(MNoland and Burnis 1950)

(¢) Inman stimulation of growth by the androgens
has been reported in hypogonadic dwarfism and 1n
some other delayed growths (henyon hnowlion and
Sandiford 1944° Netter and Chevallier 1953) but no

The suney of Lterature pert2.aing to thus review was com-
pleted 1n February 19¢8
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success has been pornted out m premature infants
(Agerty and Seitchik 1952) Leanness from vartous
causes has been treated successfully by the androgens
forexampleby methylandrostencdiol (MAD) (Albeaux-
Fernet Robert and Berton 1952)

B Action on the Nitrogen Balance

1 Efrects OF OrRCHIDECTOMY

Thus intervention has no uniform effect on nitrogen
balance in the aduit dog (horenchevshy 1925) and rat
(Letn 19425, 1943)

2 AcTioN OF ANDROGENS

Kochakiin and Murhin (1935) were the first to
detect a decrease of urinary mitrogen in castrated dogs
1yected with an androgenic unnary extract One of us
(Lelu 19422 b) observed the same effect after tnjec
tion of TP 1n adult male rats on a protesn free det

Since then decreases mn mitrogen excretton have
been reported tn male castrated animals after adnun
astration of vanous androgens by hochakian (1946)
and also by other workers (Braasch er al 1950
Rassennar, 1953 Stafford Bowman and Olson 1954)

The magnitude of the action of androgens on nitro-
gen balance depends on the functionl status of the
gonads of the treated anunal Thus ntact male dogs
and rats react less and later than castrated ones (hoch
akian 1946 Kochakian Moc and Dolphin 1950)

On the other hand females are less sensitive than
males Ovaricctomy increases the efliciency of andro-
gens which however are Iess active than in castrated
males (hochakian and Beall 1950)

The mitrogen retention produced by the male
hormones 1s too mmportant to be explained by the
hypertrophy of the 7ccessory sex organs alone and

structure of the androgen employed It 1y chiefly the
esterification of the steroids 1n position 17 by carbory
lic acids especrally by fatty acids of high molecular
weight, which has been advocated for a long time (4
Junkmann 1957) to increase and extend ghe phys.o-
logteal effects of male hormones Howeser manyesters
which have been synthestzed tn recent years have been
assayed only for certain of their tissular actions, but
not for their reducing effect on mitrogen excretion.

As to this latter action the propiome and acete
esters of testosterone were considered 1n the beginmirg
as the most active But another ester recently tned,
the cyclopentylprop (TCP) 15 endoyed with 3
much more lasting activity 1in man (Lloyd and Freder
icks 1951 Warren and Hayes 1952 MeCullagh,
Mchendry and Schoffenburg, 1952 Howard Reifen
stetn Courtright and Turner 1953 Crispell Parson
and Gahagan 1954) as well as in the animat (Ont,
Kuizenga Lyster and Johnson 1952) A protracted
nitrogen retention has also been observed with testo-
sterone phenylacetate (TPA) (Howard ez a? 1953)

Implants of free testosterone are as efficient as the
propronate but injections are less active 17 Methyl
testosterone 1s active even per os (Talbot Butler and
MacLachlan 1943} The 17 methyl derwvatives of
androstane 3x  178-diol  (McSwiney and Prunly
1956) and of A, androstene 38 178-diol (MAD)
(Talbot er al 1943 Wilkins and Fleischmann 1948
Homburger hasdon and Fishman 1950 Quendo
Rassenaar Schuurs and Scldenrath 1952 AMcSwney
and Prunty 1956) show also some oral actwity
especially in man

Discordant results have been obtained with andro-
stanediol and sts diacetic ester and also with 8¢
androstene 38 178 diol both much less acuve than

their methylated dervatives
N o has been recorded

consequently must be attnbuted also to a 1

of the gronth of other lissues The cxpression ana

bolic elicct 15 often used to designate only this extra

genital stymulition However ke the weight gam
the improvement of the mitrogen balance 1s only
transitory (dunng the first two or three wecks) even
1f the hormonal treatment ts continued The rapd
exhaustion of the effects of androgens ts not due to a
defimtive refractory state because a new franstlory

A o g
wath vanpus other steroids recently synthesized, rone
of which howeser 1s more actve than TP (Stafford
et al 195%) These arc—androstanc-17p-ol 3-onc
(Pearson  Werssberg and  McGavack 1953 63
hydroxy 3 S-cycloandrostane 17-one{Nassenaar, Bek
kum and Quendo 1953} and above all 19 portestos-
terone (Biker ez af 1955) and s cyclopentslpro-
promic ester which 15 much more anabolinng than
MAD orand tone (Stafforderal 194)andhss

nitrogen 15 ob d if hormonal 1n)
are gaven again after a rest penod (hochaksan 1953)
Int man ef w excretion

a more protracted acuon than TP (Holhficld Crspell

nd Parson 1956)
? Finally fictal effects on nirogen balance hase

has becn observed as’lhc result of androgen
1 hyporonidic states with or without dwarfism an
thyrotoxicosis  Cushing s syndrome in panhypo-
pitwitarism and Addison s disease i vanous ty
of cacheua and wn ahmentary deficrencics (Butler
eral 1945)

Lske that of the waght gan the magnitude of lhc‘
mutrogen 15 inft t b ‘the ch

been recently ried with 17 methnl and, epe
aally l7-clh)l“lr;°noﬂtsmslmnc (McSwincy and
Prunty 1956  Spencer et al 1957 Aschhenasy
1958b) e
All the above-mentioned steroids other than
testosterone esters are active not only ty m}.tnm tut
also by mouth aithough much hagher doses arc
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required with the latter route For some compounds
such as MAD (Henderson and Weinberg 1951} oral
admumistration has an effect on mitrogen balance 1n
man alone but not 1n laboratory animals

Most of these compounds are not very androgenic
In general their anabolic «ction has a preferential
effect on penineal muscles and only considerable
cumulative doses modify also the accessory gemity
glands

1t 1s noticeable that whenever the androgens de
crease nitrogen excretion they nduce especially m
man a retention of water inorgamic phosphorus
chlonide, sodum and potassium

Thormn and Harrop (1937) were the first to detect a
sodium and water retention 1n dogs treated with TP
and with free testosterone the rctention however
was marhedly less than with oestrogens

Sumlar effects combined with chloride potassium
and phosphorus retention following TP imjections
have been demonstrated 1n man by Thorn and Engel
(1938) and by Kenyon er al (1940) The cessation of
the injections provokes a water chlonde and sodium
excretion  whereas potassim 1s retained longer
apparently because of 1ts intra-cellular localization

A hydro mineral retention has been observed 1
man not only following TP but also after free testo
sterone 1 and oral met ne andro
stanedtol and 1ts 17 methy] dertvative (Williams et al
1945 Quendo eral 1952)

The respective proportions of mitrogen water
phosphorus and clectrolytes retained 1n man under
androgen treatment are sumular to those present n
vanous ussues especially muscular tissue This pecu
liarity has been found also m the rat for the ratio
water/proteins by Korner and Young (1955) after
repeated 1njections of MAD These authors demons
trated—as kochaksan et al (19506) had done before
—~an ncrease of water and proteins 1n the whole
body 1n opposition to a decrease of fat Probably
the calories supplied by the combustion of fats are
utihzed for the synthesis of protemns activated by the
androgens

The transitory changes of somatic weight imduced
by the androgens result from the opposite effects of
these hormones on lipids on the one hand and on
water and proteins on the other hand for this reason
a strict parallelism does not exist between weight

and mitrogen retention curves duning  androgenic
treatments

C Comparatise Actions on the Principal Fractions of
the Exereted Nitrogen

The discovery of a temporary nitrogen retention
Caused by androgens led to the question which fraction
of the excreted nitrogen was mostly snfluenced by this

action Only f1 of the uninary hadtobe
considered " the faecal excretion of mitrogen remaining
unchanged after mjections of androgens i the dog
(Kochakian and Murlin 1935) and 1n the rat (Lelu
1943} as well as 1n man (kochakian 1946)

(1) No noticeable change in the distnbution of
urinary mitrogen has been observed in the orch
dectonu.ed rat (Lelu 19425 1943)

{(2) The decrease 1n mitrogen cxcretion mduced by
androgens 1s especially refated to urea (kochakian and
Murlin 1935, Lelu 1943) whereas 1t does not con-
cern purine nitrogen (Lelu 1943)

The excretion of creatine s influenced 1n an oppo-
site way by the androgens according as they are
17 methylated or not Non methylated androgens
decrease creatinunia but this decrease as well as that
observed 1n urea excretion 1s only temporary 1t 1s
even followed by an increased excretion despite the
continuation of the hormonal njections (Lelu 1943)

In man a retention of creatine has been observed
1n the course of androgen treatment 10 some cases of
eunuchoidism and Addison s disease ot of spontaneous
creatinuna of chuldren (cf Kochakian 1946)

The methylated androgens (especrally methyl-
testosterone and methylandrostenediol or MAD)
orally or p all d ed the
urinary excretton of creatine (Wilkins and Fleisch-
mann 1945 Quendo er al 1952) However this
effect 1s not constant (Lagier 1953) and may be
delayed (Quendo ef al 1952)

Because creatinuna 1s observed even with creatine
free diets (Wilkins and Fleischmann 1945) the action
of the methylated androgens seems to concern not only
the excretion but also the synthests of this substance
The excessive unnary excretion mught possibly be
explained by the mability of muscular tissue to retam
creatine formed in excess (Hoberman Sims and
Engstrom 1948) The hypothesis has been put
forward that the methylated androgens would play a
role 1n the very synthesis of guamdo-acetic acid and
not only tn 1ts methylation (Sims 1949)

D Anatonucal Distribution of the “Metabolc Effects
of Androgens

1t 15 aleeady hnown now that (1) only certain tissues
benefit from the anabolic action of the androgens
while many others are not influenced and still others
are even injured by the acuon of these hormones
(1) the acuons of the androgens which according to
the hind of tissue are anabolic or catabolic are not at
all as transitory as thewr action on the total nitrogen
balance the retum to 2 normal balance observed at a
late stage of an androgen treatment actually results in
the blisk of a state of equilit bet
the dufferent types of metabolic effects
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1 OrGans axp Tissues WHicH ARE FAVOURABLY
InvLuvencen
These are essentially—(i) some of the cutancous
appendages the sensitivity of which has been studied
especially 1n birds () the accessory genstal organs
u) the perineal muscles Gv) the fadneys  (v) the
haematoporetic bone marrow (v) the salivary glands

EFFECTS OF ANDROGENS AND OESTROGENS

while the oestrogens have an opposite effect {on the
seminal vesteles and the prostate) atrophy of the
epithelium and hypertrophy of the connectne stroms.
{See the chapter on the oestrogens.)

In the serunal vesicles, the androgens induce
bestdes an hypertrophy of the tissue itsell 2 retention
of intracelfular water (Rudolph and Samucls 1949).

1s ph has been attnbuted to an accumy

These vanous organs and tissues ly
recerve benefit from the anabolic acuion of androgens
for the complete d of the tre evenif the
latter lasts far longer than the transitory penod of
nutrogen retention and even if the antmals are kept on
a restricted diet In these latter conditions the growth
of these uissues 1s only possible on account of the
decomposition of some other tissues Which supply the
necessary protein materals

(@) The Cutaneous Appendages
The growth of the chick comb ean by

3

I
lation of fructose and cunc acid, the concentrations
of which are decreased by castration and greatly

by 1y of androgens (Mann 1946
Mann and Parsons 1947 Humphrey and Mann,
1949 Levey and Szego 1955)

As 1n any other tissue the actwvation of proten
synthesis 1s accornpanied by an increase i nucloe
acuds which could be detected by an increased uptale
of radio-active phosphorus (7P) undes the effect of

Fletsch and Flesch

¥ 1952)
Shices of seminal vesteles, from rats treated sith

merely by local application of TP (Schuffer Benditt
and Dorfman 1952) Greenberg ¢f al (1948) have
shown that 1n the capon receiving labeljed methromne
the androgens emphasize the tncorporation of 1sotopic
sulphur 1 the proteins of the comb

In the hen testosterone can nduce a masculin
1zation of the comb only after of the

tes much more oxygen than
slices from vesicles of castrated rats (Rudolph and
Samuels 1949 Melampy and Porter 1952) Tius
effect nught possibly be Iinked with the activation of
certain enzymes of the acrobic phase of mtraceliular
gleolysis such as succiie dehydrogenase and cyto-
chrome ouidase both of which are decreased following
and d after of testo-

antagomstic action of the oestrogens by ovanectomy
(Brard and Benoit 1953)

In man and 1 other mammals male hormones
stimulate the deselopment and mitotie activity of the
sebaceous glands (Ebling 1947, 1951, Lapidre 1953)
as well as of the eprdermus 1tself (Eartly, Grad and
Leblond, 1951, Bullough 1952) In addition the
androgens control wn man the topographic dis
tnbution of the har (Hamilton 1932)

&) The Accessory Genfral Organs

It has been hnown for a long time that orchidec
tomy determunes an atrophy of these organs (semnal
vesicles  prostate  epilidymus  coagulating glands
Cowper s glands, preputial glands pemts) and that,
on the contrary the admunstration of androgens
inereases their volume not only n castrated but also
tn normal males (Martins and Rocha ¢ Stlva 1929)

In females hypettrophy of the uterus (horenchey
sky and Hall 1937) has been observed under the effect
of androgens, but only if the dosage was {ngh enough

Y
sterone propienate (Davis Meyerand McShan 149)
In the prostate the androgens induce the same
enzvmauc disturbances of the aerobie glycolyss
(Barron and Huggns 1943 Dawis e7 af 1949)

The phosphatase activity of the sermnal vesicles
and of the prostate 1s also stimulated by the andropens
acd and alkaline phosphatases n the monkey
(Gutman and Gutman 1939) acid phosphatases in
the dog (Pazos and Huggins 1945) alkalee phos-
phatases 1n the mouse (Atkinson, 1948) and 1 the
rat (Dempsey Greep and Deanc 1945)

The androgens also increase the transamunauc
activity n the venteal prastate of the rat This acuvity
possibly plays a role in the deantination of the free
amino acids very abundant in this organ {Awaman,
1952) The concentration of these free amino acids de-
creases after castration (Marvin and Awapara, 1949)

Relatlons Between the Effects on the Accessory
Genitaf Organs {Androgenic Lffects) and the Chemlgl
Structure of the Steroids (i) The sndrogenic activity
depends partly on the nature of the group ficed 22 t’hc
3 it of the sterord (hochaknan, 1949 1952)

to the of g phi
(Norner and Young, 19558) there 1s also an hyper
trophy of the chitons the vesugial prostaue tissue
(horenchevsly and Denmison, 1936  Homburger
Forbes and Desjardins  1950) and the mammary
glands (cf Mayer and Riein 1948)

The sumulation of the accessory genital OrEans in

0 t a0
from this pont of view the group C=C {present
testos :{0'\’3 s supenor to the group C~OH (andro-
sterane, {so-androsterone  of 17 methy A pandro-

tene-39 178-diol (MAD)) R
* & The supp of the 4~5 Lrkape
as tn androstane-17p-0t 3-one, abo &im maes the

drogenic effects (Roman: and Blum, 1957

hatial

the rulk concerns chicfly the ep for
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(i) The same holds for the methylation 1 position
17 (Deanesly and Parkes 1933) 2s in methylandro-
stenediol (MAD) or methyltestosterone  According
to Lyster Lund and Stafford (1956) the androgenic
as well as the myotrophic potency of the latter sterod
could be enhanced by introducing an atom of fluorine
atcarbon 9 together with an oxygenation at carbon 11
{fluoro-hydroxy and fluoro-heto-methyltestosterone)
(v) The androgemc 1ctivity may be further inhubated
by the suppression of the 19 methyl group Indeed
nortestosterone 1s 5 times (Holthamp Hemung and
Mansor 1955) to 10 times (Hershberger Stapley and
Meyer 1953) less androgentc than testosterone
(v) A decrease 1n the androgenic effects of testo
sterone has also been obtamned by introducing an
atom of chlonine at carbon 4 (4-chlorotestosterone)
(Sala and Baldrati 1957)
1) Free testosterone s less active than its esters
as we have already seen for its action on mitrogen
balance This peculianty could be mmputed to its
slower diffusion from the site of injection
Among the esters the g-cyclopentylpropionate s
much more effectine (in the castrated rat) on the
semenal vesicles than the propionate (Sakamoto ef al
1951 Otteral 1952) The isobutyrate and the phenyl
acetate also show tn man a longer androgenic action
than the propronate (Looney 1954)
The action of the various androgens 1s not always
the same on the seminal vesicles and on the prostate
In the young normal rat the growth of the seminal
vesicles exceeds that of the prostate Now whereas

d one esy the latter organ
testosterone and 1ts acetic and ptoptonic esters are
Poncipally active on the semunal vesicles (Deanesly
and Parkes 1933) According to Ott er al (1952) the
Bcyclopentylpropionate would best imutate  the
Physiological” sumulation induced by the normal
testicular secretion

() The Peruneat Muscies

Wainman and Shipounoff (1941) first pomnted out
an h)Peﬂmphy of the perincal muscles in guinea pigs
injected with” androgens Lisenberg and Gordan
(1950) detected a symilar action 1n the rat using as an
index the weight response of levator ant (L A ) They
observed that steroids which determine a measurable
Iittogen retention also stimulate this muscle so they
Proposed to use the ponderal increase of the L A asan
index not only of the myotrophic action but also of

€ general protein anabolic potency of the androgens

's potency 1s calculated on the ratio between the
Weight increases of the L.A and of the seminal vesicles
(Essenberg and Gordan 1950) The latter can be
feplaced by the prostate (Hershberger et al 1953)

In point of fact the sigmificance of this test 1 far
from being as general as has been alleged

The hypertrophy of the LA while not always
related to the condition of the seminal vesicles and the
prostate 1s more or less linked to the hypertrophy of
the bulbo-cavernous muscle the ratio of the weights
between these two muscles being around 3 or 4 to 1
(Aschkenasy 1958a ) The specific action of the
androgens on these muscles seems to be related much
more to their effect on the penus than to their action
on the other muscles of the ammal (Scow 1952
Aschkenasy 1958a b)

On the other hand m the male guinca pig the L A
1sbut vestigial 1nd the specific action of the androgens
15 directed espectally on the retractor pemis muscle
(hochakian Tillotson and Austin 1957)

At any rate even in the rat no parallelism can be
detected between the weight of the L A and that of
the other muscles or the extra gemtal organs includ-
g those which benefit from the anabolic action of
the androgens such as the kidneys or the salivary
glands (Aschkenasy, 19585) (Table 21) Neither 15
there any correlation between the hypertrophy of the
L A which persists for the whole course of the andro-
genc treatment and the deerease 1n nitrogen excretion
which 1s only transttory

Action on the L.A and Chemtcal Structure of the
Androgens Sakamoto Gordan and Etsenberg (1951)
relymg upon thewr LA test demonstrated the
superionity of the cyclopentylpropiontc ester over the
propionic ester of testosterone According to these
authors MAD 1s as myotrophic as methyltestosterone
evenif at the same time much less androgenic (Gordan
et al, 1951)

Some other androgens are also more active on the
LA than on the accessory gemtal organs—19 nor
testosterone (Holthamp et af "1955) the cyclopentyl-
propionic (Hollifield ef o/  1956) and phenylpropionic
(Overbeek and de Visser 1957) esters of 19 nortes-
tosterone and finally the 17 methyl and 17-cthyl
denvatives of the latter (Saunders and Dnll 1956
Goldman Epstemn and Kupperman 1957 Asch-
lenasy 19588)

With the daily dose of 1 mg the latter steroid deter-
mines (by ntramuscular njection) 1n the rat an
hypertrophy of the LA which 1s twice as large as
that obtamned with the non substituted 19 nortesto-
sterone (Saunders and Dnll 1956)

On the other hand, 11 keto and 11 hydroxymethy!
testosterone are three times mote active on the LA
than 1s methyltestosterone and their potency 13 sull
further intensified by introdueing fluonine at carbon 9
{Lyster ez af  19%6)

Finally st has recently been reported that the ace-
tate of 4<hlorotestosterone as well as the acetate and
the cyclopentylpropionate of 4~chloro-19-nortesto-
sterone also possess an important myotrophic action
towands the L.A. (Sala and Baldratu 1957)
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TABLE 2.1

Organ and Muscle Weights (Meansinmg 4 S.EM per 100 g of Body W
ot Lthyl

Rats given by Mouth cither Methy!!

eight) In Castrated Control Rats and in Castrated

dunng 30 Days (5 mg per Day) Dry Welghts b

Parentheses
Methyt Ethyl Methyl fati )
Controls testo- nortesto- Controls testo- rortesto-
sterone sterone sterone sterone
Heart 31519 30548 30545 | Sermunalvesicles 1842 2542 2543
Masseter 30346 399426 35848 Prostate 842 1524 1354
(73:£1) (9917) (89:£2)
Gastrocnemius 53819 531327 560415 | Penis 7346 107418 10747
(140:£6) (1411.7) (147£3) (22:+2) (322:5) (3624)
Bulbo-cavernosus 8012 175147 19513 | Liver 4004484 | 42711112 | 42014295
(22:44) @512 (49+£3) (11524.24) | 1256127y | (1312425)
Levator ant 1742 54417 6646 Spleen 160£22 16518 161418
(7:x1) (1744) (1740 (3745 (39£4) (3824
Radneys 75617 | 779428 | 779121 || Thymus 12219 11048 91+6
(18413) | (19316 | (193+3)
Unn:xry bladder 3943 38147 38412 Submaxillary 16218 16816 17917
glands

Asa matter of fact theactiononthe L A of almost
all the above mentioned sterords 1 hardly superior
to that of TP or free testosterone if all these hor
mones are administered parenterally at the same dose
level These compounds are charactenized not so much
by the magmtude of their action on the penneal
muscles but rather by the conscrvation of this action
(cven 1f they are admumstered by mouth) despite the
relative weakness of their properly androgenic
potency (action on the semunal vesicles and the
prostate) However, this Itter potency becomes more
appareat 1f the doses are increased or the treatment
prolonged (Gordan eral 1951 Partndge eral 1953
Korner and Young, 19555 as to MAD ™ Aschhenasy
19586 as to cthylnortestosterone)

(d) The Aidneys

Since 1ts discovery by horenchevshy and Denmison
(1934) the trophic action of the androgens on the
kidneys has gnen nise to much research It s not
observed tn all species—it 1s entirely absent 1n the
guinea pig and the hamster (hochakan 1952) while
1t 1s particularly accentuated in the mouse

Inthe rat as'well as in the mouse females are more
sensitive than males (Rorenchevsky and Ross 1940)
but 1n both sexes the androgens show thar effect
especnally under two conditions—(1) tf the hidneys are
1n an involutional state after the removal of esther the
testes (horenchersky and Ross, 1940 hochakian
1947 Scow 1952) or the hypophvus (according to
Sclye 1941 butnotto Scow 1952) o following a total

underfeedmg (Quimby 1951) or a purcly protetic
starvation (Aschkenasy 1953 Aschkenasy and Dray
19534) () 1f 2 umiateral nephrectomy induces a
compensatory hypertrophy of the remaming hidocy
(Mchay 1940, Lattimer 1942 Halpern Courriot and
Camu 1951)

However if the hormones are given in adequate
doses and for a sufficient Jength of ume a renal
hypertrophy may be obtaned cven in itact rats 0n
a normal diet (Korner and Young 19555 with MAD
Aschkenasy 19585 with ethylnortestosterone}

The hypertrophy of the kidneys 1s related fo a water
retention together with an tncrease of the renal nssue
wself (Pleiffer Emmel and Gardner 1930

The stmulation by androgens of the synthenis of
renal protemns has been demonstrated by the increace
of nucleic acids 1n kidneys after tajections of TP 1n
rats mtoucated by unn)lmxmlc(\!:mdcl eral 1953)
and also by an increased incorporation of (MCH
glyeine 1 Kidney shees of mice treated with testo
sterone propionate (Fnieden Laby Batesand Layman
19%1‘)6 androgens increase certain enzymatic activitics
of the renal issue more particularly that of arginase
espectally 1 the mousc and the rat {hochakuan 1944
1945 hochakian and Robertson, 1990) to & fesset
degree 10 the gumnea pig (Humm, hochakan and
BPantett 1948) be

This enzymatic aclivation depends more on &
dose and the duration of the hormonal injectiors than
on the degree of the renal hypertrophy and m 2
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case 1t persists far beyond the transitory perrod of
mirogen retention (hochihian and Robertson 1950)
hochakhian Reed and Erscherd (1954) viso obsenve
an merease 1 the asprtic ghuttmic trnstaunise m
the hidney of the rat but not of the pumea pig

The anabolic actton of androgens coscens not only
the renal tissue but the entire pnnary tract especially
theunnary bladder wiuch becomes atrophic 2fier cas

travon and enlarges after ingection of free testosterone
{hochakran  Endahl and” Austin  1957) and TP
(Aschkenasy 1958a) On the other hand methyl
and cthylnor nen by mouth
are iactive (Aschhenasy 1958b) (Table 2 1)

4ctjon on the Kadnevs and Chenncal Structure of the
Ardrogens In castrated muce, hochakan (1950a)
found methy} e per os both gemic and
nephrotroptuc but in castrated rats the latter action is
sery weak afier oral adnunsstration of § mp/day for
28 days (Aschhenasy 19585) (Table 21)

Actuafly 1t seews that steroxds hydrosylated at
warbon 17 have a partcularly fugh nephrotrophic
potency while their ndrogentc action s moder
ate methylandrostane 178-01 androstane 3 178 drol
and its 17 methyl dersatine  finally 17 methyl A
androstene 38 {78-diol (MAD) (Kochakian 1946
Headerson and Wemberg 1951)

The nephrotrophic potency s paraliel neither to the
androgeni effects nor to the trophic action exeried on
the penneat muscles Thus m male castrated rats
recehang by mouth S g of methyltestosterone or of
¢thylnortestosterane for 28 days the kidneys are only
a lufle farger than 1n controls whereas wath both
Steraids the perineal muscles are two or three times
larper than an the non treated tats (Aschkenasy
19586} (Table 2.1

In fact she nephrotrophuc action as well as the
other effects of the androgens depends not only on the
hemical strycture of the steroids but alse o the
duration of the treatment and the amount of the dose
Thus it 1s sufficient 1o sncrease the dose to produce an
hYP‘imophy of the accessory sex plands even with
Stetonds which are primeipally nephrotrophic at fower
dases (hochaksan, 1953)

The rema hypertrophy lasts far beyond the transt
tory peniod of nitrogen retention (hochakran Robert
son and Panilett 1950) thus tt1s obviously due to 2
redistnbution of tissular pratesns undes the effect of
$he androgens and not only to the transytory action of
thess hormanes on the mtrogen balance

&) The FHaematopow tic Bone Marrow

The erythrocyte connts are hugher mn the male 3¢5 10
mammals and in man (of Aschhenasy 195 and
orch;dccmmy offen determines a shght hypochronue

MCrocyie angerua (Stetagh don and Chas
per 1941) {Stemnglass Gordon P
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Conyersely protracted admimstration of androgens
(TP) increases erythrocyte counts and b globint tn
normal gwnca prgs (Larzzn Notane and Castrola
1951) castrated rats (Stenglass Gordon and Chanp-
per, 1941 Crafts 1946) and also 1n intact fais made

bleeding kel Gordon and
Chanpper  1944) or by dietary proten deficiency
(Aschienisy 1954 Aschkenasy and Dray, 1953-4)
(Fig 21D
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CYTES HAEMOGLOBIN AND HASMATOCRIT) S RATY

Recerving A REFECTION DiET Poor ™8 PROTEIN

{7 pER CENT) AFTER B0 DAYS OF PROTEIN STARVA~
TION

Comganson bétween rals uyected with testosterone

proponate (T¥) and controfs {C) in 2cted with ol

The stimulation of the erythropotests by androgens
may be related 1 part to thewr wterference with the

) and blood port of iwon the sid
being sut 1 hs and d after an
androgemc treatment (Lederer and Canuver, 1953)

The productson of neutrophils by the bone marrow
1s also stmulated by androgens (Larizza ef o/ 1951
Aschhenasy and Dray 1953-4) while on the con
trary lymphopotesis (Aschhenasy 1954) and espe-
cially eosinopotesss {Aschhenasy and Dray 19539
are mhibited

({3 The Salnary Glands

The submaxtlary glands are larger in mate ruce and
rats than in females and castrated males (Lacassagne
1920 Bullard and Delsue 1931} Comversely wjec-
tion of TP it intact male rats recovening {rom
protein stanation aocelerates the segeneration of
these glands (Aschkenisy and Dray  ¥953-4) They
mmerease also i male castrated rats mamtuned on a
balanced diet and recesving either inpcuons of TP
(Fig 2.2) or ethyinortestosterone (Table L1} per o5
fAschenasy 19582 &)
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In the salivary glands the protein synthesis 1s stimu.
lated by androgens, especially i the tubular areas

adrenalectomy  but only if both operations ar
associated (Aschkenasy 1956)
The di d a thyme msolation

between the acim and the excretory ducts as indcated
by the of eytopk nt leic acids
which are more abundant in these areas 1 males than
1n females of 1n prepubertal ammals (Junqueira er al
1949)

2 OROANS INIURED BY ANDROGENS
Androgens are especially harmiul to the thymus
Castratton tn males 15 followed by an hypertrophy
of the thymus (Chiod! 1938 Gregoire 1945) and less

£
(Laqueur, Hart and de Jongh 1926, Schacher
Browne and Selye 1937 Scow 1952 Gaunt et of,
1953) and exaggerate that following a protein -
ficiency (Aschlenasy 1953)

This thymolytic effect 1s most pronounced with
testosterone esters (Fig 2 3) but can be obtatned with
any androgens even given by mouth, such as methyl

1 cthyl if the

19588)

o1
15 sufliciently protr;c‘tzd (Aschkenasy
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4 SouE OROANS AND TISSUES 1N CastraTED (C) AND I CASTRATID-
fia 22 Reune Waoirs E‘AAL:;AL:;O\HZ!D {CA) MaLt RaTs

O—Rats injected with ohve ol T-—~Rats injecte
musch

constantly of the spleen Thus hypertrophy has been
obsenied even 1n castrated animals exposed to com
plete starvation (Szego and White 1951) or 1o a
protein defiaency (Aschhenasy and Panente 1952-3)
condrtrons which i mntact amimals induce an ol
tion of the lymphosd organs

Orchidectomy (in the rat) 1s atso folfowed by an
increase i the number of blood Jymphocytes

In the course of a diet Jacking in proteins, lhc.dcﬁ

d e
th testosterone proftonate during 3 weeks. For the kidacys an
les gastrocnenuus lr?d‘;elmor ani the dry weights #re also indicated

According to Remharde aad Warmnman (142) the
notious action af testosterone affects tn sntact 1318
only the thymus and does not imolue the lymph nodes
and spleen except 1 castrated or thyroudectorured

mmals
* However we did not detect any significant .m;mr’
ment of these two organs after 21 injections of 1y
day of TP 1n male castrated rats, whereas the thymus
became atrophied TF induced a decrease ofthe sm
and also 2 d: of the lymph

[t 18 ly
cmcc;on:y ‘(Aschlcnasy and Paneme, 1952}
However tn some stramns of rats hyperlympho-
cytoss docs not appear after orcludectomy nor after

only w rats both castrated and adrenakect

195%a) (Fig 2.3)
(Aac:k;:! ?mer hand, ';e suecceded §n complerely
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mhibiting the regeneration of the thymus but not of
thespleen by injecting with TP (1 mg/day for 30 days)
1ntact male rats which previously had been deprived
of dietary protemns for 60 days and which for the
whole peniod of the njections d a repl

may be tnhibited by androgens (Gardner, 1947, Foley,
1950)

On the other hand 1t 1s already known that the
development of metastases of breast cancer may be

diet of a low protemn content (casein 7 pc{ cent)
(Aschkenasy and Dray 1953-4)

However 1n rats mamtaned on a complete protein
starvation injections of TP largely exaggerate the
defictency induced mvolution not only of the thymus
but also of the spleen (Aschkenasy 1953) In these

ded 1n women by testosterone (Huggins 1952)
or some other androgens such as MAD (Homburger,
Kasdon and Fishman 1950)

To all these tumours more or less sensitive to the
androgens may be opposed some others observed 1n
man (cancer of prostate) which on the contrary are
activated by these hormones (Huggms 1952)

]
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FIc 2.3 Reramve WEIGHTS OF THE LIVER (WET AND DRY) AND OF THE LYMPHOID ORGANS (WET AND
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dietary conditions  the spleen seems to contribute to
the supply of the necessary mitrogen maternal for the
neoformation of the accéssory gemtal tissue which
hypertraphies under the influence of TP even during
protein starvation

Whenever the androgens decrease the weight of the
spleen and lymph nodes they also lessen the number
of the blood Iymphocytes (Aschkenasy 1954)

Androgens show also a certain mhibiting action
Upon malignant hyperplasia of Iymphord tissue Thus
;’fﬁhldectomy the meid of lymphoid
ltgll‘l;acmm n suseeptible strans of muce (Murphy
the 4 lalw 1947) and converscly testosterone prevents

e (Murphy 1054y b "

of urphy 1944) 1n muce treated with high doses

194.?5""&‘“5 (Gardner Dougherty and Williams

(ha )land in mice made lymphomatous by X rays

m]P an and Brown 1951) In point of fact ‘not only

p 'gnant tumours of the lymphoid tissue but also
Perimental sarcoma and carcinoma of other tissues

3 ORrGANs AND TISSUES OF WHICH THE SENSITIVITY

TO ANDROGENS 1S VARIABLE OR UNDER Discussiov
(a) The Osseous System

Young male rats castrated even after puberty
generally show a delayed statural growth (Aschkenasy
and Benhamou 1952)

On the other hand small doses of androgens ac
celerate the growth of bones wn the rat (Rubinsten
and Solomon 19416 Tumer Lachmann and Hell
baum 1941—result discussed by Scow 1952) and
the guinea pig (Coffman and koch 1940) as well as
1n the hypogonadic man (Moncard and Bize 1937
Villaret et al 1938) In contrast large doses of andro-
gens tend to hibit the growth because of a premature
ossification of the epiphyses (Deamer 1548 Sobel
Raymond Quinn and Talbot 1956)

() The Sheletal Muscles
Inman an hypertrophy of the skeletal museles has
been reported 1n a few cases of Leyd:g ecll tumours
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In the sahvary glands the protein synthesis 15 sumu
lated by androgens especially in the tubular areas
between the acin) and the excretory ducts as tndrcated
by the of cytopl nbonucleic acids
which are more abundant 1n these arcas in males than
1n fernalesorin p tal ammals (J eral
1949)

2 ORGANS INJURED BY ANDROGENS
Androgens are especially harmful to the thymus
Castration in males 1s followed by an hypertrophy
of the thymus (Chiods 1938 Gregotre 1945), and less
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adrenalectomy  but only iof both operations
assocated (Aschkenasy l);56) e o

The androgens determmne a thymue mvolution
(Laqueur, Hart and de Jongh 1926  Schacher
Browne and Selye 1937 Scow, 1952 Gauns ef ol
1953) and exaggerate that following a proten de
fictency (Aschkenasy 1953)

This thymolytic ‘effect 1s most pronounced with
testosterone esters (Fig 2 3) but can be obtained with
any androgens even given by mouth such as methyl
testosterone or cthylnortestosterone 1f the treatment
15 sufficiently protracted (Aschhenasy 19585)
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constantly of the splcen This hvpertrophy has been
observed even in castrated antmals exposed to com
plete starvation (Szego and White 1951) or o a
protem deficiency (Aschhenasy and Panente 1952-3)
conditions which 1n intact anmmals induce an snvolu
tion of the lymphord organs

Orchidectomy (in the rat) 1s also followed by an
1ncrease 1n the number of blood lymphocytes

N CASTRATED (C) AND 1 CAsTRATID-
ADRENALECTOMIZED (CA) MALE RATS

dneys and \be
O—Rats injected with oline o1l T—Rats imected with testosterone propionate dunng 3 weeks. For the Mk
i r:msdles nsuocmm:)us and levator ani the dry weights are also indicated

According to Remhardt and Wanman (1942) the
noxious action of testosterone affects 3 tact 13t
only the thymus and does not avolve the lymph nodes
and splecn exeept fn castrated or thyroidector
ammals

However we did not detect azn,) significant :r?;:x:'
ment of these two organs after 21 injections ol o
day of TP 1 male cag:!‘mtcd cats whereas the thym.s
became atrophied TP induced 8 decrease of the splecn

aiency lymph

In the coursc of a dx‘csx facking in proteins, lhf)dcﬁ b o . ‘)“;:’: “m
r(/\schlm;sy and Pancnte  1953) only 10 rats both castrated and sdrnskecton

orchidectomy
However tn some struns of rats hyperlympho-
cytosis does not appear after orchidectomy nor after

schlenasy 19584) (Fig 2.3)
(AOn the g‘(h« hand we sucoecded 10 completely
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inhibiting the regeneration of the thymus but not of
the spleen by injecting with TP (1 mg/day for 30 days)
intact male rats which previously had been deprived
of dietary proteins for 60 days and which for the
whole period of the injections received a repletion
diet of a low protein content (cascin 7 per cent)
(Aschkenasy and Dray 1953-4)

However 1n rats maintained on a complete protein
starvation 1njections of TP largely exaggerate the
deficrency induced involution not only of the thymus
but also of the spleen (Aschkenasy 1953) In these

41
may be inhibited by androgens (Gardner, 1947, Foley
1950)

On the other hand 1t 1s already known that the
development of metastases of breast cancer may be
retarded 1n women by testosterone (Huggms 1952)
or some other androgens such as MAD (Homburger,
Kasdon and Fishman 1950)

To all these tumours more or less sensitive to the
androgens may be opposed some others observed in
man (cancer of prostate) which on the contrary are
activated by these hormones (Huggins 1952)
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dietary conditions the spleen seems to contribute to
the supply of the necessary nitrogen matenal for the
neoformation of the accessory gemital tissue which
hypertrophies under the influence of TP even during
protemn starvation
Whenever the androgens decrease the weight of the
spleen and lymph nodes they also lessen the number
of the blood lymphocytes (Aschhenasy 1954)
Androgens show also a certain mhibiting action
upoLn malignant hypcrplasm of lymphotd tissue Thus
d the 1ncid lymphoid

ol Jymp
leukaemia u'; susceptible strans of mice (Murphy
1944 Law 1947) and comv ersely testosterone prevents
the development of lymphord tumours 1n castrated
muce (Murphy 1944) in muce treated with high doses
of oestrogens (Gardner Dougherty and Williams
1944) and 1n mice made lymphomatous by X rays
(haplan and Brown 1951) In potnt of fact not only
malig of the ly d ussue but also
b tal and of other tissues

3 OrGANS AND TISSUES OF WHICH THE SensImiviTy

TO ANDROGENS IS VARIABLE OR UNDER DIscussion
(@) The Osseous System

Youlx;g }rlmle rats castrated even after puberty
generally show a delayed statural growth (Aschke
and Benhamou 1952) & ¢ e

On the other hand small doses of androgens ac-
celerate the growth of bones 1n the rat (Rubtnstein
and Solomon 19415 Turner Lachmann and Hell
baum, 1941—result discussed by Scow 1952) and 1n
the guinea pig (Coffman and koch 1940) as well as
m the hypogonadic man (Moricard and Bize 1937
Villaret ez al” 1938) In contrast large doses of andro-
gens tend to inhibit the growth because of a premature
ossification of the epiphyses (Deamer 1943 Sobel,
Raymond Quinn and Talbot 1956)
(b) T?e Skeletal AMuscles

In man, an hypertrophy of the skeletal my. cf,
been reported in a few cases of Leydig cell tmnouarsh”



42

However 1n laboratory ammals the myotrophic
action of the androgens which have been synthesized
until now affects only certain muscular groups

1t 1s particularly pronounced sn the guinea pig In
this species orchidectomy s followed by a ponderal
decrease not only of the perineal muscles but also of
the head and neck muscles (Scow and Roe Jr 1953
Kochakian Tillotson Austin Dougherty Haag and
Coalsen  1956a) Con\crscl)' the same muscles show
a weight after 5! (Papamt
colaou and Falh 1938 kochakian et o/ 1957)

Some other muscular groups are also sensitine to
androgens tn the gumnca pig especially the muscles of
the shoulder and the back diaphragm and caudo-
femoralis (Kochakian et al  1957) On the other hand
the gastrocnemius 1s not iftuenced (Scowand Roe Jr
1953}

In the rt the myotrophic effects of the androgens
arc much less pronounced certamn authors (Wainman
and Shipounoff, 1941 Kkochakian Tillotson and
Endohl  1956b) affirm that nether orchidectomy
nor 1ndrogens iduces any significant changes wn the
skeletal muscles However according to our own
experiments TP while being inactive 1 intact rats on
an hypoprotidtc dict (Aschkenasy and Dray 1953—)
induces a moderate hypertrophy of the gastrocnermus
(Fig 22) and also of the masseter muscle 1f 1njected
for 21 days (1 mg/day) into castrated rats on a well
balanced diet

Nescrtheless i therat the sensitivity to the andro-
gens 1s prncipally the property of the perneal
muscles only certun particularly potent sterods such
as testosterone esters have also an action on some
sheletal muscles at least in castrated ammals

(c) The Heart

Orchidectomy produces a deerease of the weight of
the herrt (R hevshy 1930 Korenchevshy and
D 1934) Comersely iy of TP en
large this organ in castrated rats (hochakian Reed
and Lischeid 1959, Aschhenasy 1958a) (Fig 22)
whereas methyltestosterone and cthylnortestosterone
at least orlly arc devoid of any effect (Aschhenasy
19585} (Table 2 1)}

(d) The Plasma Proteins
In the female rabbit injections of TP increase
protemnaema the ncrease bewng related according to
Sluezewsh and Stors (1954) 10 the albumn fraction
as well as 1o the globulins 1f the total mjected doses
are moderate and principally to the globulins af the
dases are more important
In male castrated rats treated with TP at 1 me/day
for 21 days, the increase in the serum proteins atfects
he ¢l h of the

I larly
globulins {Aschkenasy 1958¢) Wath Jower doses of
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TP (1 25 mg three times weekly for 20 days) Leathen
(1951) reports on the contrary an increase of the
albumln/glabulm ratio without changes in the toral
protemn amounts

In man Homburger Daft Bonner Branche
hasdon and Fishman (1953) record an inerease w e
plasma proteins after treatment with MAD and
Studmtz and Nyman (1957) call attention to the
wcrease of oy globuhins and lob
i women treated with TP
ethylnortestosterone

pecually of haptoglobin,
methyltestosterone of

(€} The Lover

The action of androgens on the hver scems to
depend on the amount of protewt in the diet

If the diet 1s nch n protein or well balanced, no
change 15 observed (Leathem 1951 Quimby 1951
Scow 1952 Tremoliéres Derache and Guffaton,
1955) or there 1s a moderate hypertrophy of ths
organ {hochakian Robertson and Bartlett 190
Aschkenasy 1958z b) (Table 2.1 and Fig 23) After
orchidectomy the weight as well as the chenueal
compositron of the Inver are unchanged (Aschienasy
and Blanpin 1955)

On the other hand, on o proten free dict the
deficiency induced atrophy of the liver 1s acorntuated
by TP injections (Aschkenasy 1953) It could be
that 1n these conditrons the Iner proteins are trane
ferred to the accessofy sex organs and to the hidneys,
which even if the dictary protcins are Jacking
wncrease under the cffect of the androgeas

(0) The Pancreas

This gland 1s injured after TP treatment in the dog
(Corml Pajllas and Rosanofl 1938) but not tn the
rat (kerr Stears MacDougall and Haust, 1952}

(g) The Tesuis

In man as well as in ntact animals a protracted
androgen treatment induces a testicular arophy
(Moore and Price 1932, 1937 Gaunt ef al 1952}
with sclective njury of the interstitial tissue because
the gonadotrophic” secretion of the hypophysis 13
inhibited However this atrophy may be pmmbr:!
by tncreasing the doses of the androgens 5o that thar
direct action n comyp
for the hypophyscal mhibition (Ludwig 1950)

Forthis mmnab« 'bx r‘:’m;;:éum h\fv“h

ns has been observed chichy T

s?;tnorrl:{:z%enmm:h (Walsh Cuvler and MeCulaz
1933 1937 Chu 1940 Eigler 1956) and also 1 hypo-
physeal deficiency states—in man (ypophysea ‘n‘s
fantlism) (Moncard and Bue 1937 “Marrea 3 d
Hayes, 1952) as well as o anunals for cuample x’n n
expased o protan stanvation (Aschienssy 1559)
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(2} Mstrogen Retention and ¥ efght Increase

The temporary mtrogen retention and the weight
sncrease induced by androgens have been ascnbed to
a of the opic (Shay er
al 1941) but both effects may be obscrved 1 hypo-
physectomuzed rats (kochakian 19505 Scow 1952
Rupp and Paschkis 1953, horner and Young 1955)

The action of the androgens (TP) on th

EFFECTS OF ANDROGENS AND OESTROGENS

Talbot et @l 1943) the adrenal hormones still mter
fere 1n the tissular distribution of the metabolic effects
of the male hormones.

This becomes evident from an experiment performed
1n our laboratory on the effects of TP on vanous
organs and tissues of male castrated rats and of rats
both d and adrenal d (Aschk
19582 ¢) In cach group ammals treated with TP

balance has also been recorded n adrenal
rats (hochakian Moe and Dolphin 1950 Rassenaar
1953 Korner and Young 1955) as well as in rats
which have been made dibetic with phlonizin or
alloxan (Wright and Kochakian 1953) or hypothyroid
after thyroidectomy (Rupp and Paschkis 1954) or by
thiouracil (hochakian and Dolphin 1955)
Conscquently neither adrenals nor pancreas nor

were pared to controls njected wath obve oil
(Fig 2.2 and 2.3)

While the mcrease 1 the relative woight of the
accessory genutal glands was similar n both groups,
several extra gemtal anabolic effects of TP were less
marked 1n the castrated-adrenalectomuzed group than
m the group—forexample the rel yper
trophy of the Inver kidneys submaxillary glands heart,

thyrord seem essential to the protein action
of the androgens However the thyroid and adrenal
hormones and also some of the hypophyseal hormones
Pplay a ccrtain role in the anatomcal distnibution of
the metabolic efects of male hormones

(V) Action on the Organs and Tissues

gast muscle and also the perineal muscles
On the other hand adrenalectom) exaggerated the
lympholytic effects of TP while the contrary would
rather have been expected—indeed the reduction of
the thymus was more tmportant in the absence of the
adrenals the spleen and less constantly the lymph
nodes decreased under the cffect of TP only in cs-
trated-ad d rats but not n rats smply

() Role of the Hypoplysis The p atrophy
after hypophysectomy 1s more rmportant than after
orchidectomy 1n the dog (Huggns and Russell 1946)
This may perhaps be related to the suppression of the
secretion of prolactin Indeed injection of this
hormone magnifies the response of the accessory
genital glands to testosterone propronate (Chase
Geschwind and Bern  1957)

On the other hand according to Scow (1952)
testosterone proptonate fails to induce any increase
1 the s1ze of the kidneys 1n hypophysectomized rats

() Role of the Thyroid The presence of this pland
seems to be necessary to permit the action of testo-
sterone on the submaxillary glands of the castrated
rat since this action 1s mussing tn the thyrordectonuzed
ammal and appears agan after thyroxine treatment
(Grad and Leblond 1949) Simularly TP does not
induce any renal hypertrophy in thyroidectonuzed rats
(Scow 1952 Rochakian Reed and Eischerd 1954)

On the other hand no synergy has been detected

between thyroid and testicular hormones for any other

castrated (Fig 23)

Fmally the removal of the adrenals also modified
the effects of TP on the scrum protems chiely by
amplifying the beneficial action of this hormone on
the albumen fraction

The dictary intake being not very different 1 both
groups of rats the decrease tn certamn eurs geutal
anabolic effects of TP does not scem to be duc 103
decrease n the appetite induced by adrenalectomy
It should be attributed rather to'a defect 1 the
degradation of tissue proteins used as bullding matenal
for the tissucs sclectively smulated by the androgens.
In fact 1t 1s known that adrenalectomy is followed by
a decrease of free amuno scids 1n the blood (ingle

trud and Nezamis, 1948)
hﬁ 18 nevertheless remarkable that the nouous effect
of TP on the lymphoid organs has not been prevented
but on the contrary ncreased by adrenalectomy Thus
Iymphoid anvolunon was perhaps responsible for e?
decrease in y globulins observed in severat castrated-
) 4 rats appected with TP Swch 2

speaific actions such as that of the on the
sermnal vesicles or the levator amt muscle (Scow
1950)

Concerning some of their tissular actions testo-
sterone and th are even Iy ction
on the epidermis (Cartly Grad and Leblond, 1951) or
on the lymphord organs (Aschhenasy 1953)

() Role of the Adrenals While they are not essen~
tal to the action of the androgens on the mitrogen
balance since this action has been detected in adren-
alectomezed ammals as well as in patients suffenng
from Addwons disease (Thota and Engel, 1938

parallelism between the two effects has been also o!;
served 10 rats myected with ACTH  corusane an:

predmisone (Aschkenasy 1957}

F Emvmatic Mechanisms Tovolred fx the Metabolie
Action of the Androgens
The ussular action of the androgens mpolves $07¢
changes 1 certun enyMalc aetvnes. However
these changes are different accordirg 1o the usss
and the ammal speaes none of them may be e
sidered as typrcal of the action of the androgers.
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that of progesterone It scems, however, that the
effects of the lack of oestrogens prevail

(a) Rat

According to Korenchevsky (cf Terrome 1952)
gonad y prod thin and some
umes fat and heavy castrates i either sex It 1s

(b) Human Species

Ovanectomy as well as physiologic menopause,
generally induces an increase of 2diposity and wer bt
These cond, seem to be d with a dietary
1atake above the energy requirements

The homeostatic imbalance so tnduced 15 often

now established that in the rar g y o
duces oppostie effects in the male as compared to the
female

In well fed ammals castration performed before
puberty slows the growth of the male, while it aceeler
ates that of the female (Holt hecton and Vennesland
1936 Lanson Golden and Scvennghaus 1939
Tang 1941) Therc 1s true growth and not only fat
deposition because there 1s an increase 1o the statural
as well as i the ponderal growth (Holt ef o/  1936)
and the tibras are Ionger in castrated female rats than
i controls (Tang 1941) Furthermore the hipid
content of the ovaniectomized females 1s not above
that of normal female rats (Holt er al  1936)

The dictory results ob d by sanous
authors may be explamed by the previous nutnitional
status of the subjects under study We observed that
1 a strain of under-developed rats, not attaining at
30 days of age the usual average werpht of our colony
the castration of the males enhanced their growth, 1
contrast to what happened 1 healthy amimals

Ve shafl see later that oestrogens mfubit the
appetite and that 1t 1» undoubtedly one cause of therr
depressive action on growsh

It could be questioned comversely whether the
stmulation of the growth after ovariectomy results
from an inerease of the alimentary intake Such an
increase has been reported by Holt ef af (1936) while
1t does not appear after orchidectomy According to

ad

attnbuted by the cl to a psychic comp ry
phenomenon, while actually it 15 perhaps due to the
of the physiol 1 b, exeried

PP paystolog
by the oestrogens on the appetite

3 AcTioN OF OESTROGENS
(@) Rodents

Since Spencer  Gustavson and D Amour (1931)
first observed inhibited growth 1n young rats treated
with an hormonal extract from the unine of 2 gravd
female a delayed growth in the young ammals and a
weight loss 1n male or female adults have been often
reported during treatment wath patpral or synthenc
oestrogens The conclusions have yet to be better
defined As a matter of fact Baker and Everett {1944)
potnt out that small doses of dicthyIstilbocstrol (DES)
increase the body weight of the immature young
ammals but high doses 1nduce a weight Joss 1n the
adults either obese or not (Ingle 1948) hochalaan
{1947) also concludes that the action of ocstrogens on
the growth of rodents is refated 1o the dose—imnplints
of natural oestrogens mercase the body werght of
male castrated mice at lower doses while they inhebit
the growth and decrease the weight at higher levels
In another study hochakian Garber and Bartlett
(1948) report a marked growth inhibition 1n the male
castrated mouse under the effect of mplanted
a~ocstradiol or methoty bu-dehydro-dossynolic acd
(MDDA) This imhibition furthermore affects also

the lincar growth (Gaarenstroom and Levie 1939
Bourhére and G tch 1949 Harsook and

Tang (1941) gonad y 15
wn nppetite in both sexes “but the differcnces pointed
out are smaller for the female sex than for the male
Aschhenasy Lelu (1951 1958) observed that the
females castrated before puberty eat as much as and
often more than thar normal controls the ncrease
involves the non protetn components of the dict and
not the protein consumption which does not van
Ovaniectomy results i a greatly reduced spontancous
actity of the females (Wang 1923 Ruchter 1927)
and therr cnergy expendigure 1s thus at a lower level
However they eat as much as of not more than therr
intact controls This energy tmbalance can be com
pared 1o that obscrved by Hrobeck ¢f af (1947) 10 an
opposite direction 1n the normal se<ual cycle of the
female rat—there 15 hyperactmty dunng ocstrus, but
nevertheless o decrease n the dictary iniake which
explains the weight Joss observed dunng this phase
of the evcle

Magruder 1956)

ﬁ:pmsxblc snfluence of age on the growth efect
of oestrogens has been reported (Noble 1939 Baker
and Eserett 1943 Bourlére and Gourewrch 1949)
—~under 80-100 g the young rat 1s pot affected by
the infubstory actton of these hormones

The cffect of the ocstrogens on growth could also
e rolated fo the nutnuonal status of the animals
One of us (Lelu 1933) has seen that femalke sats on 2
protem-deficient diet hardly modify therr cunve of
weght foss while snyected with moderate or high deses
of sestradiol benzoate But accerding to Aschhenasy
and Dray (1954) 2 weyght gain above that of controts
15 observed 1n rats recovenng from 3 protein deficrendy
and recemving very smail doses of ecsiradiol benroa ¢

Thus discrepancy in the results scems to be related
1o the are of the ammals, thar putntonal status am:
especally the doses used. In most caswes high doses of
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stumulation or a of some tissues or
organs? To q 1t will

to disinguish between the case of the mammals and
that of the buds because the same organs do not
react m a stmidar manner 1o the two groups

particular inyury
der thus

1 Mamvats

{2) Organs and Tissues Selectinely Snmulated

Ocstrogens control the growth of the endometnium
and myometnum of the uterus these stmulating
properties being used as o speerfic test for the action of
these hormones Certamn accessory genital organs are
also stimulated

) The Uterus The hypertrophy of the uterus of
castrated rats treated with these hormones s chiefly
related to a marked water retention Furthermore the
[: i i the water content of
many other tissues outstde the genual area (Zucher
man Palmer and Bourne 1939) This mitial oedemna
tous reaction 1s followed by growth of the uterne
tissuc atself (stroma and epithelium) testified by an
merease an the proten mirogen and mn the nuclere
acids (Davis Meyer and McShan 1956) The alkaline
phosph: activit (Atkunson and Lift
man 1946 Joener 1947) at the same time as the ribo-
nuclerc acid content (Jeener 1947 Borell 1952 Davis
et o/ 1956) Roche and Nataf (1953 1954} noticed
that the argmasic acusity absent 1n the ulerus of
castrated guinea pigs appears after ocstradiol treat
ment Noall er al (1957) njected young female rats
both with oestradiol and a tracer dose of a labeiled
metabolieally nactive amuno acid amno-fsobutyne
scd  Twenty hours later the uterus exhbited an
accelerated growth and sncorporated the amino acid
up to 280 per cent of its muial value while there was
no increase of incorporation into the hiver

(1) The Afammar)y Gland Ocstrogens are respon-
sible for the development of the excretory system
whereas progesterone sttmulates the growth of the
glandular actnt Nevertheless the enzymatic changes
found up to the present 1n cestrogen treated anmals
concern more the glandular acins than the excretory

hcul (Folley and G 1947
The bole prog of the gens on the
sexual effectors of females may furthermore, favour
pathologial byperplasia w these organs (uterus
mammary gland) Thus these hormones have &c&;
dered 1o be partly ble 1n the genesis of

some genital and mammary c2rcinomas of woman. ‘

() The Puble Symphysis The connective ussuedo
the symphysis shows an important development Hrﬂ h‘:
the cffect of oestrogens, before the refaxation © t

Iv1¢ ligaments and the separation of the pubic b?;;;
Roche Nataf and Marois (19<0) and Dataf { o
potice a paraliclism, 1 the guinea pip. between

alkaline phosphatasic actwity of the Lgament and the
degree of development of this tissue expressed 1o
prolcm mtmgcn

(iv) e Fagina There 15 a marked proliferation
and keratinization of the epithehal cclls under the
action of oestrogens These changes are accompanied,
according to Jeener (1947) by a large increase in the
alkaline phosphatasic activity in the cytoplasm of the
eclfs This fact has been confirmed by determemations
of the alkaline phosphatasic actmty of vagwal ex
tracts At the same tuve, the ¢y toplasmue sibonucic
acid )mcmascs considerably (hamell and Atkinson,
1948

(v) The Sk Bullough (1952) pomts out the
mitogenetic potency of the ocstrogens on the epiderns
of the adult mouse

(V1) The Osseous Tissue Qestrogens proyohe 0sseous
neoformation in the medullary canal of the bone This
neoformation mvolves the appearance of a protom
matrix as well as its caletficatton {PletfTer and Gardner
1938 Clavert 1942)

(vu} The Adrenals These glands are always greater
m females than n males The width of the adrenal
cortex varies 1n the course of the ovaran cysle ta (e
rat 1t1s farger during oestrus either natural (Andersen
and Kennedy 1932) or arufical (Bourne and Zucket
man 1940} ‘An adrenal hypertrophy with 3 sclective
hyperplasia of the cortex results from any treatment
with oestrogens {Allen and Bern 1942 Tuchmann
Duplessis  Aschhenasy Lelu and Aschlenasy 1948)

(uu) The Hypophysis This 1s_hypertrophied in
ammals treated with oestrogens (Baker and Everett,
1944) There 15 an tcrease not only wa the antenor
lobe but also m the neuro-hypophysis (Stutinsky
1953)

On the whole the anabolte action of oestrogens 18
fimited 10 mammals to a few tissues espectally 0
geaual organs and mammary gland

That 1s why 1n the gunca pig under the cffect of
oestrogens  the incorporauon of HC-I3belled glyeine
increases 1n the protems of the uterus and of the pubic
symphysis but not 1n those of the xyphord process,
liver muscles or kidacys (Fricden, 1936)

(b) Organs ond Tisswes Unfinourably Inflaenced
According to Zondek (1936) in young rats treated
with folliculin 1 one uctl;;u the ;:qvcnroph::
adeeaals and hypophysis il internal organs
smaller and hghter than In the controls the Jdneyy
and the pancreas beng proportionally more affected
than the others Dut the skefetsl growth 15 the first
te mhitited by oestrogens.
m(v) Epiehyseal Carnlages Zondek (1916) obtans

dwarf cats after trear | 1w ggwith
r.:' t o for3ted’ Rharmomsous
head 1he thor
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thyroid activity n the male castrated rat 3 high dose
also stimulates the shyroid of the normal rat With
MDDA Jow doses stimulate high doses snhibit the
thyrord

Duning recovery from a proten deficiency rats
Feceiving oestradiol benzoate have a heavier thyroid
than ther controls (Aschkenasy and Dray 1954)
Hartsook and Magruder (1956) also find that the
thyroid hypertrophies at the same time as the basal
metabolic rate increases n rats treated wath oestro-

gens
According to Eshin and Bogdanove (1956) the
hyperplasic response of the rats thyroid 10 propyl
h 1is inhibited by diol b Butafter
removing one of the 1o lobes of the gland 1n the rat,
the compensatory hypertrophy of the remaining lobe
may be fated by diethylstlb 1 (DES)
provided that the animals are forcibly fed If they are
allowed to decrease their intake ad hibitum DES on
the contrary inhibuts the compensatory hypertroph;
(Clifton an’gM:)cr 1956) pe ypericophy
On the whole the conflicing results mentioned
aboyve appear to anse both from the differences in the
doses used and from the undernutnition which
normally accompanies the treatments with oestrogens
According to Noach (1955) the action of ocstrogens
on the thyrotd involves—(1) the potentialization of the

degree the muscular fibres of these organs which
show hyperplasia (Freud 1933 Morrell and Hart,
1941) ‘The effects depend to a large extent on the
a of the L (1933) has
Obscrved m mice recerving oestrogens. an atrophy of
the prostate and of the sermmal vesicles after 2 weeks,
whereas 3 months later the dorsal prostate was on
the contrary abnormally increased.

(un) The Muscles According to Papanicolaou and
Falk (1938} as well as hochaktan (1946) the sheletal
muscles are not infl d by gens Neverthel
Pizzolato and Beard (1939) mention theelin (amaiotin)
among the sex hormones which increase the creatine
1n the muscle

2 BirDS

(2) Organs and Tissues Selectively Stimulated

() The Embryonic Gonadal Tisswe The strong
morphog action of gens on the gonadal
tissue of birds 1n tissue culture has been demonstrated
by WollTand Haffen (1952) and Stenger Haffen (1957)
at the same nme as the direct action of these hor
mones on the scxual differentiation of the embryo
Also using the tissue culture method Scheibpfleger
(1955) 1n a study of the diferentiation of the Méller
1an canal in the chick embryo obscrved that 1n oppo-
sition to ! has a protective and

action of TSH on the thyroid and (u) the inhib
of the release of this hormone

(1) The Haematopoletic Organs By stimulating the
ossification the oestrogens reduce the number of the
haematopotetic cells of the bone marrow Thus s the
reason why amacaua has been obsenved in vanous
species treated wath these hormones (cf Aschkenasy
1952) Thus Aschkenasy and Panente (1953) increased
the m d and thyrotd d male
rats subjected to a proten starvation by gwing
ocstradiol (24 rats units cvery second day) for 4 weeks

However Jacobson (1944) does not record any
significant anacmra 1n mice treated with oestradiol in
spute of & marked ossification of the medullary canals

According to Feuchtinger (1940) the novious effects
of high doses of oestradiol in the dog and in the rat
must be opposed to the sumulaung action of low
doses

Aschhenasy and Dray (1954) find that the oestro-
gens, ¢ven at low doses “have an adversc effect on the

stmulating effect on the growth of this tissue M-
faming Or nCreasing its nitrogen content

(1) The Oriduct The growth of the owduct i3
conditioned by oestrogens (Hertz and Sebrell 194)
which control also the production of the avidine of the
epg white secreted by this organ.

() The Liver This organ ts hypertrophied 1n the
chick recerving oestrogens (Brepeman 1942} and thts
1s ot duc only to the crease 1n its ipad content In
pigeons recciving ocstradiol benzoate (0 28 mg pec
day) Clavert (1944) observes that the liver may in
crease by 60 per tent 2 ccemrmﬂ 10 controls thit
hypertrophy 18 expressed histologically by an increase
1n the number and the volume of the celis According
to Common, Bolton and Rutledge (1948) there isat
the same time 1 the chuck 2 marked increase tn lht;
total proteins of this organ. This simultancous ns 0
the nbonuclerc desoxyribonucleic acid ratro potsced
by Chapmzn er al (I949) clearly indicates that there
is 1 of cytoplasmsc protein synthes:s

regeneration of erythrocytes and phuls 1n rats
recovenng from a protein stanvation.

(\11) Tke Prostate ard the Seminal J esidles These
two male accessory scxual organs atrophy according
to some authors (Rorenchevsky and Dennuson 1934
Zondth 1936) afier treatment with oestrogens. On the
other hand Rochakuan (1547) finds that they tend 1o
increase chiefly after low doses of these hormones.
In fact 1t 1s the connective stroma and, to a lesser

(1v) The Parerras This also 13 increased n weght
i the chick treated with ocstrogens (Brencman,
942
! (v)) The Intestinal Tract This is increased in weight
 in Jength (Dreneman, 1932)
m(\-i)n‘mesx&mm Proteins Clavert aad Duval (1943)
and Mandel, Clavert and Mandel (1347) have ghown
that the plasms protein condentration is increawd by
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But 1t 15 especially the increase in the adrenal corty
cauds following a discharge of ACTH which might
explamn certain effects of oestrogens Fry Muller and
Long (1942) use the term  corticomumetic  to destg
mate the action of the ocstrogens on the mtrogen and
carbohydrate metabolism Thurty hours after injection
of a hugh dosc of stilboestrol (5 mg per 100 g) male
fasting rats show a weight Joss and an ncrease of
urinary mitrogen and potasstum excretion of the
glycogen and protein contents of the kiver and also of
the blood glucose and serum potassum Now, the
same dosc of stilboestro! does not induce these changes
sn adrenalectomized animals Likewise after hypophy
sectomy oestrogen 1njections ncrease neither the
hiver glycogen nor the nitrogen excretion

The authors suggest that the action of stilboestrolis
exerted through the hypophyso-adrenocortical system
This has been confirmed by Gemzell (1948) for the
increase 1n the hiver glycogen under the action of the
ocstrogens

Some other actions may be explaned in the same
way

The stimulating effect of the oestrogens on the mito-

EFFECTS OF ANDROGENS AND OESTROGENS

(i) With &igh doses an imhubition of the total
development of the body with an increase in the urin
ary nutrogen excretion

() With low doses a slight anabolic effect on the
body as a whole, with an mprovement of the nitrogen
balance this effect beng sult a subject of controversy

These contradictory propertics may be connected—

(a) for the action of high doses with a sharp and
tmmedrate reduction of the dictary wtake leading to
undernutnition or even with a touc acton of such
hormones

(5) with stimulattons or inhibitions of some
enzymatic mechanisms

The extremely rapid hibiting action on the
appetite could result from the sumulstion by the
oestrogens of the hypothalamic nucler, which scem to
control the mechantsm of saticty

We have alrcady pomted out the oestrogen
anduced changes 1n the amounts of some enzymes in
different organs but it 1s difficult to connect these
changes with the synthesis of new tissues

On the other hand the oestrogens being disstmular
as to their chemical structure there 1s litle chance

tic sndex of the epidermis 1s followed by a
cffect the latter appears from the moment when
the adrenal cortex has grown larger furthermore
drenal p ts this dary def
(Bullough 1952) The g effect of gens on
the hasr growth could be explained in the same way
(Baker and Whitaker 1949 Ingle and Baker 1951)
It 1s probably for the same reason that the appetite
at first strongly mhibited 1n the rat treated with

of finding related to one specific enzyme
However Fishman and Fishman (1944) find that
B glycurontdase shows a true specificity towards the
oestrogens both natural and synthetic. After ovanec
tomy i the rat 1t decreases 1n the uterus and in the
vagina and 1t may be increased agan by oestrogens.
However the enzyme 1s not influenced in other tissucs
—Iner hidney spleen or blood (Fishman 1947)
According to this author (1951) the responsc of

4 dase gens 1s not related to vana

gens s partially d if the 15
protracted and thus the protemn intake increases
progressively (Aschkenasy Leli 1951) On the other
hand the mvolution of the thymus under the action of
ocstrone docs not occur through the adrenals because
it 1s recorded even in adrenalectornized ammals
(Schacher Browne and Selye 1937)
Inadd ’

0
tions of mtrogen and has probably nothing to do with
the growth of the tissue

Most of the direct actions exerted by oestrogens in
vitro are charactenzed by an inhubition—

(1) Wollf and Wolfl (1952) show that the morpho-
genetic and action of drol
on an embryonic organ of a bird (the

thep of the between
oestrogens and adrenals 1s related to the question
whether these hormones ancrease or on the contrary
diminish the resistance fo stress even though they are
themsclves already a stressing factor Accordmg to
Patt ef al (1949) ocstrogens ncrease the survival
time of mice exposed to % rays but Campbell Bern
and De Ome (1956) find that they lower the resistance
of ammals to cold or formakn njections

F Conclusion on the Metabolic Action of the

Qestrogens

In mammals, the ocstrogens cxhibit at the same
Hme—

() An anabolic action on the growth of centun
specalized tssues (female effectors and connecuve
stroma of some male accessory organs)

syrinx of the duck) 1n tissue culture 1s an inhibiting
one Ocstradiol acts by inhibiting the normal dulfer
entiation of the organ which in a standard medium,
would occur following the male type the female form
appears as the result of an mhibition

The use of a relatively poor medium, contuning
only cysteine as the sole mitrogen donor gives the
same tniub as the add of fermke

(WolfT 1957)

(11) Oestradio] posscssesan nhibiting action atvery
low doswes on the cellular division of the sea urchin
embryo 1t acts both on the cytoplasmue s*ructure and
on the metabolism of DNA (Agrell, 1959

(1) Oestradiol smhibits the m.totic actmily of 3
culture of rabbxt fibrocytes (Debrunner 1953) ‘

() High doses of svathetic, but espeenally o
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1 INTRODUCTION

The records of history and obscrvations on the food
practices of primitive man 1n his efforts to prevent or
cure scurvy illustrate the unique association of vitamin
C wath fresh foods of etther plant or animal origin
Recogmtion of 1ts almost unuversal occurrence m all
Lving organisms was not established however until
the vitanun had been 1dentified and precise chemical
methods of measuring 1ts content 1n natural products
had been used ext: ly (Lind y Sympo-

acid to develop a colour reaction (Lowry, Lopez and
Bessey 1945)

The above methods of analysis when used with
adequate precautions have furnished an extensive
body of reliable information on the occurrence
synthesis and metabolsm of ascorbic acid and
dehydroascorbic actd 1n plants and animals but unfor-
(unalel}r the apparent simplicity of these and other

stum, 1953 McCollum 1958, kung 1936 1939)

Among the carly d of bosyntt
were observations that sprouting seeds accumulated
the vitamun rapidly from inactive stored materal
(Hess 1920) and that although rats thnived indefin
1tely on a diet apparently free from the vitamun their
tissues fed in small quantities to gumnea pigs protected
them from scu

Staining methods for observing the distribution and
relative concentrations of the vitamin in tissue shices
were developed extensively by Bourne (1936) Giroud
and Leblond (1937) and their associates based on the
use of acid solutions of silver nitrate

Reliable and sensitive chermical measurements of
the vitamm i biological matenials have been deve

has led many authors to publish data that
cannot be relied upon The most frequent errors and
the greatest 1n magmtude have resulted from the
interference of sulfhydryl and dienolic groups in the
dye titration of ascorbic acid In addition to the
R~SH compounds natively present 11 many tissues
treatment of extracts with hydrogen sulphide to reduce
dehydroascorbic to ascorbre acid before titration
often 1s accompanied by partial conversian of carbonyl
groups to R-SH groups This reaction 1s characteristic
of many aliphatic ketones and aldehydes and quinones
Errors mntroduced by the reducing action of dienols
are less frequent 1n studies of natural products but
readily anse when reducing sugars are fermented or
heated 1n alkaline media

The evidence based chiefly on careful analytieat and
tfustoct

foped chiefly by adap of twogt p

Both types of reagents have been adapted to macro
and micro-scale estmations for use with a great
vanety of matenials The first method to be widely
adopted for direct titration was 1ntroduced by Till
mans Hirsch and Hirsch (1932) based on the reduc
tion of the dye 2 6-dichlorophenolindopheno! by
the vitamin  Distinct 1mprovements 1n the method
which made 1t generally applicable were then made by
Harns and Ray (1933) Bessey and King (1933)
Ghck (1949) and subsequently by others A second
procedure was introduced by Roe and Kuether (1943)
based upon conversion of ascorbic acid to dehydro-
ascorbic actd and condensation with 2 4-dimtro
phenylhydrazine followed by addition of sulphuric

1 studies ind h that ascorbie

acid 15 a charactenstic cellular constituent of all the

higher ammal and plant forms thus far investi-
gated The range of study has included many types of
bacteria yeasts moulds algae lichens ~diatoms
protozoa earthworms insects marine mvertebrates
sea urchins molluscs crustaceans crabs fishes birds
and mammals In many mstances this kind of
evidence should be re studied with the new and much
more cntical techniques using 1sotope labelled pre
cursors

The only types found thus far to be without a normal
capacity to synthesize the vitamin from common
precursor nutnents are man and other pnmates and
gutnea pigs

I EARLY TESTS BASED ON TITRATION MEASUREMENTS AND hANOWN SUBSTRATES

One of the earliest convineing tests of a spectfic
Precursor for ascorbic acid synthests was reported by
Reid (1938) and by Retd and Robbimns (1942) using
2 simple sugar (glucose or sucrose) as a carbon
Source 1n 2 nutrient medium for the growth of root
ups Growth was accompanted by rapid and extensive
synthesis of the vitamin

Although many reports claimed a special role for
mannose in the synthests other studies failed to con
S the reports (Mapson Cruthshank. and Chen

¥
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1949 Hawthome and Harnson, 1937 Scheunert and
Schieblich 1937) The early tests with sugar substrates
were often disapponting because 1t seemed impossible
to 1 the synth it y to give satis-
factory evidence In general, synthesis tended to be
charactenstic of growth rate or metabolic activity
(espectally 1n glandular tissues) and only shightly
responsive to added test precursors (hung, 1936 1939)
There was some mndication of an assoctation with
anacrobic glycolysis rates (Williams 1943)
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When urninary excretion rates in relatron to dictary
sotake were studied 10 albino rats stking differences
were obsenved but there was no immediate clear
evidence to indicate whether the effects were dependent
upon diffetences 1n precursor mtake or whether they
mught hase a different ongin Such diverse matenals
as rolled oats oat o distillate from halibut liver
oils cssential onls dried grass or green leaf oids
caused am increased ascorbic acid excretion about
cjual to feeding 25 mg of the vitamn per day when
added 10 a2 whole milk diet (Musulin et of 1939)
Guinea prg feeding tests demonstrated (by assay) close
agreement with the titration values

Identification of some of the pure ds e

THE BIOSYNTHESIS OF VITAMIN C

between increased ascorbre acid excretion and glucur
omc acid excretion and (d) singe the ncreased
excretion far exceeded the mmitial body content and
could be mantaned through long penods with an
d 1 d ussue

£XCIENoN was 2 true
Y Recent
of the body pool and turnover rate of ascorbsc acid 1
sats also indicate that the mcreased exeretion of ascor
bic acrd after chloretone or pentobarbital adminustea
tion 1s the result of accelerated brosynthesis (Burns,
Mosbach and Schulenberg 1954)

In vitro swdies of ascorbic acid synthess from
sugars and sugar fragments showed only

panying Y
tion 1t seemed likely that the
1l of d synth

hexenal which were responsible for the grc:xugy
increased excretion (10 to 100 tmes on feeding 50
mg/day) then led to a systematic study of relation
ships between structure and enhanced excretion
(Musulin er al  1939) Ketones such as carvone

B 1onone h and were

P
moderate yncrenients for ascorbic acid synthesis by
tissue shees and emulsions Tissues excised from
ammals pretreated with chloretone or phenobarbrtal
showed a moderate increment in the rate of ascorbic
acid synthests compared with tissues from normat
ammals 1 of the amimals sullicient ta lower the

1 reserves tnduced sharply decreased synthesis

I
;spccxally active and simpler aliph p
such as dipropyl ketone and dimethylacetyl-carbinol
were distinctly active  Because of the wide vanation
i structure and the stnking effects exerted by
substances with carbon chains less than six carbons

smthe tissues but none of the specific substrates added

resulted tn ancrements n ascorbic acid yields that

were markedly n excess of the yields furmished by
h 1

glucose or by a glucog I
such as diy glyceraldchyde or muxtytes

1n length 1t did not seem likely that the
were serving as precursors  The next scries of
Tuded bart chloretone

of these compounds with pyruvate In kver bram, or
kidney ussues from chlorctone treated albino rats,

T ds tested bar

and n number of rep nenve dep

nearly all of which exerted a marked effect upon
ascorbic atid excretion Other laboratories observed
comparable effects with analogous or identical
products and added support for four Lines of evidence
—(a} the most active compounds were not serving

the of glucose or glucose fragments resulted
1n fairly but mod in the in
suro formation of ascorbic acid 1 contrast with
gutnea pig tissues which did not show a comparable
response {Smythe and hang 1942}

Parallel studies by Lipschitz and Bueding (1939)

directly as (b) the bioch I changes and ‘h.f.-mson (1935_) gave supporting evidence for the
mduagi bore a close rel hip to supy of P vath glu ic acd " ?fd for
netve function (c) there was a close paraliel glucose p ps to ascorbic acy

11 INVESTIGATIONS BASED ON ANOWN SUBSTRATES AND ISOLATFD PRODULCTS

At this stage 1n the nvestigations radiocarbon became
available as a means of tracing known compounds

aad did not result an transference of detectable
quantiies of 2*C into the bormyt glucuronide duning
od thus indicating that the vitam o

with “C i specific | so that diate  the subseq
and end products mught be isolated and the postion

of MC established by degradative p thus

furmshing defi f g relation  trast o she

shapy between precursars 2nd end products.
Uniformly labelled {*Clglucose admunstered to
guinea pigs previously treated with borneol permutted
solaton of bornyl glucuromde 1 24-hour unnc
specimens  contanng spprovimately 13 10 40
£ cent of the admunstered (¥Clglucose The distn

did not serve as a precursor of plucuronides (Mosbach
con
quently of
both glucose and glucuronic aexd Lactone to ascorbic
acd
Investigations of glucose and  glucuromic acd
factone bie acid and gl d
then revealed that distnct strun differences cust i
companng Wistar strun altino rats with those
Ny referred o a1 the Sherman stran. The

nd hang. 19€0) This result stood tn sharp
i % ly observed

", tion 6 d with the g et Jorad
Emlwxr:ads:of gre'gnluxl lecule tnd: d that ¢ he : ) h am::o ml of lhr.5 wfsﬂ:;’f
had been no change m the *C in i n fiined on an evaporated milk

catbon chain, Admunstration of (1 "*Cle ascorbre




I’aman‘ depry  of the blosyn 1C 3¢, € acig
.rhoued clcarly Uiap the 1 Sonten, Positigy, and
2 mamtd mentmal the AWty
nutigy T 'Cosa (Jackcl €t or 1950)

A mstmuon of2 4 ta] Ascorg,.

=4 O
Of the Ussiag SXeony 0 he S2se op Oxalage exm-uun
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Paralle} expenments to furnish an mught into the
metabolic relationships of glucuronic acid as an inter-
meduate between glucose and ascorbic acid showed
equally clear evidence for the converston of [1 UCE
glucose to {1-4Clglucuromc acrd (60 per cent yreld of
total »C in positton 1) and [6Clp-glucose to
[6-4Clo-glucuronic acid (67 per cent yield of total
activity 1 catbon 6) However when umformly
labelled [*Clo-glucurone was admustered to bor

b deorad

THE BIOSYNTHESIS OF VITAMIN C

1957) have ded the enzy i< of
ascorbic gerd synthesis to nclude suggestions of the
following types of reaction~—

D-glucuronate# TPNH+H* 321 gulonate+ TPN*

L gulonate+ DPN* —» [3 keto-L gulonate}+
DPN\H+H*

{3-keto-L gulonate) ——» 1 ascorbate

Decarbotylation of 3 keto-L gulonate was postu

neol fed gunea pigs, the q fu¢
studies indicated that the #C transference to posttions
4 5and 6 was distictly Jess (average 12 per cent each)
than for positions 1, 2 and 3 (average 21 per cent
each) Partial degradation of glucose from the stored
glycogen subsequent to feeding the labelled glucurone
showed approximately the same “C value 1n position
6as had been found tn the excreted glucuromde When
[6-*Clglucurone was administered subcutancously to
borneol fed guinea pigs more than 26 per cent of the
€ was cxhaled duniag the first hour and more than
50 per cent wittin 24 hours One-third to one half
was excreted in the unine within 24 hours (Douglas
and hang 1952 1953a 19535)

Packham and Butler (1952) observed a greater
conversion of glucuronic acid to glucuromde products
tn naphtho!l stimulated rats

Extensive observations on the presence in rat Tiverof

lated as a possible means of forming L vylulose and
carbon dioude as an alternatne reaction course tn

dd 1o L ascorbic

Anmals eapable of synthesizing ascorbic ncid under
phystologtcal control such as the rat, contan at Jeast
the respective enzyme systems indicated 10 liver cells,
but may contan only two of the enzyme systems m
kidney tissue In contrast they reported the presence
of alll three enzymes in the kidney tissue of chicks,
prgeons and turtles They postulated that m man and
other primates and 1n guinea pigs enzymes are present
to carry forward only the first two reactions Burns
and co-workers reached simlar conclusions based oo
UC studies both I 1o (Burns and Evans 1956) and
in vitro (Burns 19572 b Burns Peyser and Moltz,
1956) which demonstrated the conversion of L gulono-
lactone to ascorbic acid m the intact rat and i

an enzyme that catalyses the of gl
ylactone to glucuronate together with observations
on the metabolism of glucurone have been reported
by Ersenberg and Field (1956) and other tnvestigators
(Butler and Packham, 1955 Rabinowitz, 1955,
Brodie and Lipmann 1955)

ul Hassan and Lehmnger (1956) observed that rat
hver extracts could convert D-glucuronic acid and
p-galacturonic acid of their lactones to ascorbie acid
but did not find evidence to support the concept that

dinediphosphogl acid par d i as
corbic acid formation After dialys:s of the extracts 1t
was necessary to add adenoside triphosphate diphos-
phopymdine nucleotide Mg** and de to
restore full actwity Both 1 gulomc and ¢ galactone
acid and their respective Jactones were converted to
ascorbic acid st rates suggesting thewr activity as
ntermediates between the urome acds and ascotb ¢
acid. This mech had been postulated 1
by Isherwood Chen and Mapson (1954a)

C¢ of p-gl 1

£l to ascorbic acid
was sirufarly demonstrated to occur in hiver extracts
of mouse, dog and rabdit, but nat from gutnea pig

liver homog; and lly no o n
the gumea pig and 1 gunea pig, monkey and
human liver homogenates

Independent studies by Burns and co-workers using
labelled d have d d the con
version of [t ¥Clo-glicose and [6-1*Clo-glucurono-
lactone to labelled L gulonic acid in both rats and
guinea pigs (Bums 1957) Extracts from the livers of
rats monkeys and guinea pigs also accomplished the

of [6*‘Clp-g! t

g 10 L gulonic
acid (Burns 1957) Direct conversion of the intact
carbon chain of [t M'C]L gulonolactone to ¢ ascorbic
acd was demonstrated by solation of [IMCl
ascortre acid from normal and chloretone-treated rats
(Durns and Cvans 1956) In extending these studies,
Bums ef al (1956d) have also studied the enzyme
system 1n rat Iiver which catalyses the conversion of
{1 “Cle gulonok or the cor ding scid to
Iabelled ascorbic amd Mo conversion was observed in
homogenates of kedney  brun, small imtestioe, and
muscle

Gangul Roy and Guha (1956) have given addr

tiopal evidence concerning the role of adenoune
rhosph heass of ascorbic zad by

Iiver (ul Hassan and 1 ger 1956) Chatterjee ef
al (1957) reported an increased yield of L ascorbic
acd from p-glue 1 i the p of very
small concentrations of cyamde !

Lehmnger and s (Grol and
Lehmunger 1957 Bublitz, Grollman and Lehninger,

m
chloretone-sumulated rat tissues. They also prosent
possible explanstions of the chermial reacuors that
are nfluenced by narcolic type feagents ta therr

2 on the ghyvolytic evele
be?:!l;?\mod. it’apfm and_ collaborators (19534
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19535 1954, 19545 1956 1957) Obser g 0 germn SUpporteq by Studies 1 Certain py
alng cregs Seedhings rapd Comersion of b Balactose major Pathwa 7 be oy, ned ag Shown beloy
0 as acd a¢ e,

Ut
an, Cose hic acg by utr, Howcy, nd collabcrawrs Loewyg Jang
ton o d extendeq her OVestipations and g, gm' 1, 1956 Loewy, an g 1957
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I INTRODUCTIOV

I\nuulcdge of the biochemyeqy phys»ologxcal and The specific Purpose of gps review 15 1o describe
Pathologscay “haractensyeg o kwashugrkor has grown Present knowlcdgc and concepts of the tre

fapidly since ghe EPpeanance of the monograph on Prevention of kwashiorkor dertved fron, world wige
Anashiorfop 1 Africa by Brock and Autret (1952 Investipations and Sxpeticnce Fop a Systematye Cover
and has poey Suminarized 3 5 Number of receng age of the clincay biochencap and Patholopica)
Teviews (Trowe) Dayies and Deap 1954 Brock characrcnsnm of the syndrome the reader 18 referred
954 mshaw 7 gy 1956 Béhar ¢ ol 1956) o the reviewy listed Seference 1o these aspects of
Intengyy o Study of he S¥hdrome 1 many differeny kwashiork, 'S Made only 5 they refate 1 Of serve (o
Parts of the g1 has resyjgeq A aclanfication of the  pude therapy or Prevention

features of Swashiorkgy common (g 4y Tegions jp ¢ authors haye allempted ngq only to nclude
Which 1t OCCUIS as wel] 46 the Mdentification of those conteoyers;a) Points ang divergeny OPuntons pyy also
assocrated 5igns and SYMptoms which are the result of {0 evalyage them 1n the ght of the latest knowled,
loca} conditions Ty has been facilitateq by the inter 2vatlable apg the Sonsensus of Experiencey Wworkers

Change o 1deas a¢ severa) Mernationa) conferences  py, S0 active 4 field of Tesearch ‘thyg desirable but
and by (he exchange of \yqts AMONg workers from difficy]t Procedure v evitably Jeayq ¢ Some errorg
differeny Countres Te has afso OWN up 2 ¢, of boty mission ang OMmussion Ip 13 hoped Dever
mon cessfu] CXPETICnGn 11 the ¢ L Of  thejoss that ¢ 8 time whey
kwashorj, r Zenuinely 1y, ational approacl Internationa) interest g the propy, h. n so
10 the problems & Tevention evelopmenys tly arous tribute ¢ despreag
21, Stimulag, and asgisted dent effo; bcmg made 1o roq cemorbtdny mortahly
Setling de, Y o of gp gencies of from ashiorkor b g edge of

by two of ¢ alized W i ng kno jy
the Unyteq Nations e Worlg Heanp Organmization effective treatmeny and by instituting Practieal
M Ho and the Food ang ALTicultyry) Org:xmmuon measures for Preventyon
UNEsco

I, Concepr OF l\’“ASHIOR!\OR AS 4 DISEASE ENTITY

I\unshlorkor IS recopnizeq a5 a disegse Syndrome Clency of Calories Suflicient 14 Cause Pronounceq
ansing ag Tesult of goy ere dcﬁacnt:y of dxctary Pproten Wasting ang Presents 5 Continugyg Chnrea] ¢
to caly ntake ang opy, Fi

Yypically merging wyyy g 42 Tmediate
Y Tetarday, f d d ‘elopm, M3 clhmca) orms reprtsenkm‘, ombinations f
@pathy anoreyy 4 terations 1 the coloyy and textuge and claggien) Awashir, 1 DProperly b
S hair e, N ap hoea 1 designated a¢ ckw;u!ucrkor but since they
t Commp, Iy in YOUnE chyjdpen Use at  are fhe Prevalene fo of the disease gp,y s not
n 310

TS Most comm, n,
s peryog of hife Prote,, Fequirements are n:Iatudy cu iy fommop ¢
high'ang diets are most Ikely 1o be deficient 12 pro.  tyone for the !hempy of Lumhtorkor are generay
tein. 1e 4s {rcqum!)) 2ccompaneq by deficiencyeg M prven wigy, the FASPUC Cage gy nd Fig 43 showy
Other Mitrimenys Which difer Somew hyy from ope the uuderl)uxg Wasting evident 1n o Chald yyqp
or Ic

Tegion to angy, plicate he clinicay Pleture Awashiog, Once h, Ocdema lost These

Otonly do the assoe d defiey €S Of vitamypg and Concepts must be §, und gine e calone
Minerafs o Ty but alse the relatyye d 4C) of the dtﬁucnc} comphcnt:bo Ment ang Yehlion,
alonic 1y When Protein deficien, s in Rega of the g, Qlorne

a ess
hHld whoga caloncmrakc 1S 2dequate 4 Tesult s the dencxcnqy the fund:xmenm actiologcyy {actor the
Classicy) tpe of L\mshmrkor 12 Which tysgye Wasting d*\elopmcnt of kulshmrkor S 2 markeg def Siency
18 not COnspicyoyy feature Wun CXCESSIN e alone In the aming acids PECeSSry for Protein metabolismy,
s This Ay come aboyy becayce etary Protemn 4
chig dewlop S SO~calleq supar baby Hpe of Inadequare 4y quanuty op qQuality by, More frrqumdy
l“nxhlorl.or Fig 157 desenbed Jamaicy Uellfre i deficreny oy both 104y 2Mount any brolog calvay &
Brag a0d Sryary 1954) A Lvmxh:orlor occurs Any faceor ng itrogey , Ption or

u ™ Ty Bitrogen TeIention y,y contnbuee 1 the ]
the Middle and Far gy s ombineq With a def of, pr;mn dcﬂatnq d may Precipiage f::s:‘i’rf::
”
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sn cases of border line protein mtakes The high fre-
quency with which diarrhoea of infectious ongm and
other tnfectious diseases decrease mitrogen refention
prior to the appearance of kwashiorkor will be
discussed 1n detail 1n the section on prevention It has
not been possible to 1solate the effects of single amino
acids from those of the essenual anuno acids as a
group Stnce unlike the vitamuns a defictency of one
essential amino acid blocks the utihzation of the
others st 1s almost impossible to design sutable ex
penments on this point without jeopardizing the child

TREATMENT AND PREVENTION OF KWASHIORKOR

While some of the associated nutnent deficrenes
depend on u;adcquacxa i the local diets which are
not pecessanly constant from region to region o
Like the deficiency of the fat solu%lc fac((’:g Lol mzh::
and E, appear to depend upon interference with
intestinal absorption (Trowell Moore and Sharman,
1934 Arroyave er a/ 1959} Some deficrencies, such
as those of iron and ascorbic acid may not be apparent
at the ime of the acute episode but develop rapidly if
the therapeutic diet docs not supply these factors i
adequate amounts

I PRINCIPLES OF TREATMENT

A Dietary Measures
1 MEeeEm\G PROTEIN NErDs

(a) The Amount of Proten
All arc

5 ji that Jarge
amounts of protein of high biologcal value are of
primary importance in therapy but the actual amounts
admimstered vary widely Carvalho (1947} reports
satisfactory results with 3'to 4 g of milk protein per kg
body weght per day and DeMacyer (1954) recom
mends 4 5 g per kg per day Some mnvéstigators
however on the basis of balance studies which indcate
a direct relavonship between the absorption and

of gen and the g y of protemn

ingested  advocate much higher protein dosages
While Dean (1953) has used as much as 15 to 20 g per
kg per day he admuts that no further beneficial effect
1s obtained from such high proten intakes and
retommends the use of 8 to 10 g per kg per day
which 1s approimately the same dosage o318 used by
workers 1n Inda (Gopalan and Ramahngaswami
1955)

When the child consumes the food read:ly and milk
15 the major protein source we generally employ
itakes varying between 5 and 7 g per kg per day
Such Jevels are not usually attaned however unul the
sccond week of treatment Owing to the profound
anorewta intolerance to food and the danger of
abnormal d of the h and i
IS necessary to tmitiate treatment at much lower levels
of intake particularly i severe cases During the first
24 hours 1 to 2 g per kg can generally be admimstered
and this amount increased from 210°'S g per kg duneg
the second to fourth day of treatment It should also
be clear that if intakes as high as 5 to 7 g of proten
per kg are employed these will gradually drop as’\he
child garns in weight and as nutrogen stores are filled
Furthermore the ful of k
with mivtures of vegetable ongin, even though the
intake conveniently attamable docs not cwced3toSE

of protemn per kg because the bulk of food which the
child can consume 1s hmited indicates that higher
protein intakes arc not necessary for complete and
satisfactory recovery

Recommendations regarding protetn intahes which
are based on weight have the imitation that cases of
kwashiorkor vary from normal or even excessive
weight for age to extreme underwerght In the maras
nye case calculation of protem mtake on a weight
basts g to the d req of a
child of this weight may result 1 an absurdly small
total protem intake while calculation on the basis of
chronological age as given m most tables of require-
ments (Brtish Medical Association 1950 Canadian
Council on Nutrition, 195¢ Nattonal Research Coun
¢, 1953 Institute of Nutrition of Central America
and Panama 1953) results tn an impossibly hegh one
The present recommendations for the 3to 7 g per kg
tn the treatment of kwashtorkor attempt to take these
factors into and leave derabl
room for judgement as to whether the fower ot higher
takes within this range arc most appropnate in &
specific case If the total proten intake based snnally
on 5 10 7 g of protesn per kg 1s kept constant the
increasing weght of the tecovering child results in a
gradual reduction of the protein intake per kg to the
3to § g per kg range and eventually Tess This us fre-
quently the natural course of events since the child s
willingness to cat and capacity to utilize large quant
ties of food decreases gradually as consolidation of
cure approaches completion.

(&) Protewns of Ammal Orlgin

Mulk has been generally recommended as the most
convenent souree :‘l;fmxcm for the treatment of
\washiorkor  Skim milk has been widely used
ecause 1t has proportionally more protem and ket
fat than whole null and 1s'recommended by many
authors (Brock and Autrer, 1952 DeMacyer 1954
Dean, 1953 Trowell, 1954 Raouly, 1954 Siva 19%4)
21 the most effective and pracucal way of admunater
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masa 38 per cent cottonseed press-cake 3 per cent
torula yeast and 3 per cent kikuyu leaf meal and 1s
more f10p 1n Central A m the
present Pr y ind. are
that this formula also gives excellent results
The development of vegetable mxtures will be
discussed 1n more detail under prevention since this s
the primary purpose for which they have been deve-
loped Although the foregoing results feave no doubt
that f necessary, proteins of vegetable ongmn can be
llyemployed:n the of kwashtorkor
the vegetable proten sources for this purpose must be
carefully chosen and skilfully combined ‘Their amimo
acid patterns must complement one another to correct

TREATMENT AND PREVENTION OF KWASHIORKOR

kwathiorkor Itis probable however, that diets with
such a hugh caloric content of predonunantly carbo-
hydrate o are largely responsible for the nuin
tional recovery syndrome  described by these authors.
The symptoms which include enlargement of the liver
ascites ancreased superficial circulation over the
abdomen and hypertrichosis have not been reported
with comparable frequency or seventy by other
workers although we have occasionally noted these
symptoms n mmlder form in children of the marasmic
type recovenng on very ample dicts This syndrome
would appear comparable to that observed with the
rapid refeeding of persons in prison and concentration
camps following World War I and 1t should be

ded tentatively at east, as an indrcation that the

the unbalanced pattern of amno acrds ¢t
to a greater or lesser degree of all vegetable proteins
from a single food source

2. CALORIC INTANE

The ealonic intake is of secondary smportance 1n the
imitral stages of treatment although the diet should
contain suflicient calonies to ensure good Pprotein
utiization Itis extremely difficult however to begin
treatment with a diet supplying the desired calonc
content owing to the anorexia and food intolerance
of the child with acute kwashiorkor Accordingly
we may gue as few as 30 to 50 cal per kg during the
first day and raise this leve! gradually to 100 cat per kg
by the fifth or sixth day of therapy Although this
calonic intake seems low for severely malnounshed
children 1t wall ensure sufficient mitrogen retention to
mnate recovery This finding agrees with observa
tions of Gémez ef al (1957a) which seem to indicate

upgpcr Imuts of refeeding are betng exceeded

3 SouRCES OF CARBOHYDRATE

Some authors have suggested that the child with
kwashiorkor has a d d tol for certan
sugars especrally lactose and sucrose (DeMacyer
1954 Dean 1953, Trowell, 1954 Dean 1956) Dean
(1953 1956) and DecMaeyer (1954) for example,
believe that the fugh lactose content of skimmed milk
may aggravate the tendency to diarthoea and
recommend the use of bananas and rice as carbo-
hydrate sources in the imtial phase of treatment
Nevertheless most workers consider milk with added
sucrose eatrely satisfactory and in using acdificd
half skimmed milk we have not encountered any diffi
culties Acidified mulk does contain Jess lactose than
non acidified nulk since part of the sugar is trans-
formed into Jactic acd but there 1s no evidence that

that wath severe proten depl Jis
18 still possible even n the presence of a fow caloric
1ntake when sufficicnt protemn 15 given

As so0n as possible after anorexia has disappeared,
and the digestive enzymatic activity has been restored
most authors recommend that the calonc mtale
should be increased gradvally 1o about 150 cal per kg
Thus can be reached toward the end of the first week
or duning the second week of treatment (DeMacyer

this p lar change 1s of sigmificance  In common
with other tnvestigators we find bananas to be well
tolerated even as part of the imual treatment and use
them regularly as n carbohydrate supplement.

The vegetable mixtures devcloped as protein sources
contain carbohydrate 1n a very satisfactory form for
the of kwashtork dency fof
drarthoea to disappear more quickly with the use of
these vegetable mixtures than with mulk has been
fenk hal. et of 1956

1954 Dean 1953) An increase i calonie mntake 18
necessaey for good wesght gain and factory
recovery after the loss of ocdemas and duning that
pat of recovery which Brock calls the  consohidation
of cure (Brock ef al 1955) This 1s the vanable
penod after disappearance of the acute signs and
symptoms dunng which the child 1s guning weghtand
gradually becoming ready for discharge from the
hospital A high calonc mntake 15 particularly impor
tant when the child 1s suffenng from the mamsmc
type of hwashiorhor and 1s very much under weight
alter the toss of oederma. .
Gémez ef al (1958) have given as many a8 200 to
250 cal per Ag to children recovenng from matasmsc

P noted (V
Gopalan” 1956) and, as Dean (1953) has suggested
may be due to the differences in carbohydrate content
of the two types of drctary regimens

4 Asount AvD TYPE OF FAT

The proper amount and kind of fat to be included
1n diets for the lmtmcﬂ{l of kumhmrll?r m;::{:g,}'
dunpg the carly stages of recovery s still 3 ma
oonm%\my 1%::: flmk doubt thst the abilty 10
absorb fat and fat-soluble factors is wnitaally i'n;wrtd
but this seems to be recovered very rspidly when
adequate protetn 1s suppl ed. The evidence for this
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Gomez et al (19545) report good recovenes without
the use of any vitanun products We do not usc them
at all when employing vegetable muxtures which are
balanced to contan sufficient vitamn A actvity and
B-complex vitamins When ocular lestons are present
however and we are using half skimmed milk which
fails to supply sufficient vitamm A we give 3 000 to
50001 U of vitamin A orally but only until adequate
natural sources of this vitamin can be mtroduced into
the diet

There 15 no evidence that a deficiency of vitamm
By, plays ? role 1n kwashiorkor Even though the

of 4

+ 5
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continuing nise wn the red blood-cell count In these
curcumstances 1ron has become a imtting factor and
the ads of suppl y tron will evole
a second reticulocyte response and the gradual retyrn
of the mean corpuscular volume to normal,
A dingly we 1t desirable to begin the
of an iron prep duning the
second or third week of treatment and have obtained
good results with the oral admunstration of 300 to 600
mg of ferrous sulphate per day 1 single or divided
doses As other investigators have also reported (De
Macyer 1954) such a preparation can be salely
d d at this stage of recovery without itoler

d,
: 81y 1181

kor 15 y 1c 10
type (Senmshaw eral 1956 Adams 1954 Mehtaand
Gopalan 1956) the bone marrow i Central Amenica
at least, 15 not megaloblastic Furthermore not only
does this anacmia respond well to the admunistration
of skimmed mulk but the serum vitamn By, values are

ance

7 OMER DIETARY SUPPLEMENTS

In view of the fatty infiltration of the hver some
early reports recommended the use of lhipotropic
agents (Meneghello 1549) However Canvatho (1947)

within pormal imits * Since megal

have been reported 1 kwashiorkor (Adams 1954,
Mehta and Gopalan, 1956) 1t 1s possible that 1n these
cases vitarmn By, deficiency s superymposed on the
pnmary proten deficiency of kwashiorkor as may

does not find products such as choline chlonde or
desiecated pancreas to be uscful, and most invest:
gators now believe that the fatty nfiltration of the
liver 1n kwashiorkor 1s not related to a deficiency of
I factors Particularly since this nfiltration

occur with other of the B plex Dean
(1953) has recommended massive doses of vitamn By,
when weight gain appeared stationary duning the
consolidation of cure Other authors have found no
response to theadminustration of this vitamn (Trowell,
1954 Silva 1954) We have been unable to confirm
the claim of benefit from vyanun By, adminsstration
and have markedly reduced the frequency and dura
tion of stationary periods an weight gan dunng
recovery by taking precautions to reduce the spread of
sntercutrent infections, particulatly that of diarrhoea
of infectious ongin

6 MiNERAL NeEDS

hor 15

recedes quickly and completely upon admunistenng
protens of a high biological value the use of lipotropie
preparations does not appear justifiable

8 SumwaRry OF THE INCAP DieTArY REGIMEN
Although o vanety of protem and calonc sources
can be successfully employed we find it most con
venient to begm the treatment of severe kwashiorkof
cases wath acidified half-skimmed mulk diluted to hall
strength with water to which 5 per eent sugar has
been added. Because of anoreua this 1s admumstered
10 doses of 120 cc esery 2 hours (eight times a day) of
of not well tolerated or accepted 1n this amount in
smaller doses of 60 cc cvery hour (17 fimes a day)

The characteristic of kwash
normocytic or macrocytic an type and generally mild
unless compheating factors are present In regions
where chronic malana or hook worm occurs i young
children severe microcytic  hypochromic anjemia
may be present nitially and require specific wron ther
apy as part of the initial treatment  Even when the

1s not of the type 1t must be
recognized that the stores of body tron are limuted
W.th a therapeutic diet based on milk there 1s arapid
hacmaropotesis, without an iron intake adequate to
meet the increased tron requirements The child may
then develop a mucrocytosss and a decreased mean
cory lar h: glob! despite a

1 The T of Dr Grace Gold: Professor
of Medxane Tulane Umveruty School of Mediine 1o
armangang for the Mitamun By, determunations is gratefully
acknowledged,

These q supply from 1 1o 2 g of protem and
from 30 to 60 cal per kg duning the first 24 hours It
may be grven by gastnc ube if necessary in extreme
anoreua If st 1s well tolerated the concentrstion 13
sncreased to threequarters strength duning the sccond
24 hours and to full strength by the third or fourth
day The amount of formulz given 15 increased as
rapudly as acoepted 10 180 cc every 3 hours {uix times
dasly) and then to 240 cc at the same itervals (five
times daily) so that the child recenves approumatel
5 g of protern and 100 cat per kg by the fourth to six
day orhosptuhmuon, We begin 10 give the child
banamas as soon as he will aceept solid food, usually
on the sccond or third day after admussion.

Durieg the sccond week of thermapy the child 1
graduslly changed to whole non-aadified m.ﬂk7lsx:

the amount ts d to supply app
of proteud pec kg, With two bananas 3 dayand 1202
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purpose of relieving the intracellular oedema How
ever as the authors state, before recommending
generat use of thie p iy dang
additional studies and observations are necessa
To combat this electrolytic imbalance, Brock ef al
(1955) d the om! ad, or mtra
venous 1f necessary, of an electrolyte solution (such as
Darrow s or Hartman s) with glucose duning the
first twelve to twenty four hours When there 1s no
chnical evidence of dehydration we follow a simtar
practice
11 there 15 severe dehydration associated with diar
rhoea and/or vomiting we treat this condition and
disregard the coexistent malnutrition and the presence
of ocdema, Usually treatment 1s inihated with the
d of the lled 1-2-3
solution which contains 1 part of one sixth molar

ghello 1949 Vander Sar, 1951 Gémez et al., 1954
Autret and Béhar 1954, Waterlow and y
1956) Although in the past they have helped 1o
compensate for tnadequate mitial therapy they are
sarely necessary 1f good dietary treatment 1s given.
Oaly tn the unusual case of severe secondaty anzemia
or arculatory collapse and shock from either tove
mfectious processes or very severe dehydration do we
employ blood transfusions at present In the latter
they are not given until after tutial treatment with
pprop lectrolyte sol Small transf
of from 10 to 20 cc'per kg, which can be repeated if
necessary are | sinee greater gnen
atone time may cause circulatory embarrassment.
Blood transfustons are a costly and ineffectual
means of administering protein and should not be
uiCd for this purpose, proten can be supplied 1n

sodium lactate 2 parts of Runger and 3 parts

of 5 per cent glucose sol This 1s a hyp
solution, and according to the data obtained from
studies carmied out 1 Meuco, it should not be the
method of choice Nevertheless 1n contrast to the
abundant hypotonic urinary excretion reported by
workers 11 Mexico we have observed a marked
ohiguria n these children, and have found that both
the dehydration and oliguna are considerably tm

g1 by dictary means and the expense
of for this purpose 1s totally unjustified.
The di of blood fi h

further the rmportant fact that cven severe Kkwastior
kor can be treated successfully in the small hospitals
tn rural areas with imited facihities and funds

D Use of Plasma and Profein Hydrolysates
Plasma should be used only when blood 13 not

proved after the intravenous ad of h
torue fluids 1o the amount of 40 to 50 cc per kg ata
rate of 40 to 50 drops per minute Once we have
obtained sufficient drests we contnue with a solu
tion nicher in potassium (Darrow s) and if necessary,
with additional amounts of Runger or normal saline
solution 1n 5 per cent glucose until the disorder has
been corrected If vomuting has been too severe and
Tkalosss 1s susf d, as may Ily be the case
the sodwm Jactate is omutted from the treatment
desenbed
Obnvtously  senal determnations of the childs
gram can be of invaluable help in decrding the
measutes to be taken in the correction of the electeo-
Iyucimbalance This 15 at present smpossible hem\t\;
1n the majority of ¢ 15 1n the underdevelop

lable for the of the rare cases of crrcu
Iatory collapse due to secondary complications There
15 1o Justificatton for the use of either plasma or
parcnicral protem hydrolysates as a proten souree
and there 1s evidence from refeeding of prisoners
after World War I that the latter may aggravale
Liver damage 1n severe malnutntion

E. Need for Antiblotfcs and Chemotherapy

Every sign or symptom of ifection observed 1n 8
child with kwashiorkor should be treated prompily
and energetically with antubiotics or chemotherapy
sunce mnfections interfere with 1he recovery of the chuld
and may be more senous than they at fisst appear
Even when signs of infection are pot detectable at the
time of we prefer to ad full thera

13a q!

p which have been
published 1n detaal previously (Béhar, Viten and
Senmshaw  1957) have proved eflective and easy to
carry out even without laboratory facilities However

arcas of the world where hwashiork
blem The indicated

tic doses of perucillin dunag the first 10 days of

mpﬂal\uucn and find that this practice aids in the

prevention of deaths that otherwuse occur duning the

first week. due to severe sccondary infection. Broncho-
.

we strongly urge further studres of the ct

ple may develop asympto-
!

cucocytosss and even without

P or
Ity without fever
The of

of p and methods of 4
electrolytic disorders which are commonly present in
the chiid with Awashiorhor and appear to be a fre-
quent and baffling cause of death.

C. Role of Blood Transfinions
Blood transfusions have long been used in the
treatment of kwashtorkor (Carvatho, 1947 Mene-

n sign of i
:heypro‘:!cm u’lllm{ntcdlby'dre fact that 70 per cent
of all puics of kwash kor deaths tn G
veal o sigmificant degree of broncho-pacumonia
?c}:d-‘l. Bcsh‘.;r and Cofilo 1956) and broncho.
\ [y
P 1samajor ie caus ac,: death

kwash occnrs For
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previously had mamntained the child 1n a good nutn
tional state becomes insufficient to satisfy physiolo-
geeal req and later 15 withd entirely as

the adults and older children for 1t ts not considesed
appropniate for the small child,
;ﬂ'u: foregoing arc merely examples of the great

the resuit of weaning Both growth and deselop
may remain practically at a standstill ustil the child 1s
three to five years old After this depending on the
local circumstances he recenes relatnvely better
nounshment which 1s more nearly that of the adult
at the same tme s requirements per Ag of body
weight gradually decrease

Chudeen sufferiag {ram sub-chncal protan defi
ctency tend to be apathetie show marked muscular
weakness and wasting and are slower to mature They
become 1ll casdy and very often dic of an mf

of ignorance on the preval of kwash-

torhor With local vanations and in greater or fesser
degree poor fecding practices for the young cluld
exist n all arcas where hwashtorkor s prevalent
(Williams 1954 JellfTe 1955) Unfortunately some
prejudices agamst particular foods have a basis 1n
expenience and are accordingly difficult to combat
Prejudices agmnst milk are an example They eustin
part because of the poor samtary conditions under
which mulk has been available and its consequent
with diarthoeal discase and even with

discase that 1s usually not fatal to well nounished
children Even with very madequate diets the physical
examination may not reveal any signs of nutntional
deficiency other than retardation of growth and
maturation

1,

death Thus when the mothers are told that cow s milk
15 a valuable food for the small child they may sull
be reluctant to giveat 1o their children evenwhenitis
made available Ignorance and fack of facthues for
adequate preservation rmay also result 1 good mulk
supphes b g unfit for T by the time

The problem of preventing kwashiorhor th
conststs not only in the ehmination of the syndrome
1 ts frank form but also 1n the correction of the
underlying malnutrition affecting the great majonty
of children 1n some areas thus the presence of kwash
totker must be constdered only as the visible remunder
of a grave and largely hidden problem

While the prevention of kwashiorkor requires
adequate food which 1n turn nvolves economic
factors limited purchasing power 1s only one aspect
and not usually the principal one Drets consumed by
schoo! children and adults even 1n the poorest com
munities are usually not as deficient in relatron to
phystological requirements for protein as those con
sumed by pre school children In many regions of the
world the majonty of these children are breast fed
until they are at Jeast one year old and frequently
espectatly 1n the rural areas until they arconc and a
haif or two years old or even longer In present
circumstances this prolonged breast feeding is advan
tageous for the child who after weaning receives a diet
markedly deficientan protern particularly i protemn of
ammal ongin  Supp y feeding 1s duced
late to nursing nfants penerally aftee the eighth or
minth month and often after the ¢hid 1s one year old
The foods employed 1n the supplementary feeding are
the same foods gwen to the chuld after weanng
Unfortunately she mother tends to consider that foods
casily swallowed by the child are also castly digested
Accordingly toward the end of breast fccdmg and
after weaming the child s diet 15 based pnmanly on
starchy grucls thin broths breads nce noodles afew
vepetables and coffee Although beans, for example
constitute a nich source af protetn 1n the adule dict
1n Centrat Amenca smail children are ordinanly piven
only the water 1 which these beans are cooked When
the famuly can afford meat 1t 15 consumed only by

they reach the child

Prejudices such as the one described have particu
Jarly serious consequences when the child becomes it
Feeding 1s restricted even more in the presence of an)
sickness and especially when the child has duarrhoca
The mothers believe that m order to correct the diarr
hoea the child should be placed on a dret restrcted
fargely to starchy gruels rice water or sugar water
Such diets are sometimes protonged for several weeks
stnce the child farls to1mprove and the result 1s chimeal
kwashiorhor and death Unfortunately some physt
cians sull recommend this type of diet 1n cases of
drarrhoca 1n smail children and thus help to perpetuate
the belief and practice

Iisno d that most kwashtorkor €ases i
Guatemala give a history of an episode of drarrhoca of
appareatly infectious origtn shartly before the onset of
the pedemna skin festons and other signs of kwashior
Xor (Scrimshaw ¢z @@ 19574) In pédmon 1o e
warsemung of the dret as the result of musguided
therapeutic efforts there 1s 2 direct contribution of the
diarrhoea to protein malnutnition Even with mid and

diarrhocaanda ly high profein antake

of good quality 1t has been shown experimentally IP;JK
wutrogen retention in young children may actus 1};
become negative with “this type of gastro-inteshina
disturbance (Robinson ef ol 1957 Macy 1958) and
remun markedly reduced for a period of davs there-
after But the infectious diarrhoea affecsing mak
nourished children 1n most technrcally undcrdfrw)oped
areas 13 neither muld nor traastent It s v zcmﬂl)('
severe and frequent as to be & major pnmary ﬂ“‘: ©f
death among children under five years of age (verhoe
straete 1956 Verh te and_Puter 1957
Premmary studies in tural Guatensly o4
by the lns?x‘lutc of Nutrition of Central Arenica and
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previously had mamtamned the child 1 a good nutnt
tional state becomes insuffictent to satisfy physiolo-
gical rc1uxrcmcnls and later 1s withdrawn entirely as
the result of weaning Both growth and development
may remain practically at a standstl unul the child 1s
three to five years ofd After this depending on the
local eircumstances he recenves relatively better
nounishment which ts more nearly that of the adult
at the same time his requirements per kg of body
weight gradually decrease

Children suffering from subclimical protem defi
ciency tend to be apathetic, show marked muscular
weakness and wasting and are slower to mature They
become 1l casily and very often die of an infectious
disease that 15 usually not fatal to well nourished
children Esen with very inadequate diets the physical
exanunation may not reveal any sigas of nutnitional
deficiency other than retardatton of growth and
maturation

TREATMENT AND PREVENTION OF KW ASHIORKOR

the adults and older children for it 1s not considered
appropniate for the small child

The foregoing are merely ples of the great
of 1g on the preval of kwash-
torkor With local varations and in greater or lesser
degree poor feeding practices for the young child
eust m all areas where kwashtorkor is prevalent
(Willams 1954 Jellffe 1955) Unfortunately some
prejudices aganst particular foods have a basis n
exp and are dingly difficult to combat.
Prejudices against mulk are an example They eust ia
part because of the poor sanitary conditions under
which milk has been available and as consequent
assocration with drarrhoeal disease and ¢ven with
death Thus when the mothers are told that cow s milk
15 a valuable food for the small child they may sull
be reluctant to give 1t to their chuldren even whenitis
made avatlable” Ignorance and lack of facilities for
adequate preservation may also result 1n good milk

supplies b g unfit for p by the time

The problem of preventing kwashiorhor
consists not only in the ehmmation of the syndrome
m tts frank form but also mn the correction of the
underlying malnutntion affecting the great majonty
of children tn some areas thus the presence of kwash
1orhor must be constdered only as the visible reminder
of a grave and largely hidden problem

While the prevention of kwashiorkor requires
adequate food which e tumn involves economic
factors ltmuted purchasing power 1s only one aspect
and not usually the prncipal one Dicts consumed by
school children and adults even tn the poorest com
mueuties are usually not as deficient 1n relation to
physiological requirements for protein as those con
sumed by pre school children In many regtons of the
world the majority of these cluldren are breast fed
untd they are at least one year old and frequently
espectally 1n the rural arcas untl they are one and a
hall or two years old or even longer In present
circumstances thus prolonged breast feeding 1s advan
tageous for the child who after weaning receives a diet
markedly deficient n protein pacticularly in protein o

they reach the child

Prejudices such as the one descnbed have particu
larly senious consequences when the child becomes il
Feeding 15 restricted even more in the presence of any
sickness and especially when the child has drarrhoea
The mothers believe that tn order to correct the diarr
hoea the child should be placed on a diet frestricted
largely to starchy gruels rice water or sugar water
Such drets are sofmctimes prolonged for several weeks
since the child fails to improve and the resultss climesl
kwashiorhor and death Unfonuna(cl‘y some physt
ctans stil recommend this type of dict i cases of
diarthoca in small chldren and thus help to perpetuate
the behief and practice

1t 15 no comncidence that most kwashiorhor cases ta
Guatemala give a history of an episode of diathoea of
apparently infectious origm shortly before the onsct of
the oederna skin lesions and other signs of hwashior
Xor (Scnmshaw e of 19578 In additon te the
worsening of the dict as the result of musgurded

therapeutic ¢fforts there1s a direct contnbution of the
hoea to protein Even wath mid and

anmal ongin Supp y feeding 1s d
late to nursing infants generally after the eighth or
mnth month and often after the child 1s one year old

transient diarrhoca and a relatively high proten intake
of good quality 1t has been shown experimentally that
1 young children may actvally

The foods employed 1n the sup y feeding are
the same foods given to the child after weaning
Unfortunately the mother tends to constder that foods
castly swaliowed by the child are also castly digested
Accordingly toward the end of breast feeding and
after weaning, the chuld s deet 1s based pnmanly on
starchy pruels thun broths breads, nee noodles a few
vegetables and coffee Although beans, for example
comstutute a rich souree of proten n the adule dict
1n Central America, small children are ordinartly given
only the water 1n which these beans are cooked When
the family can afford meat, st ss consumed only by

&5

become negative with this type of gastro-ntestinal
dxs!urbanocg(Robmson etal ‘1957 Macy 1958) and
remain markedly reduced for a penod of days \h{ftp
afier Dut the infectious diarthoca affecting M

nourished children tn most technically undcrdﬁv!oyed
areas 15 neither mild nor transient It 1 su xcxﬂﬂ)é
severe and frequent as to be a major pnmary e:m: of

death among children under five years of age (v t; ;;-
stete 1956 Verhocttraete and Puffer ! A
Preliminary studies n rural Guatemals, mﬂdui‘n y
by the Institute of Nutnbon of Central Amenda
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increased through better feeding, management and
selection of the birds That this can be done even with
locally compounded all vegetable rations has been
demonstrated  For example  good-quality forages
(Squbb Guzmin and Scnimshaw 1953) paim nm
o1l meals such as corozo mbocaya palm and African
palm (Squibb and Wyld 1952 Squibb Agwirre and
Bressan: 1958} can be used successfully in pouttry
rations These by products of the oil industry cannot
be used directly by humans because of therr high fibre
content which 1s uneconomical to remove

B Fish and Other Sea Food

Most countries have an opportunity to secure
add:tional quantities of aumal protein from fish and
other sea food The food potential of various products
of the sea has been discussed recently by Weiss (1953)
who has d an serics of ift

1944) In some areas soy2 1s already 8 protemn source
of major importance 1o the human population, and
wherever 1t is feasible to introduce or increase the
production and consumption of soya and soya pro-
duets the prablem of providing adequate protewn
supplies 1s greatly sumplified It should be noted,
however that 1t s not always easy to secure it
s Y pop not d o 1ts use
and that the agronomic details of growang it have not
been worked out for many of the regions m which
protein malnutntion 1s 2 serious problem For these
areas 1t represents a potential long range rather than
1, licabl b 1o the solution

an J T
of the problem
Another promising protein source 1s peanut meal
Although 1t has the present disadvantage of hugh cost
for many needy regions its nutnitive value alone and
n b with other food: has been well

of types of hughly nutntious foodstuffs which could be
hanvested from the sea in large quantities He empha

demonstrated (Sure 1948a Arthur, 1951 Holemans,
Lambrechts and Martin  1956) It 1s regarded as 2
! of vegetable muxtures for child

sizes that the food reserves of the sea 1
(and even ds) as well as fish deserve
careful research to determine the best means of
utilizing them In addition to manne fisheries the
culture of fish 1n natural or srufical fish ponds 1s
already widely practised in the onent and can be
adapted to most tropical regions
The overall world shortage of protemn of good qua
Lty has already stimulated studies on the nutntine
value of denved products such as fish flour Great
uniformzty has been observed in the amuino acid com
posttion of the protein of fish the amuno acid propor
tions of which are very similar to those of casemn
(Jaffe ez al 1957) Fish protemns like other ammal

fecdmg 1n some areac and 1s under test tn West Afnca
(Senecal 1958) In South Afnca dehydrated cowpea
flour 1s commercially avaiable as a protem source for
supplementary feeding, particutarly for school funches
{Hansen 1958) The ammo acid composttion of a
number of other tropical legumes has been studied
(Viyayaraghavan and Snnivasan 1953 Bapust 1954
Jeliiffe er al 1956) In general these plant protein
sources have a farr ammno acid composition and their
use as foodstulls should be increased 1n areas where
diets are deficient m proten

P Oft Seed Meals
In 2dd to the d of protein nch

proteins are excellent sources of lysine h
and teyptophan ameno acids usually deficient an the
cereal protewns which are the staple foods in under
developed arcas (Flores and Reh 1955a & ¢ 19554
FA.O 1956 Scbrell and Hand 1957) On the other
hand, the biological value of the protetn 1n denved
pracessed {ish products may differ Bender and Haizel
den(1957) studied twenty seven fish meals and deodor
1zed fish flours 1ntended for human consumption and
found net protein utihizations fanging from 8 to £0
r cent digestibibties from 47 to 97 per cent and
wological values from 36 to 82 percent Thisand other

plants such as soybean peanuts, and legumes the
presscakes of oil sceds ean be utilized for human
feeding This requites special processing 2313 the case
with the low fibre Jow gossypol content cottonseed
meal flour now available in the United States Because
of the P of d meal to the
cotton industry as a by product and 10 the hvestock
industry 83 & protewn supplement cottonseed products
as foodstuffs have rreened conuderable atention
aad relable informatson 15 now avalable as to thesr
elaboration for use tn foods destined for human

studies (Cravioto eral 1955 Carp et al., 1957)
demonstrate that it cannot be assumed that a fish
flour 15 8 good protetn source for human wse untl
brologieal trials are carned out

C. Legumes

The relatwely hugh protein content and good pro-
tetn quahity for a single vegetable source the so)bean,
has boen extensnely demonstraied and reviewed
(Payne and Stuart, 1943 Calull, Schroeder and Smuth,

Other oil seeds which are beng tested as posuble
protemn concentrates for use 1n child feeding, are rape
seed (Brassica napus) sunflower seed ({felnthus
anmuus) and saflfower sced (Carthamss nnctorlus)
(Fekete and Rorpaczy 1935 Nlunes al 19% Hale
and Brow, 1957 Petersen eral, 1957) Rape secdand
sunflower sced oil meals are high 1 fibre and low in
fyune (MNan e al, 1956) However Fekete and
horpaczy (1959 have described & specually
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1owever, a successful product could be of practical
mportance for child feeding

T Yeasts

Yeasts have reccived particular attention as protein
upplements to both human and animal foods The
reast Torulopsis utilis which s preferred to brewer s
>r baker s yeast because of the greater economy of
nanufacture and freedom from bitterness has recenved
pecial attention (Owen and Johnson 1955) Since the
sross composition of the yeasts can be considerably
raned by environmental conditions during produc
ton strans of relatvely high protetn content can be
sroduced 1f desired Examples of this vanability in
reasts have been gnen by Stemnberg and Ordal (1954)
who studied the cffect of fermentation condstions on
he rate of fat production by Rhodotorula gracihs

I Algae
The artificral cultuning of unceltular photosynthene

oggnmsms such as chlorella has been enth ly
advocated by many investigators as a potentral
Nutrinon Reynru:ywsi }%:ndlcy lngpgmd knou(:,
1956 Autriton Reviews 1958) Yields of cultured
algac are large and the ease with which their content
of protein fat and carbohydrate can be ncreased or

hanged Tatively shight pul of the
culture conditions could make possible the producuon
of a vanety of food types from this single source
As yet very few studies have been conducted on the
value of algae as the major source of protein 1n animal
dicts although the few which have been reported
have indicated that up to 20 per cent of dried chlorella
1 the diet was benefictal for chicks and acoeptable to
human beings (Nutrition Reviews 1958 Combs, 1952)

VI PRINCIPLES OF PREVENTION

A Use of Fducational Techniques

Whercver hwashiorkor occurs cultural factors such
15 1gnorance of the nutntional needs of the child and
aays of satisfying them prejudices or taboos against
iesirable foods and poor samitary practices combine
vith and agricultural to deter
nine the presalence of the syndrome

In preventing protein malnutniition 1 children
:ducational programmes can play an smportant role
These should tnvolve all educational and income
evels with greatest emphasis among the Jow socio-
rconomic group who are the most affected Appro-
riate teaching of the basic concepts of hygiene
including nutniion should form part of the gencral

| prog and be included 1n campasgi

rg1nst the ilhteracy and ignorance which so greatly
retard sound progress and develop n
lechnically underdeveloped arcas Co~ordmated efforts
need to be carmed out through schools, health centres
agricultural nston agencies y develop
ment projects and such other means of diffusion of
Lnowledge and contact with local people as may be
vailable

Basic prinaiples of nutrition and general hygiene
should be included mn the curnculum of future
eachers Special onientation should be given to those
pesons who will be teaching 1o rural areas These
painciples should be incorporated as an integral part
of the gencral hnowledge tmparted by primary schools
and the child inculcated with concepts that will
eventually tnfluence famuly and community practices

It ts patuculatly smportant that social workers
nurses and doctors worhing in health centres espe-
cially 1n the maternal and child health programmes
have adequate and practical knowledge of nutntion

and apply and transmut this knowledge as part of theyr
health education activities and other applied pro-
grammes  Agricultural extension workers, home
and home d agents can also

make a valuable contribution to the diffuston of the
concepts of good nutrition

As an example of what may be achieved when
mothers are brought to a recogmtion of the importance
of adminsstering adequate dicts to their children our
obsenvations on our own hospital treated cases of
kwashiorhor may be cited When these children retum
to their homes after recovery and discharge from the
hospital the majority continue m good nutntional
condition because the mothers have been convineed,
through talks prior to the discharge of the patient
that a deficient dict was the principal cause of the
disease Most of these mothers have proved capable
of ad a more hing dict to ther
chufdren without any afteration in the economic cond:
tion of the fammly

Unfortunately n most underdeveloped areas there
15 a lack of personnel trained in nutnton to fill even
the peeds required for g and super
vising educational programmes  The trumng of
qualmcd persons should  therefore be a prime ol:nc
tive of org ponsble for or in
combating these serious nutritional problems. Thiy
must tnciude the preparation of suitable teachirg
matenal in nutnition adapted to the local situation

N 1ed prog should consider
custing food habits and prejudices of the population
and employ to the fullest extent those sourees of food
which are locally available or whose production €an
be readily developed.

d or ped. Very feq
personne] tn charge of advising as to correet feeding
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devised which are of ligh nutnuve value and that
proten quality can be improved by this means wher
ever anmal proten 1s costly or 1 short supply It s
also quite feastble to prepare combmations of vege-
table protein sources In a form switable for the
supplementary and muxed feeding of infants and
young children In order to do tlus the following
should be taken into consideration—

(a) The aruna acd of the individual

TREATMENT AND PREVENTION OF RWASHIORKOR

:;“fid This formula which consists of 25 een
ned com masa 28 per cent ground sorghum, 33
cent cottonseed press-cake 3 ;Ecr:cznt lo?ixl:;:mn‘;
3 per cent kikuyu leafl meal 13 scheduled for field us
1o Central Amenca 1n the near future

The Indian Council of Medcal Research (Subrah
manyan Patwardhan and Moornan:  1955) ha
reviewed work carried out n India and Chna on the

ingredicnts and of the final 'pmduct
(6) The possible presence of toxic or interfering
factors
(c) The need for obtaining exact specifications for
each of the components
(d) The necessity of avoiding processes that damage
the quality of the protemn
(e) The desirability of using products of local
ongn.
(f) The fact that the final product must be tnexpen
sive and easily preserved
(g) The requirement thatit may be eastly usedin the
home as an infant food by mothers of Jow income
famihies
(/) The demand that 1t must not run counter to the
eusting dictary habits and prejudices
Promtsing, mixtures should be analysed for their
nutatwe value as finally prepared They should then
be submitted to cateful brological testing 1n ammals
and Iater in children before they are recommended for
general use Suitable critenia are listed n the report of
the Princeton Conference on Human Protein Require-
ments and therr Fulfilment in Practice (Waterlow and
Stephen 1957)
Although the pnimary objective tn developing such
1s the p of an nexpe supple-
mentary source of protemn whose quality 1s better than
thatan existing diets care should be taken fo ensure an
adequate content of the vitamuns and minerals which
are likely to be deficent 1n the Jocal diets Otherwase
the beneficial results from improved protein intake
mag be negated by deficienctes of other nutnments
and the product fml mn its purpose of wnproviag
human health Taking account of these considerations
and encouraged by the success of Gémez ef al (1952)
and Dean (1953) tn treating malnourished children
with soya prey the of Ni of
Central Amenica and Panama has developed INCAP
Vepetable Mixture 8 made up of 50 per cent dned
commasa 3$ per cent sesame meal, 9 per cent cottans
sced press cihe 3 per cent torula yeast and 3 per cent
kikuyu leaf meal This mixture has proved to be a
rotemn source for chuldren recovenng from
Lwashiorhor and for the rehabilitation of under
nounshed children (Senmshaw er a! 19572 b
Béhar ef al., 1958) A stil cheaper preparation, Mix
ture ¢ omutting the sesame o1l meal 15 pow being

pref testing and use of mulk substitutes fo
child feeding 1n areas where mulk production
tnadequate and concluded that s:imple preparation:
from soybean, peanuts, cashew nuts coconut, of
fegumes can be helpful 1n supplementing poor ceseal
diets These workers have also described the develop-
ment, testing and aspects of 2 multipurpose
food composcd of 25 per cent Benga) gram gnts and
75 per cent peanut eake grts fortified with ealerum
phosphate thiamme nboflavin and vitanuns A and
D n'suitable proportions The multipus food was
tested as a supplement to poor cereal diets for under
nounshed chiidren and 1n the of 1
ocdema and found effective

Senccal (1938) has reported a mxture of mullet and
peanut press-cake to gine good results 1 the treatment
of kwashiorkor A vegetable milk preg from
peanuts has been tested by Holemans Lambrechts
and Martin (1956) and found to be a good supplement
as judged by bath biochemnical analyses and chacat
sndices. Hansen (1958) has had good successin treating
kwashrorkor and tn d g satsfactory mitro-
gen retention n children using a mixture contaiming
33 per cent whole ground com (mealic meal) 33 per
cent corn germ and 33 per cent green cowpea flour
(Pisum arvense)

4 ADDITION OF SYNTHITIC Auino ACIDS To VeGr
TABLE DIETS

Improvement of rocr-qunh:y protern or of amino
acd deficiencies in food protemn can also be achieved
by the addition of the deficient amino acrds. In under
developed areas the amount of animal prote con-
sumed 1s low and there 18 a corresponding Increase in
consumption of cereal grains, which contam protemn
deficient 1n several smino aads For this reason
Flodm (1953 1956) concludes that cereal gramns are
the favourable schicles for anuno acid supplementa
tion
Scnmshaw et of (1958) and Bressam e a! (1958)
have shown that g sigmficant tmprovement 1 nitfo-
setention can be obtawned upon addition of trypto-
phan, lysine and wuoleucine to com masa flour
MosquedaSuarez (1955) found that the addition of
© 2 per cent tryptophan 10 a de germed com product
arepa , increased the rate of weight gain In rats.
The addition of lyuae alone also increased weight



re
" showy, by
hpange Harper and Ehrlycm (1957,
D(c)srbcr vcgcmgllf;romns hay¢ 2150 Beogr, successful{y
supplﬂnmrbd Sy Syny, e Ming acigs Dcrnon
! St o

S

Nerey 1] the protun c?vnc Cy g e Same
Authg, has alsg Shoyy, thay supplcmcman ith
5 t cacy of py !hmonmc angd o, methlonmc

t

Oteyy
plcsoflbc Xpey, entay ¢ bigj,,
Btea) fieceg of 10 acyg Sup, emtmanon "C Citeqy
tise o, zhmrprom:serorzber 1 th Dresen,

quably [J e

T Sy OF ), OrE N, Vagy 2
l}mcF "> Chopg o
Anclhcr Methoy of 1y, Ving |, 12 ¥0tarng

dcsef‘h:s menuon Improscd Vaneuq of 54 1: bage

foog Sops o, Bigher Wty Yalue oo dew}ope
oy Selecqye bre ding So, of sh facto:: ing

€0,



94

value from cooking or roasting (NR C 1950 Siener
1950 Carpenter, 1958) Care should be taken how
P 4

TREATMENT AND PREVENTION OF AW ASHIORKOR

and effectine should not overlook any

of the
deficiencies  Fortunately the dned slummcd":x"x(r’kr

ever to d the

to obtain a product with the desired characteristics
over treatment may have serious adverse effects on
nutntive value

widely lable for this purpose provides prote:n of
excellent quality tn a concentrated and 1nexpensive
form as well as abundant nboflavin and calerum,
Thus wath the exception of vitamin A 1t supphies the
nutriments most lacking 1n many areas Although

C1I i1 ppl y Feeding P,
The permanent carrection of nuttitional deficiencies
mna requires leading to d

pop

food production educatton and publie health These

are inherently difficult and long range measures while

the direct distnbution of supplementary food to vul

nerable groups is 2 method of combating malnutrition

which 15 1n theory capable of immediate application
ded an

k mulk 1s lacking 1n fats and fat soluble vity
nuns its use presents no problem as long as attention
18 given to supplying a supplementary source of vita
mun A when this nutriment 1s found to be crireally
Jow mn the basal diet

UNICEF has given rtvaluable world wide
support to supplementary feeding programmes in areas
of nutnitional need particularly through the distribu
tion of p d itk and where necded vitamin A

It has been widely d frequently at

A primary objective of these programmes

tempted as both an and a
measure for getiing more and better food to those in
greatest need  School feeding programmes have also
been adopted on a semy permanent basis tn many of
the more hughly developed countries as part of edu
cationn} activities 1n nutnition

Unfortunately while supplementary feeding pro-
grammes are well adapted to the nutritional improve
ment of individuals 1n captne popul as 1n school
and public institutions frequently the bulk of persons
i nutnitional need i an underdeveloped country

has been to sttmulate the Jocal consumption of milk
and then to co-operate with F.A O 1n assisting coun
tries to improve mulk production and conservation
Particularly good progress has been achieved in
countries where powdered mulk plants have been
successfully established and a marked nerease in the
production and utilization of nulk and milk products
obsenved as a consequence In areas tn which these
efforts alone will not suffice to ensure adequate
protéin supplies for mnfant and child feeding similas

cannot be reached through ewsting public ct 1

For example the tion of Awashiorkor requires
that children shall recence supplements of good
qualty proten long before they reach school age
since the requirements far protein per unit of body
seight are high and the customary diets shall be least
adequate in this age group Supplcmcnt::ry feeding

can !

progl for the prodi and d of
suitable vegetabl are Pl
Thus far Iittie has been sud concerning the use of
ppl ry feeding prog for improving the
nutntion of school children Although there are some
areas 1n which this has importance as a health measure
1n most regions ¢ of 1 d
through supp y feeding would require con

programmes for pre schoo! chld: ly
organized only with a great deal of effort and the
use of relatnely numerous and well trained auxihary
personnel Although great need exists 1n rural areas,
they are least practictl where the population s
scattered

Nursing mothers and to a Jesser extent women

centration on the groups previousfy mentioned—
pre school children Jactating meothers and peegnant
women The more mmportant opportunity presented
by schoot feeding programmes is an educational one
Children can be taught to eat a greater vanety of foods
and the school snack or meal can be made the basis of
mmvolung parents

during pregnancy also ment special p from
nutritronal deficiency because of their higher require
ments during these physiofogical periods  Attention
to therm 1s also justiied on the basis of the possible
adverse influences of nutnitional deficiency n the
mother on the health of the child To the cxtent to
which countries have the human and matenal

to orgamze prog for the
distiibution of food to these vulnerable groups, the

a ¥
as well as chitdren. To n:gl‘:-c( the educational aspects
of the school feeding programmes as 15 so widely the
case at present s 3 senous mustake

The development of school gardens and small
ammal Tusing projects tn connection with school
feeding programmes offers a funtber opportunity to
provide instrucuon in nulmnon':l pancrples as wellas

the d

assistance of UNICEL and other g
and non governmental agencics in helping to make
available suitable food for supplementary foeding pro-
grammes, at little of no cost 18 ol incalculable value

Needless to say such programmes thould provide
the necessary clements for a good dict and 1o be safe

g ol to improve
the gricultural prod of protective foods
D Develop of Natritional Rehsbilitation Cemtres

Much more frequent than frank kwashiorkor 1s the
border Line or sub-chmical case of protein malnutrtion
with a varying degree of growth reandation, apathy
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tnfestation through the improvement of water supplies
and disposal of excreta and by the introduction of
other sanitary measures will help to decrease deaths
from mal 100 Just as imp J4 will
Jower mortahty from infectious diarrhoea

While improved environmental sanitation will not
correct the underlying proten malnutntion which
himuts the growth and maturation of very large hum

bers of cluldren 1n underdeveloped areas 1t wil
more of them to survive the cn}:lchl pre xhwlj)ﬂ‘:xw
1F they Ine to school age cultural factors will usually
result in an improvement 1n their dicts In addiuon,
samtary may bute to the

of the efficiency and working capacity of l;xc parents
a!nd thus enable the family to improve thetr nutntional
status

VI MAGNITUDE OF THE PROBLEM

Published studies and the expenence of health workers
1n most of the technically underdeveloped countries
wndicate that child deaths from malnutrition including
hwashiorhor are excecdingly common Owing to the

w1y i which the International Classification of

Discases, Injuries and Causes of Death 1s compiled,
however the official vital statistics of the country and
the cumnlative reports published by WHO fail to
reveal the magnutude of the problem Furthermore
the principal sign of underlying protein malautntion
1n a population slowing of growth and maturation
15 regarded as normal for these areas and indecd often
desenbed as a racnal charactenstic Finally for chul
dren dying of an ntercurrent infection which would
not have been fatal in a well nounshed child there 1s

no record or even good means of evaluating the role of

malnutrition in the death

As a consequence the magmitude of the protemn
malnutrition problem from the standpomt of both
mottudity and mortality 1s usually grossly under
estimated Thus leads to a disproportionate invest
ment of time and money on other more obvious or
better reported problems The matter is not a simple

fifteen years of age i four rural communities 1 the
highland area of Guatemala (Béhar Ascol and
Scrimshaw 1958) This study revealed that the death
rate was 19 8 per 1 000 population tn these communs
ties and for chifdren of ene to four years of age 30 3
The infant death rate was 136 8 per 1 000 hive binks.
As determuned by questoning the parents, usually
within forty-cight hours after the death occurred of
the 222 deaths 49 were attnbuted to Congeniral
Malformations and Diseases Peculiar to Early Infancy™
42 to  Duseases of the Respiratory System ™ 37 to
Diseases of the Dgestine System  {prncipally
nfectious dharthoca) 27 to  Infectiie and Parasitic
Diseases  43to  Other Specified Causes  (almost ail
of these kwashiorkor) 17to 7] Defined or Unknown™
whife 7 could not be investigated The important point
1s that n contrast to our classification gnen above
only one of these deaths the only case in the entire
series that died 1 a hospital and was medically
certified was classified as due to 1 deficiency
1n the official statistics while 58 were hsted offiaally
as dymng from tntestinal parasites— worms ™ ‘worm
attack  wormfeser  ete ~and even though Ascans
in the Gi I hland ts wid d

one sinee infeetions of afl inds p ly entetic 4 P
are major determinants of the hnal app of 1t 1s mmposuible to that Ascans per se are
clinical” hwashiotkor  In these pro- ponsible for these many deaths

of em 1 Persons d with mn

g for the mp
samration have an added sigmficance It should e
evident however that no amount of infectious discase
contro! or eradication will ehnunate proten malny
tritron 10 the young child except as st indirectly results
1nan imp 1n the prod y and
well being of the population The chmination of
protein malnutnuon in the young chid requires
cxtensive health education efforts and the availabihity
of cheap and eflective protein rich foods

The difliculties 1n interpreting the magnitude of the
probl from vital are wellall d by an
tnvestigation of the causes of death 1n children under

th P prog;

arcas i which hosputal cases and knowledge of the
poputation make 1t cvident that kwashiorkor 15 2
serious public health problem will doubtless find st
desirable to make similar studies in theie own areas
Such studies are useful for the proper tnterpretation
of the offictal vital statistses and helpful 1n focuung
the attentron of health and other government author
tties on the magmiude of the problem. Studies of
differences tn the growth and maturation arong
different groupt and of morbidity from
diarrhoeal disease are slso Dkely to prove fevealing
and helpful 1n defining the problem.

VIl ROLE OF GOVERNVIENTAL AND NON-GOVERNMENTAL AGENCIES

It should be apparent from the discussion of factors
ble for the devel of chimeal cases of

a country cannot be Jeft to specalized nputntion

personnef nor 1o any wngle programme of dgency
G o o. 'y :Ehg.’obuln\mrk

y f
kwashiordor that the task of its p within
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large proportion of cases Other stress factors are the

common contagious discases
Technicallyunderdeveloped areas in general do have

adequate potential protein sources which have not

rather than inability of the parents t

10 the chald Y i 0 SUpRly pretea
The prevention of kwashiorkor requires und,

standing of the problem on the part o ofﬁc::lsn a;rd

other p 1 1a the fields of health educanion

been exploited Where amimal protemn prod 18

deq of vegetable p with a
tugh biologteal value can be prepared for the supple-
mentary and mixed feeding of infants and young
tuldren To a derable extent the problem s also
one of 1gnorance and lack of proper feeding habits

and agriculture as well as their active

in the development and application of mﬁm‘
measures  Similarly the technical agencies of the
United Nations WHO, FAO, UNICEF and
UNESCO can be of major assistance 10 countrres
1n vanous aspects of the problem
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Monthly Basal Metabolism
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Taking winter for example heaung conditions are  sinee 1950, a total of 1 453 rsons selected thro
sausfactory n the northern region and people spend  the oountr'y manly 1n surgcmer and wnter (k:ﬂ?ﬂ
morc of their every-day hfe indoors whilenthesouth 1953 Hattor eral 1954 5 ¢, Supuki er a/ 19542
emn region though the external temperature 1s not &, ¢ Suzukr 1957)
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excessisely low room temperature 1s almost equal fo These men were sclected as subjects
external ylcn‘n;vcr.vnlun: as heating conditrons are  are scattered ait over the country {{g Sla)mda:!;
unsatsfactory and people are under the nfluence of l‘)’muw‘lhclr tabour and other living conditions
the external temperature all day long tdentica

From this poxr:; of sien  we have carned out BM Results of BM measurements are presented 0 Figs
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During the course of this mvestigation the follow-
ing expenment already mentioned 1n the introduction
was also carnied out to determine the effect on BM
of cold exposure 1n an airconditioned chamber
exposure being restricted to the face surface in this
case (Suzuki ef al  1956¢)

The subject was first placed 1n a recumbent position
with Jus head through 2n oval wall-opening (30 x 45
cm) g a cold chamber with an ady 4
hot chamber so that he was lying face upward wath his
face only exposed tn the cold room the temperature of
which was 0° C or —16° C, and the other parts of his
bog)(f: exposed m the hot chamber which was at
30°

Energy metabolism was then measured Resulls are
shown 1n Table 53 from which 2t 1s observed that
the risc of BM 1s less than $ per cent Taking into
account the restless state during that period 1t 15 clear
that there 1s definitely no mncrease

This experiment shows that a moderate decrease n
room temperature does not affect normal BM level
as long as the body 15 kept 1 a warm comfortable
condition

E. Cold Tolerance and Skinfold thickness

Various and phystologrcal

ments have been conducted 1n our artificral-climate
chamber for the purpose of finding a measure of
tolerance to cold applicable to every individual
From these experiments we have found that the
ratio of nse of energy metabolism is most nearly
proportional to the occurrence of shivering under the
cold

Bineh 1

BASAL METABOLISM IN THE JAPANESE POPULATION

TABLE 54
Rlse of Energy Metabolism and Skinfold-thickpess

Extra heat Skinfold thickness
production measurements at
Subyects above BM Six pouts
(per cent) Sum (mm)
No 1 563 i3S
Mo 2 430 s2
Ne 3 43 8 35
No 4 Bo xo
No 5 196 455
No 6 152 4a3s
No 7 91 a0

fat may gne practical support to our findings
(Fig 58 P ppo!

As further supporting evidence the increase 10
body weight 11 winter may be given Our data reveal
that the chief cause of this merease 1s mereased
skinfold thickness (Suzuks 1957/) This 1s described
as foltows

If the average sknfold thickness of the whole body
surface 15 assumed as approx 2 mm  the ipcrease 1
volume was—

0 2 x 16000~ 3200 m!
a value almost equivalent fo the ncrease i body

wesght. This fact fully corresponds with the above-
mentioned small nise of energy metabolism 1n wantet

of energy boltsm 15
complicated and difficult mn order to find a more

phified we pted to obtain the correla
tion between the energy metabolic rate under the cold
and more than twenty different biometrical morpholo-
gical measurements (Suzuht 1957¢) As a result we
found skinfold thickness to be most worthy of con

However as

due to to cold

TABLE 5.5

Shinfold (hickness of the Same Sabjects (Farmers)
In Summer and VWinter

as a dard for the of
tolerance
The results are shown 1n Table 54 from which it s
scen that while the nse of metabolism 10 subjects
Nos 1-4 was markedly fugher than that in subjects
Nos 5-7, the total ralue of sknfold thickness
measured at si< locations on the body was only 35
mm in the former group while 1n the latter it exceeded
40 mm
Let us now consider the women divers of Japan
whose Job s fo dive naked tato the cold sea to collect
manne plants, shell fish etc. This work begins rather
early in the year—in carly spung Only young, healthy
women 1n gt adequate state of nutnition are engaged

Malkes (13) Females (9)
Location (——
Summer | Winter | Summer | Watef
Chest (mm) 3 6 8 10
Abdomen (mm) 3 6 8 14
Knee (mm) 4 4 7 L3
Back (mm) 3 ké 1 ’l ;
Upper arm (mm) 3 3 2 s
Sum (mm) 19 28 42 z,
Bodyweight(kp) | 520 542 471
L

in this occupauon, and ther thick sub
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d the of sut d

tion of protemn which was not followed by the action
of digestive organs (Suzuki et al  19522) This expen
ment suggested that there was no secondary increment

©o § 2 3 4 5 6 7 8B 9 10 N 12
— T T
% Parcentoge of Hourly Extra
50 Calories above Bosal
40 fatklng (High Protein) 50
-

—T——r——r——T—TT

40 { Percentage of Hourly Extra
o Colories obove Basal

20, & {High Carbohydrate)

%of Extra Calorles ghove Basal Metabollem

20
1ol Withowt' Walking N
\

° N

T T
40 Percentage of Hourly Extro

Calories gbove Basal

30 Nking (High Fat)
204

re ‘\(
1O without Walking
o

Fia 510 SDA anp ENERGY FOR MUSCULAR WORK

17

when the protein admunistered subcutancously was
not catabolized but was stored 1n the body These
results (Fig 5 9) show that the actual SDA of protein
comes from the catabolism of protein in the body

Migh Corbohydrate Dlet  Migh Protein Dlet High Fat Dlet

s t
Post Prandlum hours

2 34 8 123 4 s

(AW EZ shows the Extra Calories by Cold Stimali ofier Diet

(2} EST shows the Extra Catorles by Cold Stimall In Fosting
S.D.A was estimated In Comtortable Environment

F1o 511 HouURLY EXTRA CALORIES ABOVE BASAL MeTABoLIsM IN CoLp
ENVIRONMENT IN FASTING AND Post PRANDIUM (Sumrct S S)

IV SLEEP

The results of many studies on the energy metabolism
dunng sleep carried out 1n the past are not always in
agreement Most of the foreign investigators have
reported the value to be 0-20 per cent less than that of
the BM while a Japanese author has reported 1t to be
30 per cent lower than the BM

In order to obtamn a reliable value for the estimation
of Japanese calonie requirements the energy meta
bolism dunng sleep throughout the night was mea-
sured on three young subjects twice 1n each season
(Suzuki Nagamine and Kitagawa 1950 Suzula et
al 1951c Suzukietal 1952c d e)

The average ratio of sleeping metabolism to BM
1s 94 per cent for each subject as seen in Fig 513
This figure shows the scasonal change of basal and
sleeping metabolism for three subjects At a glance 1t

1s noticed that the seasonal fluctuation of sleeping
metabolism runs exactly parallel with that of BM

We can conclude consequently that for the average
ratio of slecping to basal metabolism throughout
a year 94 per cent 1s a reliable value for every
season

As an unexpected result we found that the range of
variation of metabolism dunng sleep was rather wader
than we had supposed This varation was +5 per
cent unless the subjects moved or talked tn their sleep
when the vanation amounted to 10 per cent It
seems to us that this variation has a rather wider range
than that of BM This means we suppose that the
seflex of the nervous systt b

seflex—appears ecasily in the resting state of
cortex

tical
the
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TABLE 58 correlation 1s observed particularly 1n the case of the
Correlation CoefTicients between BV and Body back chest abdomen and upper arm.
Composition
TABLE 59
BM (Calhr) Fat fe i
N %’:’2 .F,;;,,',’:' i Gemshometey) o8 Conrtlation betneen Body Density and
/1 ree.
B (Calhrtker " Staaton thingarometny) 954 SJafold thickness
BM (Cal hifkg) Dody density 0 750
BM (Cal b} Bodr weight G66
y denyity Skinfold thickness ki -0 68 Sportsmen, | Ladoratory
Body fat (densitometry) Skinford lckness kg 0 882 welght | recarch
Body fat (bydrometry) Skinfold thi kness'kg 62 flens [ workers
Body density  Chest SFT =06 1 ~078
Body densi S| Zo#is | Toé
body denstty while body weight 1s the least closely —Body densuty Upper arm SET =083 | ~0és
related Body density Abdomen SFT Zom iy
e o Lk el | 3h 1 e
Of these skunfold was Body densty Sum of above —0773 | ~0est

without the least difficulty having a high correlation
of 0 88 with body fat (densitometry) and 0 86 with
body fat (hydrometry) furthermore 1ts close correla
tion with BM namely —0 8 descrves special atten
tion

In addition to this Table 59 shows the close rela
tionship between body density and skinfold thickness
at all Jocations on the body from which a high

Table 510 presents average skinfold thickness
values of Japanese adults both male and feoale From
this st 15 observed that the average value for Japanese
males 1s approumately 50 per cent lower as compared
with Westerners  although the difference s not
remarkable in the case of femnales (Suzuk 1958)

TABLE 510
Arerage Skinfold thickness of Adults
Males Females
Laboratory
Location Sportsmen rescarch University
weight lifters workers Aged ouls Aged
30) 14 (2%) 3 6
19-22 yr3 29 Syrs 60-69 yrs 22 y1s 60-69 yrs

Chest 59 65 50 130 80
Upper arm 67 41 40 205 9 g

Back 92 78 70 150 7
Abdomen 69 — 60 28 9g
Sideabdomen 67 62 50 193 3 s
ce 71 46 60 neé 7 s

Average 71 59 55 185 7

VIL. POST WAR UNDERNUTRITION
ve followed

Most of the Japanese

in the cties, had suffered from undernutnuion 1n
consequence of the food shortage dunng and aftcr the
Second Great War This resulted in the under growth

aswell

the recovery process of
Japanese

male subjects sckected from our 1al

of the younger g

and morbidity As all these symptoms scemed to come

These values were 33 § Calsg m

ple, especially those lving  from depression of bodily \mhray we hav

BMR of

For instance let us take the average BN values of
hr 1o SpORY and
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32 0 Calfsq m/hr in summer beng approumately
6 per cent Jower than 36 4 the average normal value
of the Japanese In order to confirm the state of
recovery thereafier we measured our own BM values
monthly from that time (Suzuki Nagamune and
Ostuma  1952f Suzukt er ol 1954d) Fig 514
Mlustrates monthly average BM values for cach year

As seen in the figure BM levels seem to show signs
of recovery 1n autumn 1949 and return to ther normal
levels in 1951 Sincethen subject SN has maintained
s normal level while m another case (subject SS)
there was a fall sn BM values from 1954 which 1s
believed to be due to ageing symptoms such as long

ghted and dep of the ad tical
function appearning in parallel with the dechne in BM
vafues

Likewise, the BM of most Japanese showed a

BASAL METABOLISM IN THE JAPANESE POPULATION

decrease of approumately 10 per cent, which was
attnbutable to the food shortage both dunng and
tmmeduately after World War JI

Recovery from this unsatisfactory state has been
observed since the latter half of 1939 On the other
hand taking mto consideration the smpfoved food
situation from the latter part of 1948 we found that
1-2 years are required for recovery from such under
nutrition lasting for a few years

Moreover despite the fact that two of these subjects
were self fed on a high protemn diet comprised of
protein (120 gm per day) for 2 I month penod w
Autumn 1949 only a slight nse i ther BM levels
could be observed during this lugh protein diet period.

It 15 thus quite concevable that long term under
nutnition has an extremely severe influence on the
hving organsm

VIIL. STANDARD VALUES OF BASAL METABOLISM AND BODY SIZE I'OR JAPANESE

The standard BM values (per sqg m per hr) for
Japanese previously in use (adopted in 1949) are now

the Commuttee on Calone
ts after of this pount
that this diflc 15 due to the erroncous

development  stage

LI

under revision in the hands of the C on
Cafonie Requirements on the ground that numerous
data have been presented smee that time

statistical methods applted m the past The Commuttes
1s accordingly contemplating a reviston of standard

Although the standard values for the Jap m
the past were considerably lower 1n comparison with
Westerners  particularly the values of those m the

basal values for with a view to
amending the above mncorrect valucs concurméntly
recording recently observed values Although these

TABLE 511

The Present Body Stze of Jzpanese (19%6)
(Mimistry of Welfare and Health)

Height (cm) Weight (,g) Heught (cm) Weght (38)

Age Male | Temale | Male | Female Age Male | Female | Male [ Female
0 656 636 740 691 16 1602 | 1515 | 518 ) 4786
1 n3 759 9 91 9 58 n 161 7 151 2 53 60 4: ;;1
2 85 8 839 1223 11 53 18 1626 | Ist8 | M2 449 n
3 926 91 1 1391 13 40 19 1620 | 158 | 3494 | %
4 98 8 97 5 15 36 14 90 20 1623 T R A H
H 104 7 103 7 16 88 16 46 21 162 9 g | 32| B0
6 100 109 0 18 58 17 83 22 126 | 109 | 3586 ) 40
7 15 5 1nas | 20862 19 92 23 629 | 1m2 | 686 | 98
8 120 6 7 | 214 | 206 24 120 ) 1506 | M| BT
9 124 8 1245 | 2458 | 2412 25 1623 1 1309 | 10 | 485
[ 1290 1206 | 2694 [ 2718 629 | 1617 | 1508 | $500 f A
u 134 4 1359 | 207 | 3070 3039 | 1814 | wel | s ) 40T
12 139 s 1407 | 3306 | 3812 a9 ) 1599 ) nss g s | UE
13 143 6 1449 | 368 | 3354 -9 | 1537 | 167 | oz i 4T
14 1521 149 1 4320 [ 4332 6069 | 1566 | 1437 ﬁ -’,; s
13 1578 109 | 4368 | 4563 70- 1582 | 1407
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tnterest that the sources of ¢nzymes active 1n ncor
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of response In some of the early studies it was foun

porating amuno \acnds into | (the

d the greatest of

radmac‘me vitamin B,
These studies rawse far more questions than they
answer, regarding both th 1 and

that 5 the protetn content of the diet increase
the seventy of the vitamn By, defictency Hartmay
Dryden and Casy (1949) showed that increasing th
casewn from 25 to 45 or 65 per cent of the dret cause

the control and expansion of these mvestigations
The mechanisms mvolied tn protein synthests are
largely unknown From these studies there 1s no indi-
cation as to whether there was net synthesis of protein
dunng the incubation period or whether the actual
amount of radioactivity present at the end of the incu
bation penod represented amino acid exchange ot
formation of new protein molecules The amount of

rotein and frec ammno acids present 1n one system
tmtially may be of smportance to the results ‘apart
from the amount of enzymes and cofactors spectfi-
cally involved tn  protein sy Itis bl

prog 1y poorer growth of rats depleted 1n factc
X (vitamun Byy) Crystalline vitamin B, s overeame th
poor growth under these conditrons however large
quantites of vitamin By, were required to manta
a gnven rate of growth as the casen content of th
diet was mcreased  Sunilar growth respenses by
been reported with mice by Bosshardl, Paul an
Barnes (1950) and with young chucks by 3hll ap
Branion (1952) and Spivey Bnggs and Ortiz (1954
In studies with hens Yacowitz e al (1952) obsent:
a more rapid dechine 1n batchability of eggs Jud b
hens recriving a diet containing 25 per ¢cent protesn a

to cxpect that these factors would be quite different
between  vitamun By and PPl d
ammals, possibly owing to conditions associated with
the deficiency and not durectly related to vitanun By,
per s¢ Data from some type of mamtion control
ammals receving vitamun B, would add greatly to
the value of these data

The diet which the rats recened did not support
optimal growth even when supplemented with vitamun
By (Wagle Mehta and Johnson, 1958) At 10 wecks
of age the rats (Sprague~Dawley strain) averaged only
203 ganwerght about 100 g less than one would expect
This poor growth was probably due to the high
amount of lactose tn the diet (22 per cent) The use of
lactose 1n exaggeratng o vitamm B, deficiency was
recommended by Cuthbertson and Thornton (1952)
however their expenments lasted for only 4 weeks
For studies of vitamun B, , function such as the above
&t would be desirable to use rats bom from mathers
fed a vitamn Byy-deficient diet rather than to resort to
some type of stressful diet.

The most sigmficant result found in the work of
Wagle and co-workers 15 the marked effect of vitamin
B, added i vitro 10 the system from the deficient
anumal Ths ts doubly significant since the same effect
was observed 1n preparations from both Iner and
spicen In almost no other studies where a low Jevel
of some enzyme has been found 1n a vitamun By
deficient  orgs 25 2 latory cffect been
obtained upon addion of the vitamun 1 yvitro (see
below) If vitamun By, plays some major role in the
synthesis of proten, the impheations 1n almost all
phases of metabolism are readily apparent

2. PROTIIN AND Avmo Ao Uniizamion

Dunng the past decade numerous snvestigators have
attempted to relate vitamun By funcuon to protemn
and amno acid b through many

pared with 16 per cent protein, This dechine o
hatchability correlated well with decreasing vitanus
B,, content of the eggs

In a similar manner hugh levels of individual amn
acids have caused more severe touc manestation
i vitamun Bypdeficient chicks than s those tha
receved vitanun By, Menge and Combs (1950) foung
that addition of either 1 or 4 per cent glyane to
diet depressed the growth of vitammn B,ydeficent
chicks and with 4 per cent glycme mortality wa
high These adverse effects were largely overcom
when vitamin B,y was present an the dict. Srrmulat
effects of vitamin By, were obscrved by Machim ere!
1952) 1 chicks fed 3 6 and 9 per cent glycine m the
diet

Hstt and Combs (1952q) fed chicks pune dufferent
amioo acids at dietary levels of 4 per cent. 1. Leucine
and gheine caused growih inhibition 3 the sbsend
of vitamin By, which was overcome by incorporation
of the vitamun 1to the diet pr Aspartic seid and
L tyrosine caused growth inhibion which was pas
taily overcome by the vitamun, whereas vitamin By
was without cffect on the tosicity produced by L
alanine DL methiomne of Lcystpe The grosth
inhibitory effect of zen tn the absence of Vitsmin By
was refated to the leucine content.

Astempts to tfluence nueogen Itlm;to: by wtama
B,, suppiementation have been largely
n ihe g’t (Chow and Barrows, 1950) and in the chick
(Brown, 1957) On the other hand, an effcst '3“"“:‘;
R,, upon attmang MIrOEn FErention has /
observed 1n rats recemving thyroid scUVe num'“d
(Rupp Paschlus and Cansrow 1951 Cheng 22
Thomas, 1952) Mote recertty Heary and Ron (!
could find no merease in the biological value of proteia
wath vitanun B,, supplementation.

The carcass zomf&mon of ex) tal an..m;-'(
has not yielded data that would indicate 3 fuf;ﬁwﬂ
vitzmin B,y 1n protan stlnton. Ling an
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(1952} fed vitamun B,,-depleted rats a
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£
soybean proten dict ad fbium Control ammals
recenved the same diet ad hbinon phus vitamm Bes by
mjection After a 5 week perod  significant differ
ences 1n growth were ob. d between the

I3 ly and Patton (1952)
studied the level of free amuno acids . the lver of
chicks d i and suppl d with vitamin
By They found measurable amounts of alannc,

and supplemented arumals The percentage protert 1
the carcass and the musele ghcogen were unaflected
by vitamin By, deficiency In the deficient ammals the
fat content of the carcass was reduced from 16 6 per
cent 1n the supplernented controls to 4 3 per cent and
the water content ncreased from 58 6 ta 67 @ per
cent Stmilar but less pronounced effects on fat storage
have been reported by others o the rat (Black and
Bratzler 1952 hnoebel and Black 1952) and i the
mause (Mirone 1953)

3 CONCENTRATIONS OF NITROGENOUS COMPONENTS

The vitamn By, status of the amimal has been found
to have a profound cffect upon the level of vartous
utrogenous constituents of the blood under certain
conditions Schultze (1949) and Bruemmer O Delfand
Hogan (1955) observed high levels of urea in the blood
of newborn rats whose mothers had recerved a soy
bean protetn dret free of vitamun B,y Schultze found
that this uraemia which was frequently fatal could be
abohished by injection of vitarmn B,y 1nto the yeung
rat In the growng chick 2 deficiency of vitammn By
has been found 1o ncrease the blood levels of non
protein gen amino gen urea and
(Hsu and Combs 1952 1952a} The fevel of unic acid
i chick blood was not affected by vitamn B,,
deficiency however vitamim B,, supplementation of
chicks recetving a towc fevel of glycine (Machln ez al
1952 Hsu and Combs 1952a) or of L leuctne or zemn
{Hsu and Combs 19520) increased the blood uric acid
leve! The latter finding was interpreted as indicating
a function of vitamin B, n the formation of vric actd
1 the chick

The mfluence of vitamen By, on the level of free
amino acids 1 the blood 1s not well defined Charkey
et al (1950) reported shightly higher levels of each of
seven amino acids i the blood of chicks fed a vitamin
Byefres dittas d wath suppl }
In a second study (Charkey Kano and Anderson

§954) wherein the effect of fasting was also studied
the response to vitamun By, was vanable No mdica
tion of vanability withun groups was p d and

gl actd and taunne, which were present n
stmular amounts 1n vers from both groups of chicks
They also found a peptide composed of aspartic acid
glutarmeacid glyeme cysteme and phosphorus which
was present n considerably higher quantittes m the
vitamin By, supplemented chicks

The total plasma protens and the total albumin
have been found to be lowered in vitanun B, y-deficient
chicks (Hsu Stern and McGinns, 1953) Total
globubin was lowered in deficient females but not i
males In a double deficiency of folie actd and vitanun
Byymrats the total serum protems serum albumin
« globutin and ~globulin were reduced (Mulgaonkar
and Sreenivasan 1957) The specific effect of vitamin
By cannot be determined from this study however

4 EnzyMe CONCENTRATIONS

A summary of the reported effects of vitamun By,
defictency upon the Ievel of vartous enzymes n tissues
of experimental animals 1s presented 2 Table 61
In most instances where a change occurred it was
toward a lower level in the deficent state There were
two exceptions however In the first choline oxidase
of rat hver the authors suggested that at least part of
this increase may have been due to an artifact of ther
experumental conditions In the case of argmmase
activity of the hiver mn newborn rats from vitamun
Byy-deficient mothers the effect was marked (Liener
and Schultze 1950) The enzyme level was normal
immedsately following buth but rose raprdly as soon
as the young nursed The ncrease tn arginase corre
fated well with an increase in uraemua both could be
prevented by injection of vitamun By, tnto the young
when they were born Many of the observations tn
Table6 1 aresiglereports and itishaped that the stud-
tes will be repeated in other laboratories  The enzyme
change that has been studied most extensively 1s that of
transmethylase of rat Liver Several groups of workers
have ebserved a decrease i transmethylase activity
hivers of vitamin B, ~defictent rats however Stekol et
al (1957) have failed to find an effect of vitamuin By,
upon this enzyme It is of interest also, that a decrease

the growth of chicks supplemented with vitamun B,y
meach expertment was close to that of chicks receiving
the deficient diet In addition Rachardson Blaylock
and Lyman {1953} found significantly lower levels of
free argnme lysine methiontne  tryptophan, and
valine m the plasma of chicks deficient in vitammn
By, as compared to those recerving the vitarun. In
s study the growth of the two groups of chicks was

n activity was not observed in the livers
of detictent pigs and chicks

In many of the experiments vitamun B,, was added
in vitro and had no cffect on enzyme activity except
for transmethylase (Ericson ef af 1956) and the
proten synthestzing systems (Wagle and Johnson
1957, Wagle Mcehta and Johnson 1957 19572 1958)
The negative in wro effects have been considesed
evidence for an effect of vitamin By, upon synthests of
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some portion of the enzyme Indeed the postive
effect of vitarin By, in the transmethylase system was
considered to be indrect siee vitamtn B,, could not
be detected 1 highly punfied cofactor preparations
for the enzyme (Encson ef a/  1956) and also there

emerges Part of the dilficulty probably anses from the
vanety of functions 1o which vitamin By seems to have
a role This diversity may result 1 preferentia Ishunt

g of vitamm B,, for specific functions 1n varpng
degrees of efficsency which may account for some of

TABLE 61
Effect of Vitamin B,y Deficfency upon Levels of  arfous Enzymes in Animalst

Effect of
Enzyme system Tissue analysed By Reference
defictency®
Amino acid mcorporating Rat hver - Wagle and Johnson (1957) Wagle Mehta and
Johnson (1957 19572 1958)
Rat spleen - bid
p-Ammo acid oxidase Chuck hiver 0 Willams Nicho! and Elvehjem (1949)
Arginase Rat Iiver newbormn + Liener and Schultze (1950)
Carboxylase Rat liver -~ Iwamoto Hayashi and Sahashs (1957)
Rat thigh muscle - il
Catalase Chuck liver 0 Wilams Nichol and Efvehjern (1949)
Choline oudase Rat hver + Witliams et a! (1953a)
Rat bver newborn [ O Dell e2 al (1955)
Chick liver [} Gilhis and Young (1951)
Cytochrome oxdase Rat hver - O Dell eral (1955)
Rat hiver newbom - ibid
Rat brawt newborn [ ibid
Rat kidney newborn [ ibid
Rat skeletal muscle
newborn [} ibid
Dechydrogenases (lactic glutamic  Rat hiver - Murthy Desikachar and Swaminathan (1956}
succime butyric choline)
Deovynboaldolase Rat tiver -~ Wong and Schwergert (1957)
Endogenous respiration Rat liver - Willems et 2! {19530)
Rat Iiver newbom o O Dell et af (1955)
Chick hiver [} Williams Nichol and Eivehyem (1949)
Succinoudase Rat Liver newborn - O Dell e al (1955)
Transmethylase Rat hver - Opinsky (1950) Wlhams et aof (1953 1933}
Ercson ef of (1956) Mutry et of (1955
Rat liver o Stekol et of (1957)
Pig bver 4 Mustry e al (195%)
Chick Liver 0 ibid
Xanthine oudase Rat hver - Willams er al (1953 1953a)
Rat liver (1] Westerfeld and Rchert (1952)
Chuck Iner 1] Wilhams Nechol and Elvelpem {149)

1 All tissues were from growing an:mals unless otherwise stated
* + indicates increase of deficient over supplemented amimals — decrease and @ no change

appeared ta be no direct relationship between vitamun
B,, content of the enzyme and enzymatc activity
(Encson, Wilkiams and Elvehjem, 1955)

In spite of the diversity of approach and the
tremendous amount of work which has been expended
wnan attempt to relate vitamun B, function 10 protemn
and amno aad metabolism, no clear<cut picture

the negative results that have been observed. The
various stresses, such as thyroid feeding, that have
been widely used to accentuate vitamin By deficiency
may bave exerted effects apart from that on th
defict stale alone.

In :;c{nmu where changes 1 concentrstion of
futrogen-contumng compounds have been altered by
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Ott and Shonk 1953) and rats (Boxer er af, 1955)
In the Jatter study the ratio of reduced to oudized
coenzyme A was unaffected by vitamin B, status
Data from recent studies have shown that vitamin
Byyts notimvohed n mauntamning homocysteine in the
reduced state (Racker 1955 Stekol er ! 1957) and
1t scems unhikely that vitamun By, 1s directly involved
m this area of metabolism

D Carbohydrate Metabholism

The relationship between vitimin By, and carbo-
hydrate metabolism has recently been reviewed by
Ling and Chow ({957} Better grawth responses to
vitamun By, have been obtained 1n mice (Bosshardt
Paul and Bames 1950) and rats (McCollum and
Chow 1950) on diets high in carbohy drate and low 1n
fat The blood sugar levels were found to be high 1n
vitamun By, deficient rats (Ltog and Chow  1957) and
chicks (Hsu and Combs 1952 1952a) The level of
blood glucose 1n newborn rats deficient 1n vitanun By,
was not sig 1y from defi
arumals however the glycogen content of the hiver
was only 0 39 per cent tn deficient animals as com
pared with 2 02 per cent 1n the controls (Bruemmer
O Dell and Hogan, 1955) Deficient rats were unable
to clear glucose from the blood at a normal rate
dunng a glucose tolerance test (Ling and Chow 1954
1957) and 1t was possible to maintatn marked hypcr

NUTRITIONAL SIGNIFICANCE OF VITAMIN 1 0TY

one-carbon ntermediates of biological importance
This information has been reviewed (Armnsten, 195§
1957 Mistry and Johnson 1957) It 1s fauly certan
that vitamun By, 15 not mvolved an the transfer of
labile methyl groups. Rather, the \tanun appears to
be of importance in the reductive de noso biosynthesis
of methyl groups from more highly oudized pre-
cursors

F Fat Metabolism

Relatinvely Iittle  expenmental evidence  relates
vitamn By, dircctly to fat metabolism Ling and Chow
found reduced quantitics of phospholipids (1954) and
total fat (1952) 1n carcasses of vitamin B, y-deficient
rats A marked increase in the sesenty of the vitarmn
By, deficiency (Spiney Briggs and Ortiz, 1954) and
an ncrease 1n requizement of vitam By, (Fox Ortiz
and Briggs 1956) was abserved 1n chicks when the fat
content of a corn-soybean ol meal dict was increased
from 3 to 24 per cent ‘The concentration of vitamin
By, in the clucks Tivers was unaffected by fat level of
the dict In the absence of dictary vitamun By, the
concentration of the vitamn tn the hver was essen-
trally constant cven though at 4 weeks of age the
chicks receiving 3 per cent fat weighed about 70 per
cent more than the chicks recerving 24 per cent fat
These effects of the high fat diet upon vitamin By

could be nbolished pplementary
but not by choline (Fox Bnggs and Ortiz,

4q

gly mn d ats by p 1

tion of a 25 per cent solution of glucose at 2-3.day
intervals The fasting blood sugar level rose gradually
duning the course of the experiment from 120 mg per
cent to 367 mg per cent 1n 24 days Injection of
vitamin By, largely prevented this The nise in fasting
blood sugar level seen :n deficient ammals was

a totath

m
ton 1 the blood cells Jn vitro studies with red blood
cells from vitamn B y-d and supp} d
rats showed decreased rates of oxygen consumpuon
and ribosc formation 1n eclls from the deficient animals
(Ling and Chow 1957) These changes were raised
to normal levels by in virro addiion of glutathione

Further possible interrelationstups between  the
cocnzymes tn carbohydrate metabolism and By
deficiency were demonstrated by a marked increase tn
the ratio of the oudized to reduced DPN 1n the
Iivers of deficrent rats as compared 1o that of treated
rats (Chang et al  1955) These nvestigators also
found that vitam:n B,, deficiency resulted tn tncreases
of lactic and pyruvic acids This phenomenon was not
observed in starved animals (Chang ez af 1n press)

E. Metabolism of Onc-carbon Intermediates

A vast amount of expcnmental work has been de-
voted to the relatronship between vitarun By, and the

1957) The data mndicate that methionine and witamin
B,, are related in the utilization of dietary fat possibly
in some way apart from the Jabile methyl group of
methionine It appears that the hpotropic eflects
demonstrated with vitarmn By, were somelimes me-
diated via labile methyl group metabolism perhaps
nyolving choline and methiomne (Shills and Stewart,
1954 sce reviews by Best eral 1953 and Forbes and
Patterson 1953)

G Activity of Vitamin By, a3 a Co-fattor

The extremely small quantities of vitamun B,g re-
quired to satisfy the aimal s peed éertamly pomt toa
co-factor function The exact chemucal mechanism{s)
by which vitamm By, could act has been recently
reviewed (Smuth  1958) It appears that the ml\;
site(s) may mvolve one or all of the three 1aby
propionamude groups which are bonded to the por
phyrin portion of the molecule (see hg 6D S(:fh!c
cally the propronarude groups are amanged on
side of the porphynin plane apposite the cyano group
and the apoenzyme Substitution of the amide groufs
has resulted 1n compounds with Inb vamin !I!‘:
sctvity  Another proposed mechanism mw‘:ﬂx
reduction of the tnvalent cobalt atom to the drnm
state wherein gt could act a3 a reduang 3geTl
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(1958) 1t man Conscquently the amount of vitarmn
B,; absorbed in healthy subjects may be much greater
than that believed by many investigators

C. Factors Affecting the Absorption of Vitamin B,,
Three factors newly recogmzed which affect the
absorption of vitamin By, will be discussed

1 LFFECT OF ADMINISTRATION 1N Divipep Dosaces

ON URINARY EXCRETION

The *scobalt labelled vitamin B, 10 various amounts
(2 0pg 8 0pgand 50 ug) was given by mouth to two
groups of chmcally healthy subjects One group
received one of the above mentioned quantities i one
single dose with water for rinsing The second group
received the same amounts of radioactive vitamin
B,4 1n four divided doses at intervals of 15 minutes
apart The unnary excretion of radioactive vitamin
B,, was taken as a measure of absorption It was found
{Chow et al , 1958) that the admunistration of vitammn
By, 1n divided doses resulted i a definite increase 1n
the radioactvity in the 24-hour urine over the group
recerving the same amount of radioactive vitamuin B,y
in single doses The drfferences are statistically signt
ficant It was postulated that the effect of the divided
doses of 8 ug or more 15 duc to the msufficrency of
ntnnsic factor peeded for the absorption of thus large
smount of vitamin By, Thus when a non inhibitory
mtrinsic factor concentrate was used (Chow et al
1956) actual enhancement in the unnary excretion
was observed

2 PHYSICAL STATE OF VITAMIN B,y ADMINISTERED

Inasmuch as the relative importance of the vanous
portions of the gastromtestinal tract for the absorp-
tion of vitamin By, s poorly understood 1t may be
expected that the physical state in which the vitamin
Byy 18 1o be adrunistered may play a critreal role 1in
absorption  As an illustration  the absorption of
witamin Byg given 1n a gelatin ¢ ule (Chow ef a!
1958) was compared with that given in an aqueous
solution by itself or together with an agent capable of
enhancing absorption  Three proups of chmeally
healthy individuals of twelve subjects each were given
daily the following treatments—

Group A~—100 g of vitamin B,y 1n a hard gelatin
capsule

Group B—100 pig of vitamun B,, 1n an squeous
solutton

Group C—25 pg of vitamun By, 1n a lipotropic
cloar ®

Scrum specimens were obtained from all the subjects
at regular atervals for the determination of the

3 Smyth, Kline and French s Liptnl
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vitamin By, ctity The wmitial serum wvitamun By,
levels 1n all three groups were statisticalh ndistg.
guishable Onc month after treatment the serum
vitamin By, lovel was elevated sigmficantly only 1
those receiving elwir (Chow Horomick and Okuds,
1956a) After 4 months, there was only a shight -
crease 1 Group A but matked increases 1n Gmugs
B and C The ek was more p d in
Group C than 1t Group B Six months afterwards,
the level of Group A was essentially the same as that
of Group C after only | month of admmustration at
one-quarter of the daily dose The treatment with
100 ug of vitamin B, in solution for 6 months resulted
m an elevation equal to the treatment of 25 #g of
vitamun B,y 1n elixir for 4 months These data show
the effectivencss in admumistenpg vitamun By,
aqueous solution and the meffectiveness of the hard
capsule

It has been postulated that the absorption of vita
min B,, takes place at two sites one of which 1s the
stomach and the sccond in the intestines Avaslable
data also indicate that the stomach may sccrete
substances which may even interfere with the absorp-
tion of vitamun By, tn the intestne This hypothesis
1s supported by the findings of Johnson and Berger
(1958) who reported that absorption of vitamin Byy
can be improved if this vitanun ts encapsulated in the
Type I spansule which remans sntact tn the stomach,
but bursts 1n the ntestines Our own studies demon
strated that vitamin B,, adsorbed to a resin® which
possesses the property of retasming this nutnent in an
acid pH and of releasing it only at neutral or alkaline
pH can be absorbed to a greater extent than the
cyanocobalamin  This ncrease 1 absorption was
demonstrated by companng the unnary excrction of
radioactive vitamin By, by subpects recenving sacobalt
labelled vitamun By, adsorbed or not adsorbed 1o the
resin Instudy ] two groups of subjects were used one
of which recenved 50 meg of radioactive cyanocobala
min 1n an aqueous solution and the other the same
amount of radioactine vitammn By, adsorbed to the
resin ‘The radioactivity 1n the 24-hour unne was
almost twice 1n the second group as compared to the
first group being 540248 and 1130256 mmcg
respectnely In study 11 three groups of healthy
individuals were used Groups A and It recened
orally 50 and 250 meg radioacuve vitamin Bye in
aqueous solutions respectively The third group (?
received S0 meg radioactive vitamun By, previously
adsorbed to the resin Our results show that subjects
1n group C cxereted again about twice as much radio-
activty as those 1n group A reeenng the same ;?m‘m.;

: was rously suppl ed as a fnely dinis
ro-?:,:gyugzl x-?,:g& lncyhg-uum! ofan :dmi‘;
of cobalt-60 cyznocobalamun on the carbonyin 2 deat
exchange rosin Amberhite XE-64
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of vitamin B, 2nd npproximately the same amount of
radioactivity as 1n group B who recenved five times as
much witamun B,y The mean values of excreted
uninary radioactmity are 540 for group A 1200 for
group B and 1240 mmeg for group C These studies
b d: ate ly that vitamin By,
adsorbed to such a resin 1s more effectively absorbed
than that given 1n aqueous solution

3 HORMONAL INFLUENCE OF VITAMIN By ARSORPTION
AND EXCRETION

The utihization and action of vitamins depend to 2
very large extent on the endocrine activity of the test
ammals It 1s therefore of imnterest to study the
possible interrelationship between By, absorption and
utilization and endocrine functions The effects of
ACTH or corttsone on By, excretion and the effect of
thyroid on By, absorption will now be reviewed

(@) Effect of ACTH and Cortisone

The adminustration of esther ACTH or cortisone will
bring about (Meites Feng and Wilwerth 1957) a
marked increase in the radioactivity of Byg in the
unine of rats previously injected with B, These data
suggest the destruction of the vitamin By, binding
substance 1n the tissues or a cleavage n chemical
umon between this substance and vitamun By, as a
result of the admimistration of the hormone Another
effect of cortisonc therapy to ratsis the elevation of the
serum level of B,, (Yamamoto Okuda and Chow
1957) presumably due to the release of By, from the
Iiver following the destruction of its By, binding
substances or simple bond breaking

(b) Effect of Thyroid

Thyroidectomy of rats prevents the absorption of
orally admmstered B, The absorption can be
restored by feeding 2 diet supplemented with desic
cated thyroid or thyroxne (Okuda er al 1956) The
mmportance of thyrotd activity 1n the absorption of
B,y 15 d d 1 the following experiment
Fufty mmcg of B; were given orally to test animals
and faecal radicactivity was determined It was found
thatt d y resulted tna d of absorption
from 25 5+1 0 ‘'mmeg (before thyrosdectomy) to
6 2+1 1 mmcg (after thyroidectomy) When the
hyrod: rats were subseq Iy given a stock
diet contatnng 0 1 per cent desiccated thyroud for 3
weeks the absorption was increased to normal levels
27 71 3 mmeg) Thus increase 1n absorption was
also reflected 1n the greater content of radioactivity
in vanous organs The radioactivity 1n the Iivers and
kidneys was 7 0::0 2 mmcg and 4 7.0 3 mmcg
for the thyroid treated rats and 3 440 4 mmcg and
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32404 mmeg for the thyroidectomuzed rats
respectively It 1s obvious then that thyroid activity
plays an important role for the bsorption of this
vitamin

4 ErfECT OF PYRIDOINE DEFICIENCY ON ABSORPTION

OF VITAMIN B,,

The eflect of pyndoxine deficiency on absorption of
vittmin By, (Hsu and Chow 1957) was studied with
aduit male and female rats Half of the animals were
fed a pyndoxine deficient diet for 10 weeks and the
other half were given the same diet but 1 0 mg
pynidoxine duly by injection All animals were given
an oral dose of radioactive vitamin B,, The radio-
activity in the faccal matter of the pyridoxine treated
rats was consistently and significantly lower than that
of the deficient rats while the urinary excretion of the
treated ammals was higher than that of the deficient
ammals The radioactivity 1n the target organs such
as liver and kidneys was higher m the treated ammals
These data taken as a whole suggest an impairment
of vitamin B,, absorption related to pynidoxine defi
crency which can be reversed by subsequent pyridoxine
admunistration

D Agents Enhancing the Absorption of Vitarun B,,

It has been potnted out before that the absorption of
orally administered vitamun B,, 15 poor by healthy
mdwviduals and 1s almost il by patients with pernt
clous anaemia or subjects with total gastrectomy
unless co admimstered with antrinsic factor  The
mechanism of action 15 not well understood In add:
tion to intrinsic factor preparations other sumpler
compounds which aid the absorption of vitamin B,,
by subjects without permicious anaemia have been
reported Such studies will now be reviewed briefly
However 1n order to evaluate the data cntically 1tis
important to mentton briefly at this point the signt
ficance of the methods of esimating absorption

1 METHODS FOR MEASURING VITAMIN B,y ABSORP
TION

The absorption of orally administered radicactive
vitamin By, labelled with ©Co or **Co can be mea
sured by the unnary (Schiling 1953) or faecal
excretion (Heinle ez af  1952) tests or by the hepatic
uptake tests (Glass Gelln and Stephanson 1954)
Absorption may be estimated from radiometric

of faeces g of hver
proj or deter of untnary y
estimated after injection of a massive dose of non
radioactive vitamun By, All these procedures mvolve
the use of radioactive matenial In view of a general
and understandable hesitancy on the part of invest:
gators to allow the test subjects particularly infants
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and pregnant womsn to be expoted to the hazards
of rad vity the oral tol test (Castro Lang
and Chow 1954) for etimating absorption 13 often
preferred under such conditions It snvolves erther the
oral admunsstration of a single doe of 1 000 meg or a
daily dowe of phy.tological magmtude for a fonger
&nod of ume Incsea » in serum vitamin Jevels can

estimated by a microbiologic assay and 15 taken
2% an index of abiorption When a single dose 13
given the test mvolves the drawing of blood 1-3 hours
after admimns tration When a smaff daily dose 11 u2d
blood specimens are collected over a fonger penod of
ume often 1n weeks or manths depending on the
efficacy of medication The vitamua H,, content 1n the
serum 13 then determuned and compared with that
found before treatment The measurement of increa.e

HUTRITIO {AL 831G HFICANCE OF VITAMIN By

aid the absorpion of witamss B,, reuinng in an
clevation of vitamuin By, terum levels after several
months of dad{y sntake Thut it may be summanzed
that ntnin i factor preparations may be clat vied
under two categories upon prolonged v.e—{1) wmh
inhubitory effect and (2) with nonanhibitory effect.
The refractoriness of cestain inhibrtory Intrinvic factor
reparations 1s not imited 1o chinically healthy sub
Jects but also to pernicious anaemia patients 30 as to
caue rclajnc Tauber e al (1957) concluded that tr
decrea s in scrum Jevels and abrorption of vitarun
B, brought about by the administration of inhubitory
sntfinuc factor preparations may be a chmeally hanr(ut
phenomenon  and the admnnstration of intnnne
factor unless st 13 nonanhibsory to prrnciout
anaemua tubjects for a long period of tume 11 pat ta b
ded and would b illadvised This brlefns

1n serum Jevels may be the physiofogically sigr
procedure Hovever the radiometric methods are
more quantuative

2 I w1 <ic Facror Preparamion

‘The co-admint tration of vitamin By, and mntrin ¢
factor preparations by mouth to permicious anaemia
patients on relapse can caue hacmatological and
nevrologeal remt jon §is primary function i3 believed
to be onc of aiding absorption of vitamin By, This
property has been demonutrated radiometrically
the urinary or faecal excretion test or by the tic
uptake mea urement fest It thould b~ pointed out
that the above three teets involve the single admims-
tration of the intnnsic factor and vitamn By, On the
other hand a prolonged daily intake of certam
[};’qnmuom of mtnin i factor has refractory effects

13 ph was first d d yn climeally
hca)lf:y subjects by Chow er al (1956) as well as
Tauber et al (1957) They reported that a continuat
daify intake of certan preparations of intnn ic factor
10 hratihy ol suby=cis for 2 prnod of wveral months
fray rerult (o 2 decres < in the vitamun H;, ecrum
Ievels whereay comparable tubpcts receiving the
s3me amount of vitarrin By daily without theintnn i
factor shov ed a shpght increa € over the tame period
Simular refractorines was obwrved (Hennch 1954
Fillarder 1958 Lowen tan ef al 1957 Schaanz,
Lons and Menlengracht 1957 Taylor and Morton
195%) with cortirued ntake of certaun intnn i¢ factor
preparstions by permcious anacmia patients who
onginally reponding to this therapy wentinto sclapse
after a penod of weveral months of dady treatment
The decrez e in wvitammin By, terum levels upon the
cortiruous uage of such anrtnn i factor prepara
tion rmay be due to the presence of inhubstory sub-
stances or sore alerpc reaction 04 the other hand
not sl preparatio=s show the refractonnets As &
matter of fazt tome other preparatons can actually

supported further by their studses in rats in which 1t
was thown that the lowening of vitamin By serum
Jevets due to the feeding of inhubstory Intein i factor
was accompanicd by signs of B,y drficiency of bo-
chemical and clinseal nature

3 Fmaicous i1 of Aroveriert or Vimad ¢ By
rY D-S0881301

Intnnsic factor concentrate has Jong been known 2
be the only tubrtance (0 increa.e the absarption of
vitamun By, from the g3 trowntestinal tract Peexrtly
st has been reported that a subrtance or subances I
an expenimental bpotropic elmr (Chow  florock
and Okuda 1956a) enhanced vitamin By Ab'ﬁfgvm
1n man and 12 rats and rai cd serum vitamsn By sevels
markedly higher than could be expected from 23 ofal
preparation contaning no intnnue factor concED-
trates The active ingredient in this misigfc was
estabinhed to be a crystalhine brxahydnc akohol
psorbitol commonly u.ed as a monture statnlizer
The snerea 2 of abrorpuion of vitamun Hyy hat bz
demonttrated by increase 1n the urinary excreli™
orally adminntéred radioactive vitamin Byy Cho¥
Meier and Free (19870) demontrated that l‘t
co-adminstration of B,y and Daotbitol could ¥'0
snerea 2 the By, serum level at a rate fa ter than 13
comparable tubyects seceiving vitamin By atone Th
apent 13 effective 1n the enhancement of ab-mw’z‘l .
wiamin By, by young and old halth lrxdﬂk J—)“
ranping from 15 to 40 years of ap~ It 18 1 kew o
effective when tested  pregnant women (Cho®
al 1957}) Unnary excretion teits failed 12 MT‘ID!":
strate the ability of thi compound 10 lr’,"\'mn
the absorption of witanmun Hys by pcm"’Cg
anzemia pateats fn relapie or an oo 07 ifm
torb tol canzot be conidered as intnn € IL’J
unce 1t 18 eTective onfy In ROVPEIRCIOUY ARICT

subpcty
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B Vitamin B,, in Pregnancy

Vitamin By, 1s one of the essential factors 1n human
nutntion and s the mantenance of norma) health
A wide vaniety of expertmental ammals such as cattle,
swine dogs rats muce and chickens when placed on

be emphasized that 1n the expenments no attempts
have been made to simulate human dictary conditions
and 1t 15 not kkely that i civilized countries under
normal dictary defi are en-
'co:xmcr:d which are analogous to those ereated in the

a low By, dret, develop d n therr

tive processes and severe growth deficiency in thewr
young Degenerative changes have been” observed
in the heart lner spleen, thyroid and kidneys of
embryos from expenimental amimals deficient 1 By,
These abnormal changes i reproductive function
may be prevented by supplementing the deficient
maternal det with vitamun By,

Expenments with female rats show that a vitamn
By, deficiency causes them to hase progressively
severe reproductive  abnormalities with  successnve
hitters Thied Iitter young that are born are so debilt-
tated as a result of prenatal snjury that they do not
survive even when nursed by normal females on stock
dict Lephovsky er af (1951) report that vitamn By,
admunustered parenterally at birth enables many but
not all of these third hitters to survive Rats that were
weaned on vitamun Bj.-deficient diets showed a
penod of high mortality two or three weeks after
weaning generally dying with a severe leukopenia
In general 1t was found that while lactation was
mpawred by a vitamun B,, deficiency  abiity to
produce live young was even more impaured only
five live Dtters resuling from nineteen positive
matings for a third hitter

In recent years there has been intensified research
on the special nutnitional requirements of humans

2

Tt 1s not surprising, therefore that available dats
<oncerning vitamin B,y defictencies in humans fail to
show the dramatic effects upon reproductive pro-
cesses observed an expenmental amimals Foctuses
have great affinity for this vitamm and therefore,
draw from the mother during the gestational period
a suflicent supply for their needs dunng the early
months of extra uterine growth Morcover, the ade
quacy of vitamin By, tn the dict of infants in this
countey 1s mawntaned by the tiberal use of mutk a nch
source of vitamin B,, Although vitamn B,y may be
essential for the growth of children its stimulatory
cffect cannot be demonstrated camly in chnweally
healthy full term or premature nfants but can
mamfest tself among undernourished children.
Difficultzes 1 conductng studies on infanis from
countries where mulk 1s not consumed and where the
deet 1s poor tn vitamun By, he in the fact that the
1nfants are deficient 1n other vitarmns as well Inspie
of these difficulties abundant data suggest that 2
deficiency of vitamn By, has a deletenious cffect on
growth 'Ling and Chow (195%) presented data to
support the view that thus vitamun directly or indurectly
plays a part n the and
of ‘ghycogen and far The effect on carbohydrate
metabolism 15 mediated through the synthesis of

under stress The reoriented prog;
in the US A place considerable emphasis on cltmcal
research aimed primanly at borderline deficiencies
Some of the studies demonstrate o definue connec-
tion between the maternal diet and the development
of the foctus while others equally well designed and
conducted fal to show such an nterrelztionstup
In some of the studies of pregnant women the
differeaces between test and control groups are

B!
The of r an adi supply of
vitamin By 10 the dret ts noblongcr c):allcn;:\fl the
growing foetus extracts from its host certain concen~
trations of essential vitamins and B,y 18 known to be
one of these numerous guestions patorally snse
concerning the req of By, dunng preg: :
Does normal pregnancy inerease the feg for
By,? If so will a “good prenatal diet supply &

quantity ? If the supply 15 not suflicaent what

probably so shight that the of
diet 1n reproduction cannot be clearly established
but 1n severely depleted popul: theimp of
the maternal diet may become manifest

In anumals it can be demonstrated that under both
espenimental and natural conditions all degrees of
reproductive farlure can result from restncuon of the
maternal diet. Stenlity resorption or abortion of the
foctus the birth of dead or unviable young, and
congenutal malformations can be mnduced by dictary
depnvation of the pregnant female But even in such
simple experiments 1t will be found that the results
depend upen the species examined  the diet pror 10
starvation, the ume and duration of depletion, and
the of the offspring M 1t should

harm 1f any mmght result to mother or foctus?
Should we give B, supplements (o all pregnant
women and if 5o 1n what quantity? Answrrs to lhatr
and other quenies must be tentatine opes bocausc of
some obvious himmtations of our present fnowledze
However considerable dats have accrued which
supgest the essentiality of thus nutnent 1a Pregoancy
and 1n the pewborn, and these data are summa

1n the followng sections of this co'nmumatwn.'

The B,, serumt level of vizamins may be const

a3 an mdex of tisue saturation although the mmt:
may not be true It has been shown without a doul
that vitamun By scrum fevels dechine dueiag ptr;m';!
(Hemnch, 1953 Boger ef ol 19% Oluds e o
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1956a) and that serum concentrations progressively
fall to levels weli below those observed in non preg
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Jow serum B, levels of the mother may have upon her
foetus though we know that lowered stores of B;,

nant women as pregnancy advances This apf
maternal deficiency of s tamin By, results in a decrease
10 the GSH content 1n the erythrocytes Mcasurement
of GSH content (Chow ¢7 al  1958b) in the erythro
cvtes of pregnant women at delivery shows a content
considerably lower than that of non pregnant women
or of the foetus Stnce the decline in GSH 35 related
1o By, deficiency one should expect a nise 1 GSH
content tn the cells of pregnant women with the
administration of vitamn By, before pregnancy This
was found to be the case 1t may be argued therefore
that the foetus has a parasttic action for vitamin Byy
and shows a great sufficiency of this nutnent Under
these 1t may be expected that the GSH
content 1n the foctal erythrocytes and the vitamm By,
foctal serum Jevel should be markedly higher than
that of maternal onigin That has been shown to be
true Likewise expenmentally
On the basis of the data presented above 1t appears
that vitamin B, 15 an tmportant factor i1n pregnancy
and lactation of lower ammals and may be an
important nutrent for pregnant women The latter
1 1s largely 1 from existing data
namely that vitamin By 1s drawn from the mother
to the foetus and creates & margnal deficiency 1n
mothers as indicated by a decrease in serum level of
vitamin B,, and a decrease in the GSH content 1n the
erythrocytes The parasttic action of the foetus on the
mother s By, reserve 15 compensated at least 1n part
by the increased rate of absorption of vitamun By,
dunng pregnancy (Hellegers er @l 1957) however
the foetus 15 the marmn beneficiary
Although 1t can be demonstrated that the dietary
deprivation of vitamin B, 1n expenimental amimals 1s
capable of inducing all degrees of reproductive failure
human nutntional studies are met with vicissitudes
not encountered 1n the laboratory Under natural
condons the nutntion of the embryo may be
disturbed 1n many ways other than by dietary defi
ciencies Endocrine defect faulty implantation of the
ovum diseases of the placenta interruption of umbilt
cal cord blood flow and maternal metabolic diseases
could Jead to nutritonal disorders of the embryo and
foetus 1t 13 clear that these nutnittonal injuries cannot
be prevented by improvement of the maternal diet
Moreover the cmbryo may not always be a successful
parasite and under adverse environmental cond:
tons may be injured severely while the mothers
bealth 15 not seriously impaired Sublethal 1njunes of
the embryo or foetus may be the result of borderline
deficiencies not at all harmful to the mother It 15
impossible to predict at the present time what 1nfluence

scldom p clinical in the mother
In spite of very low maternal serum B, levels, the
foctus can still show adequate, or even high, serum
By levels

The relationship of By, serum levels and foetal and
newborn disease s largely speculative at present
however certain recent data suggest that abnormally
1ow vitamin B, serum levels can be found in the blood
of newborns with cretimism  Allusion has been made
1n a previous communicatron to a foetus m which
neither the maternal nor cord blood showed an
appreciable serum Byy level Later the infant was
admutted to the Pediatric Service of the Johns Hopkins
Hospital with a classical picture of cretinism Since
then a second case of athyroid eretimism has been
admtted to the Johns Hopkins Hospital 1n which the
same phenomenon was observed At birth this infant
had no appreciable serum vitamun By, and none was
detected 1n the mother s blood at delivery Further
studies carried out upon cretins admitted to the
Hamnet Lane Home for Chuldren showed that vitamun
By, levels returned rapidly to normal when these
nfants were treated with thyroid In the case referred
to above the mothers serum B,, level returned to
normal by the sixth post partum week without
thyroid or By, therapy The infant s serum By, level
did not return to normal levels until after thvroid
therapy had been imtiated but the nise was rapid
thereafter

Since the occurrence of very low maternal serum
By levels 1s reported 1n the presence of normal or
high foetal serum By, levels and since the low foetal
serum B, levels were obtained only in the nfants
which developed clinical evidence of cretiism the pre
sent authors suggest that the foetal serum B, level
rather than the maternal 1s of significance as a finding
1n cretimsm All the above findings would lead one to
believe that the unborn hypo- or athyroid foetus shows
ncreased utilization or destruction of vitamin By, to
the extent of depleting the maternal stores The stores
of By, are rapidly restored to normal once the para
sitic action of the foetus 1s removed after delvery
The relationship between thyroid function and B,
absorption in the earlier stages of life 15 as yet imper-
fectly understood but 1t 1s of interest to contemplate
the possibility that a cnical foetal level of vitamun B,
1s necessary for the proper development of certain
foetal organs There 1s need for further work 1 this
area of the problem Since thyroid dysfunction 1s not
an 1nfrequent finding in certan mothers who have
recurrent late abortions 1t seems logical to make
elaborate studies of By, stores 1n these patients
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and that apparent anaemia was due to a 20 per
cent increase i plasma volume Dufferences in RCV
between the two groups was not statistically signt
ficant An sncrease 1n plasma volume from 663 mi to
853 ml dunng treatment of a cfuld with the nephrotic
syndrome resulted 1 a fall of the PCV from 40 per
cent to 31 4 per cent (Barnett ef af 1951) During
active tliness m children Macavlay (1954) found a
significant increase in plasma volume The cffect of
drarthoea 1n causing haemoconcentration was shown
by De Bose and Mondal (1955) In their senes
normal subjects had a haemoglobin concentration of
95 3 per cent those with non<holera diacrhoca
109 7 per cent and those with cholera 111 7 per
cent Both 1 heaith and discase h dil or
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Jenmison and Elis 1954) and at has been recor
mended that 1ron should be given as a routne 1
antenatal chnics (Hamulton and Payhing Wrgh
1532 Holly 1955) However 1n spite of the consdes
able volume of work. already done i thus field ma.
more study 1s required especially to show whethe
true aron deficlency exists and ‘whether there ts

reduction in the amount of fotal haemoglot
Simpson (1954) demonstrated that many cases ©
QNIEMA M pregnancy Were not won definent by
Edgar and Rice (1956) showed that the opposite wa
true in their cases and Scott (1954) found that megalo
blastic of pi could querde as «
microcytic hypochromie anacmia until tron wa
d d A simular effect was found by Tasker

haemoconeentration may cause important changes in
haemoglobin Ievels In true anacmia there may either
be relative 1ncrease 1n plasma volume so exaggerating
the anaerua (Strauss and Fox 1940 Alkagton and
Taylor 1955) or hacmoconcentration which mught
mask it (Sharpey Schaeffer 1944)

It 15 important 1o emphasize that haemodilution
may have physiologieal significance both i health
and discase It has been known for a long time that
the blood 1s diluted dunng pregnancy (Willcochs,
1881 Muller, heith and Rowntree 1915) This 1s also
truc of the growth period and has recently been
sllustrated 0 the case of rats (Belcher and Hamss
1957) It may even occur on change of posture
(Walters 1931 Widdowson and McCance  1950)
Incardiac fadlure there 15 also well marked haemodila
tion (Gibson and Evans 1937 Samet ef af 1957)
One important physiological effect of this 15 refated
10 blood viscosity The relatine viscossty of the blood
at the twenty second to twenty-cighth week of preg
nancy 1s 3 84 compared to a value of 4 61 1n non

regnant women (Hamilton 1950) This change ss of
importance n reducing the work of the heart which
has to deal wath a greatly increased volume of blood
More mformation 1s required about the interrelation
of cardiac work blood dilution and tissue metabolie
needs 1 vartous crecumstances Some aspects of thus i
pregnancy have been discussed by Hytten and Duncan
(1956) but there are other states espeaally dunng
growth and ageing which need exploration Wath old
age haemoglobin levels fall (Hobson and Blackburn
1953) and this may be a response to Jowered meta
bohic needs and may reduce the work of the heart.
What 15 not known 1s how far such changes are
abnormal and whether physiological haemodilution
may be d by ofh
especially wwon A positive response might be ancor
rectly wsed as proof of dietary deficiency and mught

Ruchardson and Llewellyn Jones (1956) Berhn ef of
(1953) Gemzell Robbe and Spdstrand (1954) 2nd
others have shown that RCV 1s constderably increased
1 pregnancy 1o spite of Iowered haemoglobrn levels,
although this 1s not unsversal {Verel Bury and Hope
1956} The same problem exusts i regard 10 the relativ
ddution in children Jn them also won can yase
haemoglobint levels (Sturgeon 19564) Even i young
adults prolonged administration of on can rane
haemoglobin concentration to a certain #vient {Garry
etal 195%)

Changes m plasma volume from time 10 fime #nd
Iess probably changes in RCV bnng about vanations
m h glob v.hxc::c
suggests rhythmical change and may be one mant
fu%:gmon of)n raore gcncmf'b\olcgml thytha (Harker
1958) However 1n indvidual cases sudden ehangss
haemoglobin concentration may be quii¢ unpredit
able Within a certain range PCV and RCV are closcly
correlated {Mollison Veall and Cutbush 1950) and
the sex difference 1 PCV 15 2 dlmzh"g:l“":::l :; :
Afference tn RCY per unit body weight baw
and womth (\\'Aés\:nnh 19540} Wiklander 1957
also found that in anacmia blood vofume remained
constant because reduction 1 RCY was balanced by
corresponding increase tn PV so that meryoglobm
Tevels would thus reflect true changes tn RCV Naver
theless these conclusions must be regarded as general
1zations It 13 an the indwidual case that df{’df‘":
from the tule become mportant and st must h
stressed that 1t 1 with the indiidual csse that the
nutniionist as any other clhiaician mostly conccrm';l;
115 COMMON FRACUCE 1A RUINLION SUTVEYS ta SEPar
individuals who have hacmoglobin levels above 2
certain arburary value st the time of crammanon,
from those who have values below this In this way a8

assessment of incidence of anacmia may :{(ﬁ‘i
Indiidual varabiity may have no ap; r;: s for

such a p when relatovely cnus

also result 1n the prod: of adverse dynamic
conditions. It has been demonstrated that wron can
rase b 1obin Jevels in pregnancy (Labate 1939

hase
haemogiobin concentration are used but may
\\hcm g\cm precise methods ane employed: Another
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arcumstance of even greater importance 15 that m
which the progress of an individual 1s being followed
m response to some therapeutic measure pharma
cological tnal or physiological event There 1s now
a good deal of cvidence about these vanations in
haemoglobin Ievels Ward (1904) found a fluctuation
of the red cell count of 5 per cent throughout the day
Rabiovitch (1923) a change of up to 26 per cent
between morming and evening samples  McCarthy
{1943) on measuning OTygen capacity found & maxt
mum difference between repeated samples duning the
day of 12 per cent haemoglobin concentration
(Haldane scale) Renbourn (1947) showed a statistt
cally sigmificant day to-day sanation i PCV and
haemoglobin concentration In six subjects and that
changes of up to 10 per cent could occur in a single
mndividual s red cell count within a few hours In an
analysts of the results of a group of skilled observers,
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n the following graphs (Figs 71 and 72) It should
be noted that there was a considerable fail in haemo-
globin concentration before the onset of labour that
the nsc mmmediately following delivery was only
temporary and that tests at less frequent intervals
could have given a gross distortion of the true picture
Smmlarly the cffects of the hormone injection in the
second example could have been nterpreted 1n two
cxactly opposite ways according to the time of blood
sampling

One further factor of importance m haematological
evaluation 1s that of time 1t 18 now accepted that the
Iife span of the human erythrocyte mn the adult 15
about 120 days Furthermore the length of time neces
sary for the development of a new cell 1n the bone
marrow until tts release into the blood stream may be
several days (Lajtha Oliver and Ellis 1954) andina
case of red cell aplasia (Foy and Kondi 1953) reticulo-

Biggs and Macrullan (1948) showed that
of less than 14 4 per cent (Haldane scale) were not
y sigi in reflecting a true change
hacmoglobin level In a later investigation using more
precise methods Biggs and Allington (1951) found a
total vaniation of 6 01 per cent for capillary blood and
5 83 per cent for venous blood of individual subjects
and that these vanations were 1n excess of those
attributable to the technical error Analyses of indivit
dual vanability have also been made by Cotter
Lancaster and Walsh (1953) 1 relation to the effects
of menstruation and by Wadsworth (1955) who
showed ther importance 1n measunng normal
recovery from haemorrhage Dhfferences i group
mean haemoglobin Jevels are more likely to be due to
technical factors because individual vaniability would
tend to cancel out The increasing use of methods
embodying the photometric principle (Kennedy 1926)
and the wide distribution of standard blood samples
by the Medical Research Council n England and by
the National Research Counail in Amenica are
mmportant advances 1n epidemiological studies In
wvisual colonmetnic methods one factor of possible
wmportance and which may be overlooked 1s the
wfluence of light ntensity (D Stlva and Stammers
1943) and this provides a possible explanation for the
pl discrepancy 1n h globmn levels found
by Price Jones (1931) between English and American
subjects It 15 useful to know that the measurement
of h globin as oxyk 2l (Bell Chamt
and Waddell 1945) 1s satisfactory under tropical
conditions (Wadsworth and Lee 1955) and that there
1s usually no need to use special reagents (Lehmann
and Baird 1949 Cheek 1950)

An 1dea of the importance of day to day vanability
1 haemoglobin concentration 15 given by the resulis
of an ivestigation on goats (Singleton and Wads
worth in preparation) examples of which are shown

cytes only app d 1n the blood stream six days after
of Th the full
effect of replacing a deficient erythropoietic factor
may take many weeks It 1s the experience of chinicians
that not only 15 this so but also that improvement
may not always follow a steady course but may pass
at one stage through a  plateau period It should
also be noted 1n this respect that an immediate
reticulocyte response may be due to the release of
preformed reticulocytes (Seip 1953) and not to an
increase m erythropoetic activity The double peak
found 1 the reticulocyte count after haemorrhage
may be a mamfestation of this (Wadsworth 1955)
In spite of ths 1t 1s commonly found that chinical
investigators change a therapeutic agent unless a
definite improvement 1s shown over a short period of
time In chinical imvestigation of anaemia as in any
other scientific mvestigation 1t 1s of fundamental
mnportance to provide adequate controls In this
instance 1t may often mean using a smgle individual
both as a control and experimental subject making
due allowance for individual vanabihity ‘time needed
for adequate response and the natural hustory of the
expected response  In regard to the latter 1t should be
remembered that such factors as increased plasma
volume relatively short life span of newly formed
cells and redistribution of metabolic material mside
the body may each play 2 part The time factor may
also be important 1n relation to dictary deficiency and
the appearance of effects Thus the half life of vitamn
B,, 1n the liver 1s about one year (Schloesser Desh
pande and Schilling 1958) 1t takes several years for
anaemia to appear following gastrectomy (Paulson
and Harvey 1954) andin pernicious anaerma without
treatment 25 per cent of cases do not show relapse
until the fecond year (Schwartz and Legere 1944)
e d fi of h gl 15
carry sufficient oxygen to the tissues anacmya shou}g
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be defined in these terms and haemoglobin concentra

tion can only be an indirect measure of it The full

story includ: 1 and h d

J el
and the refative proportion of haemoglobin to meta

bolically active nissu¢ In normal people the RCV 1s
(LBM)

closely “correlated with  fean body mass
(Muldowney 1957} although under abnormal condi
tions, adaptive mechanisms may be used by the body
For example n the anoxic conditions of heart failure
there 1s d pul I

p and cardiac
output and 2 more efficient removal of oxygen from

NUTRITIONAL FACTORS IN ANAEMIA

condition mught be of particular value—body weight
15 hikely to be disturbed by abnormal accumulation
of water and by other factors Even in heakthy people
body weight consistng of such vanable proportions
of fat water protem and munerals is an unsatssfacto

basis for standardization Wiklander (1957) and others
have demonstrated the extent of vanability of blood
volume in relation to body weight and Linden (1955}
found that PV was closely correlated with the amount
of body fat Therefore the closc correlation of RCV ta
LBM 15 important Lean body mass 1s howerer a
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Fig 71 Day HAEMOGLOBIN CONCENTRATIONS IN A PREGNANT GOAT

(Singleton and ¥ adsworth in preparation)

the artenal blood by the nissues (Holling 1952)
However the production of such compensatory
h should be ded as an added and
undesirable strain on the body tissues
The existence of tmportant induadual vanabidity 1
hacmoglobin concentration suggests the desirability
of measuring RCV atself 1n anaemua  but 1f hacmo-
globur concentranions are vanable RCV s more so
when one indivedual 18 compared with another Up

morphological concept and its needs for oxygen will
dcpre}:-:d m;sr only on ﬂ: size but also on ats metabolic
rate and it has been shown that the thyroid ncﬂ;}x{)"
influences the normal relatonship of RCV to lfood
(Muldowney Crooks and Wayne 1957) B "
volume 1s also affected by muscular actnity (Cl::d'
and Linden 1948 Kjeliberg, Ruhde and Sjm(ﬂ‘; :
1949) and Brown ¢ af (1954) found m !Zshmosm;’
RCY per umit body weight was snfluenced by -
bolic rate which changed according fo chimal

to the present dard has been pted by
relating RCV to unit body weight Unfortunately in
a pumber of pathological states—and st 15 in such

R
condimions Baugh et af (1958) found that the

ofa g‘foup of rjumos was 32 6 mi perkgand th-;!(g
a group of Canadians 3) 8 mlperkg Sklaroff (¥

circumstances that a knowledge of the h ¥
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found that there was a reduced blood volume n a
group of old people (whose metabolic rate may be
presumed to be less than that of younger people),
and from his figures st can be caleulated that the mean
RCV per hg body weight was only 23 8 for both men
and women Thercfore a functional element should
be ttroduced 1n the defimtion of anaemn and thus
may be provided by the measurement of oxygen
consumption Thus the normal state may be defined

%

o

~ 1 T

&

2]

= z

£ g ]

-] = =
[§] [t

Es- 3 £

% z 4

& o o

x e I3 e
& &
F
o

7

153

causal refationship between the two parameters 1t
follows that 1f the metibohic tissues are depleted
because of malnutaition there will also be a depletion
of red cell mass even sn the presence of adequate
hacmoparetic nutrients Further, the presence of an
mndequate red cell mass might lead to nutritional
changes in the tissues because of anoxia The cause of
such changes could be obscure unless the relationship
of RCV to LBM was known 1 that instance Finaily
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10 15 20 25 30 35 40 45 SO 55 60 5 70 75

DaYS

F16 72 Dawy HAEMOGLOBIN CONCENTRATIONS IN A GOAT SURJECTED TO
HormONE INJECTIONS
(Singleton and Wadsworth In preparation)

as that i which the amount of total

3

tissue depl and erythrop dysfi might

haemoglobin 15 sufficient to supply the i
active tissue with 1ts particular oxygen necds by means
of blood of such viscosity that no undue stramn 1s

)
have a cause In chnical nutntion the prob-
lem 1s the condition of the whole patient and
respect to anaemua this means the simultaneous

placed on the cardiac and pul systems
Anaemia exists when the haemopoetic tissue 1s unable
(0 provide an adequate red cell mass to fit these
circumstances

The defintion of anaemia 10 terms of LBM and
RCV 1s particularly relevant to the question of nutn
tion and blood formation For example 1f there 1s a

of the state of the body tissues as well
as that of the blood

One main difficulty about sorting out the nutn
tional factors n andemia 1s that natural foods
contrast to laby y synthetic diets when defi
1n one respect are hikely to be deficient in others This
may lead to argument about specific nutntional
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factors concerned in anaemia when these are judged
by the chinical effects of particular diets on the body as
awhole Tt 1s sometimes believed that deficiency of a
particular nutnent in a dietary mixture 1s responsible
for the anaerma and another &ifferent nutrient for the
other signs of malnutrition 1t 1s important to con

sider as already ponted out tissue nutnitional defects
which re secondary to anacmia and also the relative
effects of single nutrient deficiencies on blood and
tssues It 1s commonly taught that in Addisoman
permicious anacmua  the patient 15 well nounshed

However this may only mean that he 1s  well

covered and he may, to reverse a phrase used by
Ryan et al (1957) be a thin man mn a fat man's
body * Vitamin By, 1s concerned with protein meta

bolism and mutosis (Rubbo 1953 Johnson, 1958) and
in deficiency of this vitanun 1t would be surpnising 1f
tissucs other than those concerned with blood forma

tion were not affected It 1s thus of wnterest that Read
and Asher (1956) found well marked body wasting 1
pernicious anaemua patients They also refer to the
observation of Addison (1855) that the general
frame becomes flabby rather than wasted and to
those of Jones (1938) 42 of whose 78 patients had lost
weight when admutted to hospital It would be of great
imterest to know more about the body composttion 1n

only about 24 were data presented in a form whih
allowed statistical compansons to be made even
fewer were acceptable on techmical grounds. When
making comparisons it 1s wmportant to take imto
account possible climatic effects Relatnely sudden
changes of temp affect of hacrue-
globinand asarule there s a fall in hot chimates and
a nise in cold ones (Bazett of al 1940 Glaser 1949
Bass and Henschel 1956) In some 1astances high

patients with vitamun By, d y An of
similar character is the effect of 1ron deficiency on the
body tissues 1n view of the implication of this element
1n tissuc enzyme systems Recently it has been shown
(Beutler 1957) that there 1s a measurable deficit in the
cytochrome content of ammal tissue cells 1n 1ron
deficiency states This 1s smportant 1n relation fo the

chinieal signs d i won deficiency and
usually ascribed to the effects of the anaemua itself

C. The Normal Haemoglobin Level and the Incidence
of Anaemia
1t fottows from the abave duscussion that no precise
single value can be given for a normal haemogiobm
Tevel Indeed 1t was owing to a fadure to realize the
extent of individual vaniations 1n this value that much

confusion arose in the field of ¢ lob

because early standards were based on for
only one or two individuals It 1 now well recogmzed
that 100 per cent  had quite different absolute
values on different haemoglobmometer scales (Lind
say Riceand Schnger 1926) It 1s only an recent years
that seliable information has been accumulated
Because of the great number of surveys that have
been made ta the past 70 years or o 1t comesas a sur
prise to lean how defective 1s our hnowledge about
haemoglobin levels of normal people 1 different
circumstances  Examunation of 121 papers published
between 1850 and 1950 1nvolving many thousaads of
subjects 1n dfferent parts of the world showed that iz

TABLE 71
Haemoglobin Levels of Presumably Normal Adults
Mean
Author Year | No | Country | Hblewel
gm100m!
Males
Osgood 1926 { 137 ; Amenica 158
Jenkins and Don { 1933 { 118 { England 156
Andresen and 1936 | 40 | Amenica 163
Mugrage (5000 fr)
McGeorge 1936 | 50 [ England 132
Sankaran and 1938 | 125 | Inda 166
Myers and Eddy | 1939 | 111 | Amenca 158
chcpcrs 1947 | 100 | S Afnca 04
(6000 f1)
Gil and Terdn 1948 1 100 { Mexico 17
45700
Berry Cowmn and | 1952 | 94 { England 159
Magee
dsworth 1954 | 337 | Smgapore | 161
Lancaster and 1957 ) 37 | Awstrala 164
Banks
Females
Osgood and 1927 | 100 | Amenca 137
Hasking )8
Jenkns and Don {1933 {116 | England 1
Andresen and 1936 | 40| Amenca LR
Mugrage (5000 1) 4
and 1938 62| Inda 3]
Myersand Eddy | 1939 | 48 | Amenca 131
epers 1947} 50 (S Alnaa 1#3
{6000 f) 2
Giland Terdn 1948 | 100 ((:;:c;; o 1%
Hawkins Barsky { 1948 | 352 | Canads 132
and Collier
Perry Cownand | 1952 { 100 | England 141
M2
Wadeworth 1954 | 116 | Singspore lig
Lancaster and 1957 | 63 | Australa !
Banks
2
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environmental temperature leads to
tration (Wardlaw er al 1935 Kennedy 1939) the
pictue may be complicated because of seasonil
change of thet (Odm 1937) When conditions are
stable there 1s probably an adjustment of haemoglobin
Jesels so that climatic and racial effects are not gb

apparent ili-effects 1n spite of ly fow haemo
globn levels This 1s a matter of unportince and turns
on the question of the ability of the body to adapt
The well being also may be more apparent than
real Cullumbine (1949) showed that there was a
correlation between haemoglobin concentration and

served (Wadsworth 19548) In 14

Tevels the effects of alutude must be taken 1nto account

{Chiod:t 1950 Hufl e al 1951) Representative

values for normal people are given in Table 71
Some other results in which there 15 a departure

from the above are gien in Table 72 Presumably

these are indicative of defective nutrition

TADLE 72
Haemoglobin Level Lower Than the Txpected Norma)

I

musculr fi 1s shown by speed of movement
abihty to sustan effort and other properties

The cffects of a low hacmoglobin level may be
cxerted particularly on the heart (Wintrobe 1946)
The body consumption of oxygen may increase
10-20 per cent becuse of increased work of the heart
(Castle 1956) and Irvine (1877) many years ago
drew to cardiac dil in
Paplanus Zbar and Hvys (1958) have recently studied
this cxpenimentally In a controlfed investigation in
dogs they showed that total hypertrophy and dilata
tion of the heart accompanied anaemia Widdowson

Nean and McCance (1955) found in anaemc pigs both
Author "Sear | No | Country | Hblee)  cardiac hypertrophy and increased cardiac output
i gm/100m!  the output in andemia was 497 ml per kg per min
l . _ compared with 167 ml per kg per mmn mn normal
- ammals Scheinberg (1951) was able to measure cere
Aales I bral blood flow and oxygen consumption 1n anaemic
Navarro 1937 | 101 | Phlippines 141 subjects and found that there was a considerable
Milam and 1946 | 212 | America 138 ncrease in blood flow a marked reduction in arterio-
Meunch venous oxygen difference and a diminution 1n oxygen
Bibile er af 11949 | 269 | Ceylon 139 consumption The latter correlated well with mental
i:ell | 195(3 51 { Japan 145 status defects Robin and Gardner (1953) also showed
85’:"(‘ and 19521 28 | Malaya 14 that cer(eibml blood flow 1n permicious anaemia was
increased 1n reverse proportion to the RCV It has
w‘s’f::éz:“d 1957 | 100 | Gambia ne also been shown that m anaemia renal blood flow 1s
Roberts and 119571 99 | sudan 147 greatly reduced (Bradley and Bradley 1947) There
Smith | are then a number of important effects on the body
Cotter Kariks . 1958 | 691 | New Guneal 13 1 caused by anaemia the heart itself may reveal oxygen
and Walsh lack as shown by the occurrence of angina as a
Lantzand Wood {1958 | 79 | Mexico 145 3 of severe The g must there
Femates fore be asked of how far 1n spite of seemung normal
physical ability due to successful adaptation the body
}:l(al;l:no " 1937 34 Philipp 126 account for subsequent 1ll health and loss
M:‘u :Cnh 1946 } 268 | Amenca 122 :,r m: act c‘?‘mpamtxvely !earl% ages ;t 1s not possible
o answer this on present evidence but 1t seems wiser
H’a‘;"‘é‘ﬁcm";” 1947 | 196 | Canada 121 to assume that when hacmoglobm levels of any
Bibile et af 1949 | 108 | Ceyton 129 community are lower than those of known healthy
Lamprell and 1952 | 66 | Malaya 73 people this danger exists
Cheek. The average h globin level of a 1s
‘Woodruff and 1957 | 101 | Gambia 10 2 one measure of the presence and extent of anaemia
Schofield More precise nfi 18 d by
Czl;g“}&x\[:;rs 1958 | 669 | New Gumea] 120 individuals aecgrdmg to arbitrary levels “Further
5 d from the of
centres Th of blood

It 15 sometimes suggested (for exampl
ple—Stewart
1955) that there are duff normal dard:

has given

another source of information not only of haemo

globun levels of ordinary people but also of poten
d bleed

Pp to people 1n diffe appar
ently based on the argument that they display no

tial onl after rep
(Famulener 1922 Hasebe 1936 Bryce and Jakobo-
witz 1943) All these sources have their himitations
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some of which have already been discussed  Stat

1stical analysis of the results of an mvestigation mto

the meidence of malnutnition 1 Uganda (Gongora

and McFie 1956) has shown that true mncidence was

well over twice that grven 1n official reports (McFie

personal communication) It gs hikely that this ts true
\ly for In Eneland "
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away from bone marrow to the lymphate system,
especially the spleen The assocation of the spleen
with haematological disorders and the lymphatic
tissue with endownine actoity may also be mention=d,

As to the nutrient requirements for blood forma
tion the phase of exploration of dietary needs worked

T Y i
amacrma 15 regarded as rare in males bujtrThomson
(1943) reported fen cases 1 adolescents they had
been referred for medical examination by “Army
Medreal Boards and otherwise would not have sought
medical advice Al had had symptoms for many
years and responded well to won therapy Waller
stein and Hoag (1957) remark on the non specificity
of symp due to 1n children and how
diagnosts often only follows obsenvation of pallor on
routine medtcal inspection For these reasons 1t may
be predicted that anaenua already achnowledged to
be common 1s of even figher “incidence than 1s
generally recognized

D Erythropolests
In understanding the problem of nutation and
itis to know g about the
physiology and chemustry of blood formation because
accarding to definition the final part of the story of
nutnitton s at the level of cell activity 1¢ 15 currently
assumed that all red blood cells anise from the
mutotic division of  primutne  Stem cells However
whenever a cell divides in this way two daughter cells
are formed and contrary to statc diagrammatic
representation the mother cell o longer exists Thus
the problem of blood formation—and 1ts nutrient
qf must take mto not only
the division of the stem cclls but also the ongn and
formation of these cells An alternative theory s that
erythrocytes are formed by a  budding-off process
{rom the parent cell (Bostram 1948} so that the mam
problem here would be concerned with the formation
of cytoplasmic materal rather than with mutotic
division and nucleaprotertss  Ducan Jorda (1943)

1

out p lacly @ the classic exp of Whippl
and his colleagues may now be regarded as virtually
complete They have been summanzed by Cartwnght
(1937) who classifies them as vitamins aminoacids
and muncrals and it would be superfluous 1o repeat
them here Further commentary however, will be
made on some items Another phase now rapidly
developing 15 that to do with the proximate require
ments at the cell level and the metabolic pathways
ivolved  Amongst other things this Anowledze
brings to light the ultimate reasons why certan nu
tnents are required n the dict the implhication of
others previously unsuspected and the predictable
results of deficiency A good deal of thus knowledge
spaags from studies on in yitre cultures of hacmo-
poretic tissue (Lajtha 1957) and 1t 1s necessary 1o
emphasize that this represents only part of the i1 vive
prcture In the living body important modificatsons
may arise because of inter tissue competinon for
nutnents  the removal of catabolic products by
whatever conditions give nst 1o stem telfs and by
factors which influence hacmopoietic rate

It 1s now hnown that hacm synthesis 1s hinked
through a succinate ghamne metabolic eycle with the
Rrebs tncarboxylic cycle (Shemn 1955) Desenp-
tions and discussions of haem synthesis have been
given by Rimungton (1956 1957) and others Rubutein
and Denstedt (1953) found evidence for the presence
of the vanous enzymes of the hrebs cycie in avian
erythrocytes Thus thes part of the blood formation
process is séen to be but one aspect of a more general
metabolic chain of events

Through pyruvate the keebs cycle ts hinked 10 the
catabolkism not only of carboh)y drate but 10 that of fat
and protemn as well and may be directly nfluenced by
i corcal actity (Heanes et of 1957)

said that red cells arose from the phil granul

of leucocytes (Recently Moroshita (1957) claimed
that these g gue nse to I i m
on this theory the problem 1s one concerned with
cytoplasm  Yoffey (1954) drew attention to the
obsennation of Damashek and Valentine (1937) that in
permcious anaemia the marrow Jymphocytes were
more numerous than pormal and fell markedly soon
aftee tecatment commenced From a number of careful

Detatls of globm synthesis are rather fess well docu
mented although much of the process seems to ke
place m the erythrocyte stself and 1 close n;mcm;:n
with the synthesis of haem (Thorel! 1955 Deutler
1958) and 1nvolves the meorporation ef atuna acds
throh and Borsonk 1956) The question anscs 0

whether any part of haemoglotun formatica mmhvls
tussues other than those of the bone marrow and n“;
g 10 note that punine synthesis €an be effect

studies Yofley (1956) has that

bers of lymph d from the peripherat
curculation into the bone marrow and there give nise
to stem cells This 1s of great interest and has a direct
beaning on the ultimate problem of nutniion and
hacmopouests. Ve may need to tum our attention

by the hver but not by bone marrow eclls fa vire
(ligth:: 1957) 1f some essential steps take placc ::
tissues other than bone marrow how far Qa drseas

of these nissues affect blood (ormation” The produc
ion of red cells themselves involves alf the processes
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10 do with mutotre diviston of cells 1t s in this sphere
that the metabolic actvaties of vitamin By, folic wad
and nucleic acids tre of preat moment {Rubbo 1953
Mucler and Wall 1955 Swan Rewsner and Siberman
1955) 1t may be stated that there 1s no good evidence
2t present impheating the (w0 witwmans n haem
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synthesis and Lajtha and Swit (1955) found that
haemoglobin formation did not appear to be impared
m megiloblasts The recent {ul use 1 perniious
anaemia of orotie acd (& precursor of pynmuidine}
13 further evidence of the tocation of wvitamin By
activity (Rundles wnd Brewer 1958)

il CONSIDERATION OF SOML DILTARY HALMOPOIETIC FACTORS

A \itarmns

Anaemua has commonly been desenibed in vitamin
deficrency diseases in man although it 1s po sible that
the dicts whuich gve rize to such syndromes were also
deficient m other nutnents particularly important for
blood formation Anacrma has espeeially been des
cnbedinbenben scurvs nickets and pelingra and the
numrerous sitamins imvolved 1 the tncarboxylic cycle
and thus m haem synthests make much of this under
standable Fuidence for the implcaton of panto-
thenate riboflasm  mtcottme acwd  thamine and
biotin n porphynn and bacm synthesis has been
obtained from studics on bactena (Lascelles 1955)
Riboflavin deficiency can gve rise (o impaired blood
f in ammals (Joh and Reed 1937
Wasman 1944} and Toy and hond: (1953) described
acase of red cell aplasia which responded to niboflavin
This case had no signs of atboflavinosis and the mean
corpuscular haemoglotin  concentration  (MCHC)
was 33 per cent so that the picture looked bhe an
mhibition of cell formation rather than of haem
synthesis The absence of other signs of nboflavin
deficency  which anse fawly easly with dietary
defirency suggest a local haemopaienic effect These
authors drew attention to the ant nboflavin effect
of mepactine o drug which this patent had been
tking' A case of anaema due 1o pyndoxme defic
teacy has been descnbed 1n man (Harns er ol 1956)
and sometimes ths witamm has an apparent thera
peetic effect n anacmua (Cartwoight 1947) In the
case described the red celis had a half life of only
20 days and the MCHC was 27 percent On treatment
the serum iron level fell sndicating interference with
fron wubzation 1n the absence of the vitamn There

sime time in the suprarenal glinds In 1solated rat
adrenls obtuned from pantothenie acid deficient
animals sterotd prod 1s significantly d hed
(Esensten 1957) The wnplication of nicotime acd
in haem synthests 1s of interest because anaemia occurs
m pellagra although it may be masked by haemo-
concentration This vitamin may also be needed for
the formation of cortical hormones (Wettstern and
Anncr 1954) and there 15 a striking sumidanty between
the clinical picture of pellagra and Addison's disease
both show low blood pressure asthema dehydration
pigmentation and darthoea  Anaemia  sometimes
severe may be found 1n Addison s diseae

The rate of haem synthesss from {2 ¥Clglycne or
{2 #Clsucomate m the red cefls obtaned from
pyndoxine or pantothenic acid deficient duckhings
was much lower than from normal cells (Schulman
and Richert 1957) The addihon of pyndoane §
phosphate 2 vitro sumulated the pyridoxine deficient
cells to synthesize haem from glycine and succinate

N of p b acid into p henic acid-
defictent ducklings one hour before blood was drawn
from them restored the ability 1o ncorporate glycine
addittan of calcwum pantathen ite i titro was weffec
uve Anaemua from | i acid defi has
been described in ammals (Briggs and Daft 1954)

The anacmia of scurvy may now be supposed to be

d der

due to nt rather
than to stmple loss of blood Ascorbic acid has
{y wid t (Mekiejohn

1953} ncluding the unhization of folc acd and
wvitamun B,y (Mueller and Will 1955) In a recent
study Cutforth (1958) found anaemia 1n mine out of
eleven patients with scurvy 1 six the haemoglobin

was also evidence of abnormal tryy

which was corrected by pyndoxine As in the ¢as¢ of
nbofiavin deficiency the santy of pyndoxine defic
1enCy anacmua and indeed of a pynidowne deficiency
syndrome supgests that the requirements of these
viamws for blood formation must be very stall
Deficiency of any vitamn involved i the Krebs cycle
wall of course brng about metabolic change m
ussues other than the blood and a complex prcture 15
Ukely 10 evolve Thus Ashburn Daft and Faulkaer
(947) found that pantothentc acid deficiency caused
andemun in 1218 but changes were produced at the

aton was less than 55 per cent Five had
normocytic normochromuc anaemua and four had
macrouytic anaema The bone matrow was examuned
in two cases from each group and all showed normo-
blastic hyperplasia Thus in Cutforths cases the
vitamun deficiency did not seem to affect mitotic
actvity of erythroblasts and st 35 of interest ihat
ascotbic acid has an important mflueace 1 suro on
haem synthests (Goldberg 1958) A duffe effect of

actd deficiency was reported by Brown (1955)
who showed that 1t successlully restored megalo-
lastie haemopoiesis to normal ®
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B Iat

It 15 surprising that the close association of fat with
haemopoietic matersal in the bone marrow has not
ratsed more speculation as to whether 1t plays a part
1 blood formation In addition to ns presence 1n the
marccow, fipid has other associations with haemo-
tology It forms an important part of the red cell
structure (Ponder, 1954 Turner' 1958) lysolecithins
are powerful haemolysins and therr danger 1 thus
respect 15 only obviated by their prompt removal by
the tiver when they are metabolically formed i the
body plasma liprds play an uncertamn part 1n ntra
vascular coagulation (O Brien 1955 Merskey and
Nossel  1957) Erythrocytes are capable of bpid
synthesis (James Lovelock and Webb, 1957) and
there 15 active terchange between plasma and red
cell cholesterol (London and Schwartz, 1953) A defect
m the red cell stroma associated with Iipid abnormaity
has been found by Munn and Crosby (1957) w
paroxysmal nocturnal haemoglobinunta ~ Robschert
Robbins and Whipple (1955) found that the concen
tration of red cell stroma liptds 1n dogs was increased
n of protein y and } 2
Bone marrow fat 15 very labile and 15 easily depleted
after haemorrhage (Evans and Oppenhaimer {955)
and 1n anaema caused by acetylpheny lhy drazine there
1s preferential removal of linoletc and Iinolenic acids
from the marrow (Evans Baker and Oppenheimer
1955) Dunng fasting 1 rablats there ts conniderable
depletion of marrow fat (Evans Riemenschnerder and
Herb 1954) Evans (1952) showed the presence of
esterase actwity in rabbit marrow Megel and Gordon
(1956) found that this enzyme was influenced by the
puuntary gland However, this activity may be con
cerned more with leucocyte than erythrocyte meta
bolism (Hardin et al  1955)

C. Cobalt

The production of polycythaemua in ammals by
admunstration of cobalt was a phenomenon which
recened much attention formerly but the discovery
of cobalamme and that st contaned this element
seemed o detract from this iterest However therc
18 fow a return to the 1dea that cobalt sumulates blood
formation apart from vitamn By, Fountam and Dales
(1955) successfully treated a case of pure red el
aplasia with cobalt and Thomas (1956) descnibed
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Receatly Goldwasser et al (1958) showed that cobalt
chloride resulted 1n the rapid development of a tugh
utre of an erythroporetic sumulating factor (erythro-
poietm) m rats They further suggest that the site of
erythropoictn formation 1s the kidney (Jacobson et
al’ 1957) so that the effect of cobalt 1n anaemu
assocated with udney disease (Gardner 1933

Desforges and Dawson 1958 Erslev 1958) 1s of great
nterest

D Copper

‘There has been relatus ely Iittle tnterest sn copper and
anaemia 1 humans mamnly because it seems that
dietary sources are usually adequate Reports about
the therapeutic value of copper are controversial.
Nevertheless  whilst the cause of many cases of
anaerma remans obscure 1t seems worth whie to
explore further dietary requirements and metabolic
fate of copper Butler and Newman (1956) invests
gated blood and unnary of
copper 1n normal adults and demonstrated consider
able dwrnal vanations These authors stressed the
great technical care needed 1n such studies and this
together with their findings shou!d be borne 1 mmnd
in the investigation of copper and anaemia

E Protein

Protein forms a major part of the blood and blood
forming tissues and hacmoglobin forms a major part
of the body protemns (Pasling 1955) Moreover
300 mg of globin and 12 5 mg of haem are synthesized
each hour (Rimngton 1956) and the amount of
globin returned to the metabolic poot on catabolsm
of haemoglobin represents one tenth of the total daly
protein requirernent (Platt and Wadsworth 1956)
Also there 1s & high incorporation of amind aaés
into developing red cells (Borsook e of 1952
Gavosto and Rechenman 1954) In additon the

of h globin and of the

enzymes and hormones concerned with erythropoesis
suggests that the requirements for essential amino acids
may be entical From this pount of view therefore 8t
seems hikely that protemn malnutntion should readily
give nise to anaerma In fact the pounon 13 far from
clear and wall be discussed further

Aschkenasy (195 found that st was possitle
although @ifficult to produce proten deficiency
in rats In these ammals the haemoglobu

acasc of Y y X oglatn
which showed a good 0 180 mg of cobal first and the fall was always grea
hlond dv;xl Shersner (1956} e the hter  that of the red cell number T:c bone m;\r:el;d}g::g
h b y
ature on the use of cobalt in anaemta and found tn hus normoblase WF T A dthat

own cases that cobalt chlonde i 2 dose of 60 mg a
day was often effective n znaemia associated with
renal disease ‘This author points out that there 1s an
antagorusm  between cobalt and methiomine and
cystene (Osten and Bucticro 1948 Wesley 1951)

vation of essential amuno saids caused  hypochrom

anaermia Orten and Orten (1943) found that adequate
protein was essental for haemoglobin [omuulon n
Tats. Milkr er a] {1949) showed that {HClot lywoe
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produced radwactive erythrocytes i the errculation
more slowly 1n protemn-defictent dogs than w normat
on=s Scbrell and McDanret (1952) found i rats that
the relatne amount of haemoglobin produced on
spectfic amino acid-deficient diets was fauly closely
correlated with that expected from 4 consideration of
the amino acid composition of haemoglotin Nizet
and Robschert Robbns (1950) found that reticulocy tes
obtamed from dogs deprived of protewn lacked the
ability to mature i vitre this ws restored by 2ddition
of amno acids to (he system  Ragdon et af (1955)
found that protein prevented the disappesrance of
reticulocvtes 1n the blood of duchs following starva
tion whereas sucrose or vepetable ol was neffective
The complexity of the was d d by
Aschkenasy (1957) who pointed out the following
compheating factors Foods rich tn amtmal protem also
contan vitamun Byy 0 that depletion of such foods
might cause effects due to deficiency of the vitamin
Protem deficiency causes changes in the gastro
tntestinal tract which might Jead to decreased seeretion
ofintnnsic factor and to nterference with absorption
Defectne intestimal secretion might also_lead to
modification of the intestnal fora and affect bio
syathests of vitaming Owing to amino agid-sstamin
ersions protein defs y could increase the
requirements for certain vitamins Thus overloading
with niotmamide reduced the anacmin following a
pratem free diet and haemoplobin formation was
greatet when vitamun 11, was gnen with methionine
than when each was ghen alone Tox Bnggs and
Otz (1957} found that in chicks methionine and
choline had a significant suamyn B, spaning effect
aad that methionine nt a Jevel of O 15 per cent
completely replaced vitamuin By, hratzer and Lantz
(957 found that signs autributable to folie acid
deficency developed 1n turkeys when they were given
aa excess of glycine Another important factor 1s that
iR protein depletion growth 1s impaired and thus the
for h

usuaf are reduced
(Bisson and Wadsworth 1958)
When human subjects lived on a protein d

¥

2
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ments for tissue mamtenance 0 adults In chldren
a critieal factor will be whether the protein deficiency
causes cessation of growth For these reasons it 1s not
surprising tht there 15 no strmghtforward associbion
between chimeal syndromes of proten malautninon
and anaemin The situation 15 made more dafficult
because nearly all studies have been made on a basis
of peripheral blood hacmoglobmn levels, ard this car
be senonsly affected by changes i plasma volume m
such cases Foy and Kond: (1958) did not report the
actual dietary ntake or precise nutniional status of
their subjects Their conel that protem defi
15 not an mportant pnmary cause of anaemm 8
therelore open to question

Patients who show serious wasting of body tissues
atso have depleted amounts of haemoglobn of
measuremments are made of blood volume Berlin ef af
{1955) measured the blood volume of 66 cancer
patients and found that 3§ 8 per cent were anaemic
mdged by the RCV 1 refation to body weight
Although’ haemorrhage and infection complicated a
number of these cases anaemua was found in patients
without these signs Muller e of (1956) found anaerma
n 22 out of 38 cancer patients These wmvestigators
found evidence of decreased red cell hfe span thus
mndicating smperfect red cell formation Furthermore,
the anaerma was not related to the presence of local
interference because of bone marrow metastases and
hypoferraemia with normal iron stores was & common
finding ndicating a defect m won utthzation rather
than aron deficiency Parewa e al {1955} demon-
strated 1mpr of d with
mitrogen retention 1n cancer pahents treated by tube
feedmg Holhingsworth and Hollingsworth (1955)
measured the blood volume 1 38 patients suffenng
from tuberculosts and found an RCV of less than
23 ml per kg in 19 of them In these cases ted cell Lfe-
span was normal and reduction 1 plasma volume
often obscured the anzemta

Whulst 1t 1s true that anaenma 1s an wconstant finding
in kwashorkor (Frowell Davies and Dean, 1954)

d
P

dret they showed a foss of metabohcally active issue
and also a reduction in the amount of total haemo-
£lobmn (Keys er of 1950) However the normal ratio
of the one to the other was preserved In the produc
f100 of specific protesn depletion yn adult man  factors
Such as selective competition for amino acids by
parasites or special tissue growth excessive protein

atabo} t ¥ within the body
or the effects of antimetabolites may be of greater
¥mportance than prumary dietary deficiency The effect
of the latter 1s likely to be complicated by the anorexia
dueto dcﬁc;cncy of essential amino acids (Rose 1957)
On theoretical grounds naturai dictaries taken
sufficient quantity should pravide the protein requirs

this 1 1s based on of h gl

binlevels But anaerua sometimes severe s descnbed
in many senes Stare and Davidson (1945) remarked
that severe forms of anaerma sn childhood are almost
always accompanied by signs of other deficiencies
especially proten The mean haemoglobin level 1n
48 cases of kwashiorkor investigated by Tovar
Escobar and De Majo (1955) was 8 8 g per 100 mi,
witharangeof 2 8 g10 13 8 g per 100 mt Lantz and
Wood (1958) showed that there was a correlation
between g Jevels of adol and there
proten intake Walt Holman and Hendnickse (1956)
mvestigated megalobl w protein-defi
aent chidren Of 42 cases admutted duning one
year, about half had typical signs of kwashiorkor
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the adults cells (Hollingsworth 1955) and they also
have relatively high mechanical fragimity (Y2 Yung
Hsta et al 1954) The increased serum bilirubin 1n
wnfants 55 probably a result of a relative Iner made
quacy, and not of excessive haemolysis (Biling Cole
and Lathe 1954) Therefore the breakdown of red
cells cannot be a source of storage 1ron The impor
tance of this source was supposed to be because of the
madequacy of muk to fulfil the infants nceds
Further the picture was based on penpheral blood
concentrations which are :mndeed hugh at birth (David-
son eral 1943, Gottfned Bogin and Levycky 1954
Guest and Brown 1957) and which rapidly dimunish
duning the neenatal penod It 15 durng the early
months of lfc that anaema diagnosed on haemo-
globin Jevels 1s most common (Wallerstem and Hoag
1957) and thus seems to be related to the concentration
of iron in the hiver (Smuth et al  1955a) When total
g h globin ts dit1s found that
there 18 a steady increase from birth until adolescence
(Brines  Gibson and Kunkel 1941 Rarlberg and
Lind 1955) and that the vanations during growth in
haemoglobin concentration must be due to relative
changes n plasma volume The infant s needs for iron
must be met partly from rron deposited mn the tissues
dunng ntra utenne hfe and partly from the milk
1ngested however poor this food may seem to be 1n
1ron content It has indeed been noticed (Strauss 1933)
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subjects there was a greater proportion
radioactive hacmoglobnﬁrzhan ll:l lgg mm:onrd;non;
the senes duning the first year of Ife The diet of the
other child consisted of the mother s milk and the
proportion of radioactive to non radiactive hacmio
globin remained more or less constant during the
first 200 days of life The child was however” also
g med I tron An concl

xlnade by Smuth e al was that the total nmou:fz’:‘
gl d unti! 60 days when
a slight increase appeared This did not become
appreciable fowever untd 100 days thus implying
that whatever tron was absorbed dunng this ime was
disposed among body tissues and may have repre
serited a net gan on the part of reserse iron stores

Sturg: (19565) d the q of rron
metabolism tn infancy and drew attention to the
total tron needs not only for mantenance of the RCY
but for growth increases m this the formation of
myoglobin and the building up of iron reserves.
Sturgeon estimated that the total amount of won
required for increased growth from 8 to 1 months
would be about 65 mg or 0 7 mg 2 day

Some 1dea of the generally accepted state of affurs
may be guned from this bricf consideration of the
problem There are however two aspects which
require elaboration One ts the controt of iron balance
and the extent of wron absorption and this wili be
d d 1 the foll The other

that sometimes pregnant women with hypoch

anacmia gave birth to children who may have anaerma
and that this state of affawrs may be obviated by giving
sron to the mother during pregnancy but this rela
tionship 1s not always clear (Pansh and Brame 1954)
Smuth et af (19556) conducted an expenment i
which normal preguant women were given repeated
small donations of red cells contaming radioactine
won Examinations were then made on the mfants
subsequently born and the relative amounts of iron
used for blood formation derived from the mothers
and from the post nata dset caleulated Unfortunately
few details of the wfants diet were given 1f this
conusted of the mother s milk 1t 1s probable that the
tron from that sonrce would be radicactive and of
simular speaific actvity to the sron m the child s body
Thus could explan why there was no relative change
1n the radioactivity of the child s blood dunng suck
Iing. If the infants were fed artificially the conclusion
reached namely that there was no utilization of
dictary sron for haemoglobin formation unhl 3-4
months after birth s of interest but difficult to under
stand The nference 1 that no dietary iron was
absorbed or if it was 1t entered a different metabolic
compartment from that invohed 1n haemoglobin
turnover Some detals of the diet are given tn the
case of three of the infants studied 10 two of them this
was nn artificial feed It1s significans that in these two

E [
matter 15 the actual measurement of the amount of
iron 1n the body dunng growth and its disposal 1o
different organs Thus has been studied very meagrely
but an mmportant mvestigation was that of McCance
and Widdowson (1551) These authors pomnted out
that Fontes and Thivolle (1925) had shown that the
total amount of 1ron in puppies increased considerably
dunng suckling and they concluded that the source
of this 1ron was the mother s pull. McCance and
Widdowson showed that tn the cat the concentration
of 1ron 1n the fat free body sissue fell dunng the first
three weeks of hfe then fose durng the next three
weeks and was at a still hugher lovel 1 adult ife By
contrast there was a progressive fall in the pereentage
of the total body 1ron 1n the blood from birth to adult
fife Duniag cacly lfc there was a substantial change in
the refative distnbution of 1ron Thus at buth 22 per
cent of the total body tron was i the Iver and 24 per
cent 1n the rest of the body tissues apart from the
blood At three wrehs old there was only 8 per cent n
the Iner snd 48 per ceng 1 the rest of the body It
follows from this that studies of tron stores based on
liver analysis alone are quite snsufficzent Furthermore
s emphasized by Josephs (1955) many studics ol iron
absorpion are based on 1on usage for hsemoglobta
formation and gave no tdea of its disposal un the bedy
During active growth it 1s rrasonable to suppose that
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much 1ron 1s focalized at the site of actine anabolism
but such 1ron may still be avatable for haem synthesis

MeCance and Widdowson {1951) confirmed that
dunng suckhing there 15 an accumulation of total body
won and that w some speetes it least alt the nere
ments are derised from mulh The average newborn
nfant aceording to these authors contains 274 mg of
won and at six months by anlogy with adult
measurerients  should contain 400 mg  Therefore
dunng this suckhing penod 2 gun of 126 mg of wron s
scquired This amount could be obtuned from the
mgestion of human milk 1f 43 5 per cent of the wron
wis absorbed  Teullen (1954) performed balance
stadies on 19 infants between the ages of 15 days and
9 months and found an average retention of 5% per
cent of the dictary iron intake when this was com
posed of muctures of cow s mik In two wstances
studies were made of mfants fed on breast milk one
showed a retention of 48 per cent and the other of
78 per cent a a further study Teuttien and Lam
brechts (1954) found 2 mean tron retention of 45 per
cent There scems fitle to justify therefore the recom
mendation that tron should be given as a routine to
alt infants (Holt 1955) Mk has often been stigma
tzed as a poor source of fron and whilst 1t may be
true that thes fluid contans a low concentration of
the element st is suffivient and ¢ ly night for
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fibross The former possibility 15 of snterest 10 the
present instarice because 1t ruses the possibility that
won deficiency anaemia may be due to interference
with the normal circulation of sron from the point of
breakdown of haemoglobin to that at which it 1s
e utthzed for hiemogiotin synthesis Pinmger and
Hutt (1956) drew attention to the early work of
Polson (1928 1929 1933) and Cappell (1930) which
showed the distribution of 1ron in the tissues They
themselves using parentera) imjections of wron found
that 1t appeared i the histiocytes of the spleen lyng
free m the red pulp and within the Malpighian cor

puscles and even in the celts lining the splemic sinusoids
and n the trabeculae and capsule Granules were
present 3n the KipfFer cells of the liver and also 1 the
hwver colls adjoiung the portal tracts Iron was also
present 1 the smusordal histiocytes tn lymph nodes

The amount 1n bone marrow was less than that
Tiver and spleen It 15 of interest that there was a
temporary hotd up of won m the capilanes of the
lungs for & few hours after myection This pheno-
menon was also found sn man by Andersson {1950)

Piomger and Hutt fared to produce fibrosis i the
her as a consequence of heavy and prolonged doses
of iron They point out that 1 haemochromatos:s the
wron 15 nside the epithelial cells compared with ats

the physiological circumstances of the infant dunng
the suckling period It mav be noted 1n this respect
that the tron content of mik seems to be independent
of the mother s dictary intabe (hrauss and Washburn
1936) The ocurrence of iron-deficiency ansemia
tafants must involse other factors and some of these
will be discussed subsequently

Many studies of the presence of won m e tasas
have now been made following the demonstration by
Rath and Finch (1948) that this could be measured
from an examunation of bone marrow smears It was
10 be expected that such resenve tron would be

d i such d as h

and anaemuas niot due to tron deficiency and would
be deplted i tron defiviency and chronic haemor
thage Allth nshave beenin fact & ated
{Pratt and Johnson 1954 Morse 1955) However, a
matter of great interest 1s the occurrence of anaerna
of abscure ongin 1n the | of adequate 1ron

p m the helial system (RES)
cells 1n thewr experiment haldor (1954) found that
expenmental haemolytic anaemia 1n rats resulted n
a marked mcrease m spleen weight and that this
became even more marked after the admumstration
of wron Tissue analysis showed excessive concentra
tion of mon 1 the hiver but much more s¢ 1 the
spleen

Golberg (1957) pormted ow that shservahons wm wamn
and animals showed that 1t 15 ghly unlikely that
haemochromatosis could result from severe and
protracted haemosiderosis In a recent study Brown
et al (1957) examined dogs which had been subjected
to parenteral tron admuustration over many years
They demonstrated heavy won deposits parnicularly
m the RES but there was no evidence of fibrotic
reaction These authors quote many references to
work which showed faifure of tissue iron overload to
produce cirrhotic changes 1 the liver They also draw

stores A particular instance of this 1 the anaemia
associafed with anfection (Stevens Coleman and
Finch 1953 Hutchi on 1953) There ase eases of
cven greater obscunty (Bjorkman 1956) and some
tmes of particular significance there occurs 2
hypoch mn the p of haemo-
chromatosis (Butt et a!  1956)

There 1s controversy about the aetiology of haemo-
chromatasis (Anon  1957q) particularly as to whether
won deposits are the result or the cause of hver

10 the fact that 1n published réports there
appears 1o be a complete Iack of correlation between
the amount of iron and curthosts fatty changes 1n the
fiver and pancreatic lesions 1n cases of hacmosiderosts
Eltis Schulman and Smath (1954) nveshigated thirteen
cases of Cooley s anaerua n which siderosts and
curhosis were present They noticed that the degree
of siderosts bore no refation to the amount of won
given as therapy or by transfusion although exact
measurements were not made In one instance how
ever they found that the liver contamed 27 36 g
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of ron although only 0 § g had been given From the
details m four cases 1t 1s seen that although the colour
tndex i one instance was 1 2, that in the others was
0 38,0 74 and 0 86 respectivel

Wyatt Mighton and Moragues (1950) report the
case of an old woman who had Ined for many years
on a very poor dict She recenved no transfusions, but
10 spite Of severe anaemia the Diver, which showed
diffuse fibrosis contaned 22 5 g of won In a case
reported by Goldish and Aulderherde (1953) a man
with a history of alcoholism had chromie hypochronuc
anzemta i the presence of curhosis and haemo-
chromatosis The condition did not respond to folic
acd or vitamin B,,

In a study of erythrokinetics Spencer Mitchell and
Kang (1957) gve detmls of three cases affected by
disease of the lymphord system In two cases of
Hodgkins discase and one of Iymphosarcoma 1ron
disappeared from the plasma about twice as rapidly
as1s normal Al these patients however, were anaemic
In a further instance 1t was shown by external counting
of radioactive wron that i lymphosarcoma whilst
there was a normal uptake curve for the bone marrow,
those for spleen and Liver were greatly increased

Expeniments of special interest were conducted by
Frewreich er al (1955, 1957a) mn which they showed
that 1n the presence of an wflammatory process m
dogs there was a disorder 1n ferrokinetics The eflect

of 1y of d cells wto the
ammals on the production of new red cells was
measured together with the effect of wections of
radioactive transfernn In the presence of inflame
mation util of rad tron from
red cells was even less tn ammals with excessive than
In ammals with normal 1ron stores The inhibition
was related to the inflammatory process because there
Was a prampt return ¢ normal when this resolved,
and & delayed return to normal when the process was
prolonged as a result of njections of ACTH Frewreich
et al (19576) also found that n human cases of
rheumatoid arthritis iron was taken up by the RES and
was not readily released for haemoglobin synthesis.
From a consideration of this evidence 1t appears
that there are circumstances 1n which 1ron released
from the breakdown of red cells may enter the RES
and be trapped there leading to abnormal tissue 1ron
deposits and at the same ume allowimng insufficient
sron to return to the bone marrow for haem synthesis.
Such a mechamsm offers a possible cause for ron
defictency anaemuas which anse in communitics
where dietary iron intake scems 10 be adequate 1f not
excessive (Lehmann, 194%0) smce many of these
cases are scen n those areas where curthosis of the
liver can be expected because of dietary deficrency
and where the RES may be affected by parasitic and
nflammatory discase

IV THE BALANCE OF NUTRIENTS IN THE BODY

An overall pictuse of nutnitron may be given 1o dia
grammatic form to show the mam factors mvolved
(Fig 73)

Stince the work of Schoenhexmer (1942) 1t 15 now
accepted that the constituents of the body exist in a
state of dynaruc equiibnium It follows that constant
interchange takes place and that there must be a
common mecting ground or  metabolic pool
Radioactive studies have yelded much information
about the rate and extent to which different elemen
tary body constituents enter and leave various tissues
and how this 1s modified by circumstances Much of
this exchange rate 15 associated with the rate of degra
dation and replacement of whale cells (Leblond and
\halker 1956) the fotal exchange sate will depend
on the s1ze of the tissuc copcerned 1ts metabolie rate
and on the relative rates of catabolism and anabolsm.
Some of these factors will be discussed

A The Dustribution of Nutrients

2 from the bolic pool wall be
distnibuted to dufferent compartments accordung to
the factors mentioned 1n adult Iife many tissue com-

are relatvely mert Tissues of high turnover include
the liver bone marrow and gastro-tntestnal tract,
those of slow turmover rate mclude the skeletal muscles
(Benson kim and Bollman 1955) Thus although
striped muscle represents about 30 per cent of the body
weight (Mitchell ez of  1945) 5t 18 not a major com-
petitor for some nuinents 1n the adult body The
mportance of this concept in nutnition Jies the faet
that the balance of sctivity and thus requirements,
can undergo important modification One result of this
‘may be the internal shift of protein from onc compart
ment to another Such shifts ;;Jc)md;nl rr’:x: :si‘:.
ctive studies (Yuile et af 1 and an T
:xamplc 1s provided by the work of Coben (1955}
who studied the distribution of protem i the female
baboon He found that dunng the follicular phase ?f
the menstrual cycle a mass of protan approvmaich
equal o the total amount present the circulating
plasma was deposited 1n penncal tissue With the
onset of deturgescence about 30 g of protan w23
mobthized from the pepeum withn two to four days.
In the case of sron Magnusson Berpstrom andr
Odeblad (1955) have demonstrated he exteat O
distnt P rats o the foctus plarerts,

ry gland

ponents extubit a cond, of
and re-synthests but others (for example

uterus and
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An rmportant cause of departure from the aduft
potten of distnbution of avadible nutrients is
excessne anabohism m a tissue The most important
examplrs of this are growth and pregnney but

T and even M § hypertrophy should
also beconsidered Tnactn e growth of tissue endocnine
are of d { importance and

Hubble (1957) has discussed the hormone bilance
which operates 1n normal growth In connection with
nutntion it should be remembered that the endoctine
glands themsehves mav suffer from inadequacy
(Sarrucls 1947 Jacobs 1948 Esshoff 1952 Perloff
et af 195%) Zubwran and Gomez Mont (1953)
demonstrated  sigmificant disturbance of endocnine
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protein deficiency 10 rats was improved following
admunstration of cobilt As the authors themselves
suggest this may have been due to the favourable
redistrsbution of protemn to the bone marrow There
are conditions in which htemoporetic tate 1s mcresed
in order to counteract adverse conditions A well
known cxample 1s the response to anoxsa as seen at
Iigh aittude (Hufl et al 1951) In pathologicat
conditions also bone marrow activity may increase
Thus 1n permcious anaemia there 1s bone marrow
hypertrophy although the p of such d
activity may remun within the bone marrow (Giblett
et al 1956} In this connechion an tmportant para-
meter s the erythrocyte Wfe span because «f for

FOOD
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Fio 73 Scurmanc REpRESENTATION OF THE BALANCE OF NUTRIENTS

N THE BODY WITs1 AN INDICATION OF

function in 529 adults suffering from chromc malny
triion  Haemopoietic acuvity Scems alse to be
wnfluenced by humoral factors (Carnot and Deflandre
1906 Van Dyhe er o) 1954) which are demonstrable
particularly after hoemorrhage and also in anoxa
and m the presence of anacmua (Borsook et af 1934
Hodgson and Toha 1954 Gordon Palewo and
Tannenbaum 1955 Winkert ef af 1958) Increased
2etvity under these snfluences will result 1n an unusual
drain “of nutrients to the blood forming yssues
Thus Fujpoka (1956) showed that dunng recovery
from haemorrhage there was accelerated mcorporation
of ion into erythrocytes Furthermore there was a
felative increase of radio 1ron 1n bone marrow and a
decrease 1n the hver 1n anaemic ammals Orten and
Orten (1945) found that the anaenua associated with

SOME PossIBLE MoDIrvInG FACTORS

example this1s halved the rate of production of new
cells must be doubled 1n order to maintam the normat
peripheral blood levels For thus reason the widespread
occurrence of the sichle cell trmt (Lehmann 1954)
and other abnormat haemoglobm types, 15 an impor
tant consideration 1 the aetiology of amsemia
This adjustment of erythropoesis rate {Crosby 1957)
has gven tise to the concept of relative marrow
farture (Moore 19575) which 1s understood from the
ewample alteady given which demonstrates that
erythroporetic requirements will vary inversely with
the ervthrocyte Iife span The relatise increase
demand for blood forming nutnents will also anse
whenever bone marrow actwity increases for any
other reason The effect of alttude m mcreasing the
demand for blood formung nutrents 1s tlustrated by



166

the expenments of Criscuolo Clark and Mefford
(1955) in which an increase tn haemoglobin concentra
tion only followed administration of sufficient aron
Another example 15 gnen by Whitby (1959 who
showed that duning recovery from pernicious anaemia
the amount of 1ron in the blood of a pattent increased
from 434 mg to 1770 mg Thus the very effort at
recoyvery could lead to 1 state of iron deficiency which
did not ewst relative to the slow output of cells before
treatment By contrast because of reduced erythro-
poresis certain nutrients may be present i éxoess
and the amno-aciduna of pernicious anaemia (heeley
and Politzer 1956) may be & manifestation of this
Another may be the accumulation of tissue iron n
perrucious anaemia 2nd i the wnaermia of protem
deficiency in animals (H1llgren 1953)

Competition for avatlable protein on the part of
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that the body tissues accumulated tron and ¢ may be
an unusual increase n this disposion that Jeads to
tron deficiency in the bone marrow

The possibrsty that iron may be dnerted 10 tsucs
other than the bone matrow ‘and sequestered thus
becoming unavalable for haemoglobin svathests
1s another possible cause of iron deticrency anaemia,
Part of this problem has already been discussed in
relation to hepatic curhosis and  hacmosiderosis
Trauma s of frequent octurrence especrally i parts of
the world where malnutninon eusts and 1t has been
shown by Clarke Topley and Flear (1955) that very
large volumes of blood may be lost from the circy
lation without esternal haemorthage This blood
although undergomng breakdown probably does not
release tron for re utthzation (Strassman 1954) and
fay thus be a serious dean from the metabolie pool

different tissucs could lead to defi y for blood
formatton (Platt and Wadsworth 1956) Hallgren
(1953) investigated this problem 1n rats and was able
to demonstrate that under certain conditions of growth
and protemn shortage anacmna occurred This was
mnly shown when total haemoglobin was measured
and not hacmoglobin Jevels and there was relative
depletion of blood protein m companson with carcass
protein It has often been remarked that anaemsa s
much more common m artificially fed infants than
m breast fed ones Thus Mackay and Goodfellow
(1931) found that 42 per cent of infants ar 12-13
months old had anzemrt when breast fed but 70 per
cent when artificially fed This phenomenon was
ascnibed to defectnne absorption and utilization of
won 1n cows nulk  but this 1s not supported by
expenimental evidence  (Josephs  1958)  Indeed
Teudlen 1nd Plumer (1952) found that snfants
absorbed more won from cow s than from human
nulk Plate (1955) has drawn attention to the increased
growth rate of children fed cow s mulk and 1ts possible
implications m  relttion to  neural mychnation

also blocks the transfer of wwon across the
placenta and through RES cells (Bothwell Noyes
and Finch 1958) Apt Pollycove and Ross (1957
found that 1n 1diopathic pul Yy h d
there was sequestration of wron into the lung paren
chyma in sprte of rron deficiency anaema The Jtter
was corrected by oral iron therapy Nslander (1935)
found depression of serum tron and trnsfernin levels
i patents with fractures He thought that ths
supported the contenttons of Cartwnight et af (1951)
who showed that various stresses produced a decrease
1 serum sron concentration sumifar to that produced
by cortisone and corticotroptun W sth marked adreno-
cortical activity there was increased sron storage m the
RES and a correspondingly small amount available
for haemogloben synthess

B Absorption of Nutrients
Even though sufficient nutrients are present in the
diet not all of these may be nbsorbed to an adequate
extent ‘The demonstration of Diche (1950) that wheat
protesnt could produce pathological change 1 the
and Jead to malabsorphion opencd p a new

Stexrns (1939) shawed that I nas
considerably greater n nfants fed on cow s milk
compared to those on human milk The young infant
1s able to utiize proten far beyond that which he
could possibly obtain from s natural food (Stearns
1956), and therefore a criticat factor in growth rate 1s
the amount of protein presented in the diet The
difference 1n growth promotion by cows mulk s
emphasized i the casc of premature babies In onc
group there wasa gun of 11 7 g per hgaday in wnfants

P 4 human muik 3 with 17 3 g for
mfants fed a con s shimmed aulh mixture {Levine
1956) In the case of ansemsa of miants therefore
the possibility ewsts that theee 18 an increased rate of
growth and a consequent relative sncreased dstribu
tion of nutoents to ussuces other than the blood The
analyses of McCance and Widdowson €1951) showed

ficld tn nutnhion namely the possibutity that postive
deletenious effects can follow ingesticn of pommal
nutnents This may have wide appheation 1 under
standing the essential cause of some malnutntonal
states There are a number of hiemopaictic rutnents
that may be affected Butterworth Sanunt and Perez
Sanuago (1958) found a slow rate of ghane absorp-
tion 10 sprue thus wat shown also to be the case 1
rmicious anaerma (Erf and Rhoads 1940) Fohe aad
is well known 1o be poorly absorbed tn the malabsorp-
non syndrome (Garca Lopez ef ol 1946 Suarcz of
al 1946) Badrnoch and Callender (1959) found that
with few exceptions steatorrhoea was associsted with
r aron absorption !;:o one c:xsc’h\mh :;f!x:hromxc
aemy and e a tion there
:tnsp‘;nnsc to pax';no‘;:ral 1ro§' although in thrs patient
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there was no cvidence of stettorrhoea Hawkans
Peeney 1nd Coole (1950) and others hase ko
demonstrated the nse of parenteral sron in refractory
anaera and steatorthoea  Edgar and Ruce (1956)
showed that oral admnistrition of won presented
a falt in haemoglobin levels i the majority of pregnant
women but was neffectine 1n this respect in 20 out of
89 cases stuched

Tron absorption s under satensie study at the
prosenttime and the detarled review by Josephs (1959)
has already been referred 10 1t seems that the straight
forvard mucosal bloch  theory (Grarch 1948) can
no longer be accepted but that ron absorption 1s a
function subject to certain influences  Bothwelf and
Finch (19575) behieve that these are fundamentally
the state of the sron stores and the rate of erythro-
poiesis but the effect of reduced hremoglobin levels
causing wssue anowua and Affecting sron moblization
from ferrstin may be a further {actor (Josephs 1958)

Studics of tron absorption by radioactive 1sotopic
and other methods (Stesnkamp Dubach and Moore
1955 Josephs 1958) alt show that there 15 a consider
able vanabiity both between individuals and betwee

different foods It scems that infants absorb rel y
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has taken place in the speeific activity of the intestinal
contents duting thewr passage through the canal

1t 15 of prachical importance to rethize that there 15
every possibility that sron may accumulate sn the body
when gwen 1n continued doses by mouth (Josephs
1958) 1nd more so after parenterat Admimstration
Although st 1s probable that accumulation of iron does
not lead by itself to fibrosis as already discussed 1t
cannot be assumed that 1t does no harm Thus Gol
berg and Suth (1958) found sm rats that averloading
with 1ron resuited 1n pathological changes ct
stic of witamin E deficiency In the treatment of
anaemia m human subjects careful distinction should
therefore be made between wron absorption and won
utihization If the need for iron 1s based merely on the
b of defe h globin formation  and
not on evidence of deficient ron stores large and
continued doses of 1ron may be used unnecessanly
and have harmful effects (Kaldor 1954) This may
be particularly 5o m the presence of disease affecting
the reticulo-endothehal tissues

Until recently 1t has been supposed that vitamun B,y
aEsorp(lon was solely dependent on secretion of

fatger proportions of 1ron 1 food than do aduits
Also anaemic subjects absorb more yron than normat
subjects (Will and Vilter 1954 Moore 1955) These
facts together with the possibibty of a control of sron
losses undermine the arguments about the causes of
sron-deficiency anacrma which are based on the pre
muse that there ss a fived avernge  percentage jron
absorption and that 1ron losses are afso fixed It 15 of
interest that Chappelle er af (1955) found that total
tron josses 1n mice varied directly with the amount of
storage sron

)thn sron absorption 1s measured by the amount of

wron which disappears from the
Contents 1t should be remembered that there 15 a
possibihity that of rad tons may

not be an accurate measure of translocation of the

q ofthe mtrinsic factor although wath
tugh dosage this did not seem enturely true The results
of experiments with a chemucal commercial prepara

tion by Chow Horonick and Okuda (1956) introduced
the 1den that other substances could lead to vitamin By
absorption Greenberg et af (1957) have now shown
that certain carbohydrates p-manmtol L sorbose and
D xylose and particularly p-sorbutol actively enhance
this further evidence of the effect of p sorbitel on
vitamin By, absorption was obtained by Chow Meser
and Free (1958)

C xcretion

The balance of nutnents 1 the body may be dis
turbed by abnormal excretion especially if there 18
atso defective absorption of dictary supply Excessive
blood loss, for example 1s an mnstance of this A more

substrate For cxample 1 studies on the
of #P 1o red cells (Wadsworth unpublished
observations) 1t was found that this was a function of
the concentration of norgamc phosphate i the
suspending medium Thas 15 to be expected on physico
chemical grounds Assurming as a first approximation
that the whale bady represents one compartment and
the ! another rad tons will
move between the two compartments according to the
concentratton of tron 0 each

Thus even if there was no actuat abserption of
Substrate tron from the mtestinal contents but a gh
<concentration of iron 10 the tissues tons

subtie ple 15 the loss of mtrogenous
material which 1s found 1n conditions of stress a Joss
which cannot be balanced by icreased absorption
This important aspect of metabolic balance was
described i relation to trauma by Cuthbertson (1932
who has recently reviewed the problem (1954) Mason
(1955) has produced evidence of mitrogen Joss follow~
g surgical operation 1 humans and that the adrenal
cortex plays a part in these changes This has alsa been
mvesngated n ammals (Long 1956 Munro and
Chalmers 1945} The possibiity that stress might
ntiate an untoward nutritional balance and lead to

would move 1nto the body Therefore interpretation
of the resufts of studies using radioactive 1s0topes
shouid be cautious unless it 15 shown that ro change

has been d d by Platt and Wadsworth
(1956) and by Platt (1958) Whether 1t s an important
factor 1n the aetiology of anaema in chrome diseasc 1s
a matter for speculation but Johnstons (1953)
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researches on nitrogen balance of tuberculous patients
are of iterest 1n this respeet 1t may well be mvohved
also in the haemoglobin shorfage m  chromc
shock  Lyons (1943) discussed the necd for blood
transfusion on the part of patents sufferng from
chronic shock and the association of body wasting
and reduced RCV in chrongeally 1t patients (Lyons
and Mayerson 1947) This 15 a matter of first impor
tance in surgery It was shown by Kehne Hughes and
Schlenker (1956) that the operatne prognosis 1n
tuberculosts was greatly tmproved by blood trans-
fuston to correct RCV deficrt

D Other Factors

There are other aspects of the problem of halance
of nutrients 1 relation to the actwlogy of anaema
but there 15 only spacc to sty somethmg about two of
them namely, the Iner and mfection

1 Tue Livir

The lver, as a metabolic competitor with the bone
marrow has already been mentioned However this
organ s important not only on account of its size and
metabolic rate but also because of its position 1t hies
wn the immediate pathway of the mcoming stream of
nutrients absorbed from the gut Van Shyke and
Meyer (1913) found for example that during diges
tion of protein the increased amino mitrogen in the
portal blood was largely removed by the fiver and

Thus of some published values for RCV per &
weight and PCV are plotted (Fig 74) anmb:’}iyx
n one senies there was good agreement A departure
from a normal curve may well be explaned by differ
ences an technique such as the allowance made for
trapped plasma in the hacmatoenit In another senies,
an jliustration 15 provided of the great unrclability
of judging RCV deficus from estimations of erythro-
cyte levels

2. INFECTION AND InFISTATION

A great deal of the anaemua throughout the world
occurs i places where infection and mfestation are
also common and these complications have an
important bearing on nutnition (Smuth 1955) Unlor
tunately it 1s extremely difficult to assess i precise
terms the interrelationship between them and tissue
nutntion In only one instance indeed does there
seem to be a clear causal refattonship between an

fe and the prod: of I deficiency
caustng anaemua Thes 1s 1n the case of the fish tape-
worm which appears to take up apprecrable amounts
of vitamin By (von BonsdorfT and Gordin 1952)
and apparently there 13 competition for the vitamin
between mtrinsic factor and the worm (Brante and
Emberg 1957 1958} Itas of interest to noge that &
haemoporetic substance has been extracted from
Ascaris lumbricoides (Ol er Gonzalez, 1957)

The well known association between hookwormin
fe and 15 sull 2 matter of Imvestigation

that this was d with an d ammno-acid
content of the organ In addition the hver 1s an
wmportant storchouse of wwon and of fohc acid and
vitanun By, (Guedwood 1951 1953) A lfurther factor
of possible mmportance n relation to Jner function
and its bearing on haemapotests 15 the reduced blood
flow through the lver affected by cirhosts (Bradley
Inglefinger and Bradley 1952 Buwozzi et af 1958}
Anaemua has often been described 1 associstion with
disease of the Wver (hrasnow et af 1957 Mehrota
1957 Vasavada Arora and Mukerp 1957 Higgins
and Stasncy 1935 \Wintrobe and Shumacker 1933,
and others) and the erythrocyte life span may be
shortened (Allen Carr and hlotz, 1957) It is gener-
ally agreed that such anacmia s macrocytic but with
a normoblastic bone marrow  thus suggesting the
possibility that red cell size 1s affected by plasma
factors It 1s also commonly clarmed that the anacrma
can at least 1n part be explamned by an expanded
plasma volume Thus Percra (1946) claimed that
there was a consistent wcrease of 10 per cent mn this
value compared to normal A great diff culty hies in
ignorance of the patient s normal blood volume and
no measurements seem to have been made of total
RCV n relation to his metabolic needs The elum
that plasma solume expansion gues fise Lo & spunous
aniemia s not catirely borne out by the evidence

This 1s manly because of the difficulty 1n providing
adequate controls Thus Chang er al” {1949) whlst
demonstrating apaemua the degree of which was
correlated with the antensity of infestation also
showed that non infected people m the same com
mumity were also gravely anaemic Likewsse Lehmann
(19495) found that in healthy subjects the presence of
hookworm infection was not assoctated with anaemix
However 1t 1s now certam that these parasites bniag
about blood loss which can be constderable and must
be of umportance as an actiofogical factor in anaerme
Roche ef of (1957) making use of red cells Jabelled
with $'Ce ;nman found 1n 21 subpcts a blood loss of
2 010251 5m) dasly this was roughly proportional
to the worm load In 12 patients with Necator amer-
canas wfection the blood loss caused each day

a single worm was 3 J1x 10 ml & [ 73x 10 !
Loss of blood caused by Axk vlastoma duoderale w3s
about © 2 m! for each worm dailv Blood lost into the
gut may be an avatlable source of sron for absorption
(Hahburton 1904) but haemoglobun 15 digested only
t0 a hmuted extent (Houston 1955) Brumpt Danvove
and Ngeth (1957) found no haematological respoe
1 hookworm amaemia to adeumstraon of wron by
rectum but there was a response when prien by
routh.
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Much 15 now known about the campotition and
metabobe nreds of parasites (Farburn 1957 son
Brand 1957 Dauchetty 1957} but unul quantitative
measures are possible the importance of these cannot
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RES may thus be important factors n the production
of anacmit 1n mafana
Whlst the occurrence of sickle cell traxt ray be a
disadvantage i some tespects 1t seems to inhibst the
Ttin) 1

e assessed Inmalan 75 percert of the b lobin

1ton of {Alison 1957} an

of the host cell 15 destroyed by the growiny paraste
(Mornson and Jesky, 194%) and the maliny pgment
found 1o fver spleen bone matrow and fymph nodes
{Clark and Tombincon  1949) consists of haermn

effect also found m foctal haemoglobin carrters The
latter might be an important factor 30 the resistance
of infants to malarin

The question of the importance of the intestinal

® MEHROTA (1957)

O HYOE etat (952)

A MOLLISON,VEALL AND CUTBUSH {1950)
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Weioitt 10 Packrn Rin CeuL VoluMeE ™ INFANTS (Afollison Veall and
Cutbush 1950) AND ™= PATIENTS wrnil CIRRIGOSIS OF THE LIVER (Hyde er of ,
1951 Mehrowe 195T)

(Rumington. 194T) The glycogen stores of the liver
become depleted dunn, ga P/a:moduml berghelinfection
2rd thes s ot solely due to anorexia(von Brand 1954)

Platt (1957) has drawn attention to the Jarge amount
of protein used up duning malaral tnfestation of the

flora both as & source of the normal requirements of
vitamins and as o cause of depletion 15 stlf cont ov
versiid This has rewently been reviewed by Gardner
(1957) The fact that not ail vitamin B,, matenal 1n
faeces 15 of fi 1 15 now 3

monkey and pves a g of this
1{1‘ 13 also of mterest that malanal parasites possess all
the enzymes of the Krebs cycle (Speck and Evans
3“94'5L Speck Moulder and Evans  1946) These

and of pgment 1n the

P

b 1954) and much of this vitarn €an be
recovered from the faeces of germ free chicks {Gard
ner 1957) One explamition of this 1s provided by the
conclusions of Qkuda Grasbeck and Chow (1958)
1hat the bile 15 an wmportant route of excretion for
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vitamin B,y In this connection the claim by Foy
Kond: and Manson Bahr (1955) that pencdbin’ exther
orally or parenterally 15 effectne 1 some cases of
megaloblastic anaenua and leads to a nise in plasma
vitamun fevels ts of interest Swendseid Long and
Halstead (1957) found that after gastrectomy 1n the

NUTRITIONAL FACTORS IN ANAEMIA

Gabuzda et a/ (1955) conducted 1 detatled expertment
on human subjects They found that chiortetracycline
(aurcomycin) given by mouth resulted 1 Joss of body
weight 2 negative nitrogen bakance and 3 well
marked increase 1 unnary excretion of nboflavin.
In one of four studies made there was also increased

on of fokic acid n the unne There was no

rat anaemia resulted and was d withd

Iner content of vitamin By, The anaemua responded

to aurcomycin by mouth but not to ora) or parenteral

vitanun By, folic acid or hog s stomach The aureo-

myctn did not raise the leved of vitamn B,y in the Iver

The interpretation of these results must take into
b bolic effects of antit

aton

definite correlation between the effects of the ants
biotie on the bactenal flora and the metabohie cffects
It should also be remembered that antibiatics espe-
cially chloromjcetin  may depress bone marrow
function (Osgood 1953 Erslev 1953, Rigdon Crass
and Martin, 1954)

Y CONCLUSIONS

There are many complexities in the story of nutntion
and and 1t 18 fund Ily important to
view the problem in the context of the biology of
human Lfe It seems that the stage of first approx

mations’ 15 no longer adequate and that the aruficial
conditions of laboratory investigations are of mited
value Whilst undue expentmentation on patients 1s to
be deplored there comes a stage when some research
must be carried out on them That stage seems to have
been reached 1n regard to anaemia ‘The extraordinary

frequency with which this sign appears throughout
the world and the nature of the problem are such
that the subject must be investgaied in detatof
uscful answers are to be found The new ficlds of
snquity opened up becanse of avatabibty of modern
techmques and the concept of the dynamic state
of the tissues of the lning organism however danot
detract but rather emphasize the importance of
knowng pust what matertal 1s fed into the system from
outside
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vitamm By, In this copnection the claim by Foy
Kond: and Manson Bahr (1955} that penicillin exther
orally or parenterally is effective 1n some cases of
megaloblastic anaemia and leads to a nise 1n plasma
vitamun levels 1s of interest Swendserd Long and
Halstead (1957) found that after gastrectomy m the
rat anaemta resulted and was associated with decreased
Lver content of vitamin B,, The anaemua responded
to aurcomycin by mouth but not to oral or parenteral
vitarmin By, folic acid or hog's stomach The aureo
mycin did not raise the level of vitamin B4 1n the liver
The 1nterpretation of these results must take imnto
1 B ol

100 p effects of

Gabuzda et al (1958) conducted a detailed experiment
on buman subjects They found that chlortetracyckne
(aureomycn) given by mouth resulted 1n loss of body
weight ‘2 negative mitrogen balance and a well
marked ncrease 1o urmary excretion of nboflavin
In one of four studies made there was also increased
excretion of folic acid mn the unne There was no
definste correlation between the effects of the ant
biotic on the bactenal flora and the metabolic effects
It should also be remembered that antibiotics espe
crally chloromycetn  may depress bone marrow
function (Osgood 1953 Erslev 1953 Rigdon Crase
and Martin 1954)

V CONCLUSIONS

There are many complexities 1n the story of nutnition
and and 1t 15 y 1important to
view the problem n the context of the brology of
human Ife It seems that the stage of first approxi

matiens s no longer adequate and that the artificial
conditions of laboratory investigations are of hnuted
value Whilst undue expertmentation on patients 1s to
be deplored there comes a stage when some research
must be carried out on them That stage seems to have
been reached i regard to anaemra The extraordinary

frequency with which this sign appears throughout
the world and the nature of the problem are such
that the subject must be mvestigated 1 detasl of
useful answers are to be found The new fields of
mnquiry opened up because of availability of modemn
techmques and the concept of the dynamc state
of the tissues of the hiving orgamusm however, do not
detract, but rather emphasize the importance of
knowmng just what material 1s fed into the system from
outside
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lobe of the pitustary body would support growth of
sarcomatous fibroblasts of the rat or normal chick
fibroblasts The normal fibroblast however under
went fatty degeneration after 2 prolonged period of
cultivation (Baker and Carrel 19285) When normal
and sarcomatous fibroblasts of the rat were cultivated
m 2 mixture of peptones and peptides and ammo acids
derived from the liver, a temporary proliferation of
the normal fibroblast was observed ~ but there was an
unltmzted prohferation of the sarcomatous fibroblasts
(Baker and Carrel 1928c) They further noted that
the ammo acids contributed to the nutrtion of the
cells but were unable to support life without the
addition of peptides and polypeptides The proteolytic
products were more toxic to the normal fibroblasts
than to sarcoma cultures but the greater aciduy
produced from the large glycolysts of the sarcomatous
cells could account for this difference by altering the
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related to the nucleoprotein fraction and termed the
matenial embryonin - Extraction of Ipids tncreased
the activity of this matenial and whije the function of
embryonin was unknown Fischer (1946} suggested
that 1t served 1n a catalytic fashion

Sumlar results were' obtamed by Davidson and
Waymouth (1945) who pointed out the importance
of the nucleoprote:a 1n embryo jurce but the growth
promoting activity seemed to be associated with the
Pprotein per se since no correlation was found between
the types of nucleic acids present and the growth
promoting activity of the extract (Waymouth 1947)
It should be pomnted out that some of the actmty of
the embryo estract may be assocrated with poly
sacchandes, since muemnase reduced the actvity of
the embryo juice (Davidson and Waymouth 1943)

Fischer (19416) studied the effects of dralysed
plasma serum and embryo extract on the growth of
cells and luded that these ble sub

rate of reaction of the protem sy g enzy
Further Baker (1929) observed that sarcoma cultures
grown 1 2 medwm contaimng glycine nuclerc acid
glutattuone  haemoglobin, hver ash chick plasma
and a peptic digest of casemn grew as well as similar
cultures when grown m plasma and embryo extract
This supplemented medum however was not con
ducive to growth of the normal fibroblasts The results
of the work of Baker and Carrel clearly suggested
that the presence of plasma serum or embryo extract
was necessary for continued proliferation One of the
beneficial effects of these substances mn the medum
may be due to the presence of enzymes which slowly
degraded proteoses mto amuno acids (Carrel and
Baker 1926 Wilimer and kendal 1932) In view of
thus work and considering the results of Baker and
Ebeling (1939) Vogelaar and Erlichman (1933) and
Erlichman (1935) the mmportance of proteins and
their degradation products as well as some unidentr
fiable factors 1n serum and embryo extract m the
medwm were clearly demonstrated

In 1936 Simms (1936) employed an ox serum
ultrafiltrate as a basic constituent in the medium
This ulteafiltrate contamned ng\péotcx‘r; {as deter

1 h ut

were essential for growth irrespective of the presence
of embryonin in the medium As a result Fischer and
Astrup (1942) attempted to reconstitute the dualysed
medwm by the addition of amino acids When supple
mented with the essential ammno acid muxture of Rose
(1938) the medium was not so benefictal for cell
survival as a supplement based on the analysis of
fibrin (Bergmann and Neimann 1936)

Thus led to some important and intesesting concly
sions While both supplements contamned all three
baste ammo acids and tryptophan the fibun
based * supplement contamed aspartic acid glutamie
acid prohne and cyst(ehne but no threomine valine
1soleucme leucine, nor phenytalamne This fed Fischer
to the conclusion that cyst(ehne could not be replaced
by methiomne and that the concept of ¢ sential and
non-essential amumno acids for the whole organism did
not apply to cells growing m issue culture (Fscher
154

F?zcher et of (1948) then formulated a medm
which 1 addition to dialysed plasma embryonin
glucose some morganic salts, and the ten essential
ammo  acids d t

hat

g #
i} fructose dip!

mned by id rep
0 0i5m ) gen This ull con
tamed an A factor which was stable and apparently
an acid of small molecular weight and 1t was reported
to be essental for ccll mantenance angd as a growth
stuimulant for adult celis i yvitro

Still fater Fischer (1946) published a summary of the
work of his group and a constderable portion of this

P
ascorbic acid some B vitamins and hrebs satef
mediates and a number of other compounds known
to be of biologeal signficance This medwim w38
designated V 605 and was found to support rapid
growth of fibroblasts In 2 senes of growth response
studies the supplementary medium was simphified to
contamn ghicose fructos¢ diphasphate ghutathsone
and the ten essentiaf amuno acds exeept

menograph was devoted to the p of growth
stymulants and mitrogen nutntion i virro The growth
promoting actvity of embrye juice was studied by
fractionation procedures and was reported to be
assocated with labile bigh molecular weight substances
(Fischer 1941a) He suggested the acuvity was

1t ~ Using
that cyst{e)ine was used 1n hen of methionie
this s?pplcmem (V 614) dualysed plasma embry cn;;’
and some inorgame salts growth F\_an; nox(:;gg;;m‘ah :z
altered from that of V-605 Fischer

pted to the lity of the amino
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acds and rcponcd that cys\(c\mc arpmne trypto- addinont of embry® extract howeven resulted 10

phan Jutamin® Jysine we ymportd Amino excelient B wih
acds fof utroge? qutntion 10 addino? he studied Morg and S associates modified and \m‘)roved
cclt response [ vm\cm digests and amine aad this medwim and d:mgnated the new substrate as
uctures (028 4 on the s of these pm(:ms) Medm 1 An 1 and Mot n
N conclude hat Lssue Mtures ™ Tequire 1955) Usiob 0 the survw¥ 1 ume of tuck hed
\dentificd fact d \wpudc gbroblasts ¥ s the same ¥ Med A
natut also S 4 equit Prop g uenza 20
1t hould be ™ it ¢ white Tt v 61 mump iruse cultures { honoa\km(
supp a1 not conta o cofactors he bran (Bu 11958 Fr eloped
dd nfer that hey cntial for wth  dep ction q which ¢ d t determin®
He mtc! '« substances obably the nutntio al requt ats of chck nbryon©
mamcd n some ccmbmcd form 0 the dm\)sah\c hcanﬁbrob\as( inro (Mcnon pasiekd :mdMo:gan
plasmd and the ymportance 1ocelt growth of g\ummmc 1956) TS will be discussed 1 more detatl 30 2
and fructose diphosphat® onstrated only succeedy g seet
hey © 4 By dalyst nse Aedum 199 150 has been altered and ¥ p! oved by
vently U cy ¢ the O 1y acce factors parker and his cotleagy exampl y (Hea\y
TequIre Y 1 (1 scher ¢ Fasher and Pa et 1954) were ab! ¢ itial cell
946 White po the mamtenan of prot feration © the Strad 1i after whicl
ctuch ¢ ycletal fib obtasts o a penod of 58 degene ation O¢C! rre cells ! 1mos!
dovs and so fep aple 0 keep five MO ninctpa! es 10 10 mposition
heart for 54 VY a medwm of of us substr were the nclusion of CoenZy
prcclsc\) ynown cof ntuen ssues e grown A) osphopy de (O )] and
1n roller 1ty f the §ass mphosph pyndine nucleot [ nCrease the
thereby myenting u plasm? concentrat £ cyst(e) utathion d the
extract f ddition t0 1en essential deleuon © punnes pynmt and TbOS Healy €f
ammo 2o cystienne [ tone €47 tene vitarme al (1953 Med /e
A ascorbrc 3¢ B wita asututed the agd® mnp 4 celtular pmh( atton rvival but
medm Xt was By suppX ating this 0 TSC
ghutarm! While wum employed ¥ m a 30-fold 1nCre putation
pletely syn Y rbered wmat of the Strd 1 cultures e N vertheless
Fisc) 1 (1948 pot at 1arge nts Stramn L ¢ could surv grow ata ated rate
of tissue (added 10 the bes) © 14 P wide the cells 10 the n Med g58 for an reciable
with  Br vth pmmo\m ances known ume
compositio’ w firmed hen Jacob¥ Earl and bt colleagl took ¢ different
Darke (1938 gest fowt  apPO to bl yntheti med!
macropha g wn directdy ¢ plass Using to stran L wre they (Sanfor! 1 al 1952)
reported rapd dissennat! fump s and tested the act { Atrafiltrates
oplasmic gran \¢ althou! ransparem for serum Ty extr and theit respectt’
ells remained for o br€ pcnod Good growv.h was residues The results sndicated that contraty 1)
obtained when White s s)mhcuc medum was sup})\er yrevxous opimon the major g\'ow\h promohng
mented with 10-20 per cent whole seru™ propmy of embryo extract Was not comnmed 1n the
One of th most jaborate media dev was ugh oleculat weight 1€8 u s enabled them to
Medwm 199 of Morgan d £ (1950) employ & & Lfied medi Lclded greatet
In 2dditio Sup! lem! 1 amin® acids celtutar pro\\(crnhon 1! cont Aled < tures grown
(ancluding g2’ sne) prehensty ¢ of hole ¢! b 1trafiltrat®
fat and W fuble vitarmt um 199 \nciuded Sanford € The test medw™ n
some punnes P 1 es TV nd 2 vanety of wase® xtract ult ttrate horse S sidue
ntermediates ccessory B h §actors The W and M 99 of M A 4 Parkef
of Tween 80 18 dissolving the fat soluble substance® (1950}
also supp ource O oleic acd \VhenMed\um 199 Furthet \mprovemcms were obtamed

lied a8 m growth
was used on established cultures and n the absenc® with clon® 929 (Strat L cell when

S, an mno acu
of serum and embry® extract cell survival was noted Y lemnent pased on the analysis f e serul
for an nppmcmb\e Pcnod Supp\emcnlmglh medwm™ Atrafiltrate® (Wes 1 e 1954) was This
with serum G not markedly ymprove the g(owt\\ supp\emem together with macit P benzotc
promoung chaxacterm\cs of the substrate The acd (PABA) macmam\de pyndoune {marne
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pantothenate, #mosite! chohne nboflavin  biotn
fohc amd  ascorbic acid  glutathione  cyst(ehne
vitamns A, D and E menadione Tween 80 adeno
swe triphosphate (ATP) were employed as previously
reported 1 Medium 199 (Morgan et al, 1950) This

ppl dered the lting med) superior
l;;slsx;ll‘mcucnated horse serum (Fioramonti et al

The high molecular weight components of horse
serum separated by the Cohn low temperature frac
tionation procedure (Cohn et al 1950) indicated that
the gross globulin fraction could be substituted for the
horse serum restdue (Sanford er a/ 1955) Further
more removal of the yglobulin from the gross
globulin fraction did not appreciably affect the actr
vity Evans et al (19564) reported a protemn free
chernically defined medium which caused defimte
continued stimulation of clone 929 (Stran L) and was
designated as Medium NCTC 107 This medium was
tmproved by the addition of vitamin By, (Evans ef af
19565), but supplementing with 10 mg per cent of the
gross globulins of horse serum substantially increased
the growth rate over that obtained n the complete
synthetic d; Further mpr Tuded
omtting three unsaturated fatty acids and cholesterol
and reducing the amount of Tween 80 This new
medum NCTC109 (McQuilkin Evans and Earle
1957) was used to establish ten cell hines of clone 929
(Stran L) While these cultures would undergo
changes 1 cell morphology growth rate and popula
tion density good growth rates were acquired after
the adaptation period

At the time of this wnting Strain 2071 of clone
L 929 has been continuously cultivated for three years
on a protem free chemucally defined Medium NCTC
109 The growth rate of Strain 2071 1s supertor to that
obtawned usiag 2 natural medm but the population
denstty 15 not so great Nevertheless growth s stable
rehable and elegant While admuttedly this medium 15
not perfect 1t 1s the first completely synthetic medium
reported wiuch can support active rapid growth of 2
cell stran for an extended period (Earle personal
communication)

While the development of a chemucally defined

d; for cell prolfe of other
cells has yet to be accomplished 1t 1s obvious that
many significant advances have been made toward
this end

B Clonal Growth
It 1s a well-established fact that cells of normal tissue
cultivated i vitro not only can become malignant

but also the P 4 Js can
be markedly different in cell strains denved from a
single cell (Earle and Nettleschip 1943 Sanford et al,

NEOPLASIA AND NUTRITION

1950  Goldblatt and Cameron 1953  Sanford
Likely and Earle 1954 and Sanford ef al 1958)
Initrally the first example of growth of a pure cell
strain denived from a single cell was reported by
Sanford Earle and Likely (1948) While thrs method
marked a defimte forward step in the field of tissue
culture 1t had the disadvantage of baing time
consuming tedtous and could not be readly appled
to screequng of large numbers of cells

1n 1955 Puck and his associates made some tmpor
tant contributions along these Lnes of endeasour
They (Puck and Marcus 1955) developed a method of
growang cell colones from single cells This clonal
growth technique permutted screening of large num
bers of cells for nutntional studes as well as other
purposes Using the HeLa tumour 2 stran of human
epithelial cells from a cervical carctnoma wsolated by
Gey Coffman and kubicek (1952) they (Puck
Marcus and Ciecura  1936) 1solated two cell stratns
designatedas S 1and S 3 Itwas noted that the celiular
cohesiveness of clone S 3 could be controlled by the
source of serum used m the medium If 10 per cent
or more human serum was 1 the substrate the cells
grew in a loose highly extended meshwork When
bovine porcine or a mixture of equine and bovine
sera was used the colonies were dense and compact
and the cells were polygonal i shape Cellular
measurements indicated that when clone 53 was
grown 1 human serum the cells had four times the
surface area but the same cell volume growth rate
and plating efficiency as when grown i the presence
of the other sera tested They concluded that human
serum contamed a factor which could markedly alter
the cellular state and that this action of the sera
occurred at the cell membrane In later studtes (Puck
and Fisher 1956) they compared the properties of
the S 1 and S 3 clones In the presence of 5 per cent
and 10 per cent human serum the plating efficiency of
S 1 was approtumately mi as compared to 100 pec
cent forthe S 3 clone After mine days of mcubation
20-30 per cent human scrum  the average colony size
was approumately 96 cells per colony for S1 as
compared to 1300 cells per colony for S-3 These
were definite examples of differences of el strans
which were denved from the parental HeLa tumour

While mtially a  feeder  1ayer was necessary for
clonal growth (Puck and Marcus 1955) the techmque
svas refined m that the epithelioid cells could be grovn
m the absence of & feeder layer (Puck o2 n! 1956)
In studies designed to some of the
of a feeder layer, 1t was found that the 5-3 dt;ne
required inositol when grown 1n the absence of &
feeder layer but this requucement was not dcmgn
strable 1 the presence of a feeder layer of cells (Tisher
and Puck 1956) One funcuon of the feeder ls):hr
therefore could be assigned to providing row
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omoting substances for the actively pmmcm\mg
clones

Furthet rcﬁncmcms of the
gowing gbroblasts without
Ciecwrd and Tasher 1957)
tad to b€ resent 10 this

techmque included
feeder Taye? uck
oc<(rac( oweNer

apun were
[ shelt cells
Amples sene 10
d n\mmom\

n of rssential Componu\h for Growth

Punng b y devise chcmm:s\\y
defined mC fc attention was g o aclasst
ficatio® (b nalty of €@ pou ds added 10 the
subst s und 4andable n good
owth was & pcndc t U 41} smou serum
or embry® extract ¥ the sub e but the resultnt
a cou t sed 10 denuify the A mole
cutar werght B «th requIre™ s of the y Fischet
(194%) reahired S difheulty 4 chcnucnl\y
defined mediy upp\cmcmcd ath 41alyse chuck
plasm scrum and ermbryo X ¢us manner he
attempted 10 determ he 1 smal motecutat
waght substan ot § owth dad S
1n the rads \\ gmmh of chick oblast cxplan hen
cystlenne arpunt trypro? glatam? e tusudin®
or proune vas eleted (rom the medum put he was
unable 1o dem nstrate €637 that these 0! pounds
ere essential fOf survival 4 growt!
1n 1955 (1955 )3 15¢! edu! which
aid be used \denufy th cuno acid rcquncmem.s
of the St cells The cdm W& co ed of
19 amn® acds @ maxture of vitamins and accessory
growth factors and to 2 7¢* nt dialy horse
m Under (he ndions arginin® isudin®
ysine threomne uine leuct soleucine cyst(e)m:
roethiomne he: y\a\an\ne yrosiny ryptol an and
gutamunc were show requred for surv¥ and
owth of th Stram nly the 150Me of these
Compounds cre acive nd the n-cssemm\ amn®
2cids which W€1¢ 1nch 1n the um wer found
10 be glyone anin ne asP 1 acid Jutarmic
acd prov and hydeo® in ety thereafte?
e reported that the 45 essentiol for the
Stramn L were also found t0 be essentiol fo Hela
‘tumour (Eagle 1955¢) Tms e first B t the
amino a<1ds could be clearly \dcnuﬁcd as t0 thert
rowth essentialtty in vitro
During this Hme our 1aboratory was terested 1
grow! e Watker ca(cmoszm:oma 256 1 1 sw
pensions denived from the freshly excised qumout

tophan I
ant and normal cells 1
5 and Levy 1957
am (1957 have (cponcd the cSScm\a\uy
T tran rabbit foroblasts
(however L be p’.mm\\y

rcy\accd by ¢
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of the so-calied accessory amuno acids) and Eagle er
al (1957) have deternuned the amino acid require-
ments for three normal human tissues (ser conyune
tiva and intestine) two lines denved from human
cancer (KB (nasopharynx) and J 111 (monocytic

P of 1sok and gl A résumé of
these findings 1s shown m Table 8 1
Apparently cells cultured i vetro although derved
from a wide vanety of tissues and aumal species have
similar ammno acid requirements (at least as similar

TABLE 81
C Amino Acid Reqr of Mal and Normal Tissues 1n Vitro
Maligrant Normal
Tissue
g 21 2 2
=l = g £ 5l @ é
8] S188] 2 LS £ 52
Amuno 21 SI52/3E (g (82180 REREE
SENNE g'f: Beli2 82 te| el te]ie
awn & £ ~
Acd SlEBE| A | 22|68 80155 (82|28 |85 8] T
STIE Ty plPs | 2512 TEISS] e e ] [
selqel 8 5 | z8| el EC| Bl 80| 288
sRIdEISe B2 58|58 85|58 55|58 5858
8|24 |82 56|98 | 28|52 (25| 2d|2d )24 |2
Arginine E E E E E E E E E E E E
Histidine E E E E E E E E E E L E
Lysine E|!E|E|E |E [E E|E|E [E |E lé
Glycine N N 5 S N N N N | N N N %
Alanme N N N | N N N I N |N N N N
Serine N({NI|S S N | N N|E|NIN E b
Threonine E{E|E{(E {(E |E E|E|E |E EE
Valine E{E|E(E |E [E E|E|E (E ElE
Leucine E E E E E E E E E E g 5
Isoleucine E E E E E E N | E |E ifzi E 5
Phenylalanme E E E E E E E E g E E E
SIne E E E E E E E E ElEsles|E
Tryptophan E E E | E ES | ES | E E E LB X
Proline N N N | N N N 1 N N X N N
Hydroxyproline N N N |N N N 1 ‘g I E £ E
Cyst(ehne E E E E E E E E E E E E
Methiomne E E E E E E E EIR 4 5 N
Aspartic Acid N|NJ|N|N NN I MR IN N N
Glutamic Acid N N !];l g N N 1
Asparagine E
Glutamine E|E|EJE |E |E | N|E|JE E JE
E tal S y N tial  J—ihibitory ES—there 15 stdl doubt whether this 1s esscntial of
strnulatory

leukacmi?)) They have been shown to require the
same amuno acids as was previously shown with the
Strain L and the HeLa tumour (with the possible
exception of tryptophan) Morgan and Morton (1957)
d d the ammo req of chick heart
fibroblasts which were found to include the same
amuno acids as the Hela and Straun L with the

here
as those for the chik rat and man), however t

are a number of notable exceptions with respect ‘:g
asparagine glutamine glycine setine nsolcuancl;l_ed
possibly tryptophan This was further e(rmpx:‘ ”
when Eagle ez al (1957) reported that large :(nrr:;uror
of plutamic acid had 2 glutamme-spanng ¢ -
some of the human cell lines Supplementing W
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plating efficiency s led to @ question of other
rme

and « etoghutare acd had RO effect on cuitures with
f

cells per
facet 10 be e‘mmmed 15 the prob\:m of cyst(e)me
ons can be symh:sw.:d from 2
vanety of sulphut containtt substances n anumal
om!

e umcaucn)

relations only demonstraté the yirtually
un\\mued field to b2 exp\oued 1n the ared of mamma
nian ¢t putnuot From this 1t appears that the art of
nssuc culture has gevetoped V T

which can be utilized rutfully by the autrtionist
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anogens MY P! pecal ype cno-
nests { ule 1t been orted that detary
atcmnon ] tumour eg\’essmn on
57) €l 1o consider these ns of

prcv:mmg cancet 1 man Greenster® 1954)

A Genesis of Tumours

1 EFFECT of CALORIC INTAKE

oreschit (\909) e of the first mvesugatms to
study ect O \mderfcedmg n t beanng
ammals & he was 8 en credit by McCay 1947 for
extending e of eatd priush observers
ndscated U at food restncti® towed or P

yente of tumours i working
withatrd p nted sarc Mor:sc\u Q9 ) reporte
that tr jantation © mours Wi difficult 1t
the ¢ restricte il hat this EF up Lve
1onger n t Furthet the tumours

hl of food gven the

fough pmpomon to
anmals Rous (N0 conduct:d symilar studies with
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rats but he farled to observe any effect by dietary
restriction Then followed a period'1n which no appar
ent active interest mn the relation of nutntion and
neoplasia was shown

This interest was revived, however by the classic
work of McCay and his associates (McCay, Crowell
and Maynard 1935, McCay es al 1939 McCay,
Sperhing and Barnes 1943 McCay 1947, 1953)
They reported that chronic dietary restriction (ade
quate for mantenance but msufficient for growth)
would prolong the life of the rat and retard the onset
of senescence After a retardation period of 1150 days
the ammals still had the ability to mature when given
an adequate dict sufficient for growth Further this
moderate degrec of underfeeding reduced the meidence
of spontaneous tumours (McCay et al 1939) Several
ivestigators have reported that underfeeding may
partally or wholly 1nhibit the formation of tumours,
as well as exhibit a delaying effect on the time at which
the tumour appears This has been shown in spon
tancous tumours (T: b 19402
1947 Visscher et al 1942, White et al 1944, Rusch
Johnson and Klme 19456, Huseby Ball and Visscher
1945) hepatomas (Tannenbaum and Silverstone
1949d) leukaemua (Saxton Boon and Furth 1944)
and  pul y b 19400
1942a, Larsen and Heston 1945) It has also been
demonstrated in several induced tumours such as skin
tumours (Tannenbaum 1940z 1942a) and sarcomas
(Tannenbanm 1942z Rusch ez al 19455)

The cffects of overfeeding have not been extensively
followed primanly because the condition of forcing
an ammal to eat 1s an arufact which may cause many
complications too dufficult to interpret Further mn
many experiments the control ammals ot an unres
tricted dict become somewhat obese and the use of ad
libiturn duets for control purposes may in the main be
examples of overfeeding Consequently attempts
to feed amumals beyond these hmits would yreld no
pertinent findings

Since chronic underfeeding exerted stch a marked
effect on the genesis of the tumour some other
problems arise concerning the nature of this influence
These aspects however should be considered 1o the
light of some closely related studies e expeniments
where the carbohydrate and/for fat content of the det
was reduced Thus 15 especually true since restricting
the amount of carbohydrate and/or fat 1n the diet has
affected the genesis of a number of spontancous and
induced neoplasms in 3 fashion simular to under
feeding (Visscher et al 1942 Tanpenbaum 19422
19452 19456 White ez af 1944 Rusch et al 1945b,
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as well as the speaific restriction of carbohydrate
and/or fat from the diet

(b) Caloric Restriction

Since the calornc restrction seemed to mhubit
fumour formation rather consistently there are a
number of factars which can modufy the degree of this
mfluence Some of these include—degree of restriction
versus degree of carcinogenic stmulus chronic versus
sntermittent restriction the sigmificance of body
weight, ttme of impostng caloric restriction and some
specific effects of restriction

Most of the investigations regarding calorie restric
tion and tumour genesis used drets reduced from ooe
third to one half that gen the controls Greater
degrees of restrictton were not used primanly because
they would not be adequate for body mamntenance
When smaller sncrements of dretaty restrictions were
employed however the incidence of tumours appeared
dependent upon the extent of the restriction (Boutwell
et al 1949a Tannenbaum 19450 19456 Tannen
baum and Silverstone 19494) and included spon
taneous ry p and
mduced skin tumours As mught be expected the

£ Tus can the calonic effect
if st ss sufficrently high Tannenbaum (19454) however,
demonstrated that when the dose of the carcinogen
was large enough to produce tumours s practicatly
all the experimental anumals mncreased amounts of
calorie restriction produced a corresponding increase
i tumour latency These results could be used to
explain the somewhat conflicting reports on the
relation of calorsc restriction and tumour genesis
For example kg Casas and Visscher (1949)
studied adrenal adenomas mn C3H muce In the
ovaniectomized muce they noticed that calonc
restaction did not affect the meidence of adenomas
Since all of the ovanectomuzed mice devsloped
tumours this could welf be an example of a high
stimulus g the calonc restnc

twe effect as pomted out by Tanneobaum snd
Sulverstone (1953a)

(c) Intermittent Fasting

Carlson and Hoclzel (1946) mvestigated the effect
of intermittent fasting on prolongation of Tife span.
They used three dderent fasting treatments fe one
day 1 every two three and four days respectively
Winie the hfe span was prolouged (optimum treat
ment one fasting penod 1n three days) they did pont
out that the pre-expenmental condition of the rat was
an mportant factor Nevertheless the development
of was retarded 1 proportion o

Rusch Khne and 19452 T
and Silverstone 19494 Boutwell Brush and Rusch
1949a) Thus for the purposes of this discussion the
term calone restnction will melude underfeeding

drastic
the amount of fastmg while there was o
retardation of growth. Tannenbaum and derman;
(1950) also studed this problem m fce The anmal



(19490 conduc(cd
hese lines

tumours
weight
which may be 50
(Tannenbaum and Sitverston
that the calore
may be \merdepcndcm

Waxler (1953 1954) and V axie
Melcher (1953) obtawmed some
obesity was nduced X! 1
tration of gold thioglucose
‘::,?a were gven gotd
. me obese con umed Mot o
;“e of appearanc® ancous T
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many other changes occur Not only are tissue and
organ weights affected but the over all metabohst
15 altered and the changes are reflected 1o levels of
flud constituents organ function and rates of

1950 Klewn, 1953 1956 Orr 1955 Veseel

and Giman 1957) and the second sta ul::l'\l“g
mtrated in a number of ways such as further applica
tion of the carcinogen the use of a co-Carminogen or

metabolic pathways Stnce the case of the sp
mammary carcinoma may represent a specral effect of
calonc restriction 1t will be considered first

Locbh (1921) obsened that undernounshment
caused a failure n and an
regresston of follicles i the ovaties of guinea pigs
Evans and Bishop (1922) and Asdell and Crowell
{1935} noted that under nutrition conditions caused
rats to become anoestrus In 1942 Visscher ef al
(1942) reported an rregulanity of oestrus when female
muce were held on a calorte restricted diet These

of these (B and Haran
Nevertheless from the extensne work orra'rnln?;)
baum (1953} it does appear that the mode of acton of
calonic restnction 1 these cases may be closely asso-
ctated with the developmental stage of the tumour
1t should be mentioned that Bullough (1950) surgested
that the devel ] stage of was

P 3
wnfluenced by the mean mitotw actvaty of that party
cular tissue Since the mutotic activity was definitely
inhubited by caloric restniction and a greater snibition
was observed with increasing amounts of vestnction
he luded that the of carbohyd:

animals also exhibited a d in d of
p Y This work was
extended by the histological studies of Huseby ef af
{1945) who noted a distunct atrophy w the genutals of
calonie restricted female muce While the development
of breast tumours may be inhibited by a low calonie
mtake the underlying mechanism appeare@ to be
associated wath decreased ovaman activity mn fmice
which resulted in reducing the production of oestrogen

and/or carbohydrate intermediates for the pméumon
of energy necessary for mutosis was responstble for the
caloric restrictive effect on tumour genesis

2 EFFECT OF PROTEIN

The effect of dietary protein on the welf beng of the
host as well as tumour genesis assumes a different rofe
from that of calone-restricted diets While the proten
can be oudized for energy its pnncipal funcion hes in

There are several fications of these hyp
namely Trentin and Turner (1941) suggested that
partial starvation invoked an additional requirement
of oestrogen to produce the equivalent amount of
Iactogeme hormone necessary for duct growth As
a consequence the pitwitary 1s definutely involved
This was extended by Muhinos and Pomerantz (1946
1941) who mntroduced the term  pseudo-hypophy
sectomy  to describe results tn ammals under extended
calonte-restricted regimes because of the sumilanty to
hypophysectomized ammals Boutwell ef af (1948)
suggested that the ncrease i size of the adrenals and
an app wncrease o gly I3 d d a
relative adrenal hyperfunction which may explain the
wlnbiuag effect of calonc restnction

Before considening other modes of action on tumour
genesis, it may be well to consider some hypotheses
concerning the process of carcinogenesis Tius concept
was the result of a number of workers but only a few
will be d here Berenblum (1941} Berenbl
and Shubik (1949) and Rous and co-workers (Rous
and kidd 1941 Mackenzie and Rous, 1941 Fried
wald and Raus 1950} utdazed specific carcinogens for
the induction of skin tumours and they concluded
that there were two general processes 1n carcio-
genesis—{a) the imnutation stage inwhich the careinogen
produces changes on normal cells which are rendered

supplying the ammal with essential amino acids for
growth As a result the quabty of the proten exerts
a profound mfluence on the host When the amount
of dietary protem 15 restricted below certun imuts
the effect observed may be due to inmted amounts of
one or more specific amuno dcds rather than proten

cr se For example casem s known to be fow m
cyst(ehine far dietary purposes and simiarly ghadin
for lysine Other incomplete  protems are deficient
m several armno atids and chemueal treatment of
some complete protans can render them inadequate
for growth Further crude preparations of protems
can contain appreciable amounts of witamune and
cofactors  while others contan specific vitamun
antagonusts, te avidin i egg albumia ‘Thesefore 1t
seems Tore conventent to Lt the discussion of this
topic to mvestigations which employed drctacy pro-
teins 10 sullicient amounts to promote growth Otber
studies will be considered under the topic of ammno
acds andfor vitarmins

Genenally speakung dietary protein has hittle or no
effect on twmours ansing from any Organs Or ssucs
other than the liver When muce were fed diets varyng
from 9 to 45 per cent casein no dfferences were
fnoted 1n the meidence average tune of appearance of

sate of growth of spontancous mammary (arenomas
5 and Sierston 19494) nesther was the

Tabile toward tumour formation and (b) the develop

mental stage 1n which the labile cells are sumutated to
produce mahgnant cells after which growth proceeds
As one mught anticipate the initiation stage has been
shown to consist of more than one step (Shubik

o(:cuncnoc of metastases of pn;)long:uan of e
flected  after of these sp

;lumuun Tannenbaum and Silverstone (19535) did
obsene an effect of dictary frotein on the medenee
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of spcmnn:ous rammary carcinoma when deliberte
entical conditions were cmp\n)td when the diet
0f

Ci
They concluded hat both €5 and methionine
ymproved the hepatic retenuion of nboﬂnvm by the
1ats fed azo dyes and this could account for the Qiffer
ence 10 tumout formatton Ta nenbaum (1959

pomted out the fact that ncr dietary protet
;n\\:mccd the formaty tant g0
epatomas but inubited the 106K § malignant

hepatomas nduced b
az
cluded that th )

S
v‘mh regard to the influence of nutrito® on v
ormation
3 \!;‘;;Ecr o AMmNo ACIDS
Tow \te and Andervont 1943) studied {he effects ofa
<cystehae det on the dsv:\oymcm of syomnneou

o NUTRITION
mammary craipoma 1t C3H gemale TMCE
mammary 1 urs dcvc\opcd 1n the ammals 1¢¢€
the \m\-c:)sl(c)mc et while ce on ah|gh—cyst(e)mc
et ©3 T ¢ added cyst(: 1nc) had the same
tumour jncrdence and about the sam appedt
ance & hose on & ds diet S .y note!
that the mICE the Tow-cystenne die ted a0
wereguk ocs cycle ey 1 tanted dethylstl
qrol peticts utan ously an ratsed the tumou!
sncuden on th 1ow-cysti& ne die from ZeT! to
roamately 45 per cent m this they concluded
that the tumour § pprcssxon was due at jeast 1 P2
1o a tack { ocstrus (White nd White
rsen ! d Heston (\945) mvcsngmc ¢ effects of
a yow-cysti yine dict on the cdence ntaneous
pu\monary umours n et hen the o0 consump-
won © he <yst enne supplem nte oup WS
stncted that © the cystEn® deficient treatment
o tifferen® s our 10¢! dence Wer ite
3 What (9 ed o siria® fect on & o dye
\nduced h¢ ) t that there was a delay n
the t of ur 8PPe ance
Lysine deficient diets reduced spon! neous MaM"
mary caranom? ation fr 97 p ent to 25 PET
cent 1 VB ‘femate C3 e (White and White
1944a) asc results togethet with those of the low
cys\(c)m et efl n ma! ary tu! ours White an
White ) may be s 0 those ascribed 10 2
calone restricted et This 13 especially e whe
ong cOnsY final body cights © ihe dfferent
eqscnmema\ groups
White mte and Muder (94N thexr
upcnm:n s t0 3 S udy of the effec enne
tysine and teyptop an deficient dets on X kaemid
induced bY ethyic! olanthrene The lro\d\clswc:e
those WSIB supp\emcms of each respective anmn
acd Wwhile the cyst(e)me deficiel et
nt casein) definutely W (bited the developme!
eukaems 1! ysin cient pe
padin) an the trypto n deficient diet (pcroud
treated casein) dd not have @ S dar effect
umou’ jatency nowever P olonged ¢ lysine-
nd trypt n deficie! groups They P ed out
hat these T ults were ue to calone restriction
since 1here s 8 marked Jecrease ¥ m ma
tion 1 the cysl(c)m: restrx ed grov m the
tysine ot pwphan deficien reatmen!
punmitg nd assoc\alcs (Dunnmg 15 and
aun 1 a 19500 Dunmd d Curtl 1954 1955)
also €x® ed the rote of ryptophnn n tumour
genesis aoted that e wwon of ¢ cent
oL tryP tan to the diet enhanced he evelopment
of marmm ry tumours nduced BY rethylst oestrol
put th ddon g cent topha! the diet
\n\ubned umout maton THIS fatter gesult was
attribute the terfere! of t n witl
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proper assumilation In studies using 2 acetyl

1 the diet suppl of tryptophan to a
casein hydrolysate (tryptophan free) diet 1ncreased
the merdence of hepatomas and bladder cancers when

p fraction exhubited only stight enhance
ment of tumour formation but ethyl laurate was a
effective as the natural fat in stimulating temours
The tumour promating activity of the fat could by

d to ammals g a diet of an eq

P
amount of casen One point of mferest in these studies
1s that while the tryptophan supplemented groups did
not mamtan their body weights they did develop a
refatnely hugh incidence of tumours” Stmiar effects
on the development of mduced multiple mammary
tumours and hepatomas were noted when the diet
used was synthetic (Dunmng and Curtis 1954) The
work of Griffin ef a! (1949) concerning methsontine 1n
the dret has previously been considered

4 Erfrect OF FAT

A Ingh fat diet generally but not always promotes
the devetopment of tumours Watson and Mellanby
(1930) were one of the first nvestigators to study this
aspect They observed that diets contaumng from
12 5to 25 per cent butter fat caused a marked increase
1 wnduced skin temour formatron Following this
several nvestigators examuned the fat effect on a
variety of tumours and it appeared that most of the
tumours were stimulated by high dietary fat but some
werenot(Baumanna Jacobiand Rusch 1939, Baumann
and Rusch 1939, Jacol1 and Baumann 1940 Lavik
and Baumapn 1941 1943 Tannenbaum 19425
Rusch ez al 19456 Boutwell er al 19492 Benson
Ley and Grand 1956) For example the incidence of
spontaneous and induced breast tumours was defin
stely stimplated by high fat diets (Tannenbaum 1942

d by heating at 300°C for one hour whi
treatment with ultraviolet hight or eatalytic oxidatior
fatled to affect the activity of the natural fat

Whle 1t appears that the ncidence of spontancots
and induced breast and skin tumours 1s in many cases
mncreased with fat-enriched duets dietary fat appar
ently does not affect the formation of spontaneous
and induced Jeuk and Kirschb
1944) pul Y (T: b 1842 er
induced sarcomas (Baumann ez o/ 1939 Tanpen
baum 19426 Lawik and Baumann 1943, Rusch et
af 1945q)

Some mention should be made with respect to the
tume of admuistering hugh fat deets for sumufating
tumour formation Lavik and Baumann (1941) noted
that the most effective period of admunstering the
fat-enniched diets was from one and one haif to three
months after the begimng of the applcation of the
hydrocarbon (the carcinogen bemng apphed for a
two-month period) The results of Tannenbaum
(19448) support this finding Apparently fat has hutle
or no effect during the mmation stage of carcno-
genests but 1s much more inflyental (as in the case of
calonic restriction) dunng the developmenta) stage of
the tumour

5 EFFECT OF VITAMINS
Owng to the bio-catalytic action of vitamuns it 1s

Dunning et af 1949 Sil

and T:
1950) and 1t does appear that mduced skin
of muce fed fatenriched diets have a small but
consistent 1ncrease 1o wcidence (Tannenbaum, 19425,
19440 Lawvik and Baumann 1943 Rusch ef dl,
1945p Tannenbaum and Siverstone, 1947)

The effect of high fat dict on the formation of hepa
tomas requires some consideration  While there are
reports that fat-enriched diets accelerated the forma
tion of hep as pared to drets
Ittle fat (Opie 1944, Kline et af, 1946) there are
reports to the contrary (Muller ef al, 1944b Silver
stone 1948) Apparently the type of fat incorporated
tito the diet 15 an important factor in this respect
(hlne e af 1946 Miller e ol 1944a 19342
Jardetzky, Visscher and King 1955) For example

Xe only ble to assume that they could be mti
mately d with aod a pumber
of & have d this rel. hip [

this discusston however the fat soluble vitamuns will
be omitted swnce there have not been any clear-cut
cases demonstrating the relationship between the
genesis of peoplasms and these vitamins

Kensler Sugwra and Rhoads (1940) reported that
Iiver yme 1 and nboflanin were markedly lower
1 7ats fed butter yellow and the incrdence of induced
hepatomas was greatly reduced when 200 pg of nbo-
flavin per day were included tn a diet of casein brown
sice and cacrats (henskereral 1931) Themportance
of nbofl n inhsbiting fumour f was also
pouwted out by Miller es 2! (J931) but ths protective
effect of nboflavin can be masked however by a

Suple vitamun & For example blim:r(lu:

hydrogenated coconut ogl definitely tahibits hep

formation while ohve o1l cnisco” and lard
tumour formation but not so much as an ¢quivalent
amount of corn o1l

Lav:k and Baumann (1941) exammned vanous fac
tors of fat and noted that the tumour promoting
petivity (at Jeast for induced skin tumours) was tn the
fatty acid fraction of the Iipid Glyeerol and the non

1933) g o
ed y
rats mawatamed on n’hxghl)’ punfied dict which con
tamned B n ust q for
mantenance They observed that the incidence of
tumours was low 12 this case On the other hand when
Targe amounts of nboflavin were added to 8 dl;l
contaming 12 per cent casein no hepatontas appeart
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Where tr lanted

B are
concerned growth does not wnclude the esrrabltshment
of the tumour wmplant Only after the tumour has
‘taken does growth occur This latter point can be
more clearly understood when one considers the
nteresting obscrvation of Algure and Chalkley (1945)
who examuned the vascular reactions after implanta
ton of the neoplastic tissue After tumour transplan
tation capiliary proliferation occurred 1n about three
days and growth did not commence until the initial
vasculatization was complete Devik ef af (1950)
working with implants of the Walker carcinosarcoma
256 reported that the mtial mflammatory reaction
occurred within 48 hours This was followed by the
formation of a connective fissue network which held
the neoplastic cells and a rapid ingrowth of capillaries
When the capsule was organized the establishment of
the tumour was complete and then growth procecded

As mught be expected the effects of a particular
dietary regime on the growth of an established
tumour has in the man relatively httle effect, since the
tumour dertves 1ts nutrients from the body and seems
to be more or Jess immune to the host s regulatory
system Any restrictive diets usually affect the wel
being of the host more than the neoplasm The end
result being that whule the growth of the turnour may
be affected 1t still proceeds at the expense of the host
This has been exemplified in Mider s concept of the
tumour as a nitrogen trap Even when the tumour
host system 15 placed under such drastic conditsons as
prolonged fasting the established tumour
to dernve its nutrients at the expense of body partt
cularly the carcass (Mider Tesluk and Morton 1948)
This was abo d d i the rad 14
expertments of LePage et of (1952)

Some effects on tumour growth have been achieved
by the use of specific antagomists Azaserine (an anta
goasst for glutanuae) and the ant folic acid com
pounds pterm and hoptenn) serve as
examples of this type of approach Most of these
investigations  however, may be more appropnately
placed in the realm of experimental chemotherapy
so they will not be. considered in detail 1n the present
discussion

1 Efrect OF CALORIC INTARE
Generally speaking  calofnic restrichion  retards
tumour growth Moreschs (1909) and Rous (1914}

NEOPLASIA AND NUTRITION

1926), Sarcoma 180 (Bischoff, Long and M:
1935 Buschoff and Long 1938) ngouse ma:x‘x:x‘:g
L 1930a) and
mouse leukaema (Flory et ol 1943) Wuth some
fumour types (myelord leukaemta) there was evidence
that the Iife span of the underfed mice was mereased
over that of control mice but the expenmental conds
tions used could easily have affected the establishment
11); 4t§1)c feukaemea rather than its growth (Flory er al
Tt 15 of mterest that obese hyperglycaenue mice and
mice with mduced allovan dmbetes survived sign
ficantly Jonger than control ammals when given
intrapentoneal injections of the Ehthch ascites
tumour (Jehl Mayer and Mchee 1955) But here
agaw the pertod of tumour takes™ may have been
affected  Goranson and Tilser (1955) studied the
growth of the Novikoff hepatoma and the Walker
6 1 all diabetic rats While
the intrapentoneal implants of the tumours were
affected with respect to tumour take and growth
b pl were relatively unaffected
Ball Wick and Sanders (1957) examuned the iofle
ence of some glucose antimetabolites on the growth
of the Walker tumour and reported that 2-deovy
glucose significantly retarded the growth rate of the
tumour When the admunsteation of 2-deoxyglucose
was termunated the growth rate of the Walker tumour
approached that of the controls Ingle Altamero and
Flores (1956) overfed rats beaning the Walker tumour
with a flud medium carbohydrate  diet which was
d d by gastric intub. The carcass weight
gains 0 the overfed rats were greater than those of
the controls but the growth of the tumours was
unafTected In all, it appears that while caloric re
striction may reduce the growth rate of some tumowrs
1t does not ep ap 1 means of 2
growth smce the well beng of the bost 1s also placed
in jeopasdy

2 EFFECT OF PROTEIN

When protesn was tacluded ta the dict in amounts
sufficsent for good growth of the expenmental animals
\ariation of the protein content within these mes had
no effect on tumour growth This was demonstrated
with s ry and sarcomas
{Rusch et af 1945a Tannenbaum and Silverstone
1949a) If the protesn content of the diet was restricted
o ap ly 5-6 per cent, the growth of the

were the first to & this with transy

rat and mouse tumours but Rous did pornt out that
the Flexnor-Jobling carcmoma if allowed to grow for
& short period was relatiely unaffected by a most
ngorous underfecding regime  Nevertheless  most
reports indicated that calonc restnction will reduce
the growth rate of tumours This has been demon
strated with rat carcinomas (Sugwira and Benedict,

turmour was somewhat mhibited but the carcass
weight losses of the tumour bearer were apprecable
Thys was observed with the Walker tumour and the
Hepatoma 31 (Devik et af 1950 Green and Lush
baugh 1949 Voegtin and Thompson, 1549}

One of the most striking results concerming this
protemn problem came from the work of Mider and
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s assocates s d well know? fact Wt tumourt 1S pamcu\ar arca of research appears to be pro-

pearin| ammals when housed togethe? wilt often msing 1f thus phcnomenon canbe cxtended o othet

consume the pary et § tumour <scntially $rue mour host 5Y cms M 4 a pmfound

i the tumours are 1mp\amcd subc\lmncuus\y and ar¢ snftluenc® on yrcscnt day concepts of the nulm\ona\

nowed 10 \t rther the no suon that equire ts of the umour bed! ng host

tumou? be Tubit aNOT 1aily QU 1ng the

phase of the (ly 4 tul gmwth 3 EreEcT oF

(Madet 53) W th this 1ot us ¢ nsidet the ¢ amino acid lysine has long gl for

rema e st nter (1 42- wht s essential role 1 alian etabolis™ and this
Af regutat anctions a Seif sclec no exception i growih voegit!

e dictary © ts conf 4 with prochermic? associates (voeg! fiy Voegthin
avestigation cermn {he W 4 need: f nd Maver 936) were 1! pionce i gators mthis
of n {: etche that the ficld pre e dicts (B the #!

107C ! reficcted hange cluston of ghadin as the sov P n
etary €5 auats 1 0rd<t to ™! e de 5 of the qreatme 1k powde ) and noted that these
our host syst T to demnds diets mh\b\(cd the gr th of \¢ u
»f & no! mal uch ge en carcino! qce S pleme 1 diets with
1t was P sible that bstance ) 1d stored 10 ysine © bstitutio! 2 complet proteit g\\adm
excess oph: 11 royed bY em gesulted no! ur B e (1944)
To test y P Arder 4 associates used 24O examin effects { 1ysine O! umouft &f
three diets whic cc 1socalon® and otamed the Henoted L h retarding oegthn
sam f pr ydea and f ral but thus eff as not ¢ 1f the lysin®
s pro yitam casein deficient d unued for 2 onget P
1y ophyhz:d ole 1ats and phyl 1o Walket \phibited 0 h gave W& ption of
tumo! R Walket tumour d Py gro h equ he controt ant
consuming ymour i€ mammmcd thewt appewtes from s he ¢ juded that ysin y aned
and gh! n bettef than the tur by the tum d; o break
rersonthe oth ¢ two diets The tumo! nd carcass down Pro ucts pody tissu th
duets had 10 2 on weigh! \ncrements carcass W ¢ loss of the dunng the latter
1n the mmal our bedr’ wing the stages of ¢ mout &F
et untit the rere 10° ing WeIB 1 m anorexi? Voegthn 2 o-workers (Voegthn and
were shfted 10 the of diets TH group©’ anged Thomps! 1940) als0
1o the ¢ 55 die! ued weight and ther® :xamm:d the effects of the sulphur-c a1ng amino
was st 10ss © nowever whid! s on tumou! ) d 4 that 4i€ low
were shufted to c ax umed eat g on n cysl(:)mc and ethionné retarded ¢ £ro
began 10 gamn W er (1955 pov at spont? ous tlowin: the
the pnine? A net effect @ fecding (NS mour t¢ s host anOd of tumo! s ntibornt S ry § ppl
0 h ot ¢ carcass W ght 1oss menis cys&(e)\ e gl athion thonine
and it was U & that ¢2! s rats I Ayfferent exerted striking SY ulatory ¥ n upon tumout
nutnuom\ require ! om 0 al ani £ro Allson & (Alhison et 0
1S ded t mpare he effects of !} 55 1 1epo 1 pp dretary
fecdmg dietaTy [ on ght tumour methionin® 1n sarc peanng 13t voured Careass
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24 per cen 1yophy qumour 1S e ha arly the 1 reduce the gF h af
equwa\env. mount { mtroget on ontaining 1956) Wh excesstV ts of ‘methionine were
20 per cen (€20 arers 88 nustered (Ghadially and W the rate
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the T24 diet g2 ody weight gre s group vy et al Murphy
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Exarmnat ¢ excretory ¥ cts 104! hat the ethiontne G tagonist for ‘methion nubi
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er ur e
phorus trogen 12 was consxdemb\y fugher 1? the sarcomas the owth of the tumour Wwas sntibited

10 &
groups 1ecevIng the tumou? duets with 3 reduction of mitosis nuclear
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wncrease t necrosts (Wissler ef al 1956) This effect
could be overcome by mereasing the amoumy of
phenylalaine 1n the ration Koller and Verapess
(1956) ad; d a I d denvatve of
phenylalanine to rats beanng the Walker carcino-
sarcoma 256 and to muce noculated with the Land
schiitz aseites tumour The L 1somer was more effective
than the D-1somer or the racemic muxture 1n hibiting
tumour growth, and muce bearing the ascites tumour
survived a longer pertod of time than the controls

Azasenne a specific antagomst for giutamine has
been shown to inhitit tumour growth as well as a
number of other amuno acid antagonists Most of
these mvestigations however may be more con
veniently classified under the subjects of pharmacology
metabolism or chemotherapy This 1s also true of 2
number of other antagomists not mentioned 1n the
present discussion

White and Belkin (1945) studied the effect of a low
nitrogen diet on the growth of a transplanted adeno-
carciroma (mammary) of the mouse The protemn 1n
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mean survival time of expenimental mice (after the
tumour has appeared) 1s unaffected by the amount of
fat 1n the diet It has been mentioned that tumour
beanng rats gnen a high fat diet ad héitum sometimes
developed a transtent Itpaerma but this did not have
any predictable relation to the growth of the tumour
{Frederick and Bege 1946)

Haven Mayer and Bloor {1957) admumistersd
dietary tumour phospholipid to rats bearing the
Walker tumour for a ten-day period when the rats
had reached a platean m body weight The tumonr
phospholiptd 10 the digt seemed to nduce anorexia
and decrease carcass weight and appeared to favour
tumour growth Normal amimals on the same diet
were not affected with respect to appetite or carcass
weight changes These findings menit further investi
gation

5 ErfrecT OF VITAMINS

Mornis and Robertson (1943) studied the effects of
dietary niboflavin on the growth rate of spontancous
1 mice When the level of nb?-

the diet was Iuruted to the small m

Y
flavin was adequate for

enough the establishment of these tumours was x?ai
affected by these condittons but tumour growth was
retarded "Green Benditt and Humphreys (1950)

the 5 per cent hiver extract )

0
effect was noted on tumour growth but a severe
niboflavin deficiency decreased the rate of growth of
the carcipomas Stoerk and Emerson (19493‘ also

conducted a similar senes of £ with rate
beaning the Walker carcinosarcoma While the estab-
Lishment of the wmplants was retarded as a result of

I3 on
lymphosarcoma (6CIH ED) implants The deficicncy
was induced by either feeding a diet low 1n the vitamin
or by the ofan Inallcases

proten depletion the growth of the blished
was relativel d A stmular effect on

the establishment of the Walker tumour was reported
by Devib ec al (1950) They observed that the wflam
matory reaction dunng the penod of the tumour

take * persisted for a shorter perrod of ime in rats
on a 20 per cent protemn diet than i those receving
3 per cent dictary proteirt

Some mention shauld be made concernng the non
essential amino acids In this laboratory rats bearnng
the Walker carcmnosarcoma were given a diet contamn
ng 18 per cent lactalbumin as a source of proten
Supplementing the diet with from 2 to 10 per cent of
each of the non-essential glycogeme amina acuds
resulted 1n no effect on tumour latency or growth but
carcass weight gamns were improved Supplementing
with the other non-essentral amuno acids had a simifar
effect (ths laboratory unpublishedy

4 EFFECT OF FaT

Apparently the level of dictary fat has no effect on

the growth of the tumour per se This has been
it d lanted mduced

1939 Tannenbaum

Js
sarcomas (Baumann er af

19425) and sp Y
(Sihverstone and Taanenbaum, 1950) Further the

marked of the lymp occurred
as a result of nboflavin deficency and i most Cases
survival of the muce was significantly profonged
Riboflavin deficient ammals which had survived €0
days or more were r¢ moculated with the ympho-
sarcoma tissue but the smplants failed to  take

Antagomsts of vitamn Be deoxypynidoxine hydro-
chlonde and deoxypyndosine phosphate, did got
affect the growth of sarcoma 180 in Tmee unless the
mice were 4 on 2 pynd deficient diet
(Brockman et af 1956) A combmation of deoxy
pyridoune phosphate and acd hydrande severely
restracted sarcoma 180 growth when the mice were
given a Bedeficient diet Diets deficient 1n pantothenic
acd and macin have also been shown to retard the
growth of sp Y sod
adenocarcwoma 755 respectively n mice (Morms
and Lippincott 1941 Shapwo et al 1957)

The folic acd requirement for the growth of the
Rous sarcoma has been reported by Lutle Oleson and
SubbaRow (1948} and some folic and antagorusts
have been reported to ithibit some mouse kukacrmgcs
and other tissues Nenertheless these effects may
fargely concerned wath the establishment of the tumour
and Aot with tumour growth as powted out b‘)"
Rarschbanm r8 of (1950) since aminoptenn an
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ame\hoptcnn had 1O effect o0 some lransp\nnmb\e the dict about teR days after tumout 1my\ama\\on
{eukaemias of they had beer allowed t0 pro\\iem(c for and the growlh etarding effect on the tumour was
ut

bout €0 ect of & fohne 0¥ demonstrd fore chd n consumptio
wsually ed with U genests § tumours ot body woight gV oted The 35 e acid
(prcwcus\y di and 2P 1y 1t o effect content e tumd was foun ssentially
o tumout it t (Hhil a0 zet0 & 3 olia] centration
ROBE 1949) © d that the gtowlh bout t of ¢ m e

0
of ntmnsp\nntcd ﬁbrosarcomn was 1ess 10 guined s controls 1 lattet observation may prove tobe 2
ond scorbuugcm: et The ammals were ‘a\accd on fertile fierd of mvcsugauon

Atempts o reld! jetary v fu cet man entral 1afe {nsuranc pany ath claims of
¢ funde t difficuiues ¢ Ordinary Depa t he M tropolit?! Af
Most of on 18 4 on statist ot 1nsuranc® mpany fo! dicated
€ pl cations & hast ime terval at OV men (S0P ads or MOre t the time
{ ob: 100 f cases he the pohe was 155U n
ncompleten y ¢ yecord! m  Y© s old) sho 4 a subsed! nt mortality from eancer
addiuon 10 5O navordabie uery neredity £ 37 pet 00 ht men
sex e T ure 10 fojud stmuht ume underwe ght men 25 ¢ d 2
require for the M gnant t ormatt cur  MO! tahity ') lar ie\ahonshxps
et aficult 10 © o clearcut were d¢ strated f0F age grO years OF T
decrsions The bet ments other analy en has! nsurance atthe
which 1 rclnuonsmp 4 these will age of 45 yeo ) a ded fro! the records
<o sidered here of the Un Central Lafe ompany
(192 000 rec When lassified ding towe
erfecding ¥ rfeeding the cancer ‘mortality PF 1 nt Of
Hindhede 25) 1OVesHE ¢ deaths 10 more O¥® 15-25 per ¢! ¢ overwerght 138
Denmatk & ot hat the d¢d was less 5-15 pe* erweight 121 o ght
when diet rationtnd (97 19) thas 7~ ¢ cent U derwe! a 15-50 pet cent
dunng the five y 0d o polished derwerg! F easonably
From conclud 4 that 0veT gwas T spon assurn d thy tmcrcasmg\\:\ increasing
sible for the 19 ¢ 1 th death 1318 One of ortality d \1Y obability
the pnncipd de S ey has 1o creasih ancet mciden e gcncra\ ave
do with the tength ume cow n the survey also been ted out by ks (1937
He pon at that th pamish P& le WEre aoted for 1938) 7) Hunter 9) Tanncnbaum
their nich 1ty A 15 difficy 1 10 cOmPT' nd (19400 1947y and Armstr ¢ al (19
how a sever® cationing, T€8! ¢ 1t the deve As m3y ted the fation of weight 1O
topment of hort pery o  cancet jncrdence correl ted M closely with
¢ even th ty Aifficult 10 some tamo! r han Of an ppe t
see how the @ i f 1 4 the wod Q ¢ the hver & fadder
pmod) co apidl s ase 10 cancef Jntestne’ gt gemta OTEAnS “\a(sd 10
ths pody weig to @ greatet xtent tha hose 0 O 14
Posc! anssky 1930) and c (1939 xcpor\:d a s bl 4 M 1 38 A (rong ef &
sumilar relation of dietary ranomng t© \he incidence of 1951
gastne cancet 10 Russia Atthe end of Wworld warl Never\he\ess 1t should be remcmbercd that while
these estrict ns Were fred m! of cancef lent in OV cwerght PO vere
gastnc tumou cred mule thes rveys dietary nchons ecessanly went the
cove h 1 c may stilt formatioR of will dietaty ratioming ofa

Al m

be some qucs\\ons rased concerning the rc\mwe\y pcrson afflicted with cance? mnhibit the gmwth of an

rapid InCIEase 1 gastne cancer after the ranon®d tstablished neoplasm.

pcnod was terminate
o 1929 Dubln 1929 reported cesults ©F B Maloutritio?

1nSUrance statistics relating O\cr\\c\ghl o cancer The sncidence of pnmnry Yver can a s reld

cet D
deaths He sed as ur ta the Medico” uon to mnlnulnuon has probab\y r:ocw:d more
Actuarial Mor\a\\lylnvesuga\mn records of the Unton attention from investigators 1 her tumourt
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site This may be due to the fact that the frequency
varies from 1 to 41 per cent n different regions of the
world The natives of south-east Asia ie Chna Java
Japan and Sumatra and particulacly those of Uganda
and South Afnca (Bantus) have an exceptionally
bugh frequency of lwer carcinoma (741 per cent)
(Bonne 1937 Berman 1940 1951, Gulbert and
Gillman 1944 Giliman Gillman and Gilbert 1951
Oettle 1956, Octtle and Higginson 1956 Shanmu
garataam 1956) Thus disease however 15 surprnisingly
Iow in Caucasians (Pack and LeFevre 1930 Berman
1940) as well as 10 negroes hving 1n the Umited States
and Europe (kennaway, 1944) From ths 1t appears
not to be a problem of ractal susceptibility or endemic
infection but more probably a question of malau
trition

Gillman and co workers (Gillman 1944 Giltman
etal 1945) fed rats for an extended period of ime on
a mealy meal porridge  and sour mulk (the principal
food of the Bantus) and reported severe hver damage
and some cierhosts in the experimental ammals No
heputomas however were found In view of the fact
that hiver cirthosis was frequently common 1n popula
tions with a fugh wcidence of carcinoma of the liver
(Berman 1941 Gilbert and Gillman  1944) the
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on cluldren 1n South Afaca
(Steyn 1956)

The incidence of carcinoma of the oral cavity
pharynx, and oesophagus i women restdmg i the
Archic regions of Sweden and Finland 1s reported to
be high These mdmduals usually have a istory of
Plummer-Vinson syndrome and 1t 15 beheved o be
related to a possible ron or vitamun-deficrent diet
Under Arene environmental conditions remndeer meat
and fish provide the principal diet and only dunng the
short summer seasons 1rc green vegetables avarlable
{Ahlbom 1936 Adar 1947)

In areas 1 which goitre 15 endemic malignancy of
the thyrotd seemed to be prevalent For example the
néidence of tumours of the thyroid was much greater
mn Bery a goitrous are1 than i Vienna Prague or
Berhn (Weghn 1928) Further Weghn in some histo-
logieal studies obscrved that mahignancy of the thyroid
almost invarably procreded from “benign tissue
proliferation Thus latier pomnt was also suggested by
Ward (1944) and Cole Slaughter and Rossiter (1945)
Since endenmc goitrous Tegons are charactenzed
by lack of 10dine 1 the son dnnkng waier and
foods produced from the soit 1t would appear that
chronic jodine deficiency may be a factor m the

has also beea reported

{t y of thyroid

hypothes:s of the relation of malnutnition to frequency
of hepatomas recesved much support

Cook Duffy and Schoental (1950} intermuttently fed
rats with atkaloids of Senecio Jacobora and observed
extenswve lver damage leading to tumours of the hver
tn ammals which survived at Jeast ten months of
treatment In addition rats fed chulle peppers also
developed hepatomas (Hoch Ligetr 1951) Schoental
(1953) extended the work of Cook ef af (1950) and
used Senecro alkalods common n South Africa n
additronal feeding experiments These results con
firmed the findings of Cook ez al (1950) He pownted

Tromp (1954) comprred the cancer mortahity rate it
the Netherlands with a study of soil types of that area
He noted high death rates 1n inhabitants hving en a
reclaimed peat sotl and correlated various soil types
with the cancer death rate This was extended to
include the relation of gastric cancer to the sail (Tromp
and Dyeh! 1955 Tromp 1956) but at the present
status of our knowledge this mformation may be too
difficult to intespret 1 terms of the cancer problemt
1t should be mentioned that Fourmer (1956) did not
mdicate that the dictary regime 1n Morocco had any
1 fup to of the dig tract

out that while these are not in
the diet they are used widely in the native medicine
of the Bantus for a vanety of disorders throughout
therr Iife As a result malnutrition may rendes the

Inal as Co vdrey (1955) has pointed out, the rels
fion of gancer nerdence to dietary restriction it man
cannot be expected to be elucdated unbl larger and
more h groups are ed The

Liver vulnerable to a variety of patholog;
—one being the ind of b 1n mdividual
consunung crude carcmogenic agents The possile

harmful effects of the cafferne-containing cool dnnks

(3
records of the Vetcrans Admmistrations in various
countnies could be a frunfu) source of information

1n the future

V SUMMARY

We have considered this problem from three stand
pomts and certmn conclustons can be drawn For
sutplicuty s sake these are histed under their respecine
head: NI of Neop!: m Vuro
of Neoplasms ¢ Vo and Cancer 1in Man

A Nutrition of Ncoplasms in Vuro
The for of some ct lly defined medsa
for contmuous cell growth ta tissue culture has been

accomplished These media howsser hase only been
demonstrated to support the growth of the Strain L
and only those developed by Earles group support
rapid growth In these latier studies the cells under
went some drastic changes duning 1he conditiomag
period and 1t may be reasonably assumed that the
Dutntion and metabolism of that partcular substean
was affccted  Nevertheless some notable advances
have been made m this area
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1 lNTRODUCHON

1sotopes 37¢  avaitable for labeibng a wide obtamed bY the use of other techmiques We have
range of dietary constiuents and the 101 of labelicd howevet atempted 10 Mustrate the way n which
putrients 10 many vital proccsscs of numuom\ nterest different 1sotopie methods of investigation have been
has beet mvcsugmed However 1e methods apphcd to investigations of a wide range of prob\ems
have been ? phied on: m\'rcqucm\ 1o the investigd related to nutntion
won of such questions as the assessment of dietary Bricf referense 1s made first {o the 150t0Pe8 which
rcqu\rcmcms the avarlabiity of nutricnis and the MY be applied t0 autntional |nvestigauons nvestt
effects 00 the nutntion of organisms of dufferent Yevels gauon of the total amounts of certait pody con-
of dietany ‘constituents Tt seems evident from results sutuents and the nature of theit astnbution 2
i 0 sectt e main subject
now well established that \ymportant contributions (o of latef sections s the s of 150t0PeS o obtai direct
the study of putntion could e made should autntion evidence of the fate of nutrents nvestigations of the
workers become MOTe Interested 10 the use of 1sotopes rates of chang® of metabolic proccsses are referred tO
and \workersw\h 1sotopes more nterested 10 nutnton only occaswna“y since the basic cotend for this tyP®
at deal of \nformation obtamcd from ysotopie of work afr¢ stlt under discussion (for exampie
studies of the metabolism of ammals tas of course Renel 1953a b)
a direct beanig on problems of nutntion ‘but 1t would Finally We discuss the use of ttiam as 2 1abet and
e profitless 10 d1scUss (he contbution made by the methods which hiave beent developed 1t s laboratory
use of 1sotope methods 18 jsolation from results for ts apphc:mon to nulrmona\ invesugauons

un 1SOTOVES yseb N NUTRmON RESEARCH

me of the 1sotopes which have peen used a3 maxymum avatlable spectfic actvity the radationt
tracers 10 autritional research 13 given 10 Table 9 1 erntted should not be "such as to €ause serous health
1ogethet wath estimates of the accurd and sensitt hazards 18 handhng Of ympose & 1ow himit t0 the
wity achieved wth ass2y rocedures 10 general use amount of Tabelled ‘matertal which could be admin
ccuracy and sensitivity 8¢ guven 10 terms of that istered to an expenmema\ ammal wathout fear of a
quantity of 150tope which ges 2 reading equal 10 the disturbance of normal ‘metabolism The 1sot0 of
backgmund reading Fagures 37¢ also gwven 10 the hydrogen and carben ar¢ of the most geneml use for
{able for the maxumum dilution of the tughest specfic 1abelling organic molecules The stable 150 opes *H
activity material avattable (AERE Catalogue of and BC MY be used but the dilutions ‘measurable
w

Radsoactiv faterials are very 1 (see able 9 1) compare! h those
Thus the table gIves some 1dea of the relative ublity attamnable using the radioactive 1sotopes *H @ d

of different jsotopes 88 apphed 10 problems 1nvolving 14Carbon has 2 half bfe of § 600 years High spearfic
accurate dilution measurcmenls ‘When the pehavioul activity Mater sive b farge TaNEC o

al 15 expen e but @
of a parucular chemical eclement 15 bEINE studied there tabetied compounds 1s avatlable Methods for assay In
may be itle of 10 € o1ce g: 1sotopes and a decision gcnera\ use afe gven 1t the table ‘Bearng 1N mind
4

has only t© be tween ternative assay 1l difficulties associate h ese the very
methods Considerations which govert such a choice gh sensitvity and accurd { the countiny
are discussed 18 alater section ( 1) Whend molecule method pont 10 5 the best for routn® us:
s (o be labetied oF tagged there maybcawtdcr chowee  ToUUM has a palf ufe of 12 years and very Tt

of 150topes For exampie roteins n labelied specific activity matert 115 available at low cost 1t

avalability at ug! ¢ actvity at ‘reasonable €OSt Howeve \! < d sanutlation
and seco! exsstence of & sensitive and accurate and gas co¥ dur and sohid
‘soutine meth {o Addwonal onsiderations counting at 10w efficiency 15 possible using @ window-
are that the half life of the ssotope shoul be long 10 1658 s flow countet o conjuncuon watl gas
relation t0 he won of the exper nts contem counting method mgher ailutions of {ntium can b

c!
plated put not so 1ong 25 to sernousty it the measured that of any other 1sotopes
P
20
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TABLE 9t
Tsotopes used In the Study of Nutritionsl Problems together with Methods of Measurement In Generat Use

(Approuimate figures are gwven for ducibil . N
g P ty and tn terms of g g activity }
Usable
Tsotope Assay method Sensiuvaty | Accuracy | dlu Usable
EER fsotope Assay method Sensitnty | Accutacy | el
Gerceni) | sion (BEA) | (percent) | ton
o
" Deasity determuaation
- — 100 S | Sold sampl
Mass spectrometne deter = 205 ( 10 toniony ® geoUTpne [0 0001ue | 24 fo
‘wandowiess [ =
mmaton Proportionat dounter
*H Solid  counttng  usin; - -
windamniats Fow comster *13 YCl ) Sohd sample countng ) O DOD e - 3
Gqudsantilationcount | 0 001 e - 104 nd window
g
T wk | End wind
onization chamber uc s K . nd wandow counter or |0 0001 - 0
Bydrogen Ay L3for 10 neltie seatsion ol !
ounte:
2 Geiger counter - e - Liqud Gesger counter 10000 s | 21 1
Pytane hiling -
Proporiignal ctoun |0 0000%se | .t 1o
ter methane filling Ca [ Sold ssmple counting | U 001 uc 14 10
wth thin end window
or windowless gas
© [ Massspectrometrc deter - 205 | 10t Droportions coumter |0 000 pe | 34 m
munation
x t -_ - —_
"c Sohd countng  mung | 0 000J uc 34 10 re ,:,’:K,ﬁﬁ‘fé’n"«‘dﬂ'é’t’,i

thin end window coun

ter_or preferably win

dowless proportional gas
flow coutter

e Liqud scintiliation coun | 0 D005 ue Good at 10

ter carbon incorporated high
1o sontillator, of dis- Tevels
solved a3 benzoic sesd
Gasphaseassay as CO, (0 00001 4c| &1 10
1 propottional counter
oN Mass spectrometn: deter - %08 10¢
'm nation
o Mass spectromettic deter —_ 05 104
smnation
Na | Well type scintidlation [0 00001 s - 1
counter.
Liqu d Griger counter | 0 0001 ¢ 1 10
Na | Well type seintaltation 0 00001 uc —_ 10
counier
Liquid Gelger counter | D 0001 s +1 10
P |Sold sample counung |0 0001 uc - w0

with thin end window
Counter or windowless
gasflow proportional
counter

Liquid semple using welt [0 000fue { £f 10+
type Getger counter

hquid sctntillation coun
ter

Fe | End window counter or ) © 001 pc - -
well type scintillation
counter
Co | End window counter or | 0 D003 pc - 1
well-type  scuntillation
counte
Liquid Ge ger counter ] 0 001 pe 21 1
iCu ) Bnd window counter @ 0002 uc - 10
Scsnulfation well counter {0 005 pc - 10
Zn | Xray counter or well - _ -
type scwotllation counter
s5r | End window counter or |~ - -
well type  scuttdllation
counter
uy End window counter or - b -
well type Scuntulation
count ©
1} Ens mindow couer or {0 000 s e 1
well type omtllat on
counter
Liquid Gelger count ¢ D001 ue &1 0

I0 INVESTIGATIONS EMPLOYING THE PRINCIPLE OF 1SOTOPE DILUTION

‘This type of investig; 1s applicable to

Loown to be (umiformly) distnibuted in vascular or
vascular plus extravascular  spaces  The pnnoiple
of this method ts by no means pew 1t 1s the same as
that employed i the widely used  dye method  for
the determmation of plasma volume where the

dhiution obsenved followng the mjection of a known
amount of dye alows the volume of arculating
plasma to be caleulated Errors result i the 1s5otope s
not homogeneausly distributed or if loss or trans-
formation oceurs before complete muung has taken
place and a pure sample obtained



TuC USF oFf |SOTOYES N NUTFJTXO‘! RESEARC“

1 WATER

Henvesy and Hofer (1939 first npphcd deutenium as
o tracer 0 an mvestigation of the rate © move
ment and the total amount of water in &
ject Pace etal described the preparatt
tntium {abelled water 0 1947 an

human sub-
nd use of

130 h1) 1t was suggeslcd that
{his 150t0P¢ effect m2Y have been operative atastage

ve
of excretion Jnvotving proto® transfer

2 CHLORIDE

ssC) hatf bfe about 37 Mt was prepared (Winkler

Ellnton and Etsenmat 1943) by the bombardmcnt

of hithium chionde enth deuterons nacye
use ymmediately after p:cparauon

1C) became avarlable much

humans
tical conS\derauons concerning this
of work were discussed bY Burch Threefoot and

9)

al (1953 found that »C) and ¥BY had 2
nce B2Br admipstration

¢ same prological hazard as **

pewly bornt children was 511 m
compared wath 32 meq/kg and 26 meqfkg for young

AN

racn and youos women rcspecuve\y found by Retd
ot al (1959)

3 SopiuM

The cqulhbmuon of ¥Nan rabbits was studied bY
rdeiman and Sweet (1956) Total cxchangcablc sodum
was 46 0 meq/k 14 per ¢ of which was recovered
from the gstro “ntestinal tract

half of the small mtestin® Simt
when the ammals We
(1959) measured 10
and found values
Determmation of so
suggested that as much as 60 Pe cent
sodium was me!

4 PotasSIUM
The short Ywved 150toPe aay was used DY C
(1950) for the ‘measurement of exchangeable potasstum
ange or different ti5sues vaned 10
ts on both animals and hum
pration Was rapid 10 viscera faely rapd 10 muscle
b cocytes and robably slow 12
Samples of unine potassmm were reyr:scmauve
mean

a
ardment of

mixture produce P rticle B

of found that it rabbits cthbrauon was
wrtually complete after but n omplete after
24 ¢ rate Of ¥

¢ cent O
potassmm (7 2pet cent of the total pmassmm) was in
the gastro intestinal tract

v mVESTlGATIONS oF THE FATL OF SOME MINERAL N\]TRIF-NTS

An 11sotope of the element s used as
a label 0 s type of mvestigation which ¥
thereby dlsungu\shcd {rom Jnvestigations of organic
nutrents

1 IroY
Worb. wth 15010] of won has helped to cluaidate
some aspects of the retauon of abso

rption transport
N 3 e of wron to the rcquucmcms of organisms
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Hahn er af (19394) used radioactive iron to study
absorption by anaemic dogs It was shown that
whereas normal dogs absorbed only neglgible
amounts the 1sotope was quite promptly absorbed by
anaemic dogs Excretion was studied later (Hahn et
al 1939b) Observation of the very low 1ron excretion
1n faeces by dogs was mn agreement with the results
of McCance and Widdowson (1938) who had carned
out balance expenments on human subjects given
different levels of oral and ntravenous 1ron

Hahn et al (1943) found that 5-15 times the normal
low absorption of iron took place after dogs had
been made anaemic by bleeding Active absorption
was found in pouches of h duod and
Jepnum  The mmportance of the mucosal epithelium
of the gastro- ] tract of 1ron

THE USE OF ISOTOPES IN NUTRITION RESEARCH

both a random and an age-dependent process
Berlin et al (1957) found goodigrecpmcent bct\\Pecn the
results of three methods of determimation of red cell
Dife span 1n humans cell survival was determined
using $*Fe and ["*Clglycme and the Ashby differenual
agglutination technique

‘Two 1ron 1sotopes were used 1n a2 method devised
by Saylor and Finch (1953) for mvestigation of the
absorption of 1ron by rats One 1sotope %Fe was
added to the food the second 1sotope $Fe was
incubated with plasma and then injected intraven
ously Later, the amount of each tsotope 1n the blood
was determmed The change of activity of #'Fe gines
2 measure of the rate of removal of 1ron from the
blood The amount of iron absorbed can then be

Iculated from the **Fe activity

absorption was confirmed Absorpcnon of labelled
Fe was greatly reduced when nactive 1ron had been
fed 1-6 hr earlier which seemed to indicate that
absorption was limuted by the capacity of the epithe
lum to admut mron—that 1s a mucosal block was
operative Chodos ef a/ (1957) found that the mucosal
block did not always prevent excess tron accumulation
These workers developed techmiques for the prepara
tion of ®°Fe labelled eggs and vegetables and investt
gated absorption from those foods and from tron salts
by normal and on~defictent subjects and also
absorption by patients with 1diopathic haemochroma
tosis  Absorption from ferrous chlonde occurred
more readily and in greater amount 1n all cases and
this difference appeared to be largely due to dietary
factors which could modify the form and solubility of
tron 1n the lumen of the gastro intestinal tract How
ever 1t was found that food 1ron was absorbed and
used to a much greater extent by patients with tron
deficiency than by normal subjects In addition to
such evid ofa ph t whereby tron
absorption 1s regulated 1n relation to the requirements
of the organssm st appears that the re utilization and
use of stored 1ron 15 also complicated Iron from all
breakdown or from recently absorbed or injected
labelled salts does not equilibrate with stored tron,

The remarkable extent of the persistence 1n the
human nfant of **Fe derved from the mother was
demonstrated by Smuth es af (1955) Results mdrcate
that hitle or no utilizatson of dietary 1ron for haemo-
globn formation occurred until 3 to 4 months after
birth At the age of 2 years 1ron from the mother sull
constrtuted about 40 per cent of the tota! haemoglobin
ron and over 90 per cent of the iron present at birth
still remained 1n haemoglobn

2 CorrpEr
Balance studies of the metabolism of copper are
dfficult, but recently information on the absorptton
and metabolism of dietary copper has been obtaned
by the use of *Cu Thus 1t has been shown that only
30-40 per cent of small (1 mp) doses of copper are
absorbed (Gubler 1956) Mahoney er of (1955)
concluded that dogs have only a hmited capatity for
the excretion of copper the greatest amount buing
excreted 1n bile The rate of amvat of admumstered
$4Cy at different sites has been recorded by placing
counter tubes at approprate posttions on the body
surface It has been found 1n this way that the Iner
takes up most of the admuustered dose Injected *'Cu
appears first 1n the alburmin fraction then after 4-6 hr
1n the globulin fraction of the serum protemns as
% (Gubler 1956) Erythrocytes also have

but appears to be more readily available for
needs (Bothwell e af  1956)

Determination of plasma iron and erythrocyte sron
turnover became possible with the availability of high
specific activity *Fe Huff ez o/ (1950) found that
plasma iron turnover in normal man was about
13 times that required for renewal of red-cell ron at
arate of O 85 per cent per day

Jensen et al (1956) studicd the kineties of ron
metabolism 1 normal growing swine The value
determned for the average red cell Iife span was 63
days i agreement with that found by Bush e o/
(1955) using MC Analysis of the 4C results showed
that, mn thus spectes erythrocytes were destroyed by

;cllabnlg and a stable *Cu fraction (Bush ez al 1956)

3 CosaLt

The nutntronal importance of cobalt bcainlc clear
with the recog of pread cobalt y
among r £ of the T
excretion and distribution of this element were diffi
cult, because of the extremely small amounts v olved,
but these difficulties were overcome 10 & Ereat extent
by the use of radioactive cobalt isotopes Comar and
Davis (1947) used a preparation of cobalt 1s0topes
ared by bombardment of iron with deuterons.

re|
SPO gcr cent of the cobalt admunsstered orally to cattle
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appeared in the facces 65 per cent was din the
urine following intravenous d aton and 0

d that ncorp of calcium snto the

per cent in the freces Braude ef of (1949) investigated
distnibution of *°Co 1n tissues of pigs following a six

was not a mesure of bone salt formation
because of the & g infl of hang
Rssentially all the bone caleium of young rats was

week feeding persod on a diet phy
amounts of labelled cobalt Evidence of storage in the
liver was obtaned and the results for distribution
the tissues were 1n most cases sumilar to those obtained
by Comar and Davis (1947} from a pip followng a
single oral dose

Vitamin By, labelled with *°Co has been prepared
and s fate ¢ d foll of
mucrogram quantities Halsted e o (1956) report the
results of a comparison of dufferent absorplion tests

geable with body flwd caleim and the pro-
portion of exchangeable skeletal calcrum was much
lower n older rats The rate of turnover of skeletal
calcwum was app ly d by ad
of vitamin D but not by changes in dietary calorum
intake
A method has been developed for measurement of
the absorption of caloium by hvestock under diffetent
physiological and dietary condtttons in which allow
ance may be made for the large endogenous calcium

employing ¥Co Speeial ds were developed for
routine assay of faccal samples in climnation tests

However the test devised by Schilling (1953) was con

ssdered preferable Inthis 1 measure of the absorption
of an onally admumstered dose 15 obtamned by sub-
cutaneous admmstration of 1 mg of non radioactiv

vitamin By, and of the rad 1y
of theunine following this  flushing  dose Previously,
the only method of detechion of B,y absorption had
been the haematolopical observation of response by
deficient subjects The introduction of Iabelled vitarnin
B,y made possble absorption stadies on other
subjects Vitamin B,, labelied with #Co $7Co and
#Co 1sotopes has been prepared (Mollin and Lester
Smith 1956) 1n order to reduce the radiation exposure
resulting from absorption tests using the “°Co 1sotope
Qkuda Grasbeck and Chou (1958) studied the excre

tion of By by rats A considerable fraction was
excreted 1n the bile 1o 2 bound form Further excre

tion took place from the intestinal wall 5o that radio-
activity observed in samples of faeces foliowing oral
admunistration of labelled vitamun By, 15 not entirely
due 10 unabsorbed vitanun

4 Carciom

“*Calctum was first produced by Walke (1940) and
shortly afterwards Campbell and Greenberg (1940)
used 1t 1n 2 quantitative study of the fate of calcium
salt admimstered 1o a rat 80 per cent of the dose was.
absorbed 67 per cent beng subsequently excreted in
the unne The distribution of the retained isotope 1n
the tissues was determuned  and ighest specific
actmities were found in teeth and bone The kinetics
of #*Ca 1n body fluds 1S at some stages domnated by
the snfluence of the relauvely farge mass of bone
caleium The crystals of bone muneral being extremely
munute therr surface area 15 very high Robinson
(1952) showed that the specific surface was of the
order of 100 m*/g o that 2 igh proportion of crystal
caletum tons are at or close to the surface Comar
(1956) discusses the 10n-exchange effect 1n relaton to
LYo & H; and H; (1950)

and the heterogeneity of bone calcium
(Visek e of  1953) Comar (1956) reported that both
calves and older ammals were able 1o absorb and
retawn more caleum from itk than from hay or con
centrate Blau ez of (1954) found 4 per cent and 67 per
cent utilization of labelled calcum by human subjects

5 PHOSPHORUS

The first expenment 1n which a radioactive indi
cator was employed was descnibed by Chiewitz and
Hevesy 1n 1935 Rats were given traces of 3P labelled
phosp and the absorp and distree
bution of the phosphate were studied Thus thete1sa
refatively long history of the apphcation of ths
ssotope Variqus tracer techmques of general applca
tion were imtially developed in the course of work
with ¥P recogmition of the importance of organic
phosphate compaunds 1n intermediary metabolism
Jed 1o therr use 1n studies of a diversity of problems

The effect of reduced phosphate intake on the
assimifation of PO, was investigated by Gaunt,
Gnffith and Irving (1942) A high retention of the
PO, by the skeleton was observed in a group of
rats fed 2 dhet contaming O 3 per cent of Ca and P
but a grovp fed a diet contaiing 0 12 per cent of Ca
and F retamed mote *POY ‘per umt weight of
skeleton Kietber et af (1951) determned the endo-
genous phosphate excreted by cows It was found
that whena steady state  of phosphate movements
had been established by a senes of PO, mpections
the ratio of endog ph to total phospt
in the facces was equal 10 the ratio of the mean speatfic
actvity of the faeces to the mean specific actiaty of
the plasma two days earlier Endogenous phosphate
bang known  ‘true digestiality  could be caleu
lated In onc ex pp digestibality was
12 per cent true digestibility 50 per cent, n another,

true digestibil

r < s as
64 per cent Hevesy (1948) 1n s survey of applxcal
nons of rad; d desenbes

of the endogenous phosphate of humans The speaific
actinity of the unne phosphorus was taken 2s an tndex
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of the specific activity of phosphate sccreted 1nto the
intestinal tract

Weidmann (1956) studied the rate of renewal of
phosphate in the long bones of expernimental animals
The different rates found for different species and the
time relations of phosphate uptake did not appear to
be explicable on the basis of jon exchange at the
surfaces of crystals

A recent example of nutritional interest of the very
numerous investigations of the kinetics of orgamic
phosphate compounds 1s the work of Shore Zilver

THE USE OF 1SOTOPES IN NUTRITION RESEARCH

mainly 1n the facces That faecal 10dide Tepresented
excreted rather than unabsorbed 10dide was indicated
by the results of determmations of the faccal activity
followmg parenteral admimstration of labelled
1odide

It has been possible to study the nature of plasma
1odme which usually amounts to only about 5 ug/
100 ml Thus Tauvrog and Charkoff (1948) obtamed
evidence that circulating thyroid hormone 1n the nor
mal anumal consists of thyroxne loosely attached to
plasma protein and Gordon ef al (1952) demonstrated

smit and Ackerman (1955) on phospholipid sy
1 cxpernimental atherosclerosis 1n rabbits It was
found that at least 90 per cent of the phospholipid
appearing mn the aorta was synthesized 11 51w and not
taken from the plasma

Dawson (1957) points out that, whereas the formu
lations of Zilversmut Entenman and Fisher (1943)
for the calculation of phospholipid turnover 1n ammal
tissues have very often been apphied the expenimental
conditions have hitherto never satisfied the theoretical
critena The chief reasons given for this were that the

drate p of the compounds under invest:

gation were not known and that available analytical
techniques were not adequate It 1s therefore difficult
to assess the degree of approximation of estimations
of the turnover of individual phospholipids 1n tissues
However rapid turnover 1s clearly indicated and
Dawson (1957) discusses therr dynamic btoche
mustry  which was imitiated by the work of Hahn and
Hevesy (1937) on lecithin synthesis in bran tissue of
adult animals

Hevesy (1948) has reviewed studtes of nucleic acid
turnover tn rats espectally high rates were found 1n
tissues of young rats and 1n the testinal mucosa of
mature animals

6 IoDINE

Schifl et al (1947) using labelled 1odsde showed
that the concentration of sodide tn human saliva and
gastnc juice was 20-30 tumes that in the plasma
Absorption of Na*!I from the gastro-intestinal tract
of rats was investigated by Albert Tenney and Lorenz
(1952} Little Nal was absorbed from the stomach but
a major portion of Nal placed 1n the small or large
1ntestine was absorbed and re secreted by the stomach
Thus apparently there exists an enteric circulation of
sodide The amount of 10dide concentrated n gastre
Jutee and saliva would account for a considerable
portion of the todide space

Since ch 1 hods were for
estimation of the very low 10dme content of plasma
unine and faeces 1n rats fed a low 1odide dret Van
Middlesworth (1956) developed a method for 10dide
balance studies using *iodide labelled diet It was
shown that on a low jodide diet 10dide was excreted

the lating lIabelled thy with

a particular plasma globulin fraction Gross and Pitt

Rivers (1952) identified 3 5 3 L trodoth

1n human plasma
The th

o4

and 1 d m
volved 1n the use of ¥ labelled plasma proteins hase
been discussed m a recent review by McFarlane
(1957 19576)

7 SuLPHUR

Rapid excretion of labelled sulphate by man was
reported by Borsook 1n 1937 Dzsewiatkowskt (1949)
studied sulphate excretion and distribution ustng
rats 95 per cent of the dose was excreted 1n urne and
faeces 1n 120 hr Activity mereased up to the 8th hour
1n bone and up to the 24th hour 1n bone marrow 1
contrast to the rapid fall 1 actwvity 1n blood and hiver
Recently the localization and the nature of retained

Iph as been d m detail especially by
autoradiography Bostrom and Jorpes (1954) summar
1ze results of a systematic study of sulphate flxation
1n normal tissues of rats and rabbits High activity #as
found 1n cartilages the eprthehial layer of the gastro-
mtestinal tract acrta heart valves comea sclers of
the eye and 1n mast cells Labelled chondrortin sulphate
was 1solated

A considerable amount of the sulphate mcorpomle\z
1nto cartilage was considered by Daves and Young
(1954) to exst i some form other than free chr)ndroge
tin sulphate These workers showed activity 10 ;
fughest 1 the zone of cell columns of epiphysed
cartilage especially tn young rats

Glucksman. Howara and Pel. (1956 found high
incorporation of #8$0, 1n the fibroblasts and gmwm:
fibresof wounds 1ncontrast wth the low incorporato!
1nto the fibrous clot and scab kodicek and Loc\::
(1955) found that decreased incorporation of sulpha
1nto granulatton tissue occurred m scorbutic amrmds

#5 15 a particularly suitable label for camp;’";ur
which are charactenized by the presence of st &“
¢ g methionine cystine taunne and thmmmL;_l et
protems of specific activity sufficiently ugh for fu e
study have been prepared from anymals mv;
5 labelled yeast proten has been 2dmins!
(Schultze and Maurer 1957)
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vV INVESTIGATIONS OF THE METABOLISM OF MAJOR ANIMAL NUTRIENTS
USING ISOTOPLS OF HYDROGEN, CARBON AND NITROGEN

1 CApROHYDRATES

(a) Absorption

Atkinson Patsons and Smyth (1957) studied the
absorption of (M*Clglucose from testinal loops of
dogs They pomt out the difficulties mnvolved 1n
mvestigations of glucose absorption by chemical
analvsis 1t s necessary to Introduce glucose solutions
of high concentration 1nto the lumen 1if diferences
between artertal and portal blood are to be measur
able and furthermore 1t 15 by no means certamn that
all the glucose 1 portal blood has come from the
Iumen Atkinson ef al (1957) found that 70-80 per
cent of the absorbed glucose appeared as such n
mesentenic venous blood 7-17 per cent as lactic acid
and only Insigmficant amounts as carbon dioxide
alantne ‘and pyruvic acid Glucose was absorbed
agamst a concentration gfadient also absorption
mvolved only a umdirectional movement of the
glucose sinee the speaific activity of glucose 1n the
fumen did not decrease during absorption

The immediate fate of absorbed fructose m rats and
guinea pigs was compared by kiyasu and Chaikoff
(1957) Guinea pigs converted about 70 per cent of
the fructose to glucose 1n rats as much as 60 per cent
of the activity 1n portal plasma was 1n the form of
lactate most of which was formed 1n the intestine prior
to absorption Oaly about 10 per cent of the absarbed
activity was tecovered as glucose from rats and up
10 30 per cent occurred 1n upidentified compounds

(b) Glucose Oxidation

Wyshak and Chatkofl (1953) have studied the
wmpatred carbohydrate vtilization by liver slices from
amimals fasted 48 and 72 hr Oxidation of glucose to
€O, was depressed by as much as 50 per cent but the
amount of 1CO, obtamed from fructose was not
appreciably altered 1indicating that the defect 1n
glucose utihzation occurred af the stage of the 1mitsal
phosphorylation reaction  Lipogenesis from both
glucose and fructose was impaired by fasting

Glucose oxidation involving reactions other than
those of the Embden~Meyerhof pathway are known
to occur in some miCro organisms Wood (1955)

pentosephosphte reactions were more important 1n
Iners of fasting ammals The relatively minor role of
glucose 1n the energy metabolism of lactating cows
was demonstrated by Baxter Kletber and Black (1955)

Only about 10 per cent of the CO, exhaled was ob

tained from glucose

() Lactose Synthesis

Pazur and Tipton (1957) found that intact galactose
and glucose were used for lactose formation by
gmnea prgs The mechanism of lactose synthesis in
vitro by cows and a goat was investigated by Scham
bye Wood and Kletber (1957) The glucose mosety
appeared to be derived from free glucose and the
i from hexose phosphate esters The compl
distribution of activity in galactose following admin
istration of 4C labelled bicarbonate and acetate was
constdered to result from the synthesss of this moiety
m the mammary gland Duncombe (1957) demon
strated net synthess of lactose from [*Clglucose by
mammary gland slices of guinea pigs rats and sheep
using a paper chromatography techmque The glucose
and galactose from rat lactose were both radiocactive
No active lactose was detected followng incubation
with [HClpyruvate

(d) Glycogen Synthesis

Labelled glucose appeared to be 1ncorporated
mtact nto muscle glycogen 1n both fed and fasted
rats (Marks and Hyelem 1957) Stetten and Stetten
(1954) from a study of the nature of glycogen regener
ation i rats established the metabolic hetero-
geneity  of the glycogen molecule The distribution of
{**Ciglucose i liver and carcass glycogen was
mnestigated by exhaustive 8 amylase degradation
1n thys way maftose was removed from the unbranched
penpheral tier of glucose umits feaving a dextrin core
Activity was found mainly 1n the peripheral region at
first but an increasing fraction was found later m the
dextnn core by the 12th hour dextnin activity was
higher than penipheral activity 1n glyco_en from liver
but 1 samples of glycogen from carcass most of the
actvity was 1n the penipheral region Fasting had little
snfluence on the incorporation of glucose mto carcass

d their sigy and d d the posst
bihties of diffe g different pathways of glacose
utiization m higher ammals Murphy and Muntz
(1957) found that 56 per cent of labelled glucose 1n
blood perfused through rat hiver was oxidized vaa the
phosphogluconate pathway but they point out that
only oxsdative reactions were followed in their expers
ments and that other synthetic reactions could have
taken place Marks and Feigelsen (1957) found that

glycogen In contrast to the marked effect on hver gly
cogen where activity became nearly evenly distributed
3 hours after injection of {**Clglucose The doubtful
meanng of half lives of glycogen molecules and the
difficulty of defining their turnover are discussed

2 Fats

The first exploratory brological experuments with
tracers described by Schoenhermer and Rittenberg
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of the specific activity of phosphate secreted 1nto the
ntestinal tract

Werdmann (1956) studied the rate of repewal of
phosphate in the Jong bones of experimental ammals
The different rates found for different species and the
time relations of phosphate uptake did not appear to
be explicable on the basis of 1on exchange at the
surfaces of crystals

A recent example of nutritional interest of the very
numerous 1mestigations of the kineties of organic
phosphate compounds 1s the work of Shore Zilver
smut and Ackerman (1955) on phospholipid synthesis
in evpenmental atherosclerosis i rabbits It was
found that at least 90 per cent of the phospholiptd
appeaning 1n the aorta was synthesized i 51w and not
taken from the plasma

Dawson (1957) points out that whereas the formu
lIations of Zilversmut, Entenman and Fisher (1943)
for the caleulation of phospholipid turnover m ammal
tissues have very often been applied the experimental
conditions hase hitherto never satisfied the theoretical
cntena The chief reasons given for this were that the
tmmediate precursors of the compounds under investt
gation were not known and that avalable analytical
techmuques were not adequate It 1s therefore difficult
to assess the degree of approxumation of esttmations
of the turnover of mdividual phospholtpids 1n tissues
However rapid turnover 1s clearly mndicated and
Dawson (1957) discusses their dynamuc  bioche
mustry  which was iitiated by the work of Hahn and
Hevesy (1937) on lecithin synthesis 1n bram tissue of
adult animals

Hevesy (1948) has reviewed studies of nuclerc 2csd
turnover in rats espectally hugh rates were found m
tissues of young rats and 1n the intestinal mucosa of
mature ammals

6 Iobie

Schiff er al (1947) using labelled 10dide showed
that the concentration of todide 1n human salva and
Eastnic yuice was 20-30 times that m the plasma
Absorption of Na®!I from the gastro-ntestinal tract
of rats was investigated by Albert, Tenney and Lorenz
{1952) Little Nal ‘was absorbed from the. stomach but
a major portion of Nal placed 1n the small or large
Intestine was absorbed and re secreted by the stomach
Thus apparently there ewsts an entene errcalation of
10dide. The amount of 10dide concentrated 1n gastnie
Juiee and saliva would account for a d

THE USE OF ISOTOPES IN NUTRITION RESEARCH

manly n the faeces That faecal 10dide Tepreseyd
excreted rather than unabsorbed 1odide was indcrst
by the results of determunations of the faccal acta=y
followmng parenteral admimistration of Lhe!
1odide

It has been possible to study the nature of ple
1odme which usually amounts to only 2bout § ¢
100 ml Thus Taurog and Chatkoff (1943} obtared
evidence that cireulating thyrord hormone m th, sx
mal animal consists of thyroxine loosely attachd to
plasma protein, and Gordon et al (1952) demensinsd
the assoctation of circulating Jabelled thyroune vz
a particular plasma globuli fraction. Gross aad Pt
Rnvers (1952) identified 3 5 3 L dothyree.o
n human plasma.

The theoretical and practical consideratios o~
volved 1n the use of 2*!I labelled plasma protes k¢t
been discussed 1n a recent review by McFalz
(1957a 19576)

7 SULPHUR

Rapid excretion of labelled sulphate by nun“—:
reported by Borsook m 1937 Dzewatkowsk (I
studied sulphate excretion and distnbutien, B:«:
rats 95 per cent of the dose was excreted m unmuhr
faeces n 120 hr Activity mereased up to the 8 :
m bone and up to the 24th hour m bone mﬂl‘r:; b
contrast to the raptd fall m activity m blood rﬂﬂ e
Recently the localtzation and the nature of I° ;
sulphate has been examuned mn detai i
autoradiography Bostrom and Jorpes (19543, e
1ze results of a systematic study of sulphz o
m normal tissues of rats and rabbits High acuﬂm
found 1n cartilages the epithelial I2yer of th:d{;n t
intestinal tract, aorta heart valves oome:;] :
the eye and 1n mast cells Labelled chondror
was ssolated o3

'a; ::on::derable amount of the sulphate mwr;‘;ﬂ:;
mnto cartilage was constdered by Davies mchon e
(1954) to ewst 1n some form other than fm:1 -
tin sulphate These workers showed ac‘}n ?;\h\ o}
ughest 10 the zope of cell c&:;umﬂs of ¢f
¢ especially 1n young 1 4

O Glukeman Howard and Pelc (1959 fost 27
ncorporation of SO, 1n the fibroblasts e
fibresof wounds 1ncontrast with the]uwl{l ~ "
mto the fibrous clot and sc2b hodwcnof et
(1955) found that decreased un:orpamu}t;uuc 1
mto 1 tissue oocurred £ SCOF

ulpbat

poruon of the 10drde space

Since ch hods were y for
estimation of the very low rodine content of plasma,
unne and facces in rats fed a low 1odide diet, Van
Middlesworth {1956) developed a method for 1odide
balance studies using “odide labelled diet It was
shown that on a low jodide diet, 1odide was excreted

5 15 a partrcularly suitable Jabel ;z: 3“;31;“
which are charactenzed by the P"i‘h‘ i, Lateed
e g methionine cystine taunae and e for
proterns of specific activity suffictently mals 10 ¥EC
study have been prepared from bf:ln p dmﬂ‘b""‘,
55 [abelled yeast protem has

(Schultze and Maurer 1957)



THE USE OF ISOTOPES IN NUTRITION RESEARCH

215

\ INVESTIGATIONS OF THL METABOLISM OF MAJOR ANIMAL NUTRIENTS
USING 1SOTOPES OF HYDROGEN, CARBON AND NITROGEN

1 CARDOHYDRATES

(a) Absorption

Atlanson Parsons and Smyth (1957) studied the
absorption of [*Clglucose from intestinal foops of
dogs They pomnt out the difficulties mnvolved sn
ivestizations of glucose absorption by chemical
analysis 1t 1§ necessary to introduce glucose solutions
of high concentratton tnto the lumen 1f differences
between artenal and portal blood are to be measur
able and furthermore 1t 15 by no means certain that
all the glucose 1n portal blood has come from the
fumen Atkinson ef al (1957) found that 70-80 per
cent of the absorbed glucose ippeared as such
mesenteric venous blood 7-17 per cent as lactic acd
and only msigmificant amounts as carbon dioide
alanine and pyruvic acid Glucose was absorbed
agamst a concentration gradient also absorption

d only a d 1 of the

glucose since the speaific activity of glucose m the
Jumen did not decrease during absorption

The immediate fate of absorbed fructose n rats and
guinea pigs was compared by kayasu and Chatkoff
(1957) Guinea pigs converted about 70 per cent of
the fructose to glucose 1n rats as much as 60 per cent
of the activity in portal plasma was 1n the form of
lactate most of which was formed in the intestine prior
to absorption Only about 10 per cent of the absorbed
actvity was recovered as glucose from rats and up
to 30 per cent m d d

(b) Glucose Oxidation

Wyshak and Chaikoff (1953) have studied the
mmpaired carbohydrate utilization by liver shees from
ammals fasted 48 and 72 hr Oxidation of glucose to
CQ, was depressed by as much as 50 per cent but the
amount of **CO, obtammed from fructose was not
appreciably altered ndicating that the defect 1n
glucose utilization occurred at the stage of the mmitial
phosphorylation reaction Lipogenesis from both
glucose and fructose was 1mpaired by fasting

Glucose oxidation involving reactions other than
those of the Embden-Meyerhof pathway are known
to occur 1 some mucro organisms Wood (1955)

d their fi and d d the posst
bulitres of ! ing different pathways of gl‘l’xcosc
utihizatton 1n higher amimals Murphy and Muntz

(1957) found that 56 per cent of labelled glucose 1n
blood perfused through rat hiver was oxidized via the
phosphogluconate pathway but they point out that
only oxidative reactions were followed in their experl
ments and that other synthetic reactions could have
taken place Marks and Fesgelsen (1957) found that

pentosephosphate renctions were more important in
livers of fasting amimals The relatively mnor role of
glucose 1n the energy metabolism of lactating cows
was demonstrated by Baxter, Kleiber and Black (1955)

Only about 10 per cent of the CO; exhaled was ob

tained from glucose

(¢} Lactose Synthesis

Pazur and Tipton (1957) found that intact galactose
and glucose were used for lactose formation by
guinea pigs  The mechamism of lactose synthesis
viro by cows and a goat was investigated by Scham
bye Wood and Kleiber (1957) The glucose moicty
appeated to be derived from free glucose and the
gal from hexose phosphate esters The complex
distribution of activity 1n galactose following admin
1stration of 1C labelled bicarbonate and acetate was
constdered to result from the synthesis of this motety
n the mammary gland Duncombe (1957) demon
strated net synthesis of lactose from [UCglucose by
mammary gland shees of gumnea pigs rats and sheep
using a paper chromatography technique The glucose
and galactose from rat lactose were both radioactive
No active lactose was detected followmg mcubation
with [UClpyruvate

{d) Glycogen Synthesis

Labelfed glucose appeared to be incorporated
intact 1nto muscle glycogen in both fed and fasted
rats (Marks and Hyelem 1957) Stetten and Stetten
(1954) from a study of the nature of glycogen regener-
ation 1n rats established the metabolic hetero-
geneity of the glycogen molecule The distribution of
[“Cjglucose 1n Lver and carcass glycogen was
mvestigated by exhaustive B amylase degradation
i this way maltose was removed from the unbranched
penipheral tier of glucose units leaving a dextrin core
Activity was found mainly 1n the peripheral region at
first but an increasing fraction was found later 1n the
dextrin core by the 12th hour dextun activity was
Iugher than peripheral activity 1n glycogen from liver
but 1n samples of glycogen from carcass most of the
activity was 1n the peripheral region Fasting had Little
influence on the mncorporation of glucose 1nto carcass
glycogen 1n contrast {o the marked effect on liver gly~
cogen where actvity became nearly evenly distibuted
3 hours after injection of {**Clglucose The doubtful
meamng of half lives of glycogen molecules and the
difficulty of defining their turnover are discussed

2 Fats

The first exploratory biological experiments with
tracers described by Schoenheimer and Ruttenberg
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of the speaific activity of phosphate secreted nto the
1ntestinal tract

Wesdmann (1956) studied the rate of renewal of
phosphate 1n the long bones of expenimental amimals
The different rates found for different spectes and the
time relations of phosphate uptake did not appear to
be explicable on the basts of jon exchange at the
surfaces of crystals

A recent example of nutritional interest of the very
numerous investigations of the kinetics of orgamic
phosphate compounds 1s the work of Shore Zilver
smut and Ackerman (1955) on phospholipid synthesis
in experimental atherosclerosts n rabbits It was
found that at least 90 per cent of the phospholipid
appearing 1n the orta was synthesized 1 s2tw and not
taken from the plasma

Dawson (1957) ponts out that whereas the formu
lations of Zilversmit Entenman and Fisher (1943)
for the calculation of phospholipid turnover 1n amimal
tissues have very often been apphed the experimental
conditions have hitherto never satisfied the theoretical
catenia The chief reasons given for this were that the
immedate precursors of the compounds under investt
gation were not known and that available analytical

ques were not adeq; 1t 15 therefore difficult

to assess the degree of approximation of estimations
of the turnover of ndividual phospholipsds 1n tissues
However, rapid turnover 1s clearly indicated and
Dawson (1957) discusses their  dynamuc bioche
mstry  which was mittated by the work of Hahn and
Hevesy (1937) on lecithin synthesis 1 brain tissue of
adult ammals

Hevesy (1948) has reviewed studies of nucleic acid
turnover 1n rats especially high rates were found 1n

THE USE OF ISOTOPES IN NUTRITION RESEARCH

mainly 1n the facces That faecal 10dide Tepresented
excreted rather than unabsorbed jodide was indicated
by the results of determnations of the faccal activy
following parenteral administration of labelled
10dide

Tt has been possible to study the nature of plasma
1odme which usually amounts to only about § sy
100 ml Thus Taurog and Chatkoff (i948) obtained
evidence that circulating thyroid hormone 1a the nor
mal antmal conststs of thyroxme loosely attached to
plasma protemn and Gordon et af (1952) demonstrated
the association of circulating labelled thyroune with
a particular plasma globulm fraction Gross and Pitt
Ruivers (1952) identified 3 5 3 v tr
1 human plasma

The theoretical and practical considerations 1
volved 1 the use of 21 labelled plasma proteins hnve
been discussed i a recent review by McFarlane
(1957a 19576)

7 SuLPHUR

Rapid excretion of labelled sulphate by man wis
reported by Borsook mn 1937 Daziewratkowski (1949)
studsed sulphate excretion and distribution usng
rats 95 per cent of the dose was excreted 1 urning and
faeces 1n 120 hr Activity increased up to the 8th hour
1n bone and up to the 24th hour 1n bone marros 1
contrast to the raptd fall in actvity m blood and kser
Recently the localization and the nature of retoued
sulphate has been examwmed 1 detail especially by
autoradiography Bostrom and Jorpes (1954) summat
1ze results of a systematic study of sulphate fixation
1n normal tissues of rats and rabbits High actwity 21
found 1n cartilages the epithelial layer of the gastro-
1 tract aorta heart valves “cornea sclrd

tissues of young rats and in the 1 mucosa of

mature antmals

6 IopmNe
Schiff er af (1947) using labelled 10dide showed
that the concentration of 10dide 1n human sahva and
gastric juice was 20-30 times that in the plasma
Absorption of Nat from the gastro intestinal tract
of rats was investigated by Albert Tenney and Lorenz
(1952) Little Nal was absorbed from the stomach but
a major portion of Nal placed in the small or large
sntestine was absorbed and re secreted by the stomach
Thus apparently there exists an entenc circulation of
todide The amount of 1odide concentrated i gastnc
yuice and saliva would account for a derabk

the eye and 1n mast cells Labelled chondroutm sulphate
was 1solated "

A considerable amount of the sulphate incorpor
mto cartilage was considered by Davies and Ym
(1954) to exist 1n some form other than free chor; ke
tin sulphate These workers showed actty howl
highest 1n the zone of cell cmzlumns of epiphy
cartilage especially 10 young rats

glugksmal; Ho);varg anv:lg Pelc (1956 f‘;"“do:;:
1ncorporatton of #¥50, 1n the fibroblasts an g'm
fibresof wounds 1ncontrast with the low mw?w*
1nto the fibrous clot and scab Kodicek :?sul b
(1955) found that decreased incorporation z.m;" i

portion of the rodide space

Since ch 1 hods were for
estimation of the very low 10dine content of plasma
urine and faeces 1n rats fed a low rodide diet, Van
Middlesworth (1956) developed a method for 10dide
balance studies using hodide labelled diet It was
shown that on a low 10dide diet 1odide was excreted

nto tissue occurred 1t scorbulic "
=515 a particulatly sustable Tabel for z?_ﬂ?‘;_‘“d
which are charactenized by the pmmc:m Labeled
e g methiomne cystine taunne and]!h;:ahfor P
protems of specific activity sufficiently e 10 5t
study have been preparcd from ani L s
855 labelled yeast proten has been
(Schultze and Maurer, 1957}
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193%(a b) !N tyrosine was added to the diet of an
adult rat the onginal aim being to find whether all
the BN could be recovered from the unne within a
short time after feeding the labelled diet which would
indicate that urine mitrogen was derived durectly from
food mitrogen or whether some of the **N could not
be recovered from unne which would indicate that
mtrogen was deposited 1n tissues from which an
equivalent amount of mitrogen had been released
The amount of 15N retained 1n the 10-day expenimentnl
pertod was cqual to nearly half of the amount eaten
by the ammal so that further mvestigation of its
distrsbution was possible Only 25-30 per cent of the
retaned mitrogen occurred 1n tyrosine  The 1sotope
was also found 1n the monocarboxylic acids histidne
armmne and protan amde mitrogen Later worl}
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extent The guantdino group carbon of liver arginine
was neatly all derived from CO, Fixed carbon
arginmne  glutamee acid  aspartic acid and alanine
from liver was almost twice as high as values obtained
for the amount present 1n these Amino acids isolated
from muscle Apparently mng of ammo acds
between these tissues had been far from complete
Recently Swick and Handa (1956) reported further
work on the distribution of fixed carbon 1 amino
acids s affected by the presence and absence of
cortain non-essential amine acids i the diet Fixed
carbon was two to three times as high in proline
argimne  glutimic and aspartic acids when these
amino acids were omitted from the diet The extent
to which these results may indicate an ncreased
utthzation of fixed carbon was discussed

showed a similar high degree of incorp of
N from leucine glyaine aspartic acid tyrosine
lysine and citrate (Schoent 1942

Schoenhesmer and Ruttenberg 1940) Pure samples of
all the above mentoned amino acids were later
1solated from protems of rats which had been fed
13N labelled 1(~) leucine and glycine The 1sotope
content was highest in that ammno acid from the
protemn corresponding to the labelled amino acid fed
however except for lysine all other amino acids
contained sigrificant amounts of 1sotope

The process of reversible deamination 1s the mechan
15m of the general distribution of « *NH, from amimo
acids but 1t has been shown that thus process does not
occur 1n the cases of lysine (Weissmann and Schoen
heimer 1941} and threorne (Eliot and Neuberger
1950 Meltzer and Sprinson 1952)

Swick Buchanan and Makao (1953) d

(1953) fed *CHCOONa to partially
hepatectormized rats and investigated the 1sotope
distribution 1n fourteen amino acids 1solated from
proteins of regenerated hver Here also the results
were 11 general accordance with the known bio-
chemistry of the amino acids and their precursors
Glutamic acid aspartic acid alanine serine glycine
proline and argmine were labelled The essential
amino acids d onl 2] of
1sotope It was concluded that 3C and 'C distnbution
1 the labelled amno acids was in accordance with
Krebs cycle reactions

(b) The Time Relations of Food and Body Proteins
The q of the nterrel hip of bady pro-

teins was already being discussed at the time ‘of the

introduction of 1sotope methods of investigation

&
the normal amount of fixed carbon 1n amino acids

Rats were exposed for 12 to 85 days to a constant low
partial pressure of “CO, Actiity of hver carbon
became constant afler 30 days but that of muscle was
still increasing after 85 days The relative activity of
the carbon atoms of various amino acids at or close to
the position of equilibrium gave a measurement of the
normal relation of atoms of certain amino acid carbon
chamns to those of metabolites involved 1n carbon
fixation The results obtamed were 1n general con

sistent with the operation of known metabolic reac

tions 25 per cent of the carbon from both carboxyl
groups of aspartic acid and from the a-carboxyl group
of glutamic acid represented fixed carbon This was
consistent with the relation of these groups to oxalo

acetic and « ketoglutaric acids With the exception of
threonine and methionine there was almost no radio-
activity i the essential amino acids The small incor

poration 1nto argimine and prohine suggested that

although 1t 1s known that there 15 a possible linkage of
amino acids with glutamsc actd interconversion of the
carbon chamn had not taken place to any marked

Holman Mahoney and Whipple (1934) wrote of the

dynamic equilibrium  of plasma and tissue proteins
Borsook and I\elghl{ (1935) developed a theory of

continuing metabolism  of mtrogen mn ammals
Part of sheir evidence was the observation by Marun
and Robison (1922) that there was a logarithmic
decrease 1n nitrogen excretion when individuals on a
high protein diet had changed to 2 low protein dret
Thus according to the theary of Borsaok and Kesghly
could indicate that body protein was being degraded in
the manner of a first order reaction It was postulated
that such degrad was of
being balanced by storage of an equivalent ampunt of
exogenous mitrogen when ammals were m positive
mitrogen balance The direct experimental attack on
this problem which appeared to be excluded was made
possible to some extent by the use of 1sotopes

The **N-content of urea excreted when animals 1n
positive mitrogen balance were fed labelled amino
acids was equal to a relatively small part of the 1sotope
wnjected Since so much of the urea nitrogen was the
product of body protein degradation 1t followed that
urea mtrogen could not be a measure of exogenous
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with fat

1T

(1935) were d bol
were fed diets g Jevels of
fats The distnbution of the 1sotope among the fat
from the depots and internal organs and the amount
of deutenum 1n the body fluids at the end of the
experimental period were determined Feeding was
restricted so that the animals lost weight but mn spite
of this a large proportion of the absorbed fat was
found 1n the depots The procedures employed were
adequate for dealing with the small samples obtamed
even {rom ammals fed 1 per cent labelled fat i their
diet Muce fed 4 days on 3 | per cent labelled fat diet
were found to have deutenum mn the depot fats
equivalent to 47 per cent of the deuterium of the fat
ngested  their weight loss was 5 9 per cent Body
fluds contained heavy water equivalent to 20 per
cent of the D 1n the ngested fat
Further fi ! knowledge of the dy of
fat metabolism was obtained by another experimental
procedure agamn with deuterrum (Schoenheimer and
Ruttenberg 1936 Ruttenberg and Schoenheuner
1937) Ammals were given water contaming 2 con
stant atom per cent excess of deuterium st was shown
that the amount of 1sotope in their body flurds could
be held faurly constant tn this way Fats synthesized
during experumental pertods were found to contamn
firmly bound deuterrum Since the 1sotope content of

Mice
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half ife of chyl ons under ph
tons The curves showing the dxsnEpcamn:c cfa?t’:ﬁ}
mdicated that components were being removed at
different rates When the chyle particles were frac
d by centr and njected sep it

was found that the fraction of vistble L‘hﬂDch;om
disappeared more rapidly than the tvisible particles
Some chylomicrons were found to enter lymph
following intravenous tnjectton Mornis (1958} has
also studied the rate of oxidation of chylomucron fat
by the rat under physiological condttions” The tnateral
was readily available as shown by the sharp nse
1 MCO, exhaled to 2 maximum between one and
two hours The rate of oudation was ncreased
by starvation but the pereentage oudized was
iversely related to the amount of fat injected Only
owdation of fat was measured and the amount of fat
entering other metabolic processes was probabl
wncreased when the amount mected was mm:xsc!
Glucose or olive o1l given mtravenously or by mouth
m 1socaloric amounts cavsed simular reductions of the
rate of oxidation of labelled fat

The contributron of dictary steanc acid to the mlk
fat of rats was mnvestigated by Glascock, Duncombe
and Reinus (1956) using tntium labetled steanc acid
Activity was detected 1n the muik fat after 4 hours
reached a maxmum within 24 hours and was

hydragen from the d fat (and chol D
eventually approached one half the 1sotope content
of hydrogen  the bady water 1t appeared that the
Iabelled Itpids had been synthesized from a small
possibly two-carbor unut Ths unt was later shown
to be acetate

The steps involved 1n the biosynthesis of fatty acids
can now be studied m detail mn ceil free preparations
Hele Popjak and Lauryssens (1957) described a
partially punfied enzyme systern from rat mammary

glands "by which the synthesis of fatty aceds from
acetate 1s achieved m the p of A
d hosphate and b 1c of

reduced d:ph‘osphiypyndmc nucleotide

1t has been possible to follow directly the fate of
absorbed fat contaiming [WClpalmitic ‘acid by the
technques of Boliman er al (1948) for the cannulation
of lymphatic ducts French and Mormns (1957}
studied the rate of removal of chylomicron fat from
the curcalation of labelled rats Chyle was collected
froma donor ammal glyceryl trr (1 uClpalmitate
being admmistered through’a gastrotomy tube 0 210
2 0 ml amounts of the chyle were injected 1ntraven
ously into the experimental ammals ‘The activily 1n
the 1 d rapidly and 10
The rate of removal was inversely proportional to the
amount of fat injected The rate of removal following
ijection of 0 2 ml of chyle had a half Life of 6 2 min,

d for up to 37 dzays 54 per cent of the 2dmn
istered activity could be tecovered m the milk fat
The results suggest that dietary fat contributed not
more than 25 per cent to the mik fat and that the
short-chain acids of the mulk fat did not anse mamly
by the degradation of long-chain acids

The question of the mechanism of the comversion of
fatty acids to carbohyd has been d by
Weimnman Stnisower and Chakofl (1957) Apphea
tions of 1sotopes n mvestigations of the role of the
Krebs eycle as the synthetic pathway arc described
1t 1s pornted out that demonstration of the ncorpor
ation of 1sotope into ghucose from a labelled fatty acd
does not necessanily mean that net synthesis has
occurred The man pathway by which 1ncorpotation
occurs 18 via acetyl coenzymé A but net synthesis
only takes place 1f there 18 an iaflux of other meta
bolites 1nto the Krebs cycle. The interdependence of
the processes 1s measurable for ccample by obserung
the ratio of ¢CO, recovered from {1 *Clacetate to
that recovered from {2 ¥Clacetate

3 PrOTENNS
(2) Some General Metabohe Inter nlnlwml;x;s of
Aruno Acids Indicated by Tsotope 1
The first account of an expenment on the fate of a
53N fabelled amino aesd added to 2 normal diet was
grven by Schoenh Ratner and Ruttenberg in

having probably a closer of the 34
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193%(a ) !N tyrosine was added to the dtet of an
adult rat the onginal aim being to find whether all
the 3N could be recovered from the unine within a
short time after feeding the labelled diet which would
indicate that urine mtrogen ws derved directly from
food mitrogen or whether some of the 3N could not
be recovered from unne which would indicate that
mtrogen was deposited 1n tissucs from which an
equnvalent amount of nitrogen had been released

The amount of ¥*N retained 1n the 10-day experimental
peniod was equal to nearly haif of the amount eaten
by the amumal so that further imvestigation of 1ts
distnbution was possible Only 25-30 per cent of the
retamned mitrogen occurred 1n tyrosine The 1sotope
was also found 1n the monocarboxylic acids histidine

argmine and protein amide nitrogen Later work
showed a similar ligh degree of incorporation of
N from leucine glycine aspartic acid  tyrosine

Iysine and citrate (Schoent 1942

Schoenheimer and Rittenberg 1930) Pure samples of
2]l the above mentioned ammo acids were later
ssolated from protens of rats which had been fed
18N labelled L(~)-leucine and glycine The 1sotope
content was highest mn that amino acid from the
proten corresponding to the labelled amno acid fed

however except for lysine all other amino acids
contained sigmificant amounts of 15otope

The process of reversible deamnation 15 the mechan
1sm of the general distribution of « **NH, from amino
acids but 1t has been shown that this process does not
occur in the cases of lysine (Weissmann and Schoen
heimer 1941) and threomune (Elliot and Neuberger
1950 Meltzer and Sprinson  1952)

Swick Buchanan and Makao (1953) investigated
the normal amount of fixed carbon 1n amuno acids
Rats were exposed for 12 to 85 days to a constant low
partial pressure of **CO, Activity of liver carbon
became constant after 10 days but that of muscle was
still increasing after 85 days The relative activity of
the carbon atoms of various amino acids at or close to
the position of equilibrium gave a measurement of the
normal relation of atoms of certain 2mino acid carbon
chains to those of metabolites involved 1n carbon
fixation The results obtaned were 1n general con
sustent with the operation of known metabolic reac
tions 25 per cent of the carbon from both carboxy!
groups of aspartic acid and from the a-carboxy! group
of glutamuc acid represented fixed carbon This was
consistent with the relation of these groups to oxalo
acetic and « hetoglutanic acids With the exception of
threonine and methionine there was almost no radio-
activity 1n the essentral amino acids The small incor
poration imto argiine and proline suggested that
although 1t 1s known that there is a possible Iinkage of
amino acids with glutamic acid interconversion of the
carbon chamn had not taken place to any marked
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extent The guanidino group carbon of liver argmne
was nearly all derived from CO, Fixed carbon in
argune  glutamic acid  aspartic acid and alamine
from liver was almost twice as high as values obtamned
for the amount present n these amino acids 1solated
from muscle Apparently muung of ammo acids
between these tissues had been far from complete
Recently Swick and Handa (1956) reported further
work on the distribution of fixed carbon 1n amimno
acids as affected by the presence and absence of
certain non-essenttal amno acids in the diet Fixed
carbon was two to three times as high 1n proline
argmine  glutarmc and aspartic acids when these
amino acids were omitted from the diet The extent
to which these results may indicate an increased
utihization of fixed carbon was discussed

Hogstrom (1953) fed CH,MCOONa to partially
hepatectorized rats and investigated the 1sotope
distribution in fourteen amino acids 1solated from
protemns of regenerated liver Here also the results
were 1n general accordance with the known bio-
chermstry of the ammo acids and their precursors
Glutamic acid aspartic acid alanine senne glycine
proline and argiune were labelled The essential
amino acids d only of
1sotope It was concluded that *C and #C distibution
in the labelled ammo acids was mn accordance with
Krebs cycle reactions

(b) The Tume Relations of Food and Body Proteins
e q of the hip of body pro
temns was already being discussed at the time of the
introduction of 1sotope methods of 1nvestigation
Holman Mahoney and Whipple (1934) wrote of the
dynamic equilibrium  of plasma and tissue proteins
Borsook and herghly (1935) developed a theory of
g L of gen 10 animals
Part of their evidence was the observation by Martin
and Robison (1922) that there was a loganthmic
d n mitrogen when mdividuals on a
high protetn diet had changed to a low protemn dret
This according to the theory of Borsook and heighly
could indicate that body protein was being degraded m
the manner of a first order reaction It was postulated
that such degradation was in contmuous operation
bemng balanced by storage of an equivalent amount of
exogenous rutrogen when amimals were m positive
mitrogen balance The direct experimental astack on
this problem which appeared to be excluded was made
possible to some extent by the use of 1s0topes
The '*N-content of urea excreted when anmals 1n
posttive mtrogen balance were fed labelled amno
acids was equal to a relatively small part of the 1sotope
injected Since so much of the urea mtrogen was the
product of body protem degradation 1t followed that
urea mitrogen could not be a measure of exogenous
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protein metabohsm according to Folins theo
(Folin 1905) It seemed rather that body P o
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could be

d by ¢q
This led to

1l fi N

were m dynamic equiltbrium with a * pool ~ of free
amino acids derived from both the digestion of food
P and the degrad of body protens
Schoenheimer Ratper and Ruttenberg (19392) con
cluded that a relatively large amount of reactive ussue
mitrogen had been shiown to be mn equlibnum with
duetary mitrogen It had been found that some body
constituents such as glutamic and aspartic acids and
some proteins of Iiver serum 2ad other organs were
more actively mvolved 1n the general metabohc
mxmg Although muscle and skin proteins were less
active on the basis of unit weight, most of the total
mtrogen replacement occurred in thote tissues
{Schoent Ratner and Ruttenberg 19395)

Later work on this question has included nvestiga
tions anvolving Jonger expenimental periods and
examiation of more pustfied protein samples It has
been reported that a high proportion of body proteins
are relatvely stable 1n the adult Erythrocyte protein
af dogs was found ta be stable subsequent to forma
tion of the mature cells (Bale er al (1949) Grnstein
Kamen and Moore (1949) reached the same conclusion
wath regard to the globim of intact erythrocytes of
dogs and a rat Kruh er @/ (1957) found that the
specific actvaty of glycme from mature rabbit erythro-
Cyte proteins was not constant Collagen protemn
which was estimated to equal about one third of the
total nass of body protein was shown to be almost
completely metabolically mert (Neuberger Perrone
and Slack 1951) Myosin synthesized by rats from
¢ glycine was shown to be stable for about thurty
days (Dreyfus Shapira and hruh 1956)

Olesen " Herlskov and Shopheyder {1954) have
analysed the rate of excretion of **N by three subjects
during 360 hr periods following single doses of N
ghemne It was considered possible in this way to
obtain :nformation about the size of certain nitrogen
pools and the rate of synthess of protemns associated
with the pools—a pool beng defined as a_group of

L subject to hange of autrogen
The calculations were stated to be more direct than
those assoctated with procedures used earlier (Sprinson

the results on (he basis of a system of three ;
pools Biological constderations permutted a redi
of the parameters relating 10 the interchan;
nitrogenous substances between these pools te
two determuinable systems or models The three
were assoctated with & bhnd  pool when
amount of N leaving the pool i the expermen
a neghgible fraction of the total mitrogen m the
The bhnd  pool (V) may represent the more ¢
protemns of muscle skin and connective tissue
body p probably corresponding tc
more active pools were—Pool V, mitrogen co
810 12 g mostly urex Pool P mitrogen of a
acds which were 1n equilibrum with glycine mtrc
mitrogencontent 1 5to2 1 g Pool Q the more]
body protens half Ines 3 °6 to 6 0 days mitr.
content on the basis of one model 84 to 162 g o
the basts of the other model 274 and 295 g

second mode! would be more suitable where a

siderable proportion of muscle proteins were
bolrcally active to the same extent as plasma prot

Estimates of half Lives of various plasma proter
determined by 1s0tope and biological methods 1
been summarized by Neuberger (1957)

The relative stability of dufferent body constitu
of rats wis mvestigated by Thompson and Ba
(1956) and the expeqmental periods represente
sigmficant fraction of the hfe span of the tmn
Adult rats were given drnking water labelled :
constant level with tewsum for a period of four mon
2 second group of animals were exposed to tutn
labelled waler from conception to an age of six mon
Body components would thus incorporate and rek
tntium according to the rates of their synthests .
degradation during the experymental period The £
of change of activity 1n dufferent organs and comp
ents were determuned after removal of the labe
dninking water Components with half Itves of
order of a few days were distingwished only m In
lung stomach and ntestine It could be concluc
that approximately one half of the total orga
matenal of the rats was degraded and resynthest:
with biofogical half hives longer than

and Ruttenberg 1949 San Pietro and R 4
1953) Over the period studied Olesen ef ol found
that the rate of change of ¥*N abundance in urine

days Most of the collagen of mature rats appeared
be metabolically inert

VI TRITIUM

1 THEe Use OF TRITIUM AS A LaBEL

Trtwm as a tracer for hydrogen and as a means of
labelling other molecules offers very great advantages
1t 1s avalable carner free at a specitic activity of 2 6
curies per standard ml at very Jow cost The 12 5 years
half Ife 1s sufficiently long to make correction for

deca; durmg most biological exp

The {ncrgy af (h{: g md?anon 15 very low (maximt
18 kv) Thus no radiation shielding Is ncoas:rydn
for handling curie quantities also ‘much higher o
of tritum can be admunistered (0 expenmental animi
than of any other sotope without fear ol 1ouc eficc
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The Tow energy of the £ particles imposes some
restriction on the types of assay method which ¢an be
used but 1n fact this 15 no disadvantage since the
methods which are applicable include all those of the
gas phase assay type which are mherently more
sensitnve and reproducible than any others

A further and very important advantage 1s the posst
bility of synthests of labelled compounds by hydro
genation and when surtable precursors can be made
there need only be a single  hot stage Eximples 1re
given below of the synthesis of labelled amino acids
mvolvng very litle manipulition of highly active
matenal

The use of tntium as an indicator for hydrogen has
been enticized on the basis of the magmitude of the
1sotope  cffects mvolved Thompson (1954) and
Thompson and Ballou (1956) have discussed this
aspect 1n deta! and lude that notwithstanding
1sotope effects vakd comparisons can be made of
rates of incorporation of hydrogen from water nto
body constituents The use of tritium as a label for
water 1s discussed sn Section 111 1 The 1sotope effect
found by Anbar and Lewtus (1958) would be of
imporiance 1n the determination of rates of turnover
of body water but not in measurements of total body
water or rates of equilibration In the case of com
pounds labelled with tritium the possibility of an
1sotope effect must be considered for any particular
applicatton Thompson and Ballou (1954) found that
the tritium  deuterium ratio rematned constant 1n all
ussues following incorporation from water

219

i o of Tcarbon and trittum labelled cholesterol
and found no significant differences

2 Tir SynTHesis OF TRITIUM LABELLED LEUCINE

AND LysiNe

Speentl procedures are usually necessary for the
synthesis of metabolites containing radioactive 150
topes The two chref reasons for this are—(1) At this
stage radtation hazard 15 likely to be considerable
(2) 1t 1s necessary to ensure that the specific activity
of the final product 1s as close as possible to that of
the reactant which imtially contamns the radoactive
1sotope It follows that favourable methods should
mvolve the mimimum of mampulation of radroactive
material and the mintmum number of reactions
mnvolving 1sotopic matenial

Theoretically satisfactory procedures for the syn
thesis of tritium labelled amino acids may be based
on a single reactron 1n which unsaturated analogues
are hyd d with tnt, g hyd:
Tntium labelled leucine and lysine both of which are
particularly useful for the preparation of labelled
proteins have been synthesized 1n this way from

lable unsaturated

a) The Synthesis of DL [*H]leuctne

Method 1 This method based on the method of
synthesis of pL leucine of Albertson and Archer
(1945) has already been described (Done and Payne
1956) The relevant reactions are the reduction

trittum and deuterrum  Thus the rate of degradation of
labelled body constituents was not influenced by an
1sotope effect Biggs and katchevsky (1952) and

of ethyl 2 2 carbethoxy-4 methyl-4 penten
oate (I) with tnttum contarning hydrogen 1n the
presence of Adams catalyst followed by hydrolysis of
the tntim labelled ethyl 2 acetamudo 2-carbethoxy

Hellman et al (1955) studied the

COOC,H,
CH,—C—CH,—C—NHCOCH, —» CH,—
¢H, COOC,H,

Method 2 ‘The first method 1s not 1deal 1n the sense
that two reactions are involved Goening Cristol and

CH,;=(|}—CH,—CH(NH,)COOH

CH;
v

Dittmer (1948) described the Ppreparation of an unsat
urated leucine analogue £ methallylglycine (IV) and

4 methylp (1) to labelled leucine (IIT)
COOC,H; N
1B
SHC—CH,—C—NHCOCH, ——»
CH, COOC,H,
1
C*H,—HC—CH,—CH(NH,)COOH
CH;,
1r

we have prepared labelled leucine by hydrogenation
of this compound It was tousean

solution of the free unsaturated amino acid 1n si)m: of

exchange of tntium with water and labile amino and
carboxyl group hydrogen Preliminary expenments
had shown that reduction of the double bond occurred
at a much greater rate than the exchange reactions
and that labile hydrogen could be removed easily
from the leucine by alternate solution of the product
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1n water followed by evaporation to dryness m a
vacuum destccator This second method was effective
for the preparation of a 477 mg sample of Jeucine
contanung 75 pc/mg, the sample prepared by method
1 contained 3 35 pc/mg

() The Synthesis of DL CHYysine

We are mdebted to Prof R A Raphael for an
carly account of the synthesis of an acetylenic
Iysine analogue, 1 5-dramino-l-carboxybut 3 yne (V)
{Dobson and Raphael forth g publ )

oL PHIlysme has been prepared from V by a
hydrogenation procedure sumular to that described for
leucine, method 2 A small batch (18 mg) of the
analogue gave 16 mg of labelled lysie specific activity
46 4 uc/mg The radiochemical punty of the product
was blished by co-crystall with i
lysine monopicrate recovered activity being 101 per
cent of the theoretical

3 THE ASSAY OF RADIOACTIVE ISGTOPES WITH SPECIAL
REFERENCE TO TRITTUM

In comparing assay methods for any 1sotope the
first req are of y and
also, when Jabelled compounds are involved 1t ts 1n
general necessary to measure the specific activity of the
tracer element tself

(a) Sensunity

Factors influencing the sensitivity of an assay
method are—

{1y Absorpton of the radmtion by the sample atself
and by the walls of the radiation detector

(1) The efficiency of the radiation detector for the
rays cmitted

(ui) ‘The magnitude and stabtlity of the background
level of the detector

In the case of soft f-emutters (1) 1s the most impor
tant factor and 1t 15 deswable 10 make use of an
1ternal sample techmque such as gas cousting o7
hiquid scrnuillation counting Since the efficiency for
8 rays of Geger and proportional counters 15 very
high the internal gascounting techmque offers the
hsghest possible sensitvity

In the case of y-emutters (i) 1s of no importance
but (u) becomes the decistve factor and the well type
scntillation counter offers the ughest effictency

In all cases the background level attmned 13 on
ndication of the lowest Counting rates which can be
accurately measured It should be noted that both

1 and 1

afford some degree of discrimination between sample
and background counts
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®) Accuracy

Factors mf
methods are—

() The stability of the counting apparatus

(1) In sohd sample counting (g) vanatons 1
self absorption and scattering, (6) vanations in the
geometry of the counter and sample system

(1) At the lower levels, the stability of the back
ground

In general the proportional counter has the advan
fage of very high stabiity and low and constant
background levels (Borkowsks 1949 Berasten and
Ballentine 1950 Robinson 1951) and 1s probably
capable of better seproducibility than any other
detector fable It has the adg 1 ad B
of good lincarity over a very wide range of counting
rates and individual counting tubes have a very long
and perhaps infinite Iife

The factors under (1) imut the usefulness of solid
sample counting Thus Freedman and Hume ((950)
were able to obtan results consistent to within
5-7 per cent using solid counting techniques for ¥
and *Sr However with iquid samples reproducibt
Iitres of + 1 4 per cent were readily obtaned

the

z y of g

(c) Sample Preparation and Specific Acivvity Measire

ment

There 15 2 tendency to regard as superror methods
of assay for which the counting technique s stmple
for example sobd sample counting wusing an end
window Gewger counter However consideration
must be given to the complete process of sample
preparatton bearng in mnd the necessity for mea

of the specifi ty of the labelled element

for example 1f MC 1s being used the actvity per
rulligram of carbon may be required 1n a range of
labelled matenals If reasonable accuracy 18 required
this amplies the converston of all samples to 2 standard
chemucal form of reasonable purity These consider
atsons apply to both solid and higuid sample counting

hmques The sohd g methods suffer from
the further disadvantage that great cate ts required
1 the mounting of samples 1n uniform Jayers and the

of bly sample

may give nse to the necessity of frequent difutions of
high specific actvity samples with pure unlabetled
mateniaf

Ewdently there are no easy methods for wsotopic
anafysis and the chosoe of a tracer for 2 parneular

should not be d by the type of assay

procedures mvolved

{d} Tritum Assay Methods
As 1n the case of other femitung tsotopes the
first step 1a the determunanon of the specific activity
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of the hydrogen 1n a labelled compound by any assay
method” must be the conversion of the sample to a
standard chemical form and this process must be
regarded as a part of the assay procedure In some
particular cases when only ‘one or two specific
labelled compounds are of interest this may be
avorded eg the substance to be assayed may be
1ntroduced 1nto a iqud scintillation system or assayed
by means of a gas flow counter but such procedures
cannot be regarded as a basis for general methods

Scintillation counting has been regarded by many
people as a very desirable basts for a routine assay
procedure for tntwm but as yet no satisfactory
routine procedure has been described for the transfer
from a wide range of labelled materials into a hquid
santillation system

The introduction of active water 1nto a hquid seintil
lation system has beendescribed (Langham er af 1956}
and this could perhaps be combined with some st
able combustion procedure purnification of the com
bustion water would also probably be necessary But
the whole process would then be very cumbersome
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are those based on gas counting and the good repro-
d y 1 this technique makes 1t a most
desitable basis for a routwne procedure Robinson
(1955) has described the use of a proportional counter
filled with methane generated by the action of water
contaming trittum  on methyl magnestum 10dide
Glascock (1954) descnibes the use of n butyl magne
stum bromide to produce tritio-butane which 1S used

as the filing for a Gerger counter Robrnson (1955)
does not the b of this techniq
with a t on method for of tritium

in labelled matenals Glascock (1954) describes the
use of a preliminary tube combustion

A method for the assay of tritium based on the usc
of a proportional counter filled with the gas generated
by the reaction of water contaming trtium with
aluminum  carbide (White Campbell and Payne
1950) n conjunction with a high pressure oxygen
bomb combustion techruque (Payne and Done 1954)
for Jabelled matenals has been developed 1n these
Iaboratores during the past eight years The advan
tages of using alununium carbide are firstly the gas

and t

the method seems to be mited by the low counting
efficiencies obtainable (about 9 per cent) and the
accuracy at low levels of activity 1s probably reduced
by high and vanable backgrounds Thus the back
ground equivalent activity actueved 15 about 8 001 pc
the reproducibility at this level 15 not stated but 15
about + 3 per cent at higher levels Fnally it must be
b that this 1s achieved only with elat

and costly snstr d g and
cooling of photomultiphers and sample being essential
Tonization chamber techniques have about the same
sensitivity and accuracy for tritum assay as scintil
lation counters a sensitwity of 0 01 ¢ 1s claimed
by Fallot Aberhardt and Masson (1957) with an
accuracy of +5 per cent for levels above 0 05 pc
Wilzbach Van Dyken and Kaplan (1954) claim a
BE A of 0 00025 pc with a 1 per cent of accuracy
for levels above 0 00065 uc These levels are achieved

g Also the ul ty of

& d has a specific activity four times higher than
that produced by reaction with Gngnard reagents
thus a sample of given size can be contaned within 2
counter tube of proportionally smaller volume thus
achieving higher sensitivity ‘due to the improved
sample to background ratio Secondly the reaction
and subsequent performance of the counter tube ts
unaffected by the impurities in the water produced by
a simple ik hmuque Thirdly
carbide 1s a conventent reagent to handle and store
as 1t reacts only very slowly with atmospheric water
vapour at room temperature in contrast to the
n butyl magnesium bromide which must be freshly
prepared and baked 1 vacuo before each estimation
The apparatus used for combustion and subsequent
gas g 15 relatively simple and p
(Payne and Done 1958) so that several sets can be
l';:ed simultaneously thus batches of gas samples can
d

with much less than the

mnstr

prep n ffi to keep the

scntillation counter and n combination with a
sunple method of generation of gas from labelled
matenials such as that desenbed by Witzbach Kaplan
and Brown (1953) represents a convement assay
method for hugher levels of activity

Sokd phase counting of tritium1s possible using a

PR n P and the fullest
posstble use 1s made of the high cost section of the
equpment

‘The techmque of mounting samples for combustion
on paper (Done and Payne 1956) automatically
ensures the prod of gas vol from
samples of widely varying size Thus there 1s no

windowless gas flow counter and effi of 2-3 per
cent have been reported by Exdinoff and Knoll (1950)
Reproducibility 1s probably poor +15 per cent for
infinrte thickness samples of NH,Cl (Jenkins 1953)
S;ch :;1 r:lxethod <}:1:m be very useful for raptd checks of
activity during the preparation of
actw aices g the prep: Iugh specific activity
By far the most sensitive methods for tritwum assay

y for dilution of the gas sample with
mactive gas from a reservoir and solutions containing
unweighable quantities of active material are as easily
and accurately assayed as large samples of low specific
activity solids

As a routine this procedure 15 as convenient and
rapid as any other used for 1sotopic analysis and a
high degree of reproducibility 1s readily ach
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The sensttivaty 1s such that as Iittle as 20 ppsc of tratium
can be measured with an accuracy of 1 per cent
High sensiuvity has two umportant consequences—
1) 95 per cent pure tntum s readily and cheaply
avariable so that accurate measurement 15 possible
after dilutions of the order of 10 fimes @) the
level of actvity m  hot" stages of mvestigations
(e g synthesss of metabolites) 1s reduced

4 SOME ApPLICATIONS OF ROUTINE TRITIUM ASSAY

(@) The Eqhbration and Dilution of Tritium labelled
Water in Experimental Subjects

Trititm has been used to estimate total body water
m rats and in humans A dose of 0 4-0 5 uc/kg body
weght 1s sufficient for accurate measurement and
1 5-2 pc/kg for equilibration studies The method used
for preparation of samples has been described (Payne
and Done 1958) and 1t has been shown that for a
normal buman subject (Done and Payne 1957) an
equilibration time of 13-2 hr 1s sufficient The method
has been appled to the measurement of total body
water and half Wfe of trtim 1 the body water of a
group of long distance swimmers Each was given by
mouth 150 gc of tritium 1n 200 ml of water Unne
samples were taken 2 and 3 hrlater and 1n some cases
after 4 or 5 days Table 9 2 shows the percentage body
water and half bfe figures obtammed The half hife
figures reflect a very high rate of loss of activity pos-
sibly due to a high flud ntake the figure obtamed
for a normal individual being 9-10 days

TABLE 92

Total Body Water and Fslf Life of Tritiwm in Body
Water of Long-distance Swimmers

Body weight B&(g ;‘S:: i H;lr hfe
(L) by weight) (days)
23 613 44
759 557
8 593
824 574 62
85 4 61 5 72
87 ¢ 58 5
N2 552
98 4 5813 62
102 6 56 4 59
09 532

L
Mean = 57 5
SD = 27

The doses involved 1n these estimations were very
much Jower than those used by other
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for example doses of 2-5 mc have been reported
(Pinson Anderson and Lotz, 1951 Prentice et al,
1952, Bradley ez a! 1956 Langham er of 1956
Fallot ef al “1957) Recently in collabaration with
Dr V Wynn St Mary s Hospital London we have
examuned the tissues of a pattent who had recerved
two 2 me doses with an saterval of 13 weeks Samples
taken 8 weeks after the last dose had the following
specific activities—
Water
Musile
Connective tissue
Fat

10~ pc/mg H

Skin
Fascra
Bone
The tissue samples were vacuum-dried, washed
with hot trchloroacetic acid and extracted with
chloroform-methano! The bone sample was also
demuneralized with acid

(b) The Dustribution of Triwum in the Proteins of a
Young Pig after Admmstration of PHYoL faine
The distribution of tatum 1 the body of a young

pig afier adminstratson of synthetic tnitium labelled
DL lysine has been reported (Done and Payne 1958)
A 9'day old piglet body weight 3 kg was maintaned
on artifictal sow mik” Two injections of PPH}pL
Iystne totalling 1 05 mg (57 6 pc) were gwven at an
nterval of 7 e Seventeen hours after the second dose
the ammal was anaesthetized and killed by bleeding
from neck vewns The dose bemng so smalf 1t scems
unlikely that the obsetved disttibution of activity was
influenced by abnormal concentrations of Iysine

() Dustribution of Activity
() T¥ssue Protein Samples prepanced from various
tissues by washing with hot tnchloroatetic acid and
solvents (Zamecmk ef ol 1951) were assayed for
tritium  The results are shown 1 the dugram (Fig
91) Skin collagen was prepared ding to New
berger and Slack (1953) The distnbution of actmity
1s very sumlar to that found by other workers eg
Miller ef af (1949) using {HCHo lysine and Green
berg and Winnick (1948) ustng [¥C) glycine The
srelatively hugher specific acuvities found jn bran and
collagen are probably related to the use of 2 young
tmal
an(u) Lisine from Lher Proteins A sample of the
Tiver proten was hydrofysed 1 6V HC1 for 16 hr at
105°C The HCl was removed by drying fn vacuo 1n
the presence of ROH The resulting hydrolysate was
dissohved 1n water and an aliquot was anayed for
triwum The specific actiity was found fo be 158 x
§0-¢ e/mg the orzmnal liver proten bemng 1 75 %
pe/mg hydrolvsate solution were
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responsible for the observed decrease 1n digestibility
on heating and 1t was of interest to determne whether
the absorption of lysime was reduced In order to
study the effect of the heat treatment on the availability
of Iysine the experiment was repeated using lIysiné
labelled pork of spectfic activity 3 74 x 10~8 ac/mg,
prepared as previously descibed Diets contanmng
untreated and heat treated labelled pork were pre
pared and fed to two groups of four rats for 10 days
At the end of the experiment the mitrogen and tnitiam
contents of the faeces were determined The results
expressed as a percentage of nitrogen and tritium
mtake are shown in the table

TABLE 93

Nitrogen and Radioactivity, Expressed as a Fraction of
Intake in the Faeces of Ammals Fed Diets containing
Untreated and Heat treated Lysme-labelled Pork

Faecal Faecal
nitrogen [ radioactivity NPU
Untreated 018 010 70 (mean of 4
determnations)
Heated 040 033 35 (mean of 2
determinations)

It may be seen that the mitrogen excreted by the
arumals fed the diet containing heat treated pork was
hugher than for those fed untreated matertal and that
this was accompanted by an increase 1n the excretion
of tatwm Thus the fall i the value of NPU 1s
related to a reduced mitrogen digestibility and a
proportionate red i lysme digestibility ts
suggested by the increased excretion of tritium

In view of the large amount of actvity excreted by
the rats fed untreated pork a further experiment was
undertaken to investigate the proportion of excreted
actvity of metabolic onigin as opposed to that due to
undigested protein

() Recorery of Radiactivity wn the Faeces of a Rat
after Admimstration of a Swgle Feed of Labelled
Protein
A rat weighing 375 g pi ly on

stock diet was deprived of food duning one day and

then at 530 p m was given a pellet weighing approx

2 0 g and consisting of Allinson wholemeal flour 73

per cent labelled liver protein 25 per cent and 2 per

cent of black uramum oxide UO, The following
morning the stock dict was replaced n the cage
Faecal pellets were collected each morming and for

q
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on a 25 mm P 0

an end window counter GE C type G M4 Subse
quent faecal collections were pooled and the uranum
specific activities determined A sample of the onigmal
powdered dret was also assayed for uranum activty

by placing log-mg samples of dnied powdered fasces
lanck and
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The specific actvity of the triwm n the faccal
samples was measured and this was continued for
several days after the actvity of the uramwm had
fallen below the Iimuts of detectabiity The cunves 1o
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I INTRODUCTION

‘The embryo 15 a quickly growing organssm which
requires building and energy producing matersals
simultancously

We shall pay particular attention 1n this article
to the higher sertebrates—birds and above all

mammals Though the facts are essentially the same in
every class we shall imit our survey to higher verte
brates because of their practical interest and also
because they offer the best documentation

T THE NUTRITIONAL SOURCES OF THE EMBRYO

The volk of the crg 1s the fundamental source of
nutrition for the lower vertebrate and the bird
embryos The latter obtams the required foodstufls
previously stored tn the vitellus and then in the egg
albumun ” by absorption through the foctal mem

branes especially the umbihical vesicle a huge
dnerticulum of 1ts ntestine  which contains the
vitellus Some methods are now bl

sts value (Grau ef @l 1957)

The mammalian embryo takes its food from its
mother and grows directly on her The supply of its
foodstuffs occurs 1n three stages (1) the period when
the blastocyst absorbs nutrients from the surrounding
flud (2) the penod of absorption by the vitelline
arculation 1n the yolk sac and (3) the fundamental
pertod of absorption by the allantoic circulation 1n
the placenta

In the earhest stage the ovum remarns free 1n the
Falloptan tube and then in the uterus It1s a blastocyst
which absorbs 1ts foodstuffs directly from the sur
rounding flusd 1n the tube and 1n the uterus (Lutwak
Mann 1954) Moreover 1its needs are very limited
not only 1s the egg very small but it grows very little or
not at all and 1ts devel has d mamnly

plantation of blastocysts (Mayer eral 1955 Nealand
Harnson 1958)

When the ovum 1s fixed on the utenine mucosa or
wnplanted in 1t 1t then has an easy source of nutrition
and develops rapidly Before the new nutntive
apparatus (the placenta) 1s completely organized the
embryo—in a way somewhat similar to the previous
stage—utilizes an embryotrophe a mixture of uterine

d d d lysing cells

blood cells

The vascular connections are provided by the allan-
tors which fuses with the trophoblast (the outer layer
of the ovum) to form the chorion The willous or
labyrinthine attachments of the chorion to the uterine
mucosa form the placenta Thus 1s an exchange centre
between the maternal and the embryo blood by a
system of two vascular networks a foetal and a
maternal one 1n tntimate contact Thus nutnents and
oxygen are provided simultaneously

The structural and physiological properties of the
placenta change with time The contact surfaces
between the maternal and foetal blood streams become
larger and larger more and more permeable So the

S

up till thenin1ts subdiviston 1nto a series of small cells
Thus stage lasts 6 days 1n the rat 8 daysinman after
fertilization In the sheep 1t 1s not until the 17th day
that another source of nutrtion becomes available for
1t 1s not until then that the trophoblast becomes at
tached to the utenne epithelium In some species this
phase of Lberty can be much longer In this case
hormonal conditions are responsible for the late im

ges ncrease duning gestation Flexner er al
(1948) ‘studying the transfer of radioactive sodium
claimed that the speed of this transfer increased with
the duration of pregnancy Harrison and Silva (1956)
who studied the radtoactive potassium transfer con
cluded only that the pl facil rapid exch

1t must be added that for many substances the enzyme
systems of the placenta play a greater role than the
exchange surfaces (Wislock: and Dempsey 1946)

HI THE NUTRITION OT THE EMBRYO AND THE CONSTITUTION OF THE MATCRNAL
NUTRITIONAL STORES

The embryo requires the matersals necessary for
building 2" new orgamism as well as the energy for

satisfied or not as the case may be bv the elements
cireulating 1n the maternal orgamsm In keeping with

domg so The chemucal analysis of the foetus
the nature of the former and at least the mummum
tequirements for its proper development Thus
estmated 1n absolute values these requirements will

increase with the age of the embryo They will be
233

this the tends to grow richer in
varous reserves e (o store proteins muneral salts
and other substances during gestation

Bar and Daunay (1905) and Murhin (1910) were
the first to establish that mitrogen retention took place
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duning pregnancy The comprehensive 1nvestigations
of Macy and Hunscher (1934) who made a careful
survey of the literature and a series of continuous
bal on preg women di rated the nitro-
gen storage and the cumulative reserves of C1 P K
Na Caand Mg We give these results in the following
graphs (Figs 101and 102) According to hosterhtz
and Campbell (1957) who recently reviewed the
question not all the matenals required by the foctus
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Fio 101 Suows THE CONTINUAL STORAGE OF

NITROGEN CHLORINE SULPHUR AND PHOSPHORUS
DURING THE FINAL 145 DAYS OF GESTATION
The days are plotted anthmetically and the maternal
accumulation in_grammes logarithmcally thus iltus
trating the absolute values and the relative rates of
change with the progresston of foctal development
The insct shows the large maternal store that has
been lasd down 1n excess of the foctal needs
(Hummel et al 1936)

during the period of rapid growth are stored by the

THE NUTRITIONAL REQUIREMENTS OF EMBRYOS

0-4 days 19 mg during the penod 4-8 days 34 mg
during 8~12 days 68 mg duning [2-16 days and 137
mgduring 16-20 days Nitrogen was still retaned on a
det 1 which the energy itake was uniimted but the
protem intake was scarcely large enough to mantan
non pregnant control rats 1n mitrogen equiltbrium.
According to Bourdel and Jacquot (1956 5) these
facts depend not on the embryos themselves but on
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Fig 102 SHOWS THE CONTINUAL MATERNAL
STORAGE OF PoTAssiUM Sopiuv CALCIUM AND
MaoNEstuM DURING Tie Frvar 145 Days of
GESTATION
The days are plotted anthmetically and the maternal
accumulation  in  grammes lopanthmically  thus
iNustrating not only the absolute values but the relatve
rates of change with the progression of foetal develop-
ment The inset shows the jarge maternal reserve of
calerum that 13 stored beyond the esttmated needs of
the foetus and the adnexa
{Hummel et al 1936)

the placental hormone conditions The ratio of
retained to ngested mitrogen for the same

maternal body While caleium but not p u
ts stored early during pregoancy of the rat and
tetention of calcium and phosphorus over the whole
eriod of gestatton 1s 1n excess of the foetal demands
in the rat and 1n man no storage seems to occur of
vitamin B, riboflavin pantothenic acid and brotin
Rombauts ef af (1956) showed that a considerable
retention of mitrogen may occur durng the carly
stages of pregnancy Compared with a period imme
duately preceding mating the daly mtrogen retention
per rat was ncreased by 23 mg dunng the period

fime was 0 30 when the foctuses and placenta were
left intact and 0 28 when only placenta were mam
taned ‘Thus the nutrogen storage by the mother 15
continued despite the absence of the foctus therefore
1t depends on the placental actton

The embryo requirements become so mmportant at
the end of pregnancy that they are very often sauisficd
at the expense of the mother s reserves according to
Jacquot (1953) This ts particularly in evidence dunng
Tactation

IV THE LEVEL OF THE REQUIREMENTS

These req must be cvaluated from three
aunts of view the bulk of the new Iving materta) and

progressinely (Fig 1

The embryo grows constansly its weight tncreases
03) and 1t1s obvious that come
of mitrogen and other matenals

its metabolic activity the absol of the
nutnents used and the rates at which they are
e Tl

must be prfmdcd 1t 15 necessary to estimate the daily
requirements with respect to the amounts fised 1n the
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butlding of the body these have been established by
means of chermeal estimation of each substance To
these amounts however must be added the quantities
necessary to cover the encrgy requirements  together
with the requirements of the foetal membranes and
the uterus (Fig 10 4)

The example grven 1bove for nitrogen and calerum
1n the human foetus clearly indicates that the require
ments for building the foetus ire much more 1mpor
tant 1n the last period of pregnancy Indeed 1t must be
concluded that the total requirements increase daily
and progressively 7¢ with the increasing age of the
foetus

QOn the other hand 1f we consider the relatve
crease with respect to the time unit we sce that the

°
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i 2 3 4 5 6 7 8 9
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Fic 103 EVOLUTION OF FOETAL WEIGHT
(Vignes 1929)

tequirements as well as the intensity of metabohsm
and the speed of synthesis decrease with the age of the
foetus

Minot (1907) found that the rate of growth in the
Tabbit embryo d by p 5
decreased fram the 9-15th day (when the rabbit adds
on the average 704 per cent to 1ts wesght darly) to the
15-20th day (when the average daily addition1s only
212 percent) Minot estimated that over 98 per cent of
the original power of growth n the rabbit or chick has
been lost at the time of birth or hatching This 1s
equally true 1n man (Fig 10 5)

The metabolic rate of the foetuses often estimated
(Levine and Dann  1953) as lower than that of new
born seems to be equal or huigher (Fitzgerald 1958)

Kkodicek and Lutwak Mann (1957) studied the
fixation of witamins B 1n the blastocyst of the rabbit
and the young embryo They noticed especially that
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the Jevel of nicotinic acid was very high 1n the umim
planted blastocyst Inthe 12th day embryo it surpassed
the Ievel of the maternal hiver an organ particularly
rich 1n this vitamin

Thus decrease tn metabolism 1s well known for every
animal fter birth and the requirements per kilogram
of antmal become lower and lower with age

Lefebvres (1951) studied 1n the rat the effects of
synthetic diets containing smaller and smaller doses
of pantothenic acid Very small quintities (0-10

!
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|
?
|
H

gr 30 /

— T T
3 4 5 6 7 9 10
Months

Fic 104 THe CoMPOSITION OF THE HUMAN
FOETUS AT DIFFERENT STAGES OF INTRA UTERINE

IFE
(Hunscher et al 1936)

mg/day) resulted 1 100 per cent resorption of the
embryos Withan intake of 20-50 mg/day the number
of resorptions decreased and abnormal foetuses were
found the maximum incidence of abnormal embryos
occurred with 20-25 mgfday There were no abnorm-
alities with over 50 mgfday this amount 1s therefore
the lower hnmt necessary for normal embryomc
development  These figures (after deduction of the
maternal needs) allow an approximate evaluation
per gramme of embryonic requirements These values
are plotted on a descending curve which shows also
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the requirements of just weaned, 6~ and 10-weck old
rats (Fig 10 6) These values have been confirmed by
several authors

The metabolic activity of the embryo 1s the basts of

600%,
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s
o bie

500%, f———— in man by

Tunor months

Atter
Mihtmann
400%,
300%
200%,
100%, \

i
012345678910
Months
Fi10 105 Tue PERCENTAGE RATE OF GROWTH IN
MAN BEFORE BIRTH
The ume intervals carrespond to the ten lunar months
of gestation. The rate of increase n the first thrée
months 1s notandicated since there are no statistical
data on which to found any knowledge From the
thurd to the fourth month the ncrease 1n growth s
600 per cent, after which it quickly drops until duneg
the last month of pregnancy 1t 1s barely 20 per cent
(Minor 1907}

sts nutnient fixation Child (1952) suggested that the
partition of nutnents i the blood stream between the
diffe tissucs was d by the bolie rate
of cach one of them the greater part being taken by
the more actise tissues Hammond {1943) put forward

THE NUTRITIONAL REQUIREMENTS OF EMBRYOS

thus theory to explain the preferentral distribut

ton of
foodstuffs n the maternal blood stream between the
foetus and maternal tissyes {Fag 107

kg st

wi=Rirth

Weeks
Fig 106 REQUIREMENTS OF THE RAT FOR FANTO-
THENIC ACID AT IHFFERENT AGES
(Lefebrres 1931)

Fig 107 PRIORITY OF PARTITION OF NUTRIENTS
ACCORDING TO METABOLIC RATE
(Hammond 1950}

1 UritizatioN of FODSTUFFS By THE EMBRYO
The food tnput 15 used to mawmtan the hie of the
tmbr)a and 1o secure its evolution e us gmm‘h
and ts The [ reqy
for these vanous stages are not equal
Recently Spratt (1956) observed the nutntion ol
ssolated chick embryos the requirements are smallest
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for sunnal greater for differentintion and much
more tmportant for growth

According to Spratt (1952) morphogenctic processes
(cell morements sequire Jess exogenous carbohydrate
nutrient than processes of ccliulir differentiation
(ustocenesis) He has suggested that there may be a
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embryo being of the stme weight and consequently

younger we notice that the differenttation in the latter

1s less advanced than in the former As an example

1 Fig 109 the state of an ear in two embryos of the

same weight but of different ages 1s demonstrated

One of them has grown more slowly owing to a
1

fundamental energy difference between form buld
and tissue burlding activanes i the embryo

The disunction between the nutntional require
ments of growth and those of differentiation 1s well
established by the nformation gren by the culture of
pnimordia of orgins Wolff er al (1953) Em Wolif
(1955) and Stenger Haffen (1957) adjusted a culture
medium composed of amuno acids muneral salts
carbohydrates vitamins With this they were able
to study the common needs and the spectal ones of
vanous developing organs They established that
a sulphur<contamning amino acid cysteine or methion
e was generally essential to the mamtenance of Ufe
and differentration (Fig 108) that argmine lysine

& &

EE +Meth
Fic 108 I~rLurnce oF METHIONINE ON THE
DIFFERENTIATION OF THE SYRINX IN ORCANO-TYPIC
CULTURE IN SYNTHETIC MeDIUM
(Em Wolff 195T)

glutamuc acid together or separately were indispens
able for differentiation  that other amino acids and
some vitamins were favourable to prowth These
results show that for a given organ the requirements
are different for sts survival differentiation or growth

Singer and Cerecedo (1957) have found that the
required ratios of lysine/leucine/tryptophane are not
the same for mantenance and for growth

In almost all expenmental maternal d

acyd defi s d 15

r 'y but
more advanced than that of the normal embryo

Fi¢ 109 DEstaYED GROWTH WITHOUT DELAYED
DIFFERENTIATION
Left—car of normal embryo right—ear of stunted
embryo (pantothenic acid deficiency) The latter s
older than the former but of the same size 11s dyffer
enttation was not as inhibited as its growth

The sensitivity of growth processes explains why
growth can be modified in many ways The impor
tance of the nutritional state of the mother and of the
sharing of nutrients by several foetuses has been well
established It has been demonstrated in sheep that 1t
15 easy to produce foetuses werghing less than normal
by restricting the mother s diet and 1t has also been
shown that the weight of the foetus 1s dependent on
the number present Wallace s table (1946) demon
strated both facts very well (Table 10 1}

TABLE 101

Influence of Maternal Nutrition gnd of the
Number of Foetuses

(From Wallace 1946)

1t 1s easier to obtain stunted abnormal embryos and
the smaller deficiencies arc sufficrent to” nhibit
growth In such experiments the most frequent result
13 the small size of the embryo ie delayed growth
On the other hand 1f we constder not the mass of the
organism but 1ts differentiation we find that eveninan
embryo of reduced size differentration 1s normal
Thatss at the same age the embryo of a deficient
mother 15 smaller than that of a normal mother but
1ts degree of structural achievement 1s about the same
However 1f we compare the embryo of a deficrent
mother with an embryo of a normal mother the latter

Weight of Werght of the
the ewe 144-day-old foctuses
[C4 (k)

High level daet 91 4
5 8

Single
9 i

6 07
Twin 5 00and5 36

Low level dict Twin 2 70and2 62
2

Twin 77and2 36
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Not only the quantity of food but also the appetite
of the mother plays an important part 1n the wetght
of the foetus For example pregnant hypophysecto-
mized females cat less than normal, and the werght
of their foetuses 1s lower (Picon 1957, knobil and
Caton 195%)

The age and size of the mother also have a marked
effect on the weight of the foetus It 1s well known

TABLE 102
Nutnitional Requrements of Yvomen
(National Research Council)

Pregnancy
Normal (4th-9th month)
Calories 2100 2500
Proten (g) 60 85
Caletum (g) 038 15
Tron (mg) 12 15
Vitamin A{1U) 5000 6000
Ascorbic acid (mg) 70 100
Thiamune (mg) 11 18
Riboflavin {mg) 15 25
Nicotime acid (mg) 11 18
Vitamin D (I U) 400-800
TABLE 103
s 1 of P Infants

(From Levine and D1nn 1953)

Water 150 cofkg
Epergy 120 callkg
Protein Sgikg
Carbohydrate 18 g/kg
Fat 2 gfkg,
Calcium 160 mg/kg
Phosphorus 130 mg/kg
Vitamun A {fatty solution) 15000 IV
Vitamin D 30001V
Witarun C 50 mg

that the weight of human new born mncreases with the
age of the mother and the number of previous preg
nanctes However there 1s always a decrease m indivi
dual wetght of the foetus 1n multiparous births thus
1n twins the tndividual weight 15 reduced
The influence of the mother 5 size on the nutrition of
the foctus has been studied in many ways For
ple 1t has been d d by crossing strains
of animals of various sizes or by transfer of the same
eggs mto fernales of vanous sizes (Hammond 1950

THE NUTRITIONAL REQUIREMENTS OF EMBRYOS

TABLE 104
Matnitional Requirements of the Cow and the Sow
FAO)
Normat Pregnancy
Cow 454kg
Calories 6400 11500
Proten (g} m 4
Calem (g) 10 2
Phosphorus (g) 10 17
Sow 45kg

Calories 3500 4100
Protein {£) 360 410
Calewm () 14 16
Phosphorus (g) 9 1n
Carotene (mg) 4 20
Vitamin A ([ U) 2600 13000
Vitamin By (mg) 25 30
Vitamun B, (mg) 38 38
Vitamun PP (mg) 125 125
Vitam D (1 U) 250 0 300 ¢

(1938) crossed the big shire horse and the small
Shetland pony the results vaned according to the
size of the mother the bigger the mother the bgger
the foal (Fig 10 10) Recently Hunter and colleagues

FiG 1010 RECTPROCAL CROSSES MADE BETWEEN
THE SHIRE HORSE AND SMALL SHETLAKD PONY BY
ARTIFICIAL INSEMINATION SHOWING THE MATERNAL
EFFECT ON THE SIZE OF THE FOAL
Top hine—Parents  Shire stallion X Shetland mare
and Shire mare x Shetland stallion Bortom line—
Thetr respective foals at brrth
(¥ alton and Hammond 1938)

(1954 and 1956) transfernng ova of sheep nfo a biggef
mother also obtamed bigger lambs a new proof o
the fact

2 GEMNERAL RIQUIREMENTS
The definition of complete or total deficiency 15 not

always clear In some cases such as malnufrition a;
I of tn the mother a1 the end ©

Kurbatoff 1951) When Walton and H d
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preenancy we obsene the most prejudicind effect on
the weieht and the general condition of the foetus
both in ammals and n humans

Burke and collercues (1942) obcenned women with
more or less deficient dicts the more deficient the
diet, the more numerous were the deaths of the
foetuses and the overall condition (re wmze and
weieht) of the new born was worsened Bourquin and
Bennum (1957) observed corrclations between bad
dietary habits and habitual abortion Pequignot (1956)
did not obsenc such permicious nflucnces n the
foetuses with deficient” diets but obsened more
abnormal pregnancies

Some fizures concerning the requirements of the
premature anfant are nteresting (Lelonz 1949
Rosser 1951 Levine and Dann 1953) An average
caloric intake of 110 130 calonies per ke 1s needed
60 for basal requirement 10 for specitic dymamic
action 20 for the loss 1n the facces and 20-30 for
growth (Levine and Dann  1953)

The repercussions of the mother s general deficiency
are not as important as those of specific deficiency

In vanous countries subsisting on a low level of
food intake particularh dunny, the last war sterihity
miscarniage prematurity and sull births are frequent

According to C A~ Smuth (1947) women often
became sterile 1n Holland n 1945 The babtes born
of mothers underfed at the end of the pregnancy were
smaller than normal ones but there was no defimte
evidence of an tnerease In abnormaliies Famune mn
Berlin increased malformations to | 0 per cent instead
of 0 6 per cent according to Eichmann and Gesenius
(1952) Nowak (1950) and Aresin and Sommer (1950)
quote sumular results On the other hand Ferrano and
Fortina (1950) 1n Italy Mitami (1953) 1n Japan and
Turpin (1955) 1n F rance found a n fi
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Burke e7 al (1943) studied the results of pregnancies
among many women living on various types of diet
diets poor in proteins yrelded undersized and under
weight new born (Table 10 5)

TABLE 105

Relationshup between Weight and Size at Birth and the
Daily Protein Content in the Mother s Diet duning Gestation

(From Burke Htrding and Stuart 1943)

Proteins 1n grammes daily

Under 85or
45 | 45 54| 54-64 | 64-74 | 74-83 | more
i

Weight at burth 1n kg
Boys 2948)3175{3 374136283 770{4 139
Gurls ‘ 266531193 402\ 3 516 | 3 657 | 3 856

Height at burth 1n cm
Boys | 476|493 | 502 )5114) 52014 583
Gils | 468 | 487 | 499 (503 | 514 | 524

Under the same conditions Stuart (1945) noted a
delayed development of bones On the contrary
Pequignot (1956) did not observe such obvious
disturbances For premature babies Levine and
Dann (1953) claimed that 1n view of their heightened
needs for growth 4 to 6 gm of dictary protein per kg
are necessary

In the rat Guilbert and Goss (1932) observed that

atons (0 74 per cent instead of 0 93 per cent) which
Turpin attributes 1o the increase n prenatal deaths
Barry (1920) claimed that starvatton 1n the rat induces
Stunted new born or death and resorption of the
embryos according to 1ts severity Galeeva (1950)
Observed analogous results 1n the rabbit

Runner and Milier (1956) found 1n the mouse that
2 day without food 1s enough to induce abnormalities
In the young The explanation of this fact remains
obscure

3 PROTEIN AND AMING AcCID REQUIREMENTS ARD

IvporTANCE

Proteins as well as their constituent amino acids are
of primary importance

According to Wesss (1949) prowth 1s essentially
equvalent to the reproduction of existing protein
molecules Ther synthesss 1s then a fundamental

Process correlated with the intake of proteins or of
amino acids

diets less than 5 per cent of proteins
produce many abortions A diet without protens
produced almost enttrely abortions According to
Nelson and Evans (1946) the functioning of the pitur
tary and of the ovary 13 disturbed in this condition
since a mixture of progesterone and oestrone was
found to cure the condition

McCoy (1938) studied reproduction 1n the rat in
five generations with various wtakes of proten (15
25 and 40 per cent of casein) The data evaluated
from the total weight of the htter and the 1ndividual
waghts at weaning ndicited that the optimum
content of the dict 15 25 per cent of casein but 15 per
cent will give satisfactory results

Conversely we must report the effects of an excess
of protemn Such an excess might be expected to
increase the requirements of some other nutrients
and to destroy the 'y balance Aschl
Lelu and Aschhenasy (1947) reported that a hyper-
protein diet disturbed the oestrus cycle 1n the female
rat Some histological modifications of the ovary and
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the gemtal tract, accompanying this disturbance have
been described by Tuchmann Duplessis and Asch
kenasy Lelu (1347)

Prelimmary experiments carried out on the rat
show that reprod 15 possible when p are

THE NUTRITIONAL REQUIREMENTS OF EMBRYOS

Feldman and Waddmgton (1955} using etfuonne,
an analogue of methionine disturbed the dcvdop:
ment espectally that of the nervous svstem The
deficiency of definite amuno acids may 1n fact be
More recently using other analogues of

replaced by amino actds according to McCoy (1938)
I the rat ‘amino acids required are the same as 1n the
man argmine however 1s reqmired by the rat which
cannot synthesize 1t 1n sufficient quantity to secure sts
normal growth

In the female rat with a chet deficient in cystine
from the time of fertiization or 1n lysme from the
8th day of gestation Lafon (1939) observed no actron
on the foetus The Jatter get, these amuno acids from
the mother s tissues These experiments mught have
given other resulis If the deficient dict had been
gwen eaclier, te before fertiizanon so that the
mother s tissues were already depleted 1n these amino
acids when the expeniment started McLaren (1957)
observed abnormalities of the eye speenlly of the
fens 1n the rat embryo from mothers recetving a
poor diet (4 per cent of protens) the proteins them
selves being poor m methionine and cysteme Prke
(1951) observed cataracts with a diet deficient in
tryptophan Using ethionme as an antagomst to
methionine Lee er al (1955) observed poor reproduc
tive performance

Fisher (1957) studied an amuno acd deet for the
mamtenance of egg production in chickens He

blished that the following amupo acds were

essential for this purpose arginine glutamic acid
histidine  lysine leucine isoleucine  tryplophan
pheaylal t h and valine

Tissue culture also demonstrated that various tissues
require different amino acids Using thus type of
techmque Rueny (1956 and 1958) demonstrated the

q for the cartul: tibia viz, indusp
able amuno acids—gh acd, h
Iysine and methtonine favourable amino acids—senine
threonie  hydroxyproline valine glycine alamue

naturaily occurring amine acids and purine Wadding
ton and Perry (1958) induced abnormalities 11 1itrp
1 chick embryos

The incorporation of protems and ameno acids nto
embryonic tissues has been studied by vatious authors
for example the content of protemn tryptophan
lysine and leucine were determmned at vanous times
during the development of mouse and chick embryo
by Swnger ef af {1956) and Buibesko and Mahfer
(1956) found that S labelled ovalbumn and chick
serum globuln were mcorporated at a higher rate
than the peptides or amino acids

4 Lreio REQUIREMENTS

The importance of lipids 1n embryonic development
1s Iinked to the presence of ndispensable unsatur
ated acids  Female rats on a fat deficient diet usually
do not ovulate and remain stenle If they should
become pregnant however they have only small
Iitters many embryos dving Burr and Burr (1930)
demonstrated that 1his was due to the Jack of unsatur
ated acids and more precusely of Inoleic acrd Evans
et al (1934) and Maeder (1937) confirmed these facts
Guggenheun and Jurgens (1944} with such & diet gven
from the 13th day of pregnancy obtained normal
newborn but which soon lost therr tas Some
defictency m vitamm B especially By 15 probably
also mvolved here With a diet poor i fats Martinet
(1952) observed localized haemorrhages on the
foetuses she demonstrated that these were prevented
by hnoleic acid According to Deucl ef ol (1954) the
rat can become pregnant on diet wathout ipids but
sts young cannot survive Therefore the unsaturated
fatty acids are necessary for reproduction and undet
famune di some among humans

soleucine  ormithine and asparag Y
ammo acids—cysteine  tyrosine, tryptophan and
aspartic acid

Wolfl ¢z a! (1953) also noted that the requirements
of various organs are not the same Prgmentogenests

may be the result of such a deficiency

Bernard and Bodur (1946) carried out expenments
from another pomt of view they detesmuned the
essential fatty acids 1n female rats fed on a fat fice

diet during p and also i lhe:r{oung They

for example 1s facilitated by tyrosme and arg:
(Sengel 1955) and the evolution of the neural crest of
Amptubia 1s 1nft d by phenylal and tyrosine
invitro (Wilde 1955) Herrmann (1953) and Rothfelds
(1954)used analogues ({ ¢ amno acids the structure of
which 1s analogous fo that of the normal ammo acids
and can therefore compete with them in metabolism)
1 eultures of chicken embryos With analogues of

established that the percentage of total fatty atids
was lower tn these adults and their young than i the
controls The deficient young contaned no fatsy
acids while the normal ones (from normally fed
mothers) showed fhe presence of these acids So
although female rats on a fat-deficrent diet sull had
Inoleic acd 1n therr tssues they seemed ynable to
1t to thew young The latcer preseated

phenylalanme  they induced of the
nervous system  and with analogues of leveine
littes of the blast (no somite )

characteristic lestons of the tail desenibed by Guegen
hesm and Jutgens (1944)
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5 CARBOMYDRATE RFQUIREMENTS
The importance of carbohydrates 1 metabolism
has been well known since the time of Clude Bernard
who studied this question 1 1859 and demonstrated
that the sugar 1n the rabbit foctal blood was fructose

The carbohydrates (glucose) are the first source of
encrgy especially for the synthesis of polypeptide
chains  the first step of the proten synthests
{0 Connor 1957)

Spratt (1956) who mcstigated and recently
reviewed the metabolism of the early chicken embryo
reached the following conclusions Carbohydrate 1s
the marn source of potential energy but not necessanly
the only onc during the first four days of mncubation
The embryo 1s able to utilize some carbohydrates but
not others to support 1ts continued development 1
vtro The order of actvity among the utilizable
substrates 1s—glucose = fructosc galactose = maltose
pyrurate = lactate

From many experiments 1t must be concluded that
glucose can pass across the placental barnier accord
g to Huggett and Hammond (1952) malt 1
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deserves constderation The nutritional value of the
various carbohydrates depends on thewr nature

Sta;
explanted

Generalized result

Medium 20 +hours in viro

147

Ringer
bufter

Ringer
buffer

Glucose
10 *—5x
10 *M

except the Ungulata the blood sugar concentration 1s
higher 1n the maternal blood than 1n the foctal blood
‘The carbohydrate metabolism in the embryo 1s not
always the same as n the adult Fructose 1s present
1n many embryos and scems to be essentually related
to foetal Ufe

According to Spratt (1956) i chick embryos
explanted 10 carbohydrate media (glucose Runger-
buffers) contaimng no mitrogen sources there was
httle or no growth yet morphogeness (the form
building movements of cells) and cellular differentia
tion conttnued When the concentration of carbo-
hydrate 1n the medium was lowered gradually or
when different utiizable carbohydrates (glucose
mannose fructose galactose pyruvate etc) were

made avaslable to the expl a whole
array of d I nutrient for support
of the was led Further

more  specific dcvélopmenml events such as the

formation of the heart brain spinal cord optic

vesicles etc  have both quanfitatively and qualita
F 1

Glucose
10 '™

+
CH,ICOOH
5x10 8 m >

N s

Fig 1011 IMPORTANCE OF GLUCOSE FOR CHiCX EMBRYO
TIVATED 1 Vitro
Medium without glucose with glucose and with glucose+
monoiodoacetate as mnhubitor
(Spratt 1956)

Couch Cravens Elehjem and Halpin (1948) fed
buds on dets contarung different carbohydrate
sources In some cases they observed a delay 1n the
laying of eggs foetal deaths or anomalies such as
syndactyha and micromelia abnormalities already
noticed 1 cases of biotin deficiency The authors
assumed that dextrin permitted synthesis of biotin mn

tvely different nutrient or L3

the brain and spinal cord and optic vesicles will not
develop at concentrations of sugar substrate which
are quite adequate for supporting formation and
pulsation of the heart The latter therefore appeats to

the of the laying hen while sucrose and
lactose did not In the new born rat Bannon et af
(1945) noticed 1| from the p of
galactose in the mother s diet

According to Landauer (1952) the carbohydrate
metabolism and 1ts changes are very important for

be less exacting than the central nervous system 1n 1ts
qual nutrient  req The foll
scheme (Fig 10 11) demonstrates the sensitiveness of
the node and of the headfold where the fore brain
formation occurs

In organ culture glucose 15 absolutely necessary to
the synnx (Em Wollf 1957)

The nature of the carbohydrate intake of birds

R

the loping embryo This author believes that
alteration of the carbohydrate metabolism 1s respon
sible for the disturbances produced by insulin and
toxms This hypothests 15 confirmed by the fact that
they are corrected by vitamun B treatment Troubles
induced by vitamun B deficienctes may be explaned
1n the same way
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V VITAMIN REQUIREMENTS AND RESULTS OF THEIR DEFICIENCY

The knowledge of the reg for

results essentially from the observations of the vatious
defects caused by thewr deficiencies which have very
mmportant and varied consequences Some do not
disturb the development of the embryo on the other
hand many others cause malformanons more or less
serrous Some only delay the growth whule others lead
to embryome death

1 Ascorsic Acip

The need for ascorbic acid ncreases during gesta
tion and correspondingly the amount present in
maternal tissues decreases (Spelling and Jackson

disturb. of the hver occurred According to
Lephovsky et al (1938) nboflavin deficiency 15
responsible for oedema ansemia  dwarfism “and
degeneration of the Wolffian bodies Brown (1957
demonstrated the 1mportance of transfer of niboflavin
from the egg 10 the chick embryo

In the rat, the nboflavin defictent diet proved to
have a true teratogenc cffect a fact which has bees
established by Warkany and Scheaffenberger (1944)
Grroud and Botsselot (1947) and Bologna and Preciom
(1950) obtamed simular results with a synthetic dict
also deficient 1n nboflavin

The consequences of this deficiency are a funchion
of 1ts d and of tts mtensity a long deficiency

1939) and it 1s difficult to the

level The foetus, as the placenta scems acuvely to
fix the vitamm, and 1ts blood s nicher than” the
maternal blaod 1 vitamin C Cheadle er al (1917)

Ieads manly to resorption while a very short one
allows a normal develop With an
defictency (started 20 to 30 days before mating and

during g there are 30 per cent of

found young new born anmmals of scorbuttc moth
had developed scorbutic symptoms Scarbutic lesions
have been abserved 1n guinea pig foetuses by Moun
quand er al (1935) and by Reyer ez al (1938) We
may mention here that vitamun C deficiency has been
regarded as a cause of abortion, but of course such
questions do not arise 1n the spectes able to synthesize
ascorbic acid Premature birth 1s assocrated with low
est intake and lowest serum concentration of ascorbie
acd (Martn et af , 1957)

2 TuIAMINE

The requirements of vitamun B, inerease duning
pregnancy (Lockhart ez al, 1943) Westenbrick (1943)
showed that the vitarun concentration 1n foetal tissues
ancreased during the last phase of gestation Ensmunger
et al (1947) noted disturbances of pregnancy 1n sows
on a B, deficrent diet

malformations among the embryos These are mamly
palate and hmb abnormahties Of those cases stugdied
the general prcture was as follows The whole posterior
part of the palate was fissured and the nasal cavittes
opened mto the mouth Often there was a shorterung
of the mandible and the incisots were underdeveloped
The hmbs were ab ! therr dital segr
shorter than those of the controls and micromelia
oceurred by tsufficient growth of cartilage Very often
the cartilaginous anlages fused fogether for instance
in the case of the digits (syndactylta) But there were
fustons of other parts especially the nibs Riboflavin
deterrmnations of the ammals” tissues showed that
only shght deficiencies were present m such cases
(Giroud et af 1950) {Plate 1 (a) (5) {&) (Dand (e})
Evans etal (1951) produced dcﬁc?icnmcs by means
fl an

of an antvitamun d many
I ) of the bram (exence

1tas Likely that th d 'y does not p:
malformation of the embryo in humans since there is
1o record of such malformations i the many cases of
benbert which have been studied In the echick
embryo Naber er al (1954) increased the death rate
by means of two ant1 vitammns—rneopynithiamine and
oxytluanune A sunular result can be obtamed in the
rat but no malformations were observed accordmg
to Nelson and Evans (1955a) The abortions occurnng
1 the latter experiments were thought to be due to
hypophyso-genstal disyurbances

3 RIBOFLAVIN
The influence of Jack of vitamin B, {nboflavin) on
the reproduction 1s well marked Disturbances due to
s deficiency have been observed mn tirds and
according to Romanoff and Bauernfeind (1942) they
Juded great red of the hatching rate {he

phaly) of the eye {xnophthalmia mmrophlhah:nm)
bilreal ay h hernia

i
of the large vessels and of the heart (interventricular
septal defects) urogemtal abnormatities (hydro-
nephrosis ectopsa of testis and avary) Warkany (1943}
had observed analogous symploms

4 Nicomac Aco d b

Human gestation tly mncreases the fx ot
niacin Lv\-%ﬂ‘ et al !;(':9339’; observed a fall m the
maternal blood content even with an adequate diet
and noted no accumulation of the vitamin in the
foetal tissues

In the chicken micotintc acid presumably s synthe
sized duning development (Dana and | fandler "1941
Sneli and Quarles 1941) from tryptophan (Schweigers

2 ol 194%) According to Briggs ef af (1996) 2
Tico acx)d gm the Iaying hen was pro-

Iunbs of the embry os were shortened 1ia) and
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ments with X methylfolic acid to other species, the
mouse and the cat In the latter in addition to abor
tiops they found vamous malformations such as
anophthalmia cleft palate club foot coelosonua
taillessness, kidney agenesis In the mouse, malform
atons were obtaned m the central nervous system
( phaly) the cyes (anophthal and mucro-
phthalmia) and the face (hare Itp) In humans 1t seems
that the foetus actively fixes fohe acid The concen
tration 1n the foetus 1s higher than 1n the mother
(Baker e al 1958) The defictency produced by an
antagomst 1s teratogenic (Thiersch, 1952)

7 PaNtoTHENIC ACID
The importance of this vitamin 1n reproduction
was shown 1n birds by Bauernfend and Norns (1939)
Taylor et al (1941) and Gillis er al (1948) Some
analogous data were observed 1n the rat (Barbonak
eral 1957)
Nelson and Evans (19555) noticed that p

t
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Zuawn and Borrone (1954) used pantoyltautine asan
antagonust fo create a pantothemie acid deficiency
They obtaned some malformations stmilar to (he
previous ones among which were exencephaly
ocdema and vascular lesions With sodium methy!
pantothenate Nelson es af (1957) have induced many
abnormalities Recently Goetinck er ol  (1957)
observed abnormalities n birds Injecting eggs with
« methylp i arp i acd 2
they observed hugh mortality and retarded develop-
ment of the brain and neural cord head structures
were pletely absent ab I curva
tures of the trunk hypertrophy of the gizzard micro-
mela curled toes and thin amuscular legs All the
embryos from the treated eggs were smaller in size
and werght than those from the control eggs

8 Biotm
A biotin defictency 1n the hen resulted i a rapid
decline of hatchability of the eggs (Cravens er o

acid deficiency produced disturbances of gestation
~—implantation defects resorption of the foetus or

1944) and the appearance of extensive gross develop-
mental abnormahittes of the embryo—parrot beak
ked tib and short twisted tarsometatarsus

birth of reduced litters with underdeveloped young
Lefebvres (1951) proved the teratogenic role of this
deficiency usmg a completely synthetic diet without
pantothenic acid, beginmung 4 to 10 days before
fertilization Then abnormal embryos, as well as
dead or resorbed ones were found 1n the litters '{u:o

occurred most frequently In addition syndactyla
congemtal perosis and ataxia have been observed
A brotin deficiency results in two peaks of embryontc
death one during the first week of embryonte deselop-
ment and the other during the last three days As the

typical abnormalities were prod phaly
and anophthalmia (Plate III (b) and (0)) In the
former the brain protrudes over the head, the bony
vault of the skull not being deseloped A thua skin
often exists but 1t 15 not complete the bramn cavities
rematn open to the extertor The brain structures are
trregular especially 1 the anterior parts prosence
phalon and mesencephalon In the most severe cases
the at bities are 1d 1w ith phaly welt
known m humans and 1n which the brain 1s completely

degree of depl of the hen the tume of
embryonic death may gradually shift toward the early
peniod The most critrcal need for this vitamun duning
embryomic development appears to be dunng the
early stages of growth of the embryo

In the female rat, we noticed that brotin deficiency,
created by means of succinylsulphatinazole or avidin,
was not teratogemic the accidents then observed in
some foetuses seemed rather to be the result of 2
polydeficiency With a deficient diet contaming white
of egg and d for a long time Witham €1957)

open On the borders the neural tissue 18
with the epdermus Many other parts of the bramn are
necrotic These malformations are produced very
early in development

In the latter anophthalma the eye can be com
pletely Jacking without opiic cup or crystaiiine Jens
In microphthalmia the eye 15 reprcs‘emcd only be

and Cooper and Brown (1958) found many resorp-
tions of embryos and lestons of the heart Iner and
vetns in the survivors

9 VITamm By, bt B
In poult Lilie et af (1949) noted that By
: dzxurbed d Olcese efof (1950)

small residues more or less tly
In bath cases the eye annexes are present—eyclids
lachrymal glands ef¢c Both anomalies are relatively
precocious malformations

Some other anomalies were observed especially
ectocardia and oedema and vascular alterations with
stases at the extremties of the mbs often appeared
The fatter occurning comparatvely late led 1n thetr
turn to a destruction of the sheleton of the finger
herefore to dary dactyha (Giroud et al

a
1955) (Plate X (d))

P
and Milligan and Combs (1950) reported haemo?
rhages and myoatroplues in addition to an v
mortality Ferguson e al {1954) noticed afterations
of the heart Inver bran and spinal cord as well as
oedema and haemorrhages

In infant rats ODexgl et af (1951} were able l170

resent hydrocep from I ongin by
additton of vitamun By, to the dict 1n the carly smgtsr
of gestation. Jones ez al (1955) found only Jesions ©
the heart, Iiver and bran tn the rat In the mouse
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accordire to Jaff~ (19%6) reproduction Wis mamn

tun~d but the furth=- d~velopment wis hampered
Thsautho alco obenned tn the rit 2 hich mortality

an imranormal weicht of the voung and low tissue
content of vitarmn B,, From his results he was able
to deduce the vitamin B, requirements of the mt fora
normal gestation Newberne and O Dell (1959) have
observed hyvdrocephaly and Ransdell (1996) oculir
abnormalities  Arscott ef af (1955) inhibted the
hatchine of hen ezgs by inyecting 2n anttmetabolite
of vitarmin By,

In the human the foctus actively fices Byy at the
expense of the mother despte the better absorption
of the vitamn from her mtestine (Hellegersezal 1957
Boceresal 1957 Girdwood 1957 Prystowsky et al
1959) The blood of the newborn 1s richer than that
of 1ts mother except 1n the case of prematunty
{Dumont and karlin 1957)

10 Para aumorINzoic Acio

Ershoff (1946) tnied the action of massise doscs of
p-aminobenzoic acd or inositol (1 per cent) on the
growth and reproduction of the rat He detected no
adverse effects

In organ cultures besides nutntional substinces
{plastic or energetic) Wolll (1957) recogmizes growth
stimulating substances acting Ithe catalysts  he con
siders para aminobenzoic acid as such for the cartila
gmous anlage of the tibia (kieny 1953)

11 Car~rrin

Liebecq Hutter (1956) pomted out the favourible
part played by carnun or vitammn BT in the bone
development Rieny (1957) made the same claim for
dicarnitin as well ais for carmtin high coneentrations
of these growth factors are able to replace p amino
benzoic acid

12 Crovune

According to Ensminger ef al (1947) cholinc
deficiency caused a lack of motor co ordination and a
high post natal death rate 1n the piglet Jukes {1940)
obsenved a thickening of the leg bone 1 the chicken
and the turkey

13 Viramin A

We have known for a long time that vitamin A 18
Decessary both to the female and tothemale as proved
by vaginal changes (Long and Evans 1920) and
testicular inyury (Mason 1933) resulting from its
deficiency

1n the'laying hen the dictary content of vitamin A
13 of great importance McClymont and Hart (1948)
described the effect of vitamin A deficiency on egg
production, hatchability and chick viability Wagener

A4S

and Harms (1943) noted the influence of vitamun A on
fertiizatton and hatvh ity According to Bewrse and
Milter (1937) an eg2 contunin, insuthcient vitymin A
has reduced hatchability

In the it Henry ef o (1949) clumed that vitamin
A was trnsferred to the foetus from the mother
When the matermal stores were i h (20 30000 1 U
1n the hver) the new born s lwer contuned $-101 U
when the stores were low the new born s liver con
taned only 1 TU

Toverud 1nd Ender (1935) demonstrated that in
humans the amount of vityun A in the new born s
lwer was related to the maternal ingestion duning
pregnney  Lewis Rodanshi and Shapiro (194%)
stated that vitvmin A passed easily throush the ph
centr while carotene wns retuned almost entirely
Neuweiler (1950) observed the transler of vitamin A
through the plicentt but in hinuted quantities

In premature babies the concentrition of vitimin A
15 lower than inthose of full term (FHenley eral 1944)
Therefore 1t 15 desirable nccording to Tevine and
Dann (1953) to adminsster supplements nich in
vitamin A

The requirements of vitymin A during pregnincy
have been estimated The duly needs of a non
pregaant womnan evialuted at S000 1U  mses to
8000 1 U during, pregnancy according, to the Tood
and Nutntion Board of the Nitionil Research
Council (US A) and also to Hughes ef af (1950)

In the sow the requirements which amount to 150
International Vitamin A Units of caroteno per ky of
body weight per day for growing ammals reach 200
units for pregnant females The repercussions of
vitamun A deficiency on reproduction were observed
long ago in tho sow by Norfeldt (1945) He found
that the number of still born ws twice as high in the
deficient ammals ns 1t was In the controls Their
vitality was diminished and deith was frequent In
the skin there wts a diltation of the superficial
vessels and 1 stoppge of the growth of hair

The teratogenic action of the vitamin A deficlency
was established more recently [Ilie (1935) found
that & maternal deficiency 1n vitimin A was respon
sible for the occurrence of embryological accidents in
developing piglets Some foctuses died and others
were puny Vitumin A deficiency may ctuse a whole
scries of malformations—cye  anomahes  {anoph
thalmia and microphth1lmes) hare fips cleft palates
ear anomalies and fusion of both kidncy anlages into
one (horse shoe kidney) Confirmation 13 given by
Goodw:n and Jennings (1958)

In the calf Moore er al (1942) observed eye
atrophy duc to compression of the optic nerve at {ts
crantalexst According to Wolbach and Bessey (1941)
the bone thickening which narrows the optic foramen
and causes this compression 13 due to only a very
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shght d The sligh of this defi
shown by Davis and Madsen (1941)

In the pregnant rat Andersen (1949) noticed that
vitamun A debi caused diaphrag; hernsa 1n
the embryos Warkany and Schraffenberger (1946)
described a serses of malformations i the young of
rats deficient both in vitamun A and carotene during
their pregnancy The eye malformations they noted
ncluded Jack of development of the anterior chamber
the 1ns and the tiliary processes A fibrous conjunctive
tissue replaced the wvitreous body and there was a
coloboma ze the persistence of the chorosdal fissure
Sice then Wilson and Warkany (1947 1948) have
reported other anomalies first of all of the urogenytal
tract The kidneys showed a retarded development and
remaited confined 1n the pelvis and merged on the
median line (horse shoe kidney) (see also Hale s work
previously mentioned} The testicles often did not
descend and both male and female vector canals
persisted The male showed a tendency to develop
as an intersex moreover the external genital appara
tus was abrrormal the urethral groove remainung open
mstead of closing (hypospadias) Anomalies of the
cloaca of the urogenital sinus and of the Muller
canals also occurred (Plate IIT () (f) (g) and (&)
These authors also observed anomalies of the large
vessels and of the heart, Fust of all there were the
most varied anomalies 1 the evolution of the aortic
arches e g aorttc arch on the night, two aortic arches
ope on the nght the other on the left The heart rtself
presented an incomplete interventricular partition
Rokkones (1955) found cases of hydrocephalus It
should be pomted out that the foetus can also show

d y lestons ch stic of the adult such as
urethral keratsnization

This deficiency finally leads to 75 per cent of
abnormal embryos in the rat (Wilson and Warkany
1948) Jackson and Kunsey (1946) have shown its
marhed teratogemic action” This was also found in
c;l;er) spectes particularly m the rabbst (Mllen et of
1954)

Inman Sobel ez o/ (1958) clatmed that mongohsm
would be the result of a disturbance of transfer of
vitarmun A from the mother to the foetus Hoet (1955)
envisaged a disturbance of vitamin A 1n the diabetic
women who give birth to abnormal mfants

Y was

14 VoamN D

Vitamin D 1s necessary for the normal development
of the foetal skeleton Its role might even go further
than that for Chavanae (1944) recorded the simul
taneous occurrence of nickets and herntas 1 foals
calves and dogs The importance of vitamin D 15
certanly related to the Ca and P supplies Swanson
and Tob (1935) observed m the rat that even if the
mother was on 2 diet poor 1n Ca and P, the foctuses

THE NUTRITIONAL REQUIREMENTS OF EMBRYOS

recetved nearly normal quantities owing to th

of vitamin D) "This would explain the l’fct lhnﬁe;:xl::l:
rats getting food rich 1n vitamun D transmit to ther
young some reserves which protect them apmnst
rickets, as noted by Embleton and Collings (f947)
On the other hand Grant and Goettsch {1926)
discovered 2 greater and earlter tendency to nickets 1n
rats born from mothers recetving a dret poor i Ca and
1w vitarmun D (Plate IV (a) and (6))

Warkany (1943) observed many skeletal malform
ations m about 45 per cent of the offspring of female
rats that were fed a rachitogenic diet—pronounced
curving of the radus ulpa tibra and fibula as well
as an abnermal angulation of the nbs occurred 1n the
offspring  Histologically the lesions were somewhat
d from rickets M. , many foctuses were
still born or pun;

In cattle, Wallis (1938) made a comparable observa
tion mature datry cows were fed a diet which resulted
i hypophosph and hyp the
became stiff suffered spontaneous fractures and their
calves had crooked legs and appeared to be rachure.

In man vitamun D 1s stored in the hver of the new
born but the amounts vary greatly with the mother s
diet (Toverud and Ender 1935) Ruckets was detected
1n 5 per cent of premature chuldren (Yllpo 1919) In
same Chupese regions foetal nickets 1s frequent and
can be prevented by admmistration of vitamin D
(Maxwell 1934 Lwuetal 1941)

15 Virauw E

The importance of this vitamta for reproduction
was discovered some time ago (Evans and Bishop
1922) In the chicken Adamstone (1931) observed
that the defictency caused lestons of extra-embryonic
vessels leading to death 1n the turkey Ferguson ef
al (1954) noticed opacity of the lens and haemor
rhages mto the vitreous body The requirement of this
burd was studied recently (Jensen and MacGinnis,
1957) Intherat Evans and Bishop (1922)showed that
E defictency caused the degeneration of placental
vessels leading to embryonic death Mason {1942)
and Spomalamnen (1950) confirmed this Willman ¢f
af (1931) found niew bor sheep affected by musculat
weakness with histological lestons and the causes of
this were studied by Safford ef al (1956) Catlison and
Orent Retles (1951) found ocular alterations some-
what sumlar to retrolentat fibroplasia 1n vitamun £
deficient ammals

Farrly recently true malformations respltn, from
witamun E deficiency were obtaned by Thomas and
Cheng {1952) and Cheng et al (1957) After a long
penod on a deficient dict the embryo s death was
Just avorded by the nclusion of smalt amounts of
witapun E In €his way they produced 2 v'\ho}e senes
of malft often d-—ymbtlical hernis
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eaten by their mothers kaufmann Cosla and Tudor
(1946) also studied the action of Mg on rat and
chicken reproduction.

3 Soom

Although sodium excess 1s harmful to the mother
and probably also to the foetus (cclampsia-oedema),
a mimmum amount 1S necessary for a pormal gesta

THE NUTRITIONAL REQUIREMENTS OF EMBRYOS

6 CoPper

Ewes fed a diet deficient 1n copper may give birth
to abnormal Jambs (Bennets anl:ichhap{ni 1937,
Dunlop and Wells 1938) The new borm [ambs were
unable to stand or to obtan mulk from their dams
Those that were able to get up swayed and collapsed
and their tindquarters scemed paralysed thus the
conditron was termed  ‘swayback ' Widespread

tion as proved by expenments on the rat A
to Miller (1926) pgestation was normal with a diet
contaiung D 45 per cent of Na but the results are
more satisfactory with 0 53 per cent according to
Ofson and St John (1925) With 2 very low content
{0 002 per centy Orent Keiles et al (1937) did not
obtawn normal pregnancies only two rats out of twelve
became pregnant and they did not brng thesr Inters
to full term

4 Potassium

Orent ketles and  McCollum  (1941)  noticed
disturbances i the ovanan cycle i experimental
defictency of potassium With a very low potassium
content 10 the diet Heppel and Schmudt (1938)
observed that gestation 1s possible mn the rat but that
the young were not brought up by the mothers being
often eaten at birth

5 Iron
Iron 1s necessary for the building of haemoglobin
defi diet d during gener

ations induces a progressively anaemuc condition
1 the young (Alt 1933) Adair ef ol (1943) ma

Y 8 was found 1 the white
matter of the spinal cord which contained cavittes
filled with a p gel. b or with
flmd Innes (1934) considered that the disorder scemed
tobe ily a process of demyel. Ii

of swayback have been obscrved 1n England Australa,
South Africa Sweden and Peru Palson and Grimson
(1953) have seen 1t when sheep 1n Ieeland were fed with
seaweed In thus case the copper content of thie
mother s blood was one fifth of the normal and that
of the lamb s Iiver 20-30 times Iower than the normal
average When pregnant ewes were given access to
salt licks contaming 1 per cent copper {copper sul
phate} the lambs were usually free from the disease

7 loone

In adults 1odine 1s necessary, perhaps essential for
reproduction owing to 1ts relation to thyroud function
In foetuses 10dine deficiency induced thyroid dysfunc
tion with alterations of the sk and ifs appendages
and, especially in human foetuses abnormal evolution
of the brain As a result of thus dysfunction thyroids
may become hypertrophic Chemically they are Tound
to be poor 1n fodme and they have the appearance of
goitres

Hart and Steenbock (1918) and G E Smuth (1917}
noticed 1n poor 1n 100ine that piglets have

study of 800 kuman preg observed
1n only 12 per cent and Fullerton (1936) considered
that the 1ron requirements of the embryo were not
responstble for anaemia 1n the mother the anaemia
of pregnancy bemng the result of a pre-eusting defi
ciency Recently Bothwell et ol (1957) clumed a
withdrawal of 1ron at the expense of the mother
whose haematopasetic actwvity 1s reduced

According to Reid and Mackintosh (19374 8) and
Napter and Edwards (1941) however the viabiity
and the strength of the new born are dunimished by
the mother s anzenua In a study of a large number
of pregnant women Murphy (i947) noted that an
unusually large proportion of the mothers of mal
formed offspnng had received an unbalanced diet
and that anaemia was considerably higher in these
women

With regard to rron transfer Pommerenke (1936)

hypertrophied thyroids and a hawless skin They ofien
produced stil born or very weak young Similar
abnormahties were observed tn the goat (Martias
194
I:) humans the facts are somewhat differcnt—
goitres and are d the
P e of ab ! (hydrocephaly strabis
mus eye defects urogemtal anomahes club-feet) 13
d among the papuk hving 1n the coun
tries poor 1n jodine In such areas still burths and
neonatal deaths are more numerous than usual The
new born have hypcnrcgph:ed thyrords they develop
cretimism very often and deafness and speech defects
are almost According to Eggenberger (1934)
of Swatzerland the percentage of abnormalitics 8
1 45 per cent qnstead of O 4 per cent which 1s the
normal figure When the populatton was given lodm‘c

noticed that 40 minutes after oral o
the mother radioactine iron was found 1 the foetal
arculation It passed directly to the foctus without
being P wto the 1 haemoglob

oitres disay d and the
55 drcppcdrto a normal level Polman (1947) and
Pasma (1948) recorded similar facts 1 Houand in
Bosnia there occurred also goitres wath crelnism and
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st must be caffed 2 nutntional maternal deficiency By
weight the requirements of the embryo are greater than
thosc of the young and a fornors those of the adult
Some substances can be replaced by others but some
cannot Any one of three unsaturated fatty acids 15
adequate viz, hnoleic acid linolemc acid ‘or arach
1donic acid  Also some amno acids may substitute
for each other as demonstrated by culture of organs
(Wolfl ¢f of 1953) In the same way studying the

THE NUTRITIONAL REQUIREMENTS OF EMBRYOS

nutrition of chick embryonic heart fibroblasts culy
vated in vitro Morgan and Morton (1957) subdivided
the ammo actds into ndispensable dispensable and
mhibiting In the case of vanous vitamums, they ap

as ndisp » but for ple there ‘may be
replacement of some B vitamuns by a big excess of
ascorbic acid However this cannot be constdered as
a true nutrthonal replicement Perhapsindispensability
15 an explanation of the severity of some deficiencies

VI VARIOUS REPERCUSSIONS OF NUTRITIONAL DEFICIENCIES ON EMBRYOS

The 1nfluence of nutnition on reproduction 1s obvious
i) a de

respoasble for the accidents Since then many other

—the fav of an adeq; diet seems
proved the able 1nft of a d diet
1s undeniable In the latter case as shown above the
repercusstons can be very vaned

1 DeATH OR RESORPTION

Deficiencies can lead to embryomic death. Accord
ng to the spectes erther abortron oceurs (¢ elimun
ation of the embryo which happens mn the human) or
simple resorphion of the embrvo takes place (e g
the smaller species such as the rat) This resorption
may be totlorpartial n the latter case dead embryos
being resorbed or traces of their implantation may be
found, next to normal or abnormal embryos

2 MALFORMATIONS
The most characteristic rep of
on embryos s malformation Hale (1935) was the first
to prove the teratogenic role of a vitanun defictency
in the sow He noticed that face mouth or eye
malformations appeared 1n some htters The genetic
origins of such accidents had been assumed for at
that time there was a tendency to attribute a geneuc
origin to every malformation Hale disproved this
hypothesis he showed that the mcrimunated boar
had good offspring tn breeding with other sows and
above all that the sows themselves which had pro-
duced abnormal Iitters had perfectly healthy young if
they recerved another diet Finally he showed that a
vitamin A deficiency was concerned since he was able
to suppress such accidents by enriching the diet
vitamin A This fundamental experiment established
that & deficiency 1n the mother could by itself cause
foctal malformations
1 berger (1944)

ples have been recorded

The malformations produced by deficiencies are
very vanied some are serious such as anencephaly
(the destruction of the encephalon and of the skull)
and coelosomta (the non<losure of the body cavity)
others are relatively unimportant, such as shorteningof
the imbs or fusion of the ribs Between these two ex
tremes are many malformations of varied importance
The p of mal vanes ding to
the type and the intensity of the deficiency It 15 often
25-3Q per cent 1t may even reach 100 per cent.

3 STUNTING OR DELAYED GROWTH

One of the consequences—very frequent i not
general—of a deficient dict 15 delayed growth This
phenomenon 15 observed 1n general defictencies (for
instance i humans after fammnes) 1t 1s also foynd
various spectfic deficiencies prinetpally those of
vitaruns This delayed growth does not necessanly
mvolve a delay i the differentiation The foetus at
burth 15 characterized only by a smaller size and highter
wetght In all our experiments on rats we have noted
this kind of delay for instance with nboflavin deft
ciency we obtained an average weight of only2 39g
instead of the average normal weight of 3 03'g on the
21st day of gestation All expenmenters have made
similar remarks on other deficiencics which have &
teratogenic effect

In his experiments on chick embryo cultures Spratt
(1948) noticed that the mantenance of the embnyo
required a minimum nutriional intake 1ts differentia
tion a larger 1ntake and 1ts growth a maximal intake
Delayed growth may appear precociously but ;ll\
general it appears more and more impostant n:arlt(c
end of gestaton when there may be a complete
1n one or several constituents However

More recently, Warkany and g
observed a sumilar sertes of events in the rat” With an
unperfect diet as described above they obtamsed
offspring with cleft palates and shortened hmbs and
they also established that heredity was not concerned
They noticed that these accidents were avorded by
adding hiver or liver cxtracts to the diet and finally
they proved that maternal deficiency in vitamun By was

this delay in growth probably has a more general cause
for 1t mi bcgobscncd with a number of agents, €5
tafections toxc substances or physical factors

4 Lestons 4 ocdermss
Lestons such as haemorrhages and oede
occur tn the embryo Recently Lefcbvres and Dupws
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XI RELATIONSHIP OF THE NATURE OF THE DEFICIENCY TO THE TYPE OF
MALFORMATIONS

In some types of expeniment the malformations
obtained seem specific for a grven deficiency but not
in other teratogenic experiments

1n experiments using vanious toxic substances it Is
obvious that the nature of the agent used 15 highly
mmportant Ancel (1950) 1 particular clearly showed
that the influence of the various towns 1s not the same
While some agents act on 4 certan process at a
certain stage other agents act on different processes
at other stages The various malformations which
occur therefore tend to be charactenistic of the toxin
used

Sumlar facts have been observed 1 the case of
vitamimndeficiencies produced by means of a diet
deprived of a specific vitamun Thus vitarmun A defi
crency concerns mesoderm and 1ts derivatives result

folicacid  they were able to produce quick deficrencies
at vartous stages of embryogenesis Then they ob-
served a whole sertes of anomalies—cerebral matform
ations cleft palates hare-lps mcromela vath
syndactyha club-feet and urogemstal and cardio-
vascular malformations These anomabes obtained
with methylfohe acid are not very different from those
observed with galactoflavin It 15 probably the same 1z
other cases 1n fact by means of a pantothemc acid
defi 'y we ot logous to those
obtaned by Nelson and colleagues with a folie acid
deficiency induced by an antagonist
It 1s worth noting therefore that the use of anta

gomsts must not be regarded as an exact substitute
for the actual absence of vitamin 1n the diet and that
different antagonusts to the same vitarmn can have
dufTe

actions A ding to Sand and Snell

ing 1w disturbances mamly 1n the develop of
kidneys genital parts and vascular system and

(1955) the antagomist to vitamin By produces a defi
cency diff from the one occurnng with the

alterations of the eye particularly its hy
constituents (Wilson and Warkany 1947 1948)

deficlent diet According to Naber ef af (1954), the
various to vitamin B; do not give dentical

A defictency 1 mboflavin determines
with syndactylia and cleft palates (Warkany ef al
1942, Grroud and Boisselot 1947) A pantothenic acid
defictency mainly alters the neuraxis and 1ts deriva
tives—the encephalon and the eye (Lefebvres 1951)
Folic acid d Y the develop of the
face, the eye and the closure of the body wall accord
1ng to Giroud and Lefebvres (1951)

These facts thus prove that the various deficiencies
have distinct mnfluences and that each deficrency has
a specific pattern However this specificity greatly

fies when a d y 15 established by means
of an antagonist

Nelson et al (1952) and also Warkany (1943) pro
duced deficencies of witamin B, by giving galacto
flavin as an antagomist They noted that abrormalitres
were much more varied than with the stmple deficient
diet They obtamed not only micromelas with syndac
tyba and cleft palates but also microphthalmias
hydrocephalus hydronephrosts delayed descent of the
testicles cardio-vascular anomalies draphragmatic
hernias and coelosomias

results Some actions such as thit of amtnopterin
cannot be completely counterbalanced by the vitamin
uself Cravens (1952) wiscly states that antagonists
cannot solve all the problems of vitamin actions
Moreover 1t may be potnted out that the action of
these antvitamuns 1s more drastic and consequently
can imfluence processes less sensittve than those which
react to the simple withdrawal of the vitamun con
cerned Dunng therr experiments with antagonists
Warkany (1943) as well as Runfier (ora) communi
cation) noticed that anomaltes obtaned with smaller
doses corresponded to those obtained with a deficient
diet Thus according to Wilson (1954) by adding
galactoflavin to a diet deficient in nboflavin there
were obtamned mamnly skeletal malformations duc to
the simple defictency, but visceral malformations
were added due to the lengthening or to the mtensi

cation of the senstive period The same fact was
observed with towns (Ancel 19%0) and X rays thatis
the mcrease of the dose linked with the ume factor
Towers the specificity (Wikson, 1957) o

Th 1tcan be {uded that some sp

Nelson ef al (1951) and Tuch: Dupl and
Lefebvres Borsselot (1957) found similar effects with
folicacid deficrency They withdrew folic acid from the
diet and added an antagonist to this vitamin methyl

of the varous deficiencies custs but that it 1 n:t
absolute The ume factor i e the embryonic swgem
which the interference takes place 1s highly impona

\H INFLUENCE OF THE EMBRYONIC STAGE

Dareste (1891) had already indrcated how smportant
was the embryonic stage at which interferences take
place to snduce monstrosities In his expenments on
the chicken with several touns Ancel (1950) estab-

ished that the stage of cml;_ryamc c~olunondu1lfl
which a agent 18 \ery 1mp
“Ttus influence of timeof of the stage of dc\rlopr?:::‘
1s obvious 1n some malformations resulung
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maternal wit.mm defioencies duced by deficient
diets As reeardsvitamin A deficieney m the sown Hnke
{193%) o7 1ced that af sitamun A s gnen only from
the 30th day of pestation the litter remarns sbnormal
Warkany of of (1942) made more prect ¢ obsen 1tons
1 the sat deficent i sitarun By 1 nibofininas gnen
onh from the 14th day of pestabion the embryos are
malform~d On the other hand of 1t s gnen before
the 13th day, the embrios are normal The pened
durme which the enbryo 18 susceptible to the pro
duttion of malformatons of the palat~ and hmbs s
around the 13th dn

The deficiencies brought about by means of 1ah
vitamms alse demonstrates the nflaence of the
embriome staze With tis technique 1t s possible
1o create a sudden deficiency 1t the vanous stages
of . the tvpes of matformations are multiphed
and a given type corresponds 1o a certain action at a
determuned stage

With a folic acd deficrency  suppiemented by an
antvtamin {methvifolic amidy Teans o ol (1939
observed some cercbral and cardiovasculr matformn
tions as well #s coclosormas between the “th and the
Hth day Between the 0t and the 12th day there
were pone of these anomabies but there were some
vk malformations Wath 1 mboflian detiueney
supplemented by an antntamin {alsctoflavind
nelsan ef af (1956) obtuned from the 7t to the 11th
day only cardiosascular anomabies from the 7th o
the 13th day there occurred many other anomalics
many of which were shelettt Stmilar data have abo
beet recorded by Warkany 1394% 1Y 1012
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Al these facts prove the mmportance of the time
factor for the production of malformations as well

-]

Dan 1
Sasttion

2omin oot patat
Maa o T W

e 1012 INCIDENCE OF MArroscoric ABNOR
HMALITIES ENCOUNTERED 1IN ABNORMAL  YOUNG
©Ff MOTHERS SUBMITTED T0 A TRANSITORY PIFROYL
cirtaste A DEFIGERY Durea Gastasion
Black cofumns tepresent the pcmnm‘ge of abnorrat
s The wmportance of the tune of mstituting the
deticsency an myidence 2nd on the type of sboorm

alities 18 clearfy shown
(Nefson ez al )

as for thetr morphological type This does aot imply
that thece 15 no specihesty of the substance as well

AW MPCHANISM O THE TERATOGLNIC ACTION O DEFICIENCIES

b Divrer Mecuastsvs

The terato,enic action may be direct or indirect
te by way of the mother s ofgansm

fn some cases the Lich of a given nutrient ma
e the cause of maldeve) T It can be <&

choline oxidase and nversely an increase in xanthie
oudase and sucunw dehydrogenase ocours (Levy
19539

Therefore  vanious vitamus deficiencies fead to
disunet enzymuc changes with thew appropnate
The retabolic disturbances thus

that the absence of some amuno acids directly siows
down some protem syntheses necessary to the
slormal budding up of a parucular part of the
tlg\sb;)so (Hersmann, 1953 Waddington 1953 Wolll

The action of srtamug deficiencies 1s more camplex.
It 35 well hnown that many vitamins 2r¢ components
of enzvmes Consequently according, as the vilamun
wntake 15 sufficient or not there are important vara
lons . the enzyme actviies Thus  nboflavin
deficiency involves a fall of the oxygen

crepted can cause the accumulstion of harmful

substances or the scarcity of wseful ones thereby

upsetting the cellular functions
The: d

doft,

'S¢ fesions
1 the foctus as well as i the adult They were observed
following a deficiency tn vitamin A (Wilson ef of,
1947) and i vitamun D (Warkany, 1943) We noted
that some late anse from d '3
lestons of orgaas and tisues already formed an
example 15 gx;cn by ectrodactylia” following a
¥ acid d

andleadi to a decrease 1n the hepatic sucemnic dch}dro-
Benase ytochrome oxidase d amino acid oxidase
amino-oxidase and snsersely to an increase 1 xanthine
oxdase With folic acid deficiency a decrease 1

“Some dsturbances s the evolution of prmord
Jeading to maiformations can also be mterpreted ax
disturbances of their far physiology ¥ ollowing
vitamun A detciency (Wilson and Warkany 1947,
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1948) some malformations of the genrtal
in the male (persistence of the Muller canal hypospa
das) seem to result from an msufficient endocrme
secretion of the testes mdeed 1t 1s well known that
the morphogenesis of the genital apparatus depends
on the endocnine function of the testes (Jost 1948)
and that this function becomes deficient n the adult
in the case of a vitamun A deficiency Therefore 1t can
be reasonably assumed that n the embryo the endo
crine function 1s reduced for the same reason and that
the evolution of the gemtal anlage suffers as a canse
quence Disturbances of mechamisms still unknown

involving the growth of cartilages and of the plates of

the palate would cause micromelias and cleft palates
respectively

The disturbances of the differentiation processes
of a particular element 1 e the disturbances of the
nduction process are the starting point of the man
malformattons It 1s well known that the very delicate
mechamisms of the induction phenomena result from
the co operation of two elements The first consists
of a sumulation by a set of cells called inductive cells
starting the differentiation of another set of cells A
second element more important consists of the
reactwity itsclf of the latter cells, a reactivity which

p tself 1n the mtion The alteration of
one of these two elements prevents induction from
bemng accomplished It 1s very easy to consider that
enzymic madequacies disturb these cellular functions
in the course of defictenctes The resulting malforma
tions are often considerable the important bran
anomalies—exencephalias anophthalmias and micro

hthnl, due to h acid defi are

good ples G lly these types of malform
ation are precocious and characterized by a well
defined pertod of embryogenesis corresponding to the
various stages at which the induction phcrfomem
oceur

2 INDIRECT MECHANISMS

The previous 1nterpretation of the ongin of the
malformations produced m deficiencies suggested a
direct action of the deficiencies on the embryo This
assumption 1s confirmed by the fact that teratogenic
deficiencies are observed ‘in birds which develop
1solated from maternal influence However some deft
ciencies can be regarded as acting indurectly through
a disturbance of the maternal organism Indeed
endoerinal disturbances may occur  consequently
altering the uterine function and the vasculanzation
of 1ts mucous membrane these, 1n thetr turn affecting
the development of the embryo Nelson ef al (1952
1956) noticed that pyndowne deficiency produces
abortion which they supposed linked to a prtwitary
and ovanan deficiency In any case they restored the
normal state by imjecting folltculin and progesterone
They observed sumular facts with thiamme deficiency
as well as with total withdrawal of protemns (Nelson
and Evans 1951 19552 & 1956) In therr studies of
vitamun E deficiencies Cheng and Bairnson (1958)
also observed that the incidence of congemtal abnor
malities was reduced by progesterone and oestrone
but the role of the excipient must be envisaged The
treatment by sex hormones was without any result 1n
the cases of pantothemc and folic acid deficiencies

XIV PRODUCTION OF TERATOGENIC EFFECTS BY SLIGHT DEFICIENCIES

What degree a deficiency must reach to have terato
geme effects 18 the question which now anses Hale s
observations (1935) on the sow n the case of a vitanun
A deficiency showed that only slight deficiencies must
be mvolved for the mother presented no outward
signs of deficiency The same thing occurred in the cow
(Moore ef al 1935) In this case Davis and Madsen
(1941) added a scries of chemical data—with 2 vitamin
A content of 16 pg/100 cc of plasma no pathological
symptoms werc observed in the mother whilst
contents between 10 and 20 pg/100 cc drd not permut
correct foctal development  Normal reproduction

As regards pantothenic acid deficiency Lefebvres
(1951) has always found that the disturbances in
embryontc development occur much before symptoms
of deficiency 1n the mother The teratogeme action
takes place after 14 to 20 days on a defiient dict
while the first disturbances wn the adult are obscrved
only after more than 2 month In determinations of
maternal pantothentc acid levels (Gitoud ezal 1954)
1n cases when embryos are resorbed 1 ¢ 1n deficiencics
more marked than those followed by malformations
the Jevel was lowered only by 40 per cent at the end of

have
the deficiency The fact that sn)_nll d‘er:;'ﬂl‘igbvm

would require a content of 22-24 ug 1 the
plasma This 1s a proof that the foetus 15 affected
much before the mother

However the occurrence of teratogenic effects with
shght vitamn A deficiencies 1s not general Indeed
the A deficiency which induces malformations in the
rat 1s rather severe according to Jackson and hunsey

(1946}

X
Baisselot s expcrm‘\tn(s (1955) who shmrncd that drets
stll bl of
acid (10-20 pg/da}; quite sufficient for non pregnant
females lead to malformations and resorptions

In witarma B, (nboflavin) deficiency the mothers
producing malformations showed no cknical sign odf
defictency (Warkany 1943 Giroud 1951} Girou




o
the Aoy, of nzccunam:de Lol acig cabal.zlnma
ang p_yndmme 2 e Iiver The drslruman Of the
flor, With s con:cqucnccs Has alsg been ob&-ned
2 may aftey the Use op u;lcslm.zl or Beneray ang.,
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brotics The clinical use of

penicilin  (Ellinger,
Coulson and B h 1955) (Su
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n dubetic states He notrced 10 diabetic and pre

1949) and aureomycin (Harris 1950, Lestner, 1950)
demonstrated the occurrence of symptoms of vitamm
B defi pp d by the on o
vitammns D1 Raumondo et @l (1952a, b) have studied
in man the ad ation of oxy Tline chlor-
tetracycline and chl t I which 1s followed

=4

diabetic ¢ women an ab:

and tend to faot sole k and above alf
a hemeralopia il the symptoms of which indicated
that the alimentary carotene was unable to be trans
formed 1nto vitamin A The transformation of caro-
tene into vitamin A s inhibited i cases of alloxanie

by a marhed reduction of the vitamin urinaty excre
tion parallel with the disappearance of jntestinal
bactena especially of the Coli type Harns (1950) con
sidered that a coated tongue, a vagimtis and a vulvitis
after a chlortetracycline treatment were due to a
witammn B, deficiency Tomaszewskr (1953) after
vanious antibiotics and Hartmann and Stahel (1950)
after pestilhn noticed petlagrous signs curable by
arcotiie acsd Merhss and Hoffrnann (1951) const
dered that steatorrhea after antibrotics would result
from a deficiency itself due to the destrucuon of the
flora Sacks ef al (1951) described anaeruas due to

drab in the rat (Sobel er a/ 1953) Clark and
Colburn (1955) also noticed that cortisone prevents
this transformation

5 AnTAGONISTS

A deficrency can result from the failute of 3 vitamun
ot other substance to became attached at the powt
where 1t must be present oractive this 1s what happens
1f a sub: of simuar ch ] structure (analog!

2 1ssub d the sub 15 then unable
to function Galactoflavin thus interferes with the
utiization of lactoflavin and pantoyltaunne and
« methy]| a¢id have the same effect with

a folic after strep
Lattes ez al (1952) described mouth Jestons after terra
mycin  Lhermutte (1952) noted simufar facts and
Planson (1951) nsisted on their prophylaxss by the
B complex Some antibiotics can also disturb the
production of vitammn K (Humphrey ef al (1953)
All these facts which prove that vitamin defictencies
may result from the use of varous antibiotics show
that accidental deficiency can occur during gestation
following an antib of some infe
Fiipp1 and Mela (1957) gave tetracychgx;\ to rn:s fmx:x

rcspectltro pantothemic_acid  stmufarly methylfolic
acid and amunopterin affect folic acid function

These effects which are masmly experrmental are
not himited to vitamins since anuno acids may 2lso be
affected by antagonists

6 ToxiNs

Vitamun disturbances and deficiencies can result
from the action of some toxins Landauer s observa
tions (1953) are fughly suggestive 1a tius respect
A la produced by treatments wath msulin

the 5th to the 10th day of gestat ey
offspring with cleft palates shoriened hmbs and

sulphamlamide and eserifie can under certain condi

b Letel f d. of
syndactylia 1e malformations observed n the case tions be comp ey pren byxhcmduocd oy vanc
e r lex hese - acid are simifar to those of nboflavin deficiency the
e e B o o S Lwver of the treated animals having a nboflavin content

E4
Here 15 a good example of a teratogemic Vitamin

markedly lower Boric acrd would form with this

deficiency due to the of the
flora

3 ELIMINATION
On the other hand a defictency can result from the
occasional elimination of vitamins For instance the
dispensing of powdered charcoal causes the adsorp-
tion of some B vitanuns 1n the 1ntestme resvltingina
dary defi y 1n these (Caullean and
Adran 1948) The admuustration of paraffin ofl
which dissolves and carries away vitammn K €21 pro-
duce a defictency 1n this vitamin (Elhot 1940)

4 Drrective UTIRZATION

A state of deficiency can result from an msufficient
utilization of an avaiable vitarmin that ss from 1§
nability to be converted 1nto an active clement ief
nto an enzyme According to Hoet (1956) 8 Jack o
vitamut A could result from a metabolic disturbance

witarmn ‘2 complex n which form the vitamun 1s
unavailable

7 UnsArANceD Deers .
Finally, some deficencies have quite diferent
causes 1%1' example, diets which are not well balanced
The additton of a particular element to a well
d diet and one ng all
n sintable ts creates an
tat appear corresponding to a deff
cie i other clements These deficiencies were
calig secondary deficsencies by Random (1951
and  deficiencies without defictencies by Busceghe
(1949) Facts of thes kind wefe observed dunng
! hes on reprod: chka\;l;)('
et al (1938) observed dunng their expenments U
the addition of vitamua B to certain diets decrcaﬁ
the number of hatched cggs Ross ef al (1944) not
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prediabetic women may an fact result from a deficiency
mn vitamun A

A general difficulty 1n thus field restdes 1n the indivi
dual requirements which we have already mentioned

THE NUTRITIONAL REQUIREMENTS OF EMBRYOQS

However, the mamn obstacle to the cliucal detection
of a teratogensc deficiency 1n humans hes m the fact
that 1t 1s only very shght and therefore eastly passes
unnoticed

XVIII CONCLUSIONS

The nutntional needs of the embryo are important
They increase 1o absolute value with age They must
be satisfied General deficiencies do not have ‘as bad
results as specific deficiencies (vitamms, amino acids
some unsaturated fatty acids}

IF there are nutritional deficiencies, some of their
repercussions on the embryo or the foctus may be
more or less sumlar to those on any organsm, these
deficrencies can retard growth, produce lestons and
even cause death But they can have also very parh
cular repercussions, specific to the stage of develop

ment, they can mduce malformations At a definute
e carly 1n development the embryo ts the subject
of particular mechanisms of morphogenesis and 1f
these are disturbed  maliormations ocrur  Their
pp 15 th h 1stic of !
disturbances at this stage especially of vitapun
deficrencies

From all these pomts we cin draw the general
conclusion that the proper noutishment of the
maternal orgamsm s of very great importance to the
production of healthy, properly formed young
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