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THE INFLUENCE OF PRERATAL WUTRITION UPOR THE DEPOSITION OF IRON

E
I THE LIVERS OF FETAL RATS ARD ITH INFLUSNCE IN SNABLING
THESE ANIMALS TO BUILD HEMOGLOBIN AND PSYTHROCYTES

The story of studies eoncermed with the netabolism of
h-lnﬂ.thhlm-tmwﬂhtwlh‘minmub
ﬁn#fuﬂiﬂi&h On February 6, 1958, a new alle-stone in
achlovesment was set up shem Dr. Willlas 5, Castle received the
Jobm Phillips Memorisl Prize in recognitlon of his remarksble con-
tributions to this fleld of medicisc. These lnvestigaticns have
# fitting prologue in the classical contributlons of Zaleski, von
Bunge and his pupil Abderhsldem. A early as 1686 Zslegki (1) had
jpublished figures giving the iron content of the livers of dogs.

Age of Dog Angn in dried Livers Hice cor cont
New-born 590.7
Adult 58
77+9) average 70
“.' i

Von Bunge, in 1889 (2,3}, pointed out om the basls of these figures
that in the liver of the new-borm animel there iz froa five to nine
times as much iron as there 1s in simllsr tissues of the adult,

In the same yeur Lapioque (4) demonstrated s yrogressive loss in
liver iron in young rubbits during the hmtian periods
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Four years later (1895) von Bumge (5) published his findings on the

iren cantent of the embryos of both rabbits snd guinea pigs.
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These resulis show very clearly the progressive depletion of liver irom
throughout the lsctation period and that the initial stores of iron are
‘directly proportional to the lemgth of the nursing perlods. Von Bunge
pointed out that in view of the extremely lov irom value of amilk, this
represeniad a wise provision on the part of Hature in guaranteeing an
adequate source of iron during the time the animal is restricted to this
kind of food. He says, "Rabbits are blind at birth, have very little
hair, are sekward in thelr moveaents, snd have %o remain in warm nests
for two weecks. OGuines-pigs are borm with eyes open, snd thick warm
furs; they run ebout =ithin a few hours apd seck their own nourishment®.
Abderbalden (8), in 1893, produced nutritional snemia in
animals by limiting the diet to milk for a econsidersble period after
the expiration of the ususl time of rursing. He showed also that the
addition of inorgenie lron to the ailk did not result in an inerease
in the hemoglobin, slthough it seemed %0 exert a favorable affect upon

the growth of the animal. #®hile many belioved that this was sufficient



basis for the assumptior that lnorgenie iron cannot participate in
hemoglobin synthesis, Abderhalden himself thought otherwise, He
said, "The mere fact thwit the additlion of iron to nutriment poor
in iron does mot have any distinet influsnce upon the faormatlion of
hemoglobin in no ways speaks against the participation of imorganiec
iron in the synthesis of hemoglobin in the case of norsal nutrition,
but it Indicates that other bullding materisl is wenting as well as
the iron®,

Hugounenq (7), & contemporary of Abderhalden's, demonstrated
that in the husan fetus at leest two-thirds of the iren reserve is

lald down during the last three sonths of fetal life.

55 126 '
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Subsequently theass facts received further confirmstion by such in-
vestigators as Mayer (8) and by Langstein apd Fdelsteln (8). The
"iron depot theory" rests upon the work of the perlod just coverod,
Very l1ittle else pertinent to the subjoet of this thesis
was fortheoming until 1920 when Fhipple snd Robscheit-Robbins (10)
bagan the publieation of & series of papers dealing with the sbility
of the animul orgavisa to regensrate blood under controlied conditions.
These lavestigators vere able to show that of all the foods used to

supplemasnt the apeclal bread dist, liver possessed the greatest ability



%o provide the essentials for hemoglobin production (11). Stimulated

by the significance of this snnouncenent, Hinot snd Hurphy (1£) began

& series of investigatlons which culainated im the discovery of sueh

a value for liver in pernielous anemie that it has meent the eontinuance
of life for untold numbers of individuals suffering from this dlsesse,
These investigutors cetablished the fact that the inclusion of liver in
the diet of patients suffering from permnielous snemia provoked 8 remsrke
able responge in blood production. It was not long until Cohm and his
collaborators (13} had prepared & very potent sxtract from liver.

The clinleal chservatlon that permicicus ansala 1s nearly
always assoclated with & merked decrease in, or s total absence of
hydrochloric scid sorved to foeus sttention on the possible role that
the atomach mlght ;lsy in the genesis of that substance found in the
diver which had bsen demonstrated %o possess such remsrkable thorse
peutic powers inm blood regemcratlon. It was In the further slucidation
of this problem that Castle (14) and his co-vorkers in Boston and
‘Sturgls and his assoelstes (15) in Ann Arbor were sble to cantribute
information which led to the recognltion secorded Ur. Castls, mention
of vhieh has alrsady been made, These investigators have been able
Yo show that the stomach mucosa 1s capable of produeing a substance
of enzymatic nature (intrinsiec factor] which, by acting upon something
present In the food {extrinsic factor)e--possibly vitamin G, produces
& hl/-.thlo principls whieh ia absorbed from the intestine and de-
posited In the liver. It is also found in the kidney but this probably



represents accumulatious of cireulating hematinie material which
heve been prevented by the kidney from eseaping into the urine.
Cliniclans observed that liver or liver extract was not

only beneficlal in pernicious anemia but that it also exerted cure-
tive pover in certaln other releted unemias sueh as Sprue. h\vwﬁhn.
nmuorzummmqmmen-ﬁuur—ud-m
duﬂll-ﬂmumnﬂui‘pﬁwtmapﬂ-ﬂnﬁumn
hemorrhage. Whipple's observetlon that liver represented sn extromely
ummu-mmmmmmm
and dinot's dsmonstration that it possessad equal noteney in pernicious
anosmls Introducad an apparent contradiction. This contradictios was
elarified in some degre= by the findings of Steenbock, Hart snd their
assoclates (16) vhen they proved that the presence of copper in the
anisal organiss was essential for the utilizetion of iror in the manue
fueture of hemoglobin, This made it apparent that ¥hipple owsd his
results, in part st least, to the iron and copper embent of the liver
while Minot's results were due to something else in the liver exclusive
of iron and copper. Whipple (16, 17) was able to show that iron slone
Ine eased hemoglobin production over the amount provided . - by the
basal diete FMurthermore iron plus copper was sven more efficiont in
this respeot and & further sumsation of effeet was noted when lLiver
or kidney vas added. It &ppears from this work that liver jossessos
& principle ontirely separate from copper or iron or the parnicious

anemia factor that iz effective in seconiary anemias,



Porhaps the chief outgrowth of these findings in respect
to blood production is the tendency to rogard snemia, for example
pernicious anemla, as & "conditioned” snemia,that 1s,conditiomed Yy
the lack of intrinsie factor. Other ansmias may dbe condiiioned by
the lsck of extrinsie h:laion by the lack of iron or hydrochlorle
asld; by failure of adeguate absorption from the intestine; by des-
truction of assential materials in the intestine; by fallure of
adequate storage in the liver, et cetiera. Nﬂ.&mmr; iron no loager
plays an isolated role in the production or cure of smemias for
eopper; vitamina, aminc~acids, csrtedn utkocws schotancss in sorsal
guatric julce snd in liver are known to play an active part also
{18, 19). Pathologicel changes in the stomach, intestine, liver and
bone msrrow may atill further complieate the .icture.

Iron plays & telple role in the body. Its importance
in hemoglobin synthesis for the transport of oxygen is well recognised.
Ithhe-llnwhenmuﬂuﬂtfthmulnitlhu‘ltpwi
an lmportsnt psrt in cell division (growth). #ore recently, however,
has come %o be recognized another importent funetion of lron, namely
the part it plays in intra~geilular oxidations. Keilin, Warburg and
Parsons and HBickaans have sbly presented this sapect of its activity
(#0, 21, 22).

From the preceding, the inforence may be drawn that the
alleviation of an asneamic condition by the adainistration of msterials

containing irom 1s not nacessarily prosortional to the iren cootent
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of those materiasls. This cam nol be otherwise as long as other
slements are necossary also. Morsover it has besn shown that when
various food materials sre added to an snemla produeing diet in
qmaantlties se adjusted that thelr iron contents are the same, the

~ beneflt derived 1s not necessarily the same (23, 24). The explana-

tion of this is besed on the fact that lron exists in most food
materials in tewo forms, inorganic and organic. The organic iron,
Mtuautpnrl,w-uh-u-m-‘ It ir the hematin
fren that 15 ot availshls $0 $he Bady fur hemsglebin epatbeats
althotigh the prasence of copper siightly increasss Ltes utilizatisn.
For this reason the availability of the ifron found in food materials
for hemoglobin formstion depends upon the relative amounts of
organic (hematin) iron and of inorganic iron. The ¥iseonsin investi-
gators have shown thet the avallable irom 1s directly proporticnal
to that portion of the food-iron which rescts with H1ll's dipyridyl
resgent {(£5). Thus 47 per cent of the iron present in yeast is
avallable for hemoglobin fabrication. ZApproximately 50 per cent
ﬁtmimrn-ﬂhﬂutuduunlomm-dm
preparations is availeble for the same purposss Heastin-iron is
utilized only to a small extent and that only when proper asounts of
copper are preaent,

The hypochromie and chlorotic types of anesia are considersd
eclinically as indices of ironm deficieney. The problem lnvestigated
in the researches to be reported in this paper dealt primarily with



the dietary influence upon the stores of iron in the satemal
liver; to what extent this latter influenced the lron endowaent of
the fetal livers and to what degrec both were reflected in the
individual blood stresms as exemplified by srythrogyte counts and
hemoglebin estimations. The iron depot theory explains very well
why normal young csn survive with little svidence of injury a
prolonged period of iron depletion. It does mot, however, account
for the marked anemia developing in others when subjected to the
same post-natal conditlons. Lelchtenstern (26) wes the first to
record the high hemoglobin gontant of the blood of newborne and
1ts rapid decrease during the early days of iife. Since that time
nuserous obseérvers have rucorded red call counts and hemoglobin
estimations in the newborn extending over the first two years of
lifs or more.
Itmmummwdmpp&un-ﬂ
Mm%mﬁ““huhhmﬂgmgm
deductions that may be draem froa them. In the first place all
observers agree that the nuaber of red cells and the guantity of
hemoglobin show a decrease throughout the lactation period. Parsons
(27) and Greemgard (£8) sgree with Mackay (£8) that the hemoglobin
curve shows two drops, - one beginning st birth and showing & sharp
drop from its high point to a level of about half this value by
the third month of 1ife, - the other bogluning about the alxth month

. of 1ife and falling steadily until after aixed {eeding has been

gtarted, The sscond drop seess to be sssoclated with an axhaustion



. (i

of the iron reserves of the infant. The first drop 18 not so well
understood., For a full discussion of this the reader is referred

to Mackay's original article. Sacondly, thers are significant
variations in the amount of hemoglobin at birth as well as st the
ond of the irst ysar of life. Hackay (20) cltes Aschemheism as
clalaing that the normal lower limit for new-born Infants is 56

per cent; Flnzelsteln as holding the valuoe at 86 per centj Holt at
75 por eent and Hutchinson and Willlsmson at 100 per cent. Hackay's
omn figures ran 20 to 25 per cent below Williasmson's values and
Orsengard®s valuss also were dlstisetly lowsr. Strmmes (51) sztated
that infents born to aneaic mothers had on an average 116 per ceat
hemoglobin wshile those born te normal mothers hsd iZI per ceni.

¥alle he did not belisve that the differencs in these two vaiuss wes
statistically significant neverthelsss they ere well over any of the
velues stated above. Mackay found iniivlidual values running as high
as 179 per cent tut she places the average normal value at 145.7 per
eent. No doubt some of the above variation can be accounted for

on the basis of different technics for hemoglobin estiamation. Kever-
theless initial levels ranging from 55 %o 173 per cent need more than
this to explain them. Macksy's figures for hemoglobin values at the
end of the first year are 28 follows: for infants whose feedings
have besn supplsaented with iron, 86 per c¢ent; for breast fed ehlldren
75.9 apd for bottle fed bables €8.1 per cemt. IStrauss, in the work

referrsd to sbove, showed that while the initisl hemoglobin value

may be the same it is not neeessarily so at the end of the first

year. Por exsmple, at the end of thu first year € infants born of



norasl mothers had & hemoglobin level of 67 per cent while the
average hemoglobln of 8 infants born of sneaic mothers was 48 per
cent, The results of those two workers alome are suffiefent to
show & "saning® effect, that is, hemoglobin values centering about
points whose values ars 48, 67, 68, 74 end 86 per cants The exe
planation of the value for hemoglobin at the end of the first year
is simllar to that explaining the second drop in the lsomoglobin
mwm._h',-mttutuhﬂlﬂlhhimm
and to variations in the avallsble iron content of the diet ingested
hrhttlllpartnﬁ.‘ The explanation of the variations in the initial
hemoglobin values will be discussed later in connection with another
Jubjocte

n-umtmmupnunmnthu
the cases cited by Strauss introduces the third point to be mentionesd,
namely, - there 1s a varistion in the rate of hemoglobin declinees In
further confirmstios of this point Greengard, in compsring his flgures
with those obtained by Willlamson, states that the homoglobin at
birth 1s not only lower than Willlamson's ceses but thet 1% alse
drops off much more rapidly and to a much lower point, the ainimum
hwr-dmdhln&oinnud.c!uhlﬂm

The decline in hemoglobin valusa froz birth to the end of

the lactation perlod; the variatlons Iln the initisl snd terminal

hesoglobin values during this timo and the marked differences in
rate and sxtent of h#foglobin lossea place added importance on the
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soning effect noted above. Children borm with & low initial level, with
low iropn reserves and maintained on & diet low in iron will npﬁlﬂt
one extreme while infunts born with ligh hemoglebin velues, with
large lrun reserves snd given irom supplements in their food will
reprossnt the other extresm-, Botwsen the two extremes will 1is an
intermediate group. m‘m will fall into one of those groups.
Sinee 1t 1s not possible to deteraine the extent of the iron reserves
but snly of the hemoglobin values, the treatment must of necessity be
propiyylactics The question naturslly arises, What is the penalty for
belng & membor of the lowsst group? Mackay (22) states that the
morbidily rate for the aneamle group of infants i twice that of the
non-sneaic group, The snemis Ltself appears to reduce resistence to
infection-—especially reaplratory infections. Ade-uate amountaz of
iron also provide for s distinctly better rate of growth. Jukes (28)
found that, for the chick at least, the snemic stats was one of the
major conditione assoclated with the wortality of oubryos. An ade-
quate iron reserve undoubtedly peramlts th-lndlvmltuvithiqi
more successfully the onsets on hsalth snd the various periodice and
inereased hszards ar_lirn. At some time during the nursing period,
members of the lower group will succusd sither to respiratory infeetiomns
induced in largs degre: by the Increasing aneais or to some m
obscure condition still dependent upon the developing anemia for its
exlstence. To how low & lovel the hemoglobin may drop and still

pernit continued existence depends upon the suceess attending other



compensstory mechanisms, In thls connection the writer would
like to mention a type of experisnce he has had in worklng with
young rats born of mothers. on anemls produeing dists. As the
oumber of red eells and the amount of hemoglobin declined to very
low levels the nuaber of unexpected fatalities ineressed, Upon
umuwwahhnnuqumum,wm.m
Bight, sntire litters of animals would be found dead, They would
be found lying ir natursl positions, Carsful autopsiecs revealed
nothing that could be sasigned as tho csuse of death, Parsons snd
Hickmans (22) recite slailar experiences. Barbour (54) states
mtuniumtlmmmwmwmmdmm
#6° C. It 1s comceiveble that whem one or more of those substances
within the body concerned with the oxidative mechaniasm reach a certain
lwltﬂlhutpmmtuhumm. Iron is an
lmportant one of th-sé¢ materisls, The individual mey be sald to
1lterally freese to death, IThe sctusl temporature at which death
vmﬂnqummmdmla-ththMl'
the higher the lothal temperature.

The maintenance of Lﬂommmmumﬁmnﬂlﬂ1
has made necessary tue production of a most flexible compensstory
~mechanism, TIhis is espeelally true of the oxidetive mochaniom (heat
and snergy production). Hackay hss shown thet whem iron therapy 1s
instituted during the second post-natal month, the infant's blood



il e

responds by showing @ higher hemoglobin level., It rises antil it
attains 88 per cent or what she terms the Ynormal® lovel. Contramat

this lovel, sald to be pormal for the Infant at this age, with that
of ihe expectant mother who is sald to be ancule if her hemoglobin
drops below BO per cent (¥5) or, aecording to Moore (26), 79 per
cant or 70 per cent according to First and Goldstein (57). Evidently
what is normal for one is abnormal for t.hn others What 1i mdoubted-
1y meant by "normel® lovel iz that emount whieh reprosents s physiologie
balancs betwesen the oxygon demands of the tissues and the ability of
the hlood to sbtals suffistant sxygam fros e arviyonnest asd teens-
port 1t to the tissue cells. Iuprovement in the blood conditlion
following any antieanesmic therapy will progress only to that poinmt
where & physioclogieal balaneing ocours. Continuation of the therapy
beyond thias polnt serves only to bulld up certaln reserves and to
replace the losses which are constanitly taking place as a result of
various metabolic activities. ILaprovement in the anealc condition
toed not have for its index a rise in the number af‘rud ecells or

in the amount of hemoglobin although this is frequently the case. It
might just as well be the rostoration to normal of reserves of iron
and other necessary materials; of sn increase in mmscle hemoglobin or
of an lamprovement In the type of circulating red cell. Fi;aioh wype
of iamprovemant occurs will depend upon the prisary defeet. Az far
as the nusber of red cells end the guantity of homoglobin are cone
cerned, the lovels at any one time represents s coaprouise between

the desirability of having enough oxygen and the dlsadvantage of



heving blood too visecous. Howsver, in a chronie oxygsn deflclency
the mdaptation ultimately smployed is associuted with a concentration
of hemoglobin in the blood sith maintensnce of the ususl elreulstory
rate, blood reection and gaseous axchange in the lungs., This assumes,
of course, that the heart 1?@:;3&1:»).1 of exerting enough power to
aaintain & circulation. Ir cass of a dofeetive hsart, the body would
rathor suffer from anoxeamia than cease to iive at all (28).

As intimated above the body has several ways of adapting
itself to an oxygem shortage. (a) The hm way be filled with
oxygen st 3 higher pressure than obtalns in the sivealar ailr. Thia
is due to actual asecretory powers on the part of the pulmonary eplthe-
ilum or the endothelisl cells of the pulmonary eapiliariss (28). (b)
The blood may make & more rayid cireult. fichards and Strauss (23)
have showm that the camisc output of anemic patients with & howoglobin
of 20 per cent was 14 liters per alnute; with a hesoglobin of 26 per
eent the cardiac output was 10.5 liters per minute and with a hemo-
globin of 30 per eent it was 8 litera per minute. Avove 40 per cemt
the cardise output drops ver; repldly from & to 6 liters per minubte
t0 noraal values lying betwoon 4 and 5 liters. As long as the hemo-
globin remsined sbove 50 per eent the cardiae outrut remained within
noraal limits, (o) In anemls the normal oxygen capseity of the blood
(18,5 to 20 volumes per cent) may drop to as low as 8.4 volumes per cent.
This creates s lower oxygen tension in the tissues. Under sueh cir-
cunatances the oxy on s8y be made more availuble to the tissues by

changing the reaction of the blood - increasing the tissue pH; in-
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eroasing the concentration of hemoglobln in the blood by splenie
contraction or by making more red blood corpuseles. This latter
respmse will be conditloned by the avallablility of negessary builld-
ing material. (d) An incresse 1n percentage of utilization of
oxygm by the tlssuss which is especlally notloeable st oxygen
wuu bstween 10 and € volusmes per cent. Muscie hemoglobin may
play an importemt role in this edjustaent (38, 38, 40). (e} The
production of a different type of hemoglobin posseseling a greater
affinity for oxygen at lower temsions (41, 4%, 4%). The oxygen
eontent of the blood reachss its lowsst lialt of svailabiliiy when
the hemoglobin is less then 80 per cent satursted (49 ma. pressurse).
One of the above adaptations 1s well explified by the
demonstration that muscle hemoglobin can be made to Increase by
increasing the activity of the cxperimental eniasl {44). Blood
hemoglobin also incrsases In an effort to coapensate for deereassd
oxygen temsions in the etmosphere. DBaycott (32) states, "We have
round sbout flve miilion red ceils por emm. of blood and an smount
of hemogloblin in euch 1U0 e.e. which will combine with 18.5 Ces of
oxygens glving the whole erythron an oxygen-earrying power of about
600 csc. becauss we happen to broathe air &t about 760 ma. pPressure
econteining Il per cent oxygen. LUU par cent on the scale of the
Haldane hemoglobinometor ceasss to be the Tnormal® value direetly
wa vary Lhe conditiona and alter the pressure of oxygen in our
atmosphere: people living at 5,764 feet in Johapnesburg have a

*norasl® nesrsr 110 por cent; the natives spending their whole llves



&t 14,000 feet ir the Andes an average normsl of 148 per cents The
blood of these people sctually carries at L%mt as much snd sometimes
more oxygen than that di‘ ordinsry persons at ssa-level, #o that in
this respect compsnsation 1s cxact and complote.#*##% Normal people
use about 0 per cent of the oxygsn in the arterial blood, and sevoere
anemias 00 per eent, while In & case of splenomegalic polyeythenia,
with 170 per eent. of hemoglobin, only 17 per oﬁnt, had disappoared
by the time the blood got back into the large veins’.

Apothar interesting fact comeerning the rosarkable sdapte
abllity of the blood in suppiying ouyyen to the iLlssues according to
the demands belng made and the nature of the supply is to be found
in the data relative to the rod cell ecounts and hemoglobin walues of
the blood of infante immeiiately before and after birth., Lichtmsteln
(44) states that "the heomoglobin values of premsture bables during
the first two weeks are jrecticslly the same as those found among
full-tera new-born childran®. dacksy (28) found the BVETEge DOr-
contage figure for thbh Lowel at birth of healthy infents to
be approximately 146 end that this deersased to about 74 per cent by
the middle of the second aonth with & ‘mubsacuent rise to 86 per cent.
Presumadbly the high figure et birth represonts close to the maxizum
attalned before birth. According to the work of Goldbloom =nd
Gottlieb (45, 46) and of Yastman (47) the jaundice of the new-born
is a physiological condltion which is the result of a change from
&n environmeni requiring the pres-nce of polyecythemia for the malne

tenance of oxygenation to one in whieh ne such extraordinary measurcs
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are necessary. The lowering of the hemoglobin from 148 to 74 mnd
86 ropresonte an adaptetion to o new suvironment.

The extraordinary if not desperase afforts of the organism
wpm;wmmuhmmh-mﬂmhu-
in the marked varlation in hesoglobin in the new-born. Instances
hu.ndrmh-uhdofb-qmnvﬂnnalnbuhulﬂmut
snd as low az 85 per cent being comsidered sithin normal iiamits.

In the praceding psarsgraph 1t wsas shown that fetal polyeythemia is

& noreal compenssatory mechanisa, If 148 per cent ropresents a noraal
Sverage vhat omn secommt for valuse as HIGh &5 1797 Cotiiied md
Kearns (48) have shosn thet the soverity of post-natal leterus is
directly proportional to the degree of polycythemis and thst both
ére indireetly proportionsl to the norsslity of the  lscents. They
showed that in the involved piacentae nuserous vilii had beeose
purtly or comuletely hyaliniszed thus affording evidence of advanced
senility in the vescular iree, Juch chenges sppesr %o lead to an
sccentuation of the norasl coapensatory polycythesia, 8o far as the
writer knows, no ceuse hes been sasigned to theee shacental changos.
In experimental lsboratoriss it has bese known for some time that
doprivation of vitamin P will cause certain plscental changes and
devaelopamtal defects to ocour vhich makes it impossible for the
fetas to dovelop to terms fesorption ocours and sterility follows
unless this vitamin is restored. Umer (49) has studied the poth-
ological changes occurring in the . lacentas of snimels on s total
vitamin ¥ deflcisney. Up to the »ighth or ninth days no shuorsalitiss
wers noteds On the tanthaW&Mcofoa;or was noted and by the



twelfth day no normsl implantations remeined. The changes wore
characterized by mesodermel deficlencies and fallure in the es~
tablishaent of a normal contsct betwsen maternal and fetal blood.
In view of these changes eénd those described by Gottllsb and
Koarmns it would be highly desirable te know the sequence of svents
oeourring in a partisl deficiency of vitsamin E. Can the condition
desoribed by Urnar be tapsred dosn o mateh that of Gottlleb and
Keerns by adding increasing quantitiss of vitamin E?

The significance of the variations in the upper extrese
brings to the fore e posszible importance that should also be attached
to differences in the lower limit. If an extreme polycythemle re-
prumuamutimhrapl_mmuuunm'ﬁ
safe passage of =n intrs-uterine orisls. The contimued exlstence
of the fetus will depemd, in such emergencles, upon the avallails
storas of blood building materials and the ability of the hemato-
poletie tiesues to use thems In case of too sarly exhaustion of the

available reserves the fetus will be doomed or ouly allownd te con-

tinue its existence on the chence of & less severs emergency devalop-
ing. In eny svent, the lower llamit represinis & more desperate
situation than thst reprosented by the higher values. The essentizl
blood bullding msterials msy have deen provided in such limited
quantities that the rejuirsments of the hematopolatic tissues wore
berely met in providing a sedius for oxygen tramsport sufficient to
meet the minimal requireamts of the fetus. The development of amy
smergency demanding s better oxygen tramsport immedistoly condemns

that fotus to death., It tims appears that neither exireme
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ghould be considered normal sxcept in the sonse that it represenis
an adaptation without which the fetus would have perished.

_ The large amount of eireulating heaoglobin In the lnfant's
| hxaod before birth and for some two months sfter birth, reprosenting
& falrly ceslly or desperntely attained compengation, does not necess—
arily indicate & loss of these materiale to the body. Rumage, Sheldon
and Sheldon (850) determined the lron content of the livers of 1il
ﬂ_;:u._qrm coaing to sutopsy. Thase children x_-uu;id in age from 1 week
to 10 ysarse. They also deteralned the iron content of the ilivers
of 14 fetuses .'-_rrin; in sge fros that eguivalent to 5 cas. in length
%o 70 weeks. Fnen uu'-m_qm of lron per 100 grems of liver
(dz‘x woight) am.glottﬁd againot sge it »ill be seen that the fotal
- Btore of iron is brought about, as the suthors state, by &n iscredse
in the pgrgentage (ssturetion) during the first six months, and by the
growth in size of the liver (total iron) during the last three months.
The ereentage remains almost stationary durlng tnls latier perlod.
Ihe riss in liver iron (seturaticn) durimg the first two months
after birth ig undoubledly due to the storage of iron set r?w by
post-natal blood destructlon shile the steady dro. during the reas inder
of the first year is caused by the demends a;}a on the iron resarve
for the formstion of hemoglobin a=ud the growith of the body. The
authors remark that those figures must by vieowed vitb_susplnlnn
sinee the meterial wes derived from dlsessyd and not froa hoalthy
bodies. ¥hile this may have soms bearing on aotual values {6 will

probably not influemcs to any considerable extent the tronds shown.



Hovertheless it remains highly desirable that data regarding the
minsrel conbtent of tissues from healthy bodles be obitained.
Gledetone (81} bas reported on the iron content from livers from
100 omsez that came to sutopey. In his concluastous he states
*largest amomio of iron are found in the llver from ome to ten
wapks aftsr birth, and these are bolli-ved to de.ond upon ost-
natal intra-vaogular destruction of blood®, Sheldon and Ramsge
{62) in n spoctrographic examination of the meconium from 24
nevborn infants, showsd that iron was present in such ssall quen-
titles that it was barely discernable. The uighest quantity
deternined was only 1¥0 mgme. per cent while most of the cases
with identifiable amcunts contained Iut 20 mgs. per cent. Liver
itaelf contained on an average 250 aga, per cent. The fetal gell
bladder and the fotal blle contain iron in considerable amounts.
This indicates that & large proportion, if not sall of the iron
oxcroted by the fetus cocurs by way of the dile. This finds its
woy into the Intestine vhere it vontributes sstorially to the
formation of meconium. The faet that meconium in most cac o is
uxtresely low in iron is indleative that this slement 1s reabsorbed
and carried back to the tissues for further use. The fetal Liver
and tlssues in general are thus seen (o poSsess sn unmususl avidity
for iron. Mar,h-ﬁt}mutrmwhummlimim
snd to the fact that the mother's dlet is oftem deficient in this
aineral, it seens just as roasonable to balisve that thisz popresentas

an attempt on the part of the fefas to comserve ite irom. It is




aleo true that both factors asy be at work,

It 1z pormisaible to think of the husam body as belng
compossd functionally of a group of balsnced remetions. There is
no doubt bul that from the mechanical standpoint at loast the
various functional units of the body must beer & deflinite snd con-
stant ratio to each other in order to perfors the most officlent
service, it is also true that the functionsl units of the humen
mochmnion show & muoh greater elasticity in sdapting themselves to
inequalities of other parts than holds for sny inanimate device.
Haverthaless points are {raquenidy rwached whers the incapaci
of one unit so affeets the workisg of the sechanism ss & whole that
even with & maximus of compensatory effort thars oecurs a bresk in
functional eapseity and the organiss soon wmhips itselfl %o death.
The oxidative processss within the body upon which the heat and
energy requirements de end demand "hat & definite balanes be main-
tained betwoen heat lost and work performed on the on: hand and
food and oxygen intake on the other, Henee it is pot wmniikely that
the guantity of food required Ly the Individual - when heat produc
tion and sctivity is reduced to & minimum ~ should bear o definite
ratio to the surfuce ares of the body--thmt is, the most constant
fector with which heet loss can be correlated. Furthermore, it
is probable that there exists & constant ratio betsczen the sross~
segtionsl aress of the sorts and body surface; beteween the alweolar
surface of the lungs, the absorptive surface of the ssall intestine,
the musber of glomerull in the kidnasy, the puaber of rod calls and
the quantlity of hemoglobin and the body surfaes. Fhan & condition
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- of constant heat loss and emergy expsndlture has been attained it
is reasonsble to assums that the asount of latont haul mnd energy
{food) and oxygen belng consumed also has spprosched constancy.
¥ith such conslderations as these in alnd, 1t st oncs bLecowss
apparent that the sstablishaent of "basal® or "stendard® conditions
i3 nssential for the deteralnation of various physioclogical constunts.
Furthermore veriations in the oxygen tension of the atmosphere or
io the meechanisa for ita tramsport $9 the tiasues or In the nature
and quentity of food susplied the body sill provoke an adjustaent
within $ho body whersby sithor the transporiing mechanlsm becozss
sore efficiant or the setabolic srocesses are reduced or both osccur.
The tendsncy of the norsal organise i3 to malntain these
various phyziologliecsl processes at & gonstant lovel., 3Since, howsver,
variatisng in environment occur it is necessary, in order for the
organlas to withatand successfully these changes, for adjustments
o be aade. Wrwr-, abnoraal conditione within the organisam
itself may wake an Qngutnmt, neceasary. 1f the desirable end
result is chysiologleal constangy, then adimicution of one factor
demands a cospensatory increase in asother., Superimposed upon
these are the cheanpes in level of activity and heat production
brought about hy snvironsental variations, It will be seen that
the arbltrary estsblishesent of ’naml“ values will either demand
frequant re-adiustment to verlations in %standard® condlilons or
llmitation of thelr applicability to those individuals}lmo are

capuble of meeting the “standard® or ®basal® conditions. In either



instance the so-called ™norzal® vsiue as it iz uweuslly smployed
loses much of its significance.

Thus in the red eall counts and hemoglodin lavels of
the blood of new-born infante, & question arises as to the alg-
nificance of vslueas ramglog all the »ay from 55 to 179 per cent.
Justificstion has already been glven for fatal polyeythemia. It
is the pormal resction to lower axygen tenslons when gufficlent
blood bullding materiel is avellable. An sccentuation of anoxeala
(ermmw;mmnmmismmmmm
production of hemoglobin providing thers is sufficient bullding
material, There ia reason, tharafore, for believing that unusually
high values should not be eonsidersd sormsl in sensu strietu but
rather as a spuccessful salveging, due to a plentiful supply of blood
structural elements, of a life that otherwise would hsve been lost.
Horcover the valuos at the lower llalt, in view of what has already
been suid, probably represent equally as strenuous an attem t at
compensation. The eritical factor in this instance being a low
reserve of irom amd perhaps of other essential materials for hemo-
globin synthesis, 4e has been noted previsusly the potmm
decline in hemoglobin proceeds at s faster rete and to & lower
level in these casas then in those having higher values. Both the
low initial reserve of bullding material and the diluting effect
of growth serve to reduce the hesoglobin.

The observation has bean made memy times by competent
observers that no matter how sneaic the mother, the infant is

Sorn with & guantity of red cells and hemoglobin within normal
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llaits (82, 54, Z1). Strauss says that "the fotus is sble to drew
upon he mother for all the blood-foraing materisls necessary for
its own immedlate requiremente, irrespective of ths conditlon of the
maternal blood®™. It would seem, therefors, that th- lowest levels
recorded within what is m;ideée& norgal lielts represents an
irreducible minisus below which the continuance of 1ife is not
possible. 17 the infant is to be born alive and live, it iz reason-
able to assume that, in the face of a low reserve of blood buflding
snterials, the organism is presentisg a bald front to the situstion
by utilislng every resource avellshle for adeyuate oxygen Lrausport.
The faet that Llafents can be born alive vith hemoglobin values rang-
ing from 85 to 116 per cent and arrive at the and of the lactation
peried with values of 46 per eent must mean, 1f i1 means anytining

at all, that this level of hemoglobin snd the atiendsnt ressrve of
bullding saterlal 1s close to the lowest poscibls level. Lower
lovels presusably will dispose eithsr to pre-npatal op so8t-natal death
85 has already been discussed. Ihe recognition of this condltion ex-
plains the unueual rarity of extreme anemis in the nes-borm. Bonar
(85) states thut sovercenemis in the neweborn is rexarkably uncommon.
HBapp (B8) cites 8 instances of extrese sveala in very young bablss,
It is probably true that mature has establlished a desd-line in the
matier of hemoglobin level. If the supplies of those materials
essentisl for hemoglobir synthesis are not sufficient to meat the
demands of the fetus it dies in utero. If they are adequste %o the



point where the irreducible minimum cen barely be mot them the baby
will be born alive only to die at some time during the first year -
that period whem thers 1s & steady deciine in hesoglobin. Hemoglebln
levals above this sinimum end reserves sufficient to meet the demands
of grovth and inorsased sctivity deecree continusd life. It is erron-
eous to consider low initial hemoglobin valuee ®normal® in the sonse
that sbq. also indicate "normal® iros reserves. fHo direet information
upon this point is avallable. If the contestion of this thesls is
uphald, such veluep should be congldercd as indliecstlve of an oxhaustion
of iron rescorvas and pres-nt the pousibllity that seny of thess Infants
cculd ba saved Ly proper pro-nstal and post-natal care. Owing to the
lack of sufflclent data, the treatment, of necessity, must be more
prophylactic than curative.

Fhatever the compensatory mechanisa msy be in toto 4t le ob-
vious that thers must be adejuate sources of iron and other bullding
suterials for the synthesis of sufficlent hemoglobin to meet the
various exigsnsisa of imtre-uterine life. Orises in the 1life of
the mother during the perlod of gestation sueh as pneumonis, influenss
snd mimonary tubergulosis shich tend to reduce the ares of gaseous
inter-change in the lungs, may tend to sake a poor condition in res-
peet to the fetus very much worse. Vithout entering into a detalled
discussion of the varlous factors vhich snter lute the production
end maintensnce of fstal apnea, it does not seem uniikely that orises

way arlse In the mother's organiss (ue to disrase processes or in



the fetus due to deficient reserves wher-by inadequate guseous exchange
results, This may lead, in turn, % the initlation of respiration with
the result thet the fetus wlll aspirate amnfotic fluid and die of
strangulation. To whet extent such cousiderstions enter into the deterw
aination of the dureation of the poriod elapsing beafore the initistion
of the first breath 1s quite difficult to say. It is interesting to
note in this conneetion the high freguency of branchlal pneusonia sg

8 cause of death in the new borm, Gladstone (81) noted aspirated
amniotic fluld inm 16 per cent of hila serles of premature and very young
infents and pneumonia im 50 per cent of the infants under one year of
sge coming to sutopay.

The mechanism of coapensation involving higher lovels of
hemogloblin maintensnce also offers interesting possibllities. To vhat
extent will the organism go in furnishing hemoglobin providing there
exiates a demand for better oxygen trapsport and the nacessery materials
are available? Mackay states that the treatment of the mother with
Lron 6 wesks before delivery had no effeet on the hemoglobin level of
the offspring. It is doubtful whether or not the hemoglobin level
can be taksn as an index of iron reserves, If it Is true that the
hemoglobin level is no more tham that necessary for adeguate oxygen
transport, it is difficult to understand why axtra iron sapplies
sbould find thelr way inte the clrculating hemoglobin rather than
assist in building reserves. As MeCay (B7) states in discussing
recovery from ansmis, it "may oftsn be merely apparent bepause the
blood pleture may indieate a recovery shile the reserves remain



be @more suscertlble of Jemomnsiratlon by iiver Lron estimations, if

exbausted®, In an anemie stete the first swvallable iron w=ill go %o
replenish the eirculating hesmoylobin~-further suppiies to the crea-
tlon of a2 reserve. Mackay succesded im showing, however, thei the
institution of ivon therapy in infanis 2 to ¥ months old was effective
in raising the hemoglobin to a lovel of 88 per cent (58). This re-
presented the best result obtailnable, The remson, as has already been
pointed out, is that such a level reprosents a physiological belance
at this time of life. Individual differences of response Lo iron
therapy would, after the hemoglobin had reached s statlionsry laevel,

-~

this wore possible,

It would seem apparsnt from the preceding discussion that,

having given & constant physiologicnl state, the amount of hemoglodin
ir the blood emn pot be increased by increasing in the diet those
materials from which hemoglobin is made. Thess dietary improvements
effect the infant elther direetly or indireetly depending upon
whether they are made before or after birth, Although the ovidence
seens to favor the viow that blood hemoglobin camnol be inereased
noraally above & certain level by ilmproving the diet, there is reason
%o belisve that in many instances 1t is highly desiraedle to ralse the
smount of lron i» the depots to o smaximum level. Here again one
finds & merked wariation. Ramsge, Sheldon and Sheldon {50} noted

an iron content of Infants' livers renging from I74 to 48 ags. per
cent. From 7 years of age onwards the lron sesmed to run at the



fairly unifora levsl of 58 mgs. per cent. 7The unifora lovel of
88 mgo. per eent cannot ba considered ss ropresenting & maxisum
valus for at least two reasoms. In the first place the tissue
sas provided by dlsessed individuals emd in the second place

the disensed condition probsbly msde ispossible a dietary rieh in
irop or a metabollem completely offleient in 1its utilization.
Polson (58) was able to show that the iiver iren of & rabbit couid
be ralsed from the normal leval of %8 mgs. per cent (dry weight)
to as high as 7,870 sgs. per cent by administering iron over 2
perlod of 44 months, The sversge Lrcn content of ths livers of
rebblte that received lron from ¥7 to 46 months was 5,190 mgs.
per cemt. These values are higher than those obtained from teo
humsan cases of b;mmmu ehere the liver iron was found

o be £,950 and 2,420 mgs. per cont, It seames l!.lal;f from this
data, asager though Lt aay be, that the liver is ecapable of stor-
ing more iron than investlgations so far have been able to show
it to conlaln. A corellary to this is thet the benefits to be
derived from larger iron reserves should be sssured by sore ade-
guate intakes of iron.

The upper limite of iron deposition inm the linf geons
to be under & eontrol snalagous to that exercised in regulating
glycogen deposit. Under normal conditions a certain upper
ilmit camnot be oxcecded. Jurpessing the upper limit by the mani-

pulation of one factor or s combinstlon of them does not constitute
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proof that this i3 a normal sechanism. mmm the body

regerves fros minimal to optisal by the addition of ope egg or

of one glsss of allk to the dlet scosunts undoubtedly for the
iaprovesents In growth and resistance to diszemas that heve beemn
noted in this type of experizent, Juch experiments constitute
further svidence of the undesirability of sinimal ressrves and
of the fmet that the average dietary is deficisnt in certaln
essential elements among which Lron should be inciuded.

! To what extent & physiologleal balance sen be foreibly
upset with lmpuniey io 410f1culd %@ say. 40 ssmapls in polnt is
the aarked polycytheala that may de invoked by the use of cobalt.
Orten, Underhill, Mugrege and Lowls (60) have besn able to pro-

— duee the following changes in rats blood by the use of cobalt

suppleaentad elth mangenese.

CeCe blood por 100 ecec. cells per 100 o.0. plasma per 100
~EBRgs bodv melihl _Giss Rody wolsht __Zs. body sslahk.

Formsl rats 6.58 £.95 Se48

Cobalt + sanganese rets §,.34 6.02 2.58

Per cemt incresass or

decroase 5l 104 5E

Ao increase in erythrocytes to 12 million or more; of hemoglobin to
2% grams per cemt and of cell volume %o as high as 87 per cant re-
presants a tremendous Increass in viscosity of the blood, The
ability of the heart to handls this sdditional load bespesks a most
reaariable sdaptation of this orgmn.



fio much has been paid and written In regard to the
development of anemla during pregnancy amd the varlous factors that
contribute to 1t that 1t «ill be neediess to repsat them here {36,
&7, %, 61, 58, 62, 63, Elj. There are several points, bowever,
that noed mentionings In the first pluse the snemla that fre-
quently develops during prognandy should not De looked upon as
belng dus to bDlood dilution. It is a more serious metter than
this. ZThres types of snemia hove been described aa oecurring at
this time: the pernicious type, the severs hemolytle type and the
gso-aslled physislogie type. It iz the latisr type that bears the
sost important relstionshipy to the subject meterisl of this paper
although, st times, the other two types say play & role, 3Since
iron as such exists in very small quentities In the serum it is
esssential that ths chorionic eplithellium, by hemolytle provesses,
bresk down the muternal red cells in order to frec the blood ele~
ments for purposes of transpordt scross the plucental barrier. It
iz thersfore obvious that if the mavernsl depots are woll stocked
vith materials nocessary for blood regeneration, an aneais will
mot develop. A true reduction of total hemoglobin inm the maternal
body is found only in sssoclation with a dietary deficlency or
altered gastro-intestinal Musction. The physiologic type of aneals
in pregnancy is due elther %o & lack in the diet of specific sub-
stences necessary for blood formation or to en abao!-lit.r‘ of the
gastro-intestinal tract preventing the proper utilization of such



such specific sudbstances or to & coabination of these two factors
in the pressnce of an incrsased demend to supply the fetal blood
réequirements. fxamination of such mothers fslls to reveal any
shnormalities other than those autributable to hypochroalic snemis
and gastric geerctory defects.

Over 50 per cent of the physiologic anemlas of pregnancy
show & Jdecrease in HCl., Pregoancy definitely effeects gastric fune-
tion by reducing the amount of acid produced which in tum predis-
poses to poor ilron absorption and an lmpaired production of the
anti-gnesic principle. That lron absorption i{s not completely pre-
vented Lo attested by the fact that large doses are effective in
rastoring the hemaglobin to normal levels. Ihe significance of
this 1ies in the noed of = better realiszation of the neceasity of
a greater iron intake at such tizes. IThere is frequently asscolated
with & reduced HCL production a curtallment in the secretion of the
intrinsie feactor. Both thess conditions usually rovert to norualey
upon the terainstion of pregnancy.

Ho information is as yet available to explain why prege
nangy causes a reduction in the formation of HC1 end possibly of
intrinsic fector, That these complicstlons exist makes it elear
that not only should the iren intake be Incrsased but also that good
sourges of vitamin G end anti-snemic prineiple bo asde available.
Undoubtedly many other fectors may elso, at timss, be sssential
such as copper, vitaaln C, vitamin Ii, certaln essential asino acids,
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thryoxin, et estera. IThese are, however, more or less lrrelevant
to the subjeot of this paper and will therefore recelve no further
mention.

Although all the eluments easential for matsrnal sainten~
ance snd fﬂﬁ devalopmant be present in the expectant nother's
dlet and care be taken to offsst the dafleclencies of gastrie diges-
tion, the fetus will still be dependent for its requiresments upon
placental trocsaigsibility. In the rat and the muman the ssternal
snd {etal bloods come into sost intimete eoniact since they possese
the ssme type of slacenta--hasmoohorial, The cow and the gost have
the syndesmochorial type end the pig the epithellochorial, ¥ith
Bowe substances the placentz acts s 2 darrler shutting off trans-
port complately; =ith othsrs it is only partielly effective and with
a&arantitmutm’mMMGuplﬂuhhﬂuf-‘lﬂ
tissues tizt are highor than those cxisting in the mother!s.

Baleriad  ____  Fetal Blood  Mother'y Blood  Nefersuce

Insulin barred present 84, 65
Parathyrold extrsct barred pressnt 86, 65
Adrenalin barred prosent 68
tuitrin barred presapt 65
Fats burred presant 67
Vitamin A iow high 85
itamin B low high 89,70,71,7¢
Viteain D low high 75
Chlorine low bigh 74,78
Total Protein low high 76,74
Fibrin lom kigh 76
Urea Presant (diffusible} present v
Creatine preasnt diffusi presont 77
Creatinine presant dJdiffusidble present 77
Magresimm pressnt diffusible prssent 77
;Urio seld present d4iffusidle present V14
Antibodise presont diffualdble present 67



Group 4

Bstexdad _ _  JFetal Blood  lother®s Slood  Heforenge

Sugar high low 87,75

Iron high low 78

Amino Acids high low 76,67,77,75

Albumin high low ‘ 76

Caleiua high low 78,74,79,80,77,75,85
(Inorganie Phosphor~

us high low 76,73,77,75

i?ahasm high low 74

Copper hizh low 78

It #»11: be seen fros the above tebulation that the substances listed
in Oroup 1 are completely barred from entry into the fetal cireulation.
If the fat soluble vitsaing are depandent upon fat ag a vehlecle for
thelr transport to the fetus, it can roadily be understood wy the
presance of these substances in fetal tissues 1s qulte low. On the
othor hand s lowsr threshold value for thess materials by the nemmsry
gland will permit of s compansatory enrlichaent of the colostrum and
milk thus adding to the inpc@m of these foods in early iife. The
placental barrier dose not completely prevent the passags of the sub-
stances llsted in Oroup £ whlle those materisls foraing Group ¥ are
found in nearly soual concentrstions on both sides of the barrier.

The grestest Lutereat attaches to those slements found in Group 4 for
they ocour in fetal blood or tissues in higher conecentrations than
those found in the maternal orgsnisa: Does the placenta exert a
secretory activity sufficlsnt to bulld wvp this differsntial? The fack
that 1t hes been shown that the placents has an oxygen consumption sbout
the same as organs such as the colon (51) would seem to indlcate as

much. The site of this sctivity eppears to be the choriouic epithelium (80,77).



Two theories have been proposed to sxplain how the
various nutrient substences pasa through the slecental barrier
(87). Ome i3 the Vitalistic Theory whleh clalms that the wall
of the echorionic villus takes an active part iz placental intere
ghangae The other is the Hechanistlie Theory in whiech the mall
of the villus is pletured as & passive, semi-permsable membrave
conforming to the lsws of osmosis anddiffusion. It will be soen
that the controversy in this respect is no differs=nt from that
- concerning intestinsl absorptlon, urire formation or the activity
of the alveolar spithelium in external respiration {82). The
probuablliity il that when i'n,ffinimt avidesce is aut hand, the
phesomena roferred to above will bs satisfuetorily explained on
& purely physico-chesical basis. The result will be that the
Vitalistic theory will give way to the Mochamistic,

4s may be gathored from the preceding pages, very much
has been accomplished relative to those cundltions effeeting blood
formation in tnnmmﬂuummhrhw-n-rumm
boone On the costrary, however, thers is » marked paucity of dats
rolative to the development of blood in the fetus amnd the reate at
which it sgquires those substances nacessary for blood goneretion.
So far as the writer knows Nicholas and Ummer are the only inves-
tigators who have made observations on the red cells end hemoglobin
of fetuses. Hicholas (88) deterained the reate at whieh hemoglobin
mekes its eppearancs in 7etal blood. He determined the age of the

fetus from the crown-rump length. Since the size of the fetus
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variss with the sise of the litter (84) snd the muiritiomal reglmem
of the sother, this method would ssea to bs open to eritieism, He
found h_-ul.obin to be presend hufcv-ﬂ tha 14th day but was unable to
get blood esaily until the 16th day. His deterainations were made
by Hewcomor's method and the percosatage hemoglobin saa baged on
¥illismson's norsal value for the humsn of 15.92 gas, per 100 coce
blood belng sgual to 100 per cent. The {following table gives hls
resultas

1E-12 a ¢
i4 14 82
15 s &7
18 7 88
7 2 58
is 0 45
20 6 44
£l #0 54
Bewborn ¥ 85

Thess flgures show tso maximas one atl 17 days and the other at
birth. Urner (49) observed the presence of red cells as early as
the 10th day, He nade no counts.

Boscker (85) deteramined the amount of lron in the livers
and spleens of premsture infants and found that the t{we tlasues ran
parsllel. fe noted a decresse in iren froa the Bth monih up to
birth which was followsd by & rise, Inoue (88) alse determined the
iron sontent of fotal livers and splesns. He observed the presence
of iron as early as the second gravid sonth. From this time on the
iren increased up %o the fourth months From the fourth to the sixth
month & decresase oceurred which in turn ves followad by a rizse which

reached a maximua by the pinth month, Siamllar results were obtalned



for the spleen. Hamage, Sheldon and Sheldon (50} found that the
livers of & Infants 30 woeks of age or under averaged 210 mgs. per
cant of iron while 8 full-ters infonts averaged 250 mgs. per cente
The total smount of iron in the former group averaged 10.8 ngss whlle
the latier group possessed sn average of 75.2 mga. It will be noted
that from the E0th to the 40th week thers sas an inerease in iren
goneentrution of only 20 per cent whils, due to the growth of the
iiver during this period, there was an increase in total iron of
nearly 60 per cent. Glndstone (51) determined the iron coutent of
livers from fetuses renging in length from 14 to 81 cma. 4 resalenla-
tion of his- data on the basis that liver is 80 per cent moisture,

gives the following resulte:

Length of fetus Hgo. Iron per cant Total Iron

—df_cuse (doy welght)
1020 8%.0 «B8
20=30 150.0 5.62
20-40 147.0 12450
4050 186 .0 4U.98
5080 181,78 40,88
TV 2000 114,80

These figures show that the concentration of iron ir fetal livers
reaches its peak several wesks before birth and then deelines, There
is evidence of an early post-nstal rise due %o hemosiderosis caused
by blood destruetion during this periods The remarkeble riss in total
fron at the 40-50 cas. period and the accompamyinmg slight inc easa i.n‘
iron concentration indicates that irom deposit did not keep pace with
liver growth, '



The foregolng data on liver lron cenmot be taken at
full valee for the reason that they were derived from pathologicel
tissues. Purthsermors, due to variztions in rate of liver growth
full sppraisal oi" iron metabolism on the basis of iron concentre-
tion alone vill lead to erroneous conclusions. Whipple (87) has
shomn that there are variations in iiver lron concentration due
W senile as well as pathologicel chengea, He hss chown also
that the total iron varies not only because of chsnges in liver
slze due %o dissase processes but also begause of disf ywmees in

concentration. There are, then, two points to be considered ia
studieag on liver iron metabolism, namely the total aamount of iron
and its concentration in the liver, The coneentration of iron will
be daterained by the factors engaged In sstsblishing the extremes
of ilver saturatios and the total amount will be govermed by this
also and, in addition, the size of the liver,

Whipple's data recalculated on the basis of dry weight

Iigsye Hep. Irop cer gent
Hormal liver 58 to 61
Secondary aneala 5

Cirrhoals 48

Hepatitis 50

Leukeaia 65

Cereinoma of Liver 78
Permmiclious anemia 12§

dplastic anemia 50

The highest single result was 810 ags. per ceat, - the lowest, 8.8

ags. per cenls The former level represented a case of pernicious



apaula where unusual storsge had ocourred in the lliver because
of a fallure in outlets The latter instance represents a case of
hepatitls and functional ineapacity whieh indlcates an inability
of the liver, when ntfnrlnc from this type of dysfunetion, to
store iron. Whipple has shown that rormel dogs suffering from a
severe anesmia due %o bleeding will bave thelr liver iron reduced
to "an irreducible ainimom® of 4 to 5 sge. per cent (20 to 25 mge.
per eent dry wsight)e

Iron exista in the liver In at loast two forms. One in
which it lies within the esll protoplasm and is not subjset to
iron stalne and the other which is subjset to stalning, Gladstone
{51) stasined liver sections with an acidified solution of potassium
ferrocysnide and, upon microscopic examination, classified them as
normal or abrormal by the number of blue gramales observed. Horamal
tissues yuve no blue grasules or very few, At Qu sane time, chem-
ieal assay of the ssme tissues gave iron values as high as 45.8 mge.
per cent. An examinetion of Whipple's data (8Y) will show that there
is no obvioua sorrsiation Mh-m the guantity of stainable pigment
and the amount of liver lron. One liver aay show as high as 134 ags.
firon per cent (dry weight) with no stainsble pigment while another
aay have stalpnable pigaent with mly 120 mgse por cent iron. It is
probable, nevertheless, that the liver possesses an upper liamit be-
yond whieh it iz not poassible to store irom in m-ihimblu.onlh
pounds a5 well ss a lower lialt below shich the liver will refuse
further iron delivery to the blood streasm, Hemochromotoslis and

bemosideroals represent conditions, possibly, whare iron ln oxcess



has bean introduced into the body and heid in the liver in ¢ sanner
different from that representing normsl storage. 1t aay be that the
quantity of iron introdueed is of no 3r§¢t.ar im ortancs than the
rate of its administration. Polson has shown that this does not
necessarily interfere vith hepatie function. Suth types of irom are
available for hemoglobin synthesis, the ome in part and the other in
toto. The soquisition of stainsbie fron is not pecullar to the liver -
it ls more a characteristic of the reticulowendothelial systes. In
this sense, accumuistion of liver iron should be iiaited to that
portion which 1is not stainable and shich ls, as Whipple states, due
to distary factors.

There ig still sueh % be learned with respect to blood
formation and destruction. Hsckay (29), In concluding her discussion
of the probable causes of the fall in hemoglobin betwsen the flrst
week of 1ife and the third month, said, *I%t is evident that further
information about th- dra-;bin hasoglobin level &n the first three
monthe of life 1s requires®, OStrauss (21) in summarizing the views
relative to hepatic storage of iron states, "when parents are deprived
of iropesseReiiae there is reason to bellove that nov-born infants
or animals will lack this store of Lrom, so that vhen they are placed
on a diet defielsnt in iron, anemia wil. develop. Unkil cusntitatize

sxalagstion auat cepain in the roaln of hvuothesis®. It was with the

hope that the studies to be peported lu this paper would contribute ‘
to a better understanding of some of the situations outlined asbove

that this lovestigation wes undertaken,
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A few yoars ago in studying the effect of various diets
and of various supplements to the same diet on the reproductive
ability of the albino rat, it was noticed that many of the young
developed polyneuritis during the nursing period. This was quite
surprising in view of the fact that the sothers' dlet contained £
por cent yeast, an amount imown to be sufficlent to protect them
from signs of vitaain B deficiency. In the work that was done on
thie subjeet at thet tims ovidence mn2 adduced to ghov thal the
polyneuritis repregented = true berl berli end that it could Le pre~
vented by incraasing the vitamin B of the mothers! diet by from 300
to 40U por cent (68). Subsequently this work wes confirmed by other
investigators (70, 71). It was noted also that many of these young
enimals showed & severe mnemia, The addition of more ycast to the
dist of the aother preovented the development of beri beri and, in
allowing the anismals to live longer, drew attention mors strongly
to the blood condition. As already sentloned, upon going into the
laboratory in the momning it was & frejyuent experience to find
indlviduals or entire lltters dead. Careful autopsies gave no clue
63 %o the cause of deaths The marked pallor of the animals sade
it appear that death aight in some way be related to the anesie
condition. In 19885 Hart, Steenmbock, Hlvehjem and Waddell began
the publication of a series of pepers (88) in which they reported
improvement in anemias of dietary origin by including in the dist

ap sleobolie sxtract of cabbage. In a preliminary experiment a



for mature females were placed on Diet #% and as many more on the same
diet plus 1 per cent cabbage extract. As soon ag litters were bom
the young were sacrificed in order to obtain the hemoglobin concentra-
tiom of the blood. The average hemoblogin of 27 young {roa mothers
recsiving Diet #% alone was TZ.E per centy for £2 young from mothers
recelving the same food but with cabbage extract in addition, the
hemoglobin par cent was 88+ IThese results were so significant that a
larger aseries was declded upom. Sinece cabbage oxtract may have ime
proved the conditlion of the animals by making more vitemin E availsble,
it wes deemsd advisable W have anolher serles of animals on the
experizental diet reinforeed with wheat gers oll., In all five different
diets were to0 be used, Thls report is concerned with the first three.

et #1 or the Stoek dlet wap mnde up es follows: crecked
yellow corn, 77; linsced oil meal, 1); cssein {Herris), 5; ground sl-
felfa, 4; sodiuam chloride, .53 caleium carbonate, <5 yeast, 7 and
skimmed milk ad 1ib. hlnuﬁhuhudhhin-mmﬁmatm-
constituents outlined in the following tabulation.

Food pateried Dot S8 DRieb #5  Plot £4  Diot £5

Casein (Harris)

Salt sixtures

Criaco

Cod Liver oil (Meud's)
Dextrine (bloached)
Sodium bicarbonate
Yoast (Harrins}

Fheat germ oil

ilee. Ext. Cabbage

Ccompomma
oc-t):unp:
creobans s
HrowORuma D

# The salt alxture had the followlng eompositions

Sodium chloride 118.8
Magnesinm sulphate 1280
Sodium phosphate (dlbasie) 179.0
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Potapsium phosjhete (dibesie) 54840

Caleiua phosphate (dibasic) 248.0
Calcoium lactate 7.0
Farric cltrate L9.5
Potassium ieodide «8

Groups of four snimuls each were kept in sverage sised
galvanized iron cages, The food anl water cups were clesned and
filled dally. The cages were clesned twlce & week and supplled
with smell amounts of excelsior. When the desired number of healthy,
freshly veaned females were avallsble they were placed on the above
three dlets until they were saxually matured, At this time dally
vaginal smears were made %o deteruine the estral rhythm. When they
were found to be in the proper stage vigorous msles ware placed with
them and the day of insemination noted. The asles were then removed
but the vaginal examinations continued until the occurrence of the
phe-hllnh The agesof the fetuses were deterained In reference
to the day of inseamination. The placental leak was considered aere-
1y as confirmatory of pregnangy. Usually five females were seleeted
for each day of pregnancy beglnning w»ith the l4th day after insemina-
tion.

'mwpmrwmmimmmmm-nm
it wasz removed froa the cage and placed under light ether snesthesia.
The tip of the tsil was then clipped and sufficient blood obtained
for & red cell count and for a homoglobin estimation., The abdomen
was then opened and the uterus ex osed, Fotuses wers nuabered accord-
ing to the cormm ocoupied and the position relative to the cervix.
The cormu on the right of the operator vas designeted as the right

cormu. Az a matter of fact, in respect to the rat, it =as the left



cornu. This should not be overlooked when consulting the tables at
h'ﬁdhmml—-mmm:ﬁu. If there
were thres fetuses in the right corou end four i the left, they would
be nusbered Rl, R2, RS, L1, L&, LS wnd L4, If the socond one on the
right, for example, had dled and was being resorbed the word "resorbed”
was written in the record thus: RE resorbed, Ll and Rl would occupy
the vaginal ends of the uterins homns snd L4 and RS the ovarisn ends.
hhm-nrmnluuuﬂkwmmﬂ-ﬂmu
although sometimes the cord was cut. OStandard red cell and hemoglobin
plpettes were filled sith blood obtained from the seversd carvtids and
Jugulars, Ihe fetus wes then bled to death and %he liver resoved and
placed in alcohol, No effort was made to pumber the livers therefore
the data obtalned from them can not be assoclated with the blood findings
umm-mmwm Fhen all the fetuses had been
_ﬂum‘m,ﬁm-mmwwhmm
Her liver was then removed and placed in alevhols. Ir order to reduce
the tise of the anesthetiec, a large serles of red cell and hemoglobin
plpettes were sot up. Tach red cell pipetie, as it sas filled with
blood, was thoroughly shaken to bring sbout ecusl dispersion of the
red cells in the diluent and set aside. Ihe hemoglobin pipotte was
eaptled, as goon as filled, into the appropriate tube contalning hydro-
chloriec aclde ¥hen all the fetuses und the mother had besn cared for
in this mapmer the bodles were dlscarded and the cell counts and hemo-
globin estimations performed. The livers were changed to fresh aloohol
a fow days later then removed, drisd iz an incubator, ocarefully weighed

and powderad.
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mmmwﬁ:m#mmn,mupmu,m
ruled Neubaner heaccytometer was useds The hismoglobin was: determlned
by the Sahli method using the permanent standerd developed by Haaskina
and Ougood (89). Ususlly it wse necessary, when working with fotuses
14, 15 and 18 days old, to pool the blood of two or three in order %o
get enough %o fill the pipettesn. A% sueh $imes the fetuses wore placed
in & smsll wateh glass so that the blood might colleet in the canter.

For the determination of liver iron, Kemnedy's sethod (90)
waz followsd in all respects except in the preparation of the stamdard
solution, For thisz the method of Dupray (61) was used, In genersl the
procedure was as followas ’

A1l livers were kept for at least £4 hours in slechol. They
were then removed and rolled thin on a smooth plate in order to break
up the tissue, The macersted mess was plsced in a Syracuse wateh glass
and dried in an incubator at 78° O. for £4 hours. The larger llvers
were removed at the end of this tisze, ground to a finer consisteney and
replaced for another 6 hours. AL the end of this time all tlassue was
ramoved and carefully weighed. ATter thoroughly powdering it was con-
sidersd ready for the chemieal procedures As the method followed with
adult livers and livers over 100 mgs. 1ln weight differed 2omewhat from
that employed with livers welghlwyg less then this, the methods will be
deaseribed separately.

Teo hundred ags. of the powiersd adult llver substance
were carefully weighed out and placed in 2 distillation flask. To
this was added 5 c.te of iren-free sulphuric scid and 2 c.c. of 60



per cent perchloric acld. 4 fume sucker wus stteched to the arm
of the flask snd the contents boiled with gentle heat until the
aaterial was colorless. The contents of the flask were then cooled
mmummmcuum-w.nﬁcmam
graduated cylinder ritted with a ground glass stopper. The saterlal,
after diluting to 50 0., was sot aalde to cool,

' Iwo 50 ce.ce glass stopperad, gredusted cylinders were
sot out and marked A end B. Into A L0 c.c. of the dilute standard
solution were pluced and to B were added 10 e.c. of the liver solu-
tion prepared as described above, To both A and D wore added 10 c.c.
of amyl alcohol and 5 eece of 20U por cent sulphoayamate. Both eylinders
wore shaken vigorously for one to teo minutes and set aside in order to
ellow the alooholic extract to settle out. Both colored portions were
resoved, placed in colorimeter cups and comparad,

If all the dried, powdered fetal livers of one litter
welghed sore than 100 mgs. and lese then 50C mgs. an amount eguivalent
to 100 mgs. was carefully weighed out and placed in the distillation
flask slong with 2.5 cece of sulphuric acid and 1 e.c. of perehlorie
ascld. One c.0s of the stendard iron nhﬁmmnm{wunn;up'
the standand for color compsrison. LI the collective weight of fetal
livers was less than 10U mgs. the smount was corefully determined
&nd 2l 0eCe of the standard lron solution was taken for cvery 10 ngss
of liver used. The ssaller asounts of liver were digested with 1 6.c.
of iron~free sulpturic acld and Jef w.¢ of perchloric acid, The
solutions in greduates A and B were made uptoubam»l‘cmﬁ. with dis-
tilled water. |
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The animnls on Diets #1, #2 and #% are referred to asz
Seriss I, II and III reapesctively. Determinations of fetal liver
iron were performed in most cases on the pooled livers of all the
fetuses of one litter. There is only one exeeptlon to this and
that relates to the females in the third series. In this group
separate iron deterainations were performed on the livers of
individual fetuses from two mothers for each day., This was done
%o provide evidence on the polnt of individuwal varistion. In &ll
instances the values tubulated represent individuel sverages.



The nuuber of enlwels used is indioated in the following tables.

 PIRST SURIES.

DIET ¢ 1.

SEEEPETE
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Peroont fotal deathg~e-—= 1,77
Average sise of litter - 8.1
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Peroent fotal dew - = = 28
hverage sise of litters -~ 8.7

DAY OF GESTATI(N FBIAL DEATHS NO. OF FETUSES  EO. OF MOTHERS
14 £ 129 8.7
186 8 125 16
16 8 122 16
17 13 112 15
18 2 126 16
19 3 12 18
20 3 120 16
21 2 110 15
22 4] 47 )

Total K 1008 R .G
Peroent fotal dosths - -~ - 4.2
% Average size of litters -~ - 8.0
3
S
O Pre-natal death rate
A
= 9
85
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=
N
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Day of gestation



In tabulating the results, the aversges for cuch day have been given.
The anismls on Diot # 1 (Stoek food) huve beon designated as Serdes I ;
those on Diet § 2 ( Basal Diet plus 2 percent yoast) as Series II and btlmm
on Diet § 3 (Basal Diet plus G percent yeast) es Series III. For detalled
data the reader is referred to the tables at the end of the paper.

MOTHERS® ERYTHROCTTES

DAY SERIES 1 SERIES 1IX SERIES 11X AVERAGE
4 8,139 7,018 6,600 7,852
15 7,204 7,312 2,500 7.272
16 7,887 7,072 6,800 7,288
17 6,860 7,603 G 4,200 6,951
18 8,086 6,669 6,700 7,148
19 5,868 6,824 7,100 6,504
20 7,461 0,428 7,000 6,963
b4 § 6,896 6,142 6,100 8,579
22 Day of deldiwvery 6,900
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AFE ,,s‘a’ j ;nwuif
DAY DIST §1 DIET £ 8 DIRR & 8 AVERAGE
14 88.6 36.8 101.0 98,56
18 99,0 101.2 108.0 101.7
18 97 0 119.6 101.0 106.1
17 P8O 107.6 100.0 101.9
18 8641 102.2 103.0 100.4
:-‘ 96:& lvﬁs.& 97&2 ':"9‘3
20 94,3 082 £8.8 95.4
2l 88.7 98.2 89.0 05.5
22 Day of delivery 101.0
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FETAL LEATES, In the firet serlen, 82 per cant of the fetal
deaths otcurrod on or before the 17th day. In the second series
the per cent of fetal deaths at this tisme dropped to 77 and in
the third series to 7. The aversge for the thres series is 77
por cant. The peak of fetal deaths during this pariod oceurrsd
on the 17th day. Following the 18th day & second incrsase in
fetal deaths took place with a pesk on the 19th and I0th days.

~ The curve of fatal deaths per 10U live fetuses shows no essential

difference froa that published in a previous report (982). It
offers further evidence thmt imtre~uterine erises oceur which
result in & pre-nstal limitation of litters. That this represents
another instance of a compensatory mechaniss is highly probable,

& luck of uniformity in distribution of the meterials necossary
for growth, hemoglobin synthesis, ote. to fetuses in the ssme
uterus will decree death to those lndividuals unfortunste enough
to recelve alnlaum quotes of these assentisle, Boththo sarked
inerease in the rate of growth of the fetus on the 17th day (84)
and the inltiation of movement whieh occurs at the same time (03)
contribute to inersasing the desand for 0xysen and adequato asans
for its vtrm:port.‘ This may well constitute the first erisis. If
the rete of Lron deposit which showed s meried inoreass on the 15th
and 16th days is sufficlent to aset the demands being sade upon it,
the erisis will be pussed. 4 second crisis may develop as the

resull of a discrepancy oemr:ing betwean the rate of liver growth



and that of iron scousulation. Heference to the curves will show
that on the 18%h day the liver showed & marked mmnmsunu
of growth.s It is obvious that unless the towel iron sccumulation is
suffici mtly large it =11l not be possible to maintailn a constant
or growlng concentration of 'm elomant in the liver. As & result
a rather paradoxieal situstion srisve, that is, the total iroe t.l
the liver lnereases but itz concentretion deeresses. The individual
will therefore suffer an lron deficlency in the face of sn inoross-
ing iron deposit. Only those individuals who acquire irom at &
sufficient rate to meet both these erises will be uble to coams

to term. A4 third erisis, involving the fetal iron endowment, faces
the infant after birth. Tuls, however, will be discussed later
under spother subjeet. Thus it wili be seen that & deflciency in
the supply of those ssterials necessary for norasl growth Illlf
develoment will prove to be the effective factor in lilalting the
size of & litter at a time in fetal development when this deficlency
becom:3s the 205% sarked.

Gonsales (54) found that the left cornmu contained 4.5 per
cent more fetuses than the right one, leta from the sxperiments
herein reported show that both corrmu contain practically the same
mumber of fetuzes -~ right, 502 and left, S0l. m death rste for
the two corru is also the same., OF the 4% prenatel deaths, 22
happened in the left cormu and £1 in the right., In this respeet
Gonzales’ results are not confirmed. |

fhe particuiar place in the uams seems o have little

or no bearing inm determining which fetuses will dils. Thirty of



the fetuses dying occupled end positions, that is, were slther
at the extrese ovarian or utsrine end of the tube. 3Six of the
fetuses were found in central ositions while seven of thea lay
in intermediste locutions. The blood supply of the uterus might
lead one %o suspect that the polnt most impoverished would be the
place where the largest number of fetusss would perish. The
srterial circle formed Ly the uterine and ovarisn arteries supplies
the contral portion of the uterine tmbes with blood the most dapleted.
Tais does not correspond, howsver, with the locus where the largest
pusber of Jdeaths oocours

In the three series of animals observed thare seemad to
be an inverse ratlo between litter sise and pre-natal deaths The
largest liiters - 8,1 and 8,7 -~ showed the smallest nuaber of fatal
deaths -~ 1.75 and £.8 per -t-tﬁ;h the saslles’ littar ~ 6.8 -~
was assoclated with the highest pre-natal mortallity = 9.8 per cent.

MOTH7RS' ERYTHAOCITES, In all three series there occurred &
definite decressc in the nuaber of red celis. Individusl differemces
in the thres curves are not very provounced and probably do not
amount to snough to be of statistiesl importance. 4s jJudged by the
red cells, thers appears to be little differsnce in the three dlets.
The averuge drop in red cells during the perlod under observation wes

nearly 14 per cante



FETUSES' ERYTHROCITES. The average curve for all groups shows

8 very definite and steady increase in red cells. Ihe mexisum
reached was 1,800,000, Individual instances were recorded of counts
ovar 2,000,000, The greatest scatter occurred in the anlimels of the
second series. The fetuses of serles III gave the smoothest curve.
The highest red oell counts oceurred in fotuses of mothers recelving
Dist #2. On the 17th day the aversge for this group was 1,087,000
and on the 20th day it hed risen to 1,874,000, Individual cases

wore observed with counts wsll over 2,000,000, Sure (94) obssrved

& concentration of blood with a consejuent lnerease in red cells and
hemoglobin as & result of vitaain B defloiency. It iz w=ll established
that & vitamin B intake restricted to that whlch aay be drived from

& dlet containing 2 per cent yeast as the only source of this vitamin
®ill rot eause beri beri in the mother but will produce this eondition
in her young. Walle gross evidence of this deficlency first becomes
apparent durlng the lactatlon period, there i3 no good reason for

not bellisving that sslailar, though less marked, deficlency could

not be manifested in less obviocus ways during ﬁu.puriod of gestation.
The wide fluetuations in red cells and in hemoglobin during this
period may be manifestations of such a deficlency.

MOTHERS' HEMOGLOBIN, Here, also, there 1s evidence of a Pro=-
gressive anemin, The difference between the initial level and

the lowest levels attained, however, is not very gresat, The enimals
in the third series showed a definite deeline in hemoglobin values
while the mothors of the first two series were able to prevent

any marked losses. Uspeelally is this twme in Serles I. In this



instanee the homoglobin values were surprisingly constant and
fluctusted within very narrow limits. Une cannot escape the
notion thei wvhem & serles of values show so little fluctuation
the yrocesses operating to yroduce them sre not belng subjected
vory seriously to influences that would cause them to deviate
from normslity. The wide varistions in Series II may be aseribed
to at least two causes: (a) the blood concentration d the mother
due to vitamin 5 deficiency and (b) the declining desand being
aade on the aother for hemoglobin building waterials dus to the
marked pre-natel limitation in littor sise.

FETUSES' HYNOGLOBIK. The fetuses in all three series showed &
steady galn in hemoglobln, The curve of the animals in the sccond
series showsd {he moat erratic coursss It reached a level somewhat
higher than that sttained by the animals of the third series. Here
again one seoes avidence of the blood mmtmm asntioned nh?u
in comnsetion with erythrocyte counts. It seems reasonable %o
agsume, in the light of préﬂana experience, that these young
animels are in a pre-beri beri condition. The surve they have
established repreosents the aaximel levels attailned by those who
mare able to survive, ?sﬂmps it represents equally well the
sinlsel levels compatible with the mix;tuuhao of life.

The curve of the group in Series III shows a mors rapid
rise than did those established by the other groups. Furthermore
the curve is more uniform In its ascent, reaches s peak scomer

and shows & deelded tendency to level off. Ihe regulsrity In



the accumulation of fetel hewoglobin in this inatance leads one
to suapeet that the Increass followed sose well-defined plan upon
which no restrictions esure placeds The similarity of the last
three values suggests that the oxygen needs of thes fetus on the 1%th
day and thereafter were satisfactorily met by a hemoglobin saturation
of 72 per cent and thet further incresses were unnecessary. I_m.
a5 in the mothers' hemoglobin curve, thare is evidence of an shility
to mapufacture hemoglobin not msnifested in the other two groups.
This cannot be dues to & richer supply of irom sinee & roview of the
ourves for iron deposit shows that Diet #7 excellsd in this rsspeet.
Adesquate iron reserves are not inconslstent with low hemoglobin
ﬂmﬂmithuhnnh.thﬂ,hthﬂﬂnhnrnﬂld-i
copper, thes body 1s unsble to use iron in hemoglobin synthesis.
Diet #1 is undoubtedly more efficient in  roviding for hemoglobin
production. et #% is relatively deficient in this respect &l-
though it possesses more iron. In view of the preliminary experi-
mant cited above in regard to the value of cabbage extract and
the light thrown upon this b, Hart and his co~workers, 1t does not
seen lmyrobable that copper is tha factor responeible for the
variations in hemoglobin production noted above,

It seems desirsble at this time to repeat the fact
thet the number of red cells and the amount of hemoglobin found
in fetuses at the end of the gestatlon perlod amst be very close,
Lf not identieal, to the valuss found Lsmedistely after birthe
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If this may be consldered true, then soms explanation must be offered
rér the marked discrepancy that cccurs between the blood values at
the end of gestation as tebulated here and those found by other workers
for the beginning of the lactation perled. Surs (95) hes accounted
for differences in hemoglobin concentration in the nursing young

on the basls of variations in saternal dlets. Hentlon has been made
sariier in this paper of the ability to relse fetal hemoglobin by
supplementing the meternal diet with an alcoholic extract of cabbage.
The ability of the maternal diet to bring sbout changes 1in the fstal
level of hemoglobin seems, in view of the results just mentionsd, to
be the most likely explanation of the discrepancies mentioned adbove,
If such powers can be assoclated with the maternal diet, then too
much emphasis cannot be placed upon the necessity of so adjusting the
food intake of an expectent mother thai the developing fetus will be
sble to produce for itself & maximum amount of hemoglobis,

HOTHERS® LIVER IRON CONCEBTRATION, The concentration of iron in

the livers of mothers on all three dietes showed a very dgfiniu
decrease for the last three days of pregnancy. The average for all
the animsls showed an initial iron concentration of 110 mgs. This
concentration iz saintained with surprising success until the last
three days when 1t dropped sharply to 74 sgs. The mothers in the
third series showad the most success in maintaining the initiel

level. 43 a matbter of fact, up to the 19th day these anlmals sctually



gained ip liver lron seturstion. Furthersmore the terminal drop
was not as extensive as in the other groups. The anlmals recelv-
ing Diet #2 agaln showed & very erratic course wiih the curve
finally reaching the low leovel of 68 mgs. This is a further
demonstration of the struggle occurring In the saternal organisa
between the forces of iron mobillisatlon and those concerned with
the saintenance of the minimal iron concentratlion eoapatible with
life. mwormramumm-mumwm_
mstarncl orguniss up to the point of development of & severe

anemin, Presumably, howover, there arrives a point in tho depletion

of matornsal storss below whieh iron csonot be transferred to the
fetus in adequete asounts with the result that it dies. BSuch a
conditlon is represented on the 17th day in the asternal iliver
iren concentration and total liver irom curves, It wiil be
noted that at this time & sharp rise Iin aslersal iron cccurs.
It is associated with the time of greatest fetel mortelity.
The sudden reduction in iron demsnd thus brought about produced
& backward uurga’iu the flow of irom to the uterus with the re-
sultant sffect of & temporary rise in the msternal liver.

There are several factors vhich exert an influence on
liver iron concentratlon. One of those ls the size of the liver.
The mul‘im remainlng constant, lta coneentration will drop as

the liver increases in slze. Hafersnce to the curves showing

‘liver size reveals the fact that in all inztances thoere occurred

an lnersass in the size of the liver. sAnother factor is the
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trapsfer of iron from the maternal tissues Lo those of the fetus,
Refersnce to the appropriste curves shows that this ccourred in
noarly equal amounts in all three groups. 4 third factor is the
abtliisation of msternal iron for the syntheals of hemoglobin in
the fetal tlassuss. A fourth factor is the presenes in the maternal
dlet of avallsblie iron md other essentisls such as coppsr which
are nocessary in h!.ned‘ building. |

mmn@-humtmmu-umm
day that oeeurred in the mothers of the first series finds {ts ex-
planation in the drop in liver welght that occurred on the same day.
Likewlse the extensive drop in iron concestration in the livers of
the aniasls on Ulet % i3 sccounted for by the marked rise in liver
size that occurred atl the same time. Ihe total trenfer of fron
froa the mother to the fetus 1z prectically the same in all three
instances. This would miniamlisze the offect of this faetur on mstermal
liver iron concentration. The third factor has & definite lnfiuence
on maternal liver iron conecentration, It has besn pointed ocut slresdy
that the fetuses in the flret serles wore zble to develop the most
hemoglobin of ths three groups, IThe utiiisation of msternal iron
for thls purpose would, in the firat seriss, sid to the maternal
depletion while in the third series it would have s sparing action.
This is pofiscted in the slight increase in maternal iron conesntra-
tion in this series. |

The infiuenee of the fourth factor 1s difficult to assess.
Dbwiously the benefits to be derived from Dist 7% over those ecoming

from the use of Diet #% must be aseribsd to the larger amount of
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yeast. The Influsnce of ysast in correcting sneals of nutritional
origic hus been so sdequately treated by Parsons (£7) that it will
not be necessary to dlseuss it here, The differences detween Diet
ﬂmmtuﬁwﬂmawmoﬁ-ﬂm The chief purpose
of this paper is not so much to sssign specific bemafits to parti-
cular factors, although this may be possible in meny instances,
but rather %0 Jemomstrate thet chenges in the matarnal diet are
responaibls for differences in etal hemoglobin production,

A question arises as to shich represents a batter index
of depot irom, -~ the liver iron concenbtration or the total llver
iron., leference hac already been made to a statement of Fhipple's
(£7) that contimuned blesdlngs will not reduce the liver iron of
doge below 20 to #5 mgs. per cente He spoke of this &s the "irre-
duelble ainimum®, The irreducible minimum as faor es iron concentration
is concerned represents & constant figure. No such estimate of total
firon is possibles becmuse of the variation in size of livers, It seems
such sore appropriate, therefors, to think of depot lrom in termes of
iron concentration. Ihe amount of iron avalleble for transport to the
fotns or for other purposes outsids the depot will be that asount

over and above the lrreducible siplmm., The rate at which the iron

~ concentration drops will give some ldea of the total cuantity

avallsble.
#ith such considerstions as the above in alnd & revisw
of the iron coneentration curve of the mothers in Jeries II wi1il

yield Intercoting inforsstion. The irom concentration on the 17th
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dey was 120 mgs. per cent. Four days later it dropped to 64 ugs.,
exaetly one-half the original smount. Tnis represents the most
repid and extensive drop of the three serles. Since the iron en-
dowment of the three serles of fetuses was nearly identical, the
conelusion 1s justified that the total maternal lron was quite low,
haﬁnmmhullm!umnmmthﬂmcum‘
ﬂnlﬂnrdlbiliﬁdthhthtﬂhﬁhmhtﬂlfnhv
MrﬂmutﬂMtlmhﬂhh-dbnhuhlhm
m“mﬂummman-Lmﬁpoﬂ—um
death rate. hllﬂﬂtf!‘lltﬁhﬂ!“lﬁﬂﬂﬂi‘llm
nﬁnm.urladmmwthhhrlhﬂm-mﬂ
aneaia,

FiTUSES' LIVER IRON CONCENTRATION, Thnp-tnrlm“-tnﬂu.
nwnmnm-muum-u. The average initial iron
concentration of wmothers' livers mes 110 mgs. The finsl concentra-
Mofimhthhhlummwm.ﬂhutnrh
mothers' was 74, From these flguree it will De sesn that the fetus
is sble to bulld up & maximus iron concentration in 1ts liver to
-im.lﬁulanfthutottbn-uﬂ-ruﬁtht,byt.bl!-dofth
gestation period, itmuudthuthu'tmbgﬁmmt.
On Diet 4% the fetal livers reached their nighest eoncentration
ath-l?thw;mmwflthuoonrndmmuthm.adu
Dlet #2 on the 19th day, Ihe snimals in the second serles reached
the lowest liver iron concantration of the three groups and required



8 third leas time in which to sccomplish it. The fotuses in the
third seriss were able to initiate a rocovery in iron conest tration
before the end of gestation. This wes due to the large maternal
resorves; the acquisition of & greater total amount of irom; the
production & less hemoglobin and a smaller inecrease in liver size.

The influence of copper in hemoglobin production has
already been sentioned. Tithout this minersl in proper quantities
the iron remsins locked in the depots. It tends to lucrease in
these places due to an lnadequate oullets Jtroms and heaoy lobin
production in the fetal liver entalls = certain amount of setabolie
sctivity on the part of this organ. If this sctivity is lucking .
or diminished in amount it is reasonable to nssume thut there would
occur corresponding changes in sizes Ihe ssaller incrsase in liver
size In the fetuses of this s rles may indleate a deficlency in
activity of this sort and partially sceount for the groatsr con-
centration of iren,

The average curve for fetal iron concentration shoss a
decline boginuing on the 18th day. OCince the total iron is in-
ervhzing at this time the decline must be due to 2 rate of liver
growth greater Shan thut of iron acquisition. Incrsases in the
rate of hemoglobin production would slse be effective in altere
ing liver iron concentration. The curve of iron concentration for

the animals in series three shows a second rize boginning om the
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&0th day, hnhhmufth-mur&udnmmm, he
nhﬁmtmhmhmuuhmtuﬂnﬂ-mtnz
Mmmth'unftbmxuﬂunnnmm. This 1llustrates

negessary for its synthesis,.

SOTHERS' T0TAL LIVIR IRON. The aversge curve for all thres groups
MnhtulIriHhhm&mumL!&dqhmgmm
total recorded. fference to the individual curves shows that the
animals of the firat and third seriss were the only ones capable of
showing this initial rise. That this does not represant an iron
acbllization becomes avident when the curvas for livar gize are
examined. The mothers of the third series were sble to bring sbout
& gecond rise in liver iron which took plece on the 15th day. There
is ulaso & corresponding inersese ia Iiver size n' this time, The
correspondencs between total liver iron snd llver size lapresases

one with the fact that,v concentration remaining wnaffoeted, the liver
iron mst increase as size lnorsases. A drop in total iros along
with an lnersase in liver size will be reflected by a greater decline
in lron concentration in the iiver. The removel of maternsl iron

to meet the requirements of the fetus will accentuate this decline,

FETUGES' TOTAL LIVIR IROH, All thres groups show a fairly uniform
incresse In total iiver iron., The wmsximum amount sequired waa slightly
grester than 40 mgs, The group getting Diet §% was eble to store the
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aost iron. It has already beam pointed out that this represonts an
iapaired outlet lnasmmeh as these animala were unable to produce as
such hemoglobln as those lu the first series, The high degree of
uniforaity in the three curves indiecates that the factors controll-

ing the transfer of iron from mother to fetus differ froam those involved
ir bemoglobin produetion. In view of the higher pre-natal mortality

in series II and the similarity of the three curves 1% ssems probsble
that the higher feotal death rate 12 not diveetly related %o iren
transfer but {o sose othsr ovent sssoclated with iren sueh as hemoglobin
synthesls, The sudden and transitory rise ln total iron in the fatuses
of sories II which ocourred on the LVth day as the result of the high
nuaber of deaths at that time shows the flexibllity of the adjustments
rogulating this transfer, Hxch fetus may bs pletured ss a minute pump
whose duty 1t 1s to abstract from the matornal blood a certein amount
of iron. The sctual smount removed will be deteralned by the minlmal
requiremsnts of the fotus and the richness of the maternsl supply.

The fetal requirements being uniform, the amount of iron removed must be
uniform also or the fetus will dle. Thus 1t will happen that sach fetuse
will receive irom at & fairly uniform rats but the nusber of fetuses
will depend upon the richness of ths maternal supply. SHuch a coneept
will axplain the siailarity in the fetal total liver iron curves and

the variations in litbter size.

HOTHTRSY LIVIM WEIGHT (Dry). In gemersl there is a tendency for the

matomal livers to show an increase in size, This aay represent &



compensalory hypertrophy. At any rate it has an adverse offset on
ilver iron concentration, The only way to offaset this is to laersase
the avallable iron in the assternsl dlet.

FETUSES' LIVER WEIGHT (Dry)s  In all instances the fetal livers
bﬂnhwﬂ.uhuuuihll!hdﬂ. From this time on welght
increments were very rapids. The marked incrsase in sisze of the liver
mm:mmmummm-um
u-orumtmuummuquuuuwmm
iron. mmMsuhMimm!mtwpﬂuduum.mm
The fact that the fotuses in series I showed the loast 111 effects of
these three conflieting factors is further -vidence of the quelitative
and quantitative laportance of the maternsl dlet. The surve of iiver
growth of the fetuses in all three series 1s similar to that established
by Gonsales (84) for the antire body. The curves for body weights,
liver welghts, total lrom, hesoglobls concentration and erythrocytes
are quite siallar, It is probsble that the seans for blood production,
m-tmvﬂmmwmmmmmmum»
tlssues for growth and ectivity develop in an emtirely perallel manner.

FETAL COBDITION IMMIDIATELY PRIOR 10 BIRTH.  Flve females were maintaimed

on Olet #% until the onset of labor. They wors then anssthetiszed and

the fetuses examined. The results are indicated in the charte by stippled

liness The nusber of red cells showed no further Increase. Ibe hemoglobin
continued to increase st the ususl rotes There was aleo & continustion

of the gain In iron concentration and in total iron although the latter
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had deersased markedly, There wae no FPu-ther gein in liver woight,
During the last twenty four hours, then, the fetue mede an aotual
gain in depot lrom and in hemoglobin, The changes in the mothar's
ware mich wore msrkeds The hemoglobln and red cells ilnersazsd to
levels almost squal to those st the begloning of the period of dserve-
tion. The iron concentration of the llver snd the total liver iren
showsd s resarkable gain. Purthermore these ocourred in the fece of
& distinet gain in liver weight. It seems gquite obvious from these
figures that the repid improvement in the mothers' condition which is
usually noted post-partum actually is Initiated s short time prdor

to delivery snd that thoss changes incldent to the onset of labor

at :irschadﬂu.‘ua stop the galns belng mede by the infant.

IRDIVIDUAL VARIATIONS IN LITTER-MATES, For purposes of diseussion,
euly ons litter will be selecteds Other exampies msy be seen in the
detalled tables at the and of the pepers Ihe figureas below ware
provided by 17 day old fetuses froa femsle #74 of the third series.
The arrangesent of the figures in thmul-:hmtin%h
convey the idea that the viluse found in the seme line were provided
by the same fetus. ¥hils thic is true for the red cells and hemo-
globin, 1t {3 not so for the liver iron,

«570 5 P26
« 250 i4 48.78
650 B 15%.0
«BUOU b BZ.0
HED -4 997
»660 bt 99.5
« 470 &8 105.8
«530 - 0 118.0
«410 4a 8I.%
« 270 22 .1



Purpossly avolding the extremess, it ®ill be noted fros the sbove that
the hemoglobin verled from 22 to 39 per eemt; the red cells from $50,000
to 650,000 and the irom from 52 to 115 mgs. per cent. The fotus cone

taining the least amount of hemoglobin did not neceasarily hove the fewest

red cells. The iron concentration was just as ilrreguiar. 1t peens
apparent from these results that the factors regulating these different
activities set lndependently of esch other, There seeams to be no
correlation botween these valuss and the position in the uterus or the
cormu oceupied. Froa the aveilabls evidence, the distribution of these
velues seems %o be mors fortultoms than othervise. Ths position of the
fotuses dying in utero suffers the same irregularity. ¥hile aneals
with ite Mmtwmuwmmmihulwhmmimm
of fotal death, no reason has been dsvaloped to explain why one fotus
should succumb to the o eration of vhese various lathal factors while

anothar escapea,

DISCUSSIONR

The study of the three "pregnancy diets® herein reported
offers several reagons for balleving that still further lmprovements
are upchl;a of being effecteds In the first plsce the red cell counts
and the hemoglobin precentages of the fetuses at the ond of geatation
are not at the same lovel as the sarly neo-patal values reported by
other investigators. OSecondly, ovidence was presented in this raport
that the simple addition of cabbage exiract was sufficient to reise the

hemoglobin from 72 to 68 per cent. IThere 1ls resson to believe that



thls 1z evidence of a coppor defleionaye Turther sorrobeorstory proof
of the insdequsey of the dlets studled is provided by the following
observation. Pifteen of the 42 females used in the first series received,
uuﬁdlumtaﬁhtﬂ,sﬁnormutm mmm1mm
of the animals that received the wheat gors diff-red in no respeet from
thos: pot getbing this addition with the possible sxception of the
wothers’ hemoglobin, In this instance there was a allght lnorease, The
ehlef effect of the whoat gers sdditlon wes observed in the pusber of
fetal deathse Of the aix fotusss dying in uterc in this series only ome
belonged to & mother getting wheat germe It is balleved that this ob-
sarvation should be gonsldered as suygestive rether than ss cwnclusive
although the number of animsls observed - 344 fetuzes and 42 mothers -
should lend conasldersble seight %o the finding.

The nutritionsl diserepancies in the throe dieteriss
studied seems to involve copper, lron, vitaain B and vitamin B, iny
benefit derived from the use of thess dlets can be aseribed for the
®ost part to Incroases in iron and vitaaln B, Muture work, involving
hunmriuufmiﬂsndwlumunmalmufw

iron snd vitamin By, must establish the values of coppor and of vitamin

Pa
he ability of the organism to so adapt itself to changing
conditlons that 1t ecan continue tremspurting oxygen to ths tissues in

adequate anmounts La notihlng short of survelous, Hotwlithatanding the

exbraondinary flexibility of this adaptive sechanism thery are iimite

bayoud whish 1t breaks down and the contimuetion of iife becoses lspossible.



The tenscity with which the orgunisa holds on to life after the
coapenasting mechanism has broken is {llustrated by the willingness

it shows to endure relative degrees of oxygen !.hmtinn, reduction in
funetlonal eapaclty and other kinds of departures from normslity. Ine
inevitable appearsncs of desth, however, shows that sven this adapta-
tion has its lisits,

The trenafer of oxygzen by the blood to the {lssues in
amounts ndequate to meet their needs iu dependent upon sever:l factora.
The demand for an increased amount of oxygen is ultinstely nmet by an
hypertroply of the erytivon. The devalopment of & polyoythermia is
sot posaible in the face of a defliclient reserve in those materlials vec-
essary in the construction of rod ceils and hemoglobln. PMurthermore,
an inerease in the number of rod cells without a corresponding incresae
in blood volume will resuli in & rise In blood visoosity. This will
place an added burden on the heart.

As already mentioned, the chief veriations In the diets
studied resided in the iron and vitamin B quotsas. OSmall wariations
ia copper sni vitaaln E undoubtedly hed sose influenee. The chief
complications liable to grow out of these ®changing conditions® ere
thos= associated with the appoaranee of ameals and of beri beri. The
decreased ablillity of an ifapoverished blood stream Lo carry oxyzen
is apparents The part layed by beri beri is not me ab‘vinul. fhen,
however, one ragalls that tho heart 1s one of the chief structures

damaged by & lack of vitaain 5, the detrimentsal influence of berl bderi
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a8 & odsplication becowss apparent at amoe. It has alresdy been pointed out
that when the blood hemoglobin drops below a certsim level - 50 per omnt in
hwans - the cardise output per minute must inorease. In the cardise dasage
assooliated with beri berl this rise in work perforumnce bscomes increasing-
ly difficult. (o the other hand, in the presemce of fetal polyoythemia and
sn inereased blood viseosity, there still resains an incresse in labor on
the part of tho heart. Thus it will be seen that in either extrese the
hoart has an mdded amount of work imposed upenm it. If it is suffering from
MWMu-MtdﬂMDMMhW
of fotel doeth from anemim is scoentuated. If the deficiency is in vitamin
B alone then the narmal inoresse in blood viscosity will, soomer or later,
cause death from ocurdisc fallure. In either case the fetus will die of
asphyxia and those ehangos essoeiated with fetal asphyxis will develop.

The oxygen saturutionm of fetal blood indientes that the pressure of
this gus in the plecental blood is below the limit usually set os com-
patible with life ( 80 per cent saturated at a ;ressure of 48 ma.). This
constitubes the initial stisulue to fetal heuatopolesis. The hemmtopoietic
tissues do at least two things. They produce more red cells and hemo=
globin. The hemoglobin appesrs to be in two forus, - ome that resesbles
adult hemoglobin in its oxygen dissooistion curve and another distinctly
different in this respect to which the nens fetal hemoglobin has been
given. Ferheps, s Bareroft suggests, the type of hemoglobin differs as
the tissue producing 1t differs. Thus thers would be hemoglobin of the
adult type produced by the bome warrow; hemoglobim of the fetal type
produoced by the iiver and spleen and musole
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w,lmﬁﬂ#m:w-ﬁhum
‘ An incresse in red cells is not necessarily followed

by am corresponding inersase in hemoglobin although this is usually

‘what ecours. In the experimemts reported in this atudy no great

disparity in thase tso was poted. If there were adequste supplies
of bullding asterials, the demand for groater oxygen tramsport
was met B an inereased output of red cells and hemoglobin.

In vier of the various funections of iron that have been
utfﬂhﬂlpﬁ,mw-ﬂhnhﬁdh
the stores of this mineral that must be built up in the liver. It
goes without saying that a corrssponding suantlity of copper must be
availabls alsos. The nced of nuclear material for lrom placess e
grovth value upen 1t. The jresance of iron in intra-cellular eyto-
chrome asslgns to is great importance in intra-cellular exidations.
The necessity of iron in the three types of hemoglobin mentioned
amskes 1t irdispensible in oxy:zem transport. For these reasons sn
iron reserve must be develo.ed im order to enable the fotus to success~
fully overcome the various natural crises that 1t must mest elther befors
or after birth,

Fot all of the Liron found in the iiver can be regurded ac
depot iron. Prosmamably the same holds true for the apleen. A esrtaln
portion of this iron represents integral perte of the csllular atructure
and represants what Fhipple was plessed to call "the irreducible ainimum®.
hecording to him, iroc must be present in execess of some 20 to 285 ags.
per cent before 1t can be considered depot lron. Fven though iron may

be present in the depots in amounts greater than the irreducible ainimum



before it can be used in hemoglobin production, further stipulations
—.rtbont. Two of these demand the presence of copper snd the
avallabllity of what Castle calls the "hematinic prineiple®, ¥hipple's
work suggests that there may still be another factor nascessary for the
unlocking of these iron reserves, ¥ithout these materlals the depot
iron iner-mses for lack of an outlet snd there 1s brought into exis-
tence the paradoxiesl situation of large iron reserves with low hemo-
globin lovals,

Variable amounts of vitamin B in msternal diets will
invariasbly deerse the development of beri berl in those letuses or
mmwymm;mummmumnmm
nocessary for protectlon from this defieieney. The tragic thing about
this situstion is the failure of the mother to manifest sny gross in-
dieation that sueh a deficlency exists. She does not develoge clinical
mma.rm:mwmuuhcm,-mmmm
assoclated with this deficlency the disesse 1s so far advanced that
therapy is of little or no avail, Mmmmihnlr
ones to employ. The vitemin B intake of the mother must be increased
almost 4UC per cent dove her own protective dose in order to insure
protection for her offspring.

There are at lesat three erises that must be mset and
passed before the baby can be considersd aa having & good chemes to
survive the nursing period. The first of these ocours on the 17th day
of gestation. At thls time the first heevy demand is placed upon the
irov deposits. This is due to the inltiation of movenant, the sudden

inerease in rate of body growth and the conseguent need for more blood
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hesoglobin, nuclear qm-;\. atce If}tha streas of iron coaing from
the mother coupled with the lron umrd_in the depots 1o sufficient
to met this noed the fetusz will cantinue 1ts exintence and coms to
the time when 1t must fece the second erisis. Ihis 1o brought about
by a marked incresase in rate of liver growth which occurs on the 18th
days Theres doss not seem to be a compensstory increase in the rate
st vhich Lron 1s being resoved fros the mother. The demends alresdy
established continue with the result that the liver iron decresses

in concemtretion. B3y growth dilution the dapot irom 1s reduced in
the face of an incresse in total iron. If the initlal supplles are
sufficiont to mest this situstion, the fetus is permitted %o go on

to terme The first crises takes out sost of those with minimal reserves.
The ascond crisis takes out a small intermediate group.

Tie foh'numm to term have boen reduced to those whose
blood streas has proven 1tself sdequate to meet the demsnds of oxygen
transport placed wpon ite Ihe aly test to which the lron depods have
been subjected have been those lapos~d by the heaatopoistic tissues
and the roquirements of cell division. They w have aet these tests
with & large reserve or with one extremely lowe. In sither svent the
fatus is born snd the third erisis develops dus chiafly %o the abutting
off of the supply of lron from the mother, The time of sppoarance
of this erleis will depend on the amount of depot iron, on the guantity
of iren regained fLroaz the blood due to the change froa fetal pol;rqzt-bm,
on the amount of growth dilution, on the demends for Incrsased oxidation
by ureater activity and the requ.reaents of temperature regulatlon and,

finally, on the amount of iron received in the food.
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Varistions in neo-natal le-l-rhiiwﬂuh
closely related to the amount of iron that iz msde availeblis to the
infant through thst perlod when 1t is dependent upom ailk or other
iron-~free foods for its nourishment. While there need be no partieular
'uminrqudhlminnptmﬂhhmuum
this does not hold for the chlld who comes into the world with & bare
minisen, What is about to be seld concerns sn latermediate group - &
group having a large enough iron reserve not %o fall prey %o the first
tso erises and, perhaps, not -veam the third one, tut nevertheless a
m:hndmtirmbwluuphummm-iﬂﬂhmﬂ
elasss These individuals, sven before birth, suffer froa asphyxise
This results In sn ilncreassd eapillary perseability with resultant
perivaacular hemorrhages. Ihie conditlon has been described elsevhare
(86)s Arside from the changes ineident te bleeding in various purts
uiuw.mmumtmrm-mwnwu
rezplratory lnfections., These conditions alone preseribe & very pre-
earious sxistence for the infant born with low iron reserves.

Agide from z better understanding of some of the causes
of early infsntile deaths, the chief value of & study of this kind liles
in the demonstration ofmmormtmum»hml diet has In
ensbling the Jeveloping fetus to acqulre the essentisls for its exis-
tences Almost as important as this is the reallzation that there may
'htmtuﬂlﬂm&ﬂmtimmé&ﬂtmwmﬂ
birth, unless 1t be very low, will give no indicetlon of this. Out of
a full approciation of these facts should grow 2 realisation that a large
saving In buman life may be aade by pineing emphasis on the proper feeding
of sxpectant mothers,
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CONCLUSIONS

L. Seventy seven per cent of fetal deaths oecur on or before
the 17th day following insemination, Ressons have been advanced for
believing that this is due to fallure on the pert of the fetus %o sequlre,
or of the mother to deliver large enough quantitiss of irom to provide
for the needs of growth and sctivity both of which are grzatly accelsoruted
at this time. A second moderate rise in fatal mortality occurs an the
19th day due to exhaustion by growth-dilution of mmsll reserves of iron.
e The number of fetuses developing in eech cornu 1s exactly
the same. The death rate among the fetuses of sach cornu is identieal
also. The posltion of the fetus in the uterus in relationship to blood
supply, ovaries or cervix does not seem to have any bearing on fetal
msortality. '

e The amount of yeast in the diet - other factors being con-
stant - has an infiluvence on litter sise. ¥With 2 per cent yeast the
litvers avoraged 8.8 and with B8 per cent tho avorage waa 8.7 per cent.
The sise of the litter is direetly related to fetal mortality. The
litters of mothers recelving the £ per cent yrast inciusion lurfu_-ul

a msortality rate of 9.5 per cent while those whose mothers got the 8
per cent guota had s death rate of 7.8 per cents Although direct
evidence is lacking it is probable thabt the deaths were dus to asemia
and beri beri.

4a Thers 15 an anemla which developed in mothers during pres-
nancy. It grows worse as yestation advances. Ite severity iz correlated

with the diet - the better the diet, the less severe the snemia. A diet



contalning 8 per cunt ysast appesrs to snsble the wother to store up
& greater iron reserve than oeccurs with a lesser amaount. Yot it 1s
defieient in & factor possessed by the stock diet whieh promotes the
utilization of iron for hemoglobln synthesis. /Anlmels possessing

& higher liver iron do not necessarily have high hemoglobin levels.
5e There was a steady rise in the pumber of red cells and
the quantity of heamoglobin irn the feotal blood during the last seven
deys of gestation. 7This rise waas smintained even at the cost of
fetal livess The curves established by the poorest diet (£2) pro-
bably represant alniasal values balow whileh 11fe cannot be sailntained.
The best of the three diets herein studled 1s susoeptible to further
imtdnuth.mm"iﬂl-dh-qhﬂn!Huunu
decidedly below thomss obtained from the newly born young of mothers
receiving bottar diets.

6o High valuos for red cells and hesoglobin exist in the
pro-beri berl state, This 1s sisleading sinoe it aight be interpreted
&8 representing a normsl condltion instead of one growing out of blood
eonceniration.

Te The mothars showed a temdimey to suffer a reduction in
liver iron concentration throughout pnmﬁyg The better ths dlet
ﬁommm.mu-uummulm concentration.

Ba Or the three diets used, the fetuses were able to build
up aliﬁr iror concentration close to 10U mga. per cent. The better
the dlet the sconar and the higher the lovel attaineds In gmeral
the iror concentrmilon declined from the 16th day emwards. This wes
due %o a greater mate in liver growth tham in Lron deposits The
anluals of the third series showed a declded ability to change



declining velues into ascending ones. There was a declded difference
in liver iron concentration just prior %o blrths The highsst values
were found in those animals whose mothers received the best dlets. The
fotus sus able to bulld up a liver fron soncentration greater than that
of its wother.

EN On the whole there is a definite temdency for the maternal
liver iron to dec¢rease &3 prugnangy advences. IThe better the dlet, the
lass the decroase. |

10, The greatest increments in fetal iron began on the 17th day,.
The total acquired was nearly the same in all three ssriess This was
sccomplished at the expense of fetal livers. The comstaney of the fetal
rejuireasnt and the variablliity in saterpal supply could work out in

no other way. Iuls eonclusion ecoupled with that above in regard to the
ability € a good muternal diet to snable the mother to bold high liver
iron values places the respopsibility for the fetal deaths hereln des-
cribed directly upon the quality of the sothers' food.

il. There i;s s slight bat ‘&oi‘miu Wmtv for the smaternal
livers to becume larger s prognancy advences. Ihis say be & compenss-
tory hypertrophy. It serves to reduce the liver iron concentration

and therefors the amount of depot irom. It creates anoiher resson why
there should be a plentiful sup)ly of iron in the maternal dist.

1Z. The grestestaccessions to fotal liver welght bugan on the
18th dey. Thls is in ssrked contrast to the curveg for red cells and
hemoglobin in that the latter bogan thelr ascent ox the 15th and 16th
dayss The latber constitutes the first drein on liver irom sund the
former the second.
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18, The rapid improvement in the sother usually noted
post-partum vas actuelly initisted ehortly before delivery, The rapid
growth of the liver, the ineresses in red cells and in hemoglobin
ogenrring in the fotus was stopped by the changes Incidemt to the onset
of lebor but the deposition of iron continued, This iron was not
derivad f'ru- the mother, at least not in such iarpe quantitles since
ner liver iron showsd a sharp rise. Itumpnhn-muni
derived froa a beglaning hemolysis of fotal red cells whieh is imown
h-.inhrufnﬂqiufhr}hlrﬂ. These changes may be considered
#n sntielpatory of birth.

14, Individual variation in liver irom, rad cells and hemo-
globin in iltter-mutes was quite sarked. Pre-natal deaths may be
limited to those individuels having unusually low values. Whether

the distribution of these low values is purely fortuitous or dependent
upon genetic or other faeciors poorly understood cannot be said.
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g f‘fl 1

708

716

4666

671

# This represents total for fatal

RED CELLS

5.41
11,2 035
L3, 4 L55
L5,6 «3100
.2 « 08B0
R3,4 120
T .49
EX,S «32
.2 Renmorbed
R1,2,3 «130
6.92
1,2, 3 10
Rl,2,3,4 08
1,278 .,
L3,K1 «10
R2.3, sdd
7.98
1,2 +U8
13,4 209
15,6 +08
Rl.,2.5 - 3

2%
HB

8%

4%

2%

6%
5%

YEAST DIET

LIVER

1.6924

1.89358

1.5188

1.5480

1.,3345

livers

14 BaAY
Wi, 6, FE & DRY wT,
147.0
*,0174 45.5
128&1 y
#,0211 31 .6
147.1
*,01450 18.3
80.0
*,0322 48.0
117.6
#0429 24.7

108
T0TAL FE

2,2108
®,00764

Z.4241
®,00666

2.2%42
*,0028

1.2380
*,0156

1.5680
®,0106



MOTHER FETUS RED CRLLS

#714

#7231

#718

7669

#6756

* This represents totel

Li,2
13,4

Rl Resorbed
R2,3,4

11,2
13,4

1.5 RBesorhed

16, Rl

RZ2 Resorbed

L3,4
®l,=z
13

B4 Resorbed

Ll,=
13,4

1,

<

£3,4

-8l ]
¥

- @ W @

U*CEEN

o

@ DD o W

»

6.87

8.42

7 .23

6.96

6.38

W17

23

16

L s
- by

o g
@ %

16

-3

o 4
B35
ead

22
«16
17

5
o

»1 3

.10
el 0

2% YRAST DIBT 156 DAY

Hi LIVER WI., NG, FE % DRY wT,

96% 1.5071
13% #,0448
114
10%

101% 1.8316
9% *,0474

104% 1.5923
115 *,0490

100% 1.%002
10% ®.0768

105%  1.8227

4%

for fetal livers

138.%9

87.2

89,0

133.3

109
JOTAL FE

2.,08336
35.1 *,015%5

1.59720
32.9 *.0156

2,056720
ot . 8 *.01904

1.58400
39.8 *.02976

Z.42800
41 .2 *, 0392



L

MOTHER FETUS RED CHLLS
4700 7.10

) 9% | o0

1z 22

L3 i.01

L4 1.08B

1.5 +61

"l « 91

Re 1,09
#8696 G .80

Li,.= oG4

L.3,4 07

L6,6 +50

Rl.,2 «67
F695 6.57

Ll e 1.

1.2 Hesorbed

"l i 50

R2 Hesorbed

R3 - 4

F,4 ) | &20

15 Resorbed

Hé - 02
#6676 6.87

1,2 o &

K.,3 - 5

R3,4 = |
§677 792

L1.R I

R2,3 o 2T

12,3 Resorbed

F This renresents total for

(?)

These seemed zo aberrant
It should be remembered,

YEAST DIET
Hi

12018
3%5%
32%
40%
30%
21%
52%
37%

1078
28
325
283
20%
1108

" ]

20%
19%

ok

5%

25%
145%{7)

10%

g

idp
6=

116
i2%

newever,

LIVER WT,
2.1334

2.19286

1.7141

1,063

1.6504

fetal livers

16 BAY

98,0
#,0805({7)

75.8
* L, 0625

76.9
*.,035

137.0
*#,0512

128.2
*,0494

M3G. ¥E % DRY wT,

142.3(7)

80Q.0

&8.8

-

110

TOTAL ¥B

2.14200
*1.,136(%}

1.66199
*,04598

1.31814
*#.03108

212800
*,00682

2411500
*,01436

that they were omitted from the averages.
thet these values may be alright

in view of blood concentration occurring in Vitamin 3 deficiency.



2% YEBAST DIBT 17 DAY 11
MOTHER FETUS RED CRLLS MB LIVER WY, MG. F§ % URY WT. TOTAL FE

701 6.17 06% Z.,04606 84.0 1.71800
L]l Resorbed
= 12 2,66 7% * 2833 02 .9 » 2917
2 1.63 675
14 2,36 604
Rl . 2.4) 18%
Re 2,38 725
| B3 .62 50%
R4 1.69 845
| .
1694 ‘ 8.38 1075 2,393 86.05 2.05%2¢
' _ . 11 Resorbed
12 Resorbed
n 1.23 355% *,02066 06,9 *.024b4
|. A2 1.24 294
| R3 lesorbed
r&DQ ?.Bﬂ 1145 1.3974 122.7 1.71460
il lesorbed ,
; L2 Resorbed 2
r 13 1,32 47 % *. 0671 9.0 *,06643
14 1.01 38%
| Rl | 1.38 45%
R2 1.50 46%
| R3 1.27 40%
1673 7.736 1132 1.3281 190.4 2.52600
11,2 e 76 18k *,0423 68.1 2. 02600
. 14,4 +160 13%
' Rl «200 . 8%
. R «2 82 &5
RS Resorbed
678 8,360 109% 1.3477 158 .4 2.13000
11,2 +408 157 %,0318 69.8 *,02222
L3 + 360 145
L4 + 240 12%
L5 Resorbed -
Rl 004 155
RZ Hesorbed
R3 Hesorbed

) This represents total for fetal livers



UTHER FETUS

697

704

nm

670

654

RED CEILS
725

Ll » 54
. L2 hKesorbed
L3 1.06
L4 "?
Hi -
B2,3 <l
R4,5 .40
o » BB
¥ +41
T.24
i 1.80
12 1,65
L3 B8
4.8%
Ll +B7
LZ Resorbed
LS 7
Rl 96
R2 .95
R3 =k
R4 L6
RS 1.03
ne « 10
7.656
i # AGO
L2 + 370
L3 <73
1»'4; .60
Kl 5l
Re .64
n3 .57
R .64
6.310
Ll 137
1.2 1.04
L3 i.18
A l1.62
) 1,890
B3 .66
hdé 1.02

This represents totlal

2% YEAST
KB

106%

LIVER
2.2740

1065  1.8300
57%
30%

.3

92% 1.6661
42%

33%
49%
41%
40%
304
48
354

108% 1.3671

215

19%

31%

3%

17%

165

31%

100% 1.5399

33%

10%

315%

d345%

39%

39%

25%

for fetal livers

DIET

WY,

*,0784

*,0867

*,0883

#,0668

*,0812

i8 DaY

113.6

104.2

162.0

123.0

79.0

MG. FE % DEY WT.

&£6.7

1i9.3

108.7

=

=
t-’.‘;‘d"

&1 .5

112

TOTAL ¥E

=.58340
*.0680

1.90680
*,10356

1,69942
*,09600

1,68100
*,04165

1.21700
*, 06620



JOTHER FETUS

7698

#1718

122

f668

674

Ll
1<
L3
Bl
H2
R3

Alss
R3

1l
i
R2
R3
K4
RH
R6

Ll
i2
L3
14

Kl

6,02

7.09

RED

CRILS

2.60
1.93
2.28
1.648
2,10

Besorbed

1.21
i.18
1.82

Resorbed
Hesorbed

8,07

6.62

G.12

1.6
1 ﬁ?.i
1,46
.58
1.32
1.33

1.51
1.42
1.14
1.26
1.39
1.07
1.01

1.69
.81
1,35
8%
1.08
ik 46

20

B
1105

YEAST DIET 19 DAY
LIVER WT., MG, FPE % DEY %wT.

1.8215 65,2

5%
TGk

101i%

99%

10950

107%

745
704

1
6ok

#,1886 103.2

1,6346 126.0

624

T35

1.9364 87.2

545
4%
32%
38%
51%
51%

45%
35%
29,0
347

38k
38%
44

38%
10%
12%
29%
165
495

*,1534 87.79

1.4570 100.0
*,1061 84.20

1,7250 147.0
*,10096 66.1

® This represents total for fetal livers

113
TOTAL FB

i.18762
*#.,1048

£ .04320

*,1008

1,68850
¥*,3800

1.48%700
*,0893

2.53500
*,0724



OTHER FETUS

09 Ga.44
Ll 1.8%
L3 240
L4 i.87
s 1.86
L6 2,31
17 2,59
K1 2 24
mz 6.68
Ll 2.81
Le % .00
L3 “ed9
L4 2.41
LS welb
Ml 1.74
H2 1,93
A3 1.76
R4 1.60
713 5,06
j ) 1,93
1.2 1.6%
L3 1.4%
L4 J.61
¥ 1.85
H2 .12
;53 1”59
Hé 1.14
1B 1.09
/653 8,356
L & .21
b 1.99
L3 1.03
L4 1.71
®l 31.73
B2 1.89
"3 1,57
‘658 : .61
Li 1,99
Lz 1.93
1 2,18
R2 1,60
R3 1.78
R4 2.26

X

HED CELLS

2%
HB

116%
83k
704
694
79%
50%
79%
%
8%

86%
B35

80
60
70%
715
81%
555
725%
63%
607

10848
67%
62%
60%
42%
59%
60%
65%

855
600
617
235
5b6%
59%
51k

YEAST DIET
LIVER ¥T.
25547

20 DAY
. 114

MG, FE % DRY wT, TOTAL FE

68.8
* 3445

1.7576

89.4 *,3081

2,1336 64,0
" AT74

46.0
%, 2965

e 9GED

1.971¢
{ *,0462

116.0

1.5999 44.4 #7100

*'1?:53 = -

1.7383
*,1927

1.6830
*,0888

96.8
44.6

This represgsents total for fetal livers



2% YEAST DIBT 21 DaY ' 115

UOTHER FETUSE RED CHLLS HB LIVER WT. MNMG. FE % DRY wT. TOTAL FE
7 719 £.91 To% 2.7026 45,0 1.08104
il l.8%9 Vi ¥ ,6408 B2 . 0013
iz 1,68 BHA
L3 1.84 Bl-
L4 €411 T25%
LS 2.08 174
16 .06 703
&l E.Ug ?3,11
- R& «¥]1 8274
Ha i.38 62k
K4 1.58 83%
719 6,99 1004 1.7550 7.9 1.0081¢
13 1.83 50% * 442 T4 .45 %, 5296
L2 1.24 54%
1.3 1.1¢C 863,
L4 1,952 51%
Rl 31.53 60%
Bz l.8% 61%
HE lesorbed
4 1.48 6{:&;
672 G, UG 1025 1.6040 0.0 1.44400
Ll <2} 60% %4769 66,80 "L EZ00
L2 1.43 57%
L3 L99 55%
14 1.7 60
L8 i.4%7 8624
H + 38 8505
P L) 857
RS 1.70 60
4 i.B1 52
6867 5.61 1004 2.5393 46.3 1.311200
L 1 .64 605 * , 3674 51 .8 * ., 190356
LE “£.,18 53k
L3 181 51l%
1.4 2.20 5%
Ri 2.08 68%
2 1.%96 63;
23 C 220 T2%
R4 2.02 1%
07 6.11 1105 2.T224 83.3 2,.26770
1l z .04 15% *  E666 75,72 #,2776
1.8 <,62 815
Rl 24,08 84
ne 1.99 78
H3 2400 695
R4 1,88 &<
RS 4,12 T45%



THER FETUS RED CELLS
8 8,87
L 1,2 04
Is 334,5 Qm
R 1,8 « 24
R 5,4,5 « 07
9 Es 70D
L 1,2 07
L 3,4 +«13
L 5,68 «08
R 1,2,3 «11
w0 Ge
L 1,2 % +18
L 3,4 +09
L §,6 o1l
R 1,2 «0B
R 8,4,5 «07
2 "T.08
L 1,2 21
1L 3.4 oll
L 56,7 «13
R 1,28 s 5
8 G.14
L 1,2,354 «08
B 1,2 07
B 3’4;5 +13

(2)

115%

98%

107%

98%

89%

8% YEAST DIET

5

ot

ARAN  ARKY

a4

This represents total for fetel livers.

a
Shopt

116

14 DAY
LIVER WT. MCG. FEZ DRY WI. TOTAL FE
1.883 98.7 1.858
*,024 46,0 #*,011
2,065 84,3 1.732
*,05856 41.5 *,015
1.827 161.2 2.945
*,085 54.5 »,019
1.557 115.4 1.796
+003 8842 0024
<0028 115.4 0046
T .003 75,0 0020
4 0003 1“:3 00018
0035 10546 0036
0036 57.3 «0020
0035 81.1 0028
1,702 90,9 1.547
{1L1).004 50,0 «0020
\ L0035 67,7 -0020
+0035 55.5 0019
004 84.7 0033
+004 75,0 + 0030
0086 5748 0028
0035 7849 L0027



JTHER FETUE RED CELLS

21 2,52

L 1,2
L 34,5
R 1,2
R 3,4

6 8456

L 152,3
R 1,2
R 5,4,5

57 5.34

1,2
3,4
546
15253

= ol ol o

13 6.16

51

o

1,2
394

|

L 5,6
R 1,2
R 3,4
6.28
152
344

& Resorbed
1,2,6

Wepe v

R 3,4,5 Resorbed

«08

«124
+308
« 180

*132
o112
«110

=07

08
08
019
14
o1l
+20
«20
«19

«14

»06

«21

100%

108%

101%

1114

1083%

8% YRAST DIET
. uB
5
e
145
128

85

&

18%

This represents total for fetal livers.

15 DAY

LIVER WY.

l.864

*,054

2.081

2,958

=,062

2.126

(1%

012
«011
+009
011

013

011

012

011
012

1+011

<007
006
006
+006

- «004
2008

«004

MG, FEE DRY WT.

108,56
40,8

126.0
2548

115.8
6513

84.8
58,8
7842
95,5
726
5643
98,7
82.9

115.4

109.5
82.9

1353.9
6449

103.4

103.6
9Be7

130.,7
107.6
146,7

117

2.041

2.601

34360

1.792

44,069

TOTAL FE

*,021654

*,0098

*4,0318

«0070
«0080
«00856
<0079
<0073
«0108
«0099
«0126
<0131
«0081



8% YEAST DIET

OTEER FETUS RED CELLS

31 5499 6%
L1 w36
L 2 Resorbed
i 8 «43
L4 «30
E2 «27
R 2 26
R3 «27
L1 «19
a2 + 43
L3 «17
Rl «22
R 2 21
E 3 «25
R 4 «2b
RE «23
R 6 30
G4 T Te45 101%
L 1,2 «20
L 354 10
L B,8,7 »28
® 1.2 «22
K 84 «18
R §,6 «50
65 7261 107%
L 1,2 »30
L 3,4 24
L 646 032
R 1,2 «30
R 35,4 28
66 T« T8 1045
L 1,2 «28
L 3,4 o506
R 1,2 33
R §,4 « 28
R 6,6,7 « 27

%

Thie represents total for fetal livers.

HB

16 DAY
LIVER ®1.

1.688
<006

+ 0056
+008
«008
«006
+006

2.183
*,032

24206
=,009

22115
: | 1]0063

Li4) <0089

1.860

® L0B3

MG, FE. DRY WT.

4.3
108.1

T7.7
98.7
8360
84.5
89.8

116.4
777

163.0
Tled

10344
785
89.3
115.4
113.0
72.1
104.9
88,2
102.0
96.0
103.4

188.1
375

118

TOTAL FB

1.4220

345987

241869

204393

*,0702

«2088
<0089
JO0G7
«0036
+00862

+0071

#0043
#0093

*,0308



8% YEAST DIET 17 DAY 119

OTHER FETUS RED CELLS HE LIVER WP. NG. FESX DRY WT. TOTAL FE

30 Go45 100% 2.102 187.5 3.9412
L1 «63 21% .
12 «48 24%
L3 «45 21%
14 +68 27%
L8 59 31%
18 .59 37%
Rl 55
RZ o44 25%
R3 52 31%
R4 +68 31%
RS «53 32%

32 6475 98% 1,409 682 « 9609
L1 «51 ‘ 2B% \ 004 132.4 +0052
L +58 19% 007 76,0 0052
Rl Resorbed
2 54 22% <008 86.7 »0052
R»?; 038 18% CO'M 7901 oﬂﬁ47
R4 p «56 17% 006 86.7 0051
RS Resorbed

33 5405 99% 1.670 105,6 1.7635
L1 «75 0% *,094 104.9 #,0981
L2 1.01 32%
L3 , «56 28%
14 <89 34%

— 15 - 70 30%

16 «66 31%
17 «56 29%
:3 1 84 28%
R2 «89 22%

68 6.04 96% 1.624 104.1 1.6905
& | o51 4% *,045 96,8 *,03544
12 o4l 25%
L3 «50 25%
14 32 345
Rl _Resorhad i
RZ «38 195
R3 «30 205
R4 olE ,s
RS &7 29%

74 7«75 109% 2.018 105.6 2.1288
Ll 57 254 «008 92.6 «0074
L2 o35 _ 145 +007
L3 «85 26% .009 153.0 0137
14 «80 26% »008 82,0 «0065
R1 +83 525% <009 99,3 ~0089
R2 «66 ; 35% 007 99,5 0069
R3 47 38% «009 106.6 0094
R4 +59 0% 009 115.4 +0103
RS 41 41% 008 83.3 0066
R6 27 _ 22% 7 9641 +0067

«+ This represents total for fetal livers.



JTHER FEIUS

21
L1
L2
L3
14
Rl
R2
R3
R4
RS

36
L1
L2

e

L4
Rl
Rg
R3
R4
RS

Ll
Rl
R2
R3
»a
RE
RS

€9

€

L1
L2
L3
14
L
Rl
a3
R3

76

Rl
RE2
Rl
L2
L3
L4

RED CELLS

589

be26

6466

7.65

749

«G6
77
«52
32
«30
1,09
+06
»56
le24

72
120
1.20
1.18
1.16

79
1.06

«99
1.12

1.60
1.19
«89
« 53
1,12
«98
82

52
#93
« 70
<47
«61
o4
«78
-39

79
1.10
1,14

+90

64

«90

e%

99%

108%

1108

1045

YEAST DIET 18 DAY
HB LIVER WT. MG. FE% DRY WT.
2.098 49,5
e85 *,128 5046
345
365
365
A
35%
33%
435
545
1,930 188.8 1i.E
a45t *,143 105,68
487 :
47%
44l
435
525
a4
467
B5%
1,791 85.2
805 *,109 6445
4350
39%
48%
s8%
385
465
2,000 182.9
395% +008 87.2
445 L011 13043
Clotted »009 88,8
42% 009 12831
485 .011 13746
48% <011 115.4
41% J12 - 118.1
3% 012 104,9
1.518 127.0
355 »009 97.6
467 011 98,5
28 011 111.1
44 «011 111,13
327 »010 . 307.6
B1% +008 112.4

This represemts total for fetal livers.

120

TOTAL FE

1.0368

3.2520

1.5268

346580

1.9278

¥,0639

*,1494

#,0693

+0069
«0143
«0079
+0115
<0181

«0141
0126

+O087
«0108
»0122
0122

0089



WOTHER FETUS

#R3
Ll
Lz
L3
L4
Rl
R2
R3

:53
L1
iz
L3
R
R2
R3
R4

54

Ll

L2
L3
w1
R2
RS
R4
RS
RG

56
Ll
iz
L3
L4
Rl
R2
R3
R4
RS

70
11
12
L3
Rl
R2
R3
R4
RS

RED

6,64

6.97

6,562

7.10

8% YREAST DIAT

CELLS iB
102% 2
1,02 51%
1.12 42%
1.29 40,
1.16 40%
1.02 355
‘84 28%
+86 38%

99%
1.172 34%
+984 38%
1.192 Qﬁﬁ
1.192 31%
1.0582 41%
1,088 35%
1,092 46%

96%
1.2852 61%
1,028 39%
1.172 4550
1.144 49%
4.006 46%
1.176 51%
1.224 47%
1.192 49%
1.184. 45%

94
i.608 49%
1.448 50%
1,448 4%
1.146 3%
1,312 45%
1.268 465%
1,324 b2
1.288 544
1.368 51%

95%
1.81 5%
1.61 445%
1.45 42%
1.62 3%
1.44 55%
1.83 4%
1.36 46%
1.31 B2%

LIVER

294 B

24111
*

1.741
*

1,953
*

2,395

¥I.

aUi0
011
016
010
<017
023
013

«1800

.182

+188

.030
<023
026
026
<021
«U20
029
024

This represente total for fetal livers

19 DAY
MG. FE % DRY %T.

170.4
167.6
98,0
87,9
80.0
125.0
75,0
105.6

92.2
65.5

126.0
83.6

56.8
94.9

142.8
82,0
112.7
7.7
79.4
86,7
82.4
76.9
a7.2

121

TOTAL ¥E

3.7709

1.9463

2.1762

1.1024

.0288
0107
«0140
0080
0212
0172
«013%

1239

0872

* . 1773

3.4<00

+0246
02569
U202
+ 0206
0179
.0164
«0223
0209



THER PETUS RED CBLLS

49
Ll
12
LB
L4
n
ne
R3
4
jeis)
Ré6
Ly

50
Ll
Lz
L3
L4
LS
a

| K2

36
11
El
RZ
R3
R4
RS
Re

R?
He
R9

62
Ll
LE
L3
L4
Rl
R2
R3
R4
RB

63
Il
Lz
L3
L4
Ls
L6
Al
R2
B3

8% YBAST DIET

HB LIVER WT.

8,456 25% 2,639
1.568 70% % ,365
1.631 64%
1.492 57%
Hesorbed
1.620 63%
1.502 55%
1.690 49%
1.664 54%
1.630 63%
1.528 66%
1.5676 56%
6,208 112% 1.718
1.484 45% .032
1.828 49% 029
1.208 50% 029
1.484 48% 0286
Resorbed
1.%34 41% «032
1.182 38% 032
7.664 9% 2.190
1,952 852% +,400
1 0784 65%’
1.332 45%
1.608 52%
1.376 50%
1.316 45%
1,604 464
1.624 615
1.104 4650
1,392 57%
6,584 90% 1.646
1.640 3% 023
1,560 375 .021
1.680 40% .021
1.520 555 014
i.180 42% 022
1.492 565% 025
1.568 clotted 022
1.692 61%
1.472 66% (R4,5) .032
6 4B0 98% 2.441
1.425 58% *,294
1.450 165
1,810 674
1.385 56%
1.080 74%
1.485 645
1.330 664
1.500 46%
1.810 60%

tThis represents total for fetal livere

20 DAY 122

MG, FE £ DRY W7, TOTAL FE

94.9 22,5044
93.2 *,330
62,95 31.0737
106.3 *.1%48
92,0
93.8
83.3
66.1
74.6
71.4 1.5636
46."7 *#,186
82.4 1.5063
66.1 «0152
80,2 .0168
82.0 0172
86 .2 0120
86.7 0199
127.0 L0337
25.4 0055
72.08 01186
142.8 3.4857
7.7 * ,2286



KOTHER FETUS

#81

#29

#52

#71

#72

Ll
L2
L3
1.4
LS
L6
L7
L8
20 1

1l
L2
Rl
R2
K3
14
RS

o
L2
L3
L4
Rl
R2
R3
R4

L1
Lz
L3
i

Rz
R3
R4

Ll
iz
L3
L4
LS
L6
L7
16
Al
RZ

5.504

5,272

RED CELLB

2,100
l.788
1.950
1.896
1.820
1.712
1.920
1.762
<.088

1.704
1,748
1.836
l.868
1.872
2.0624

Resorbec

7.792

5.640

6.490

1.984
1.756
1.924

1.2¢2

i,244

1.628

1.500
1.736

2.08
1,89
2.03
1.80
1.99
2.03
1.84

2.33
1.94
1.68
2,17
1.79
1.53
2.09
1.98
2.00
1.69¢

8%
HB LIVER WT.

103% 2.170

65%
60%
2%
646
664
58%
80%
56%
61,

95%
605
5%%
56%
2%
50%
595,

565%
495
54%
44%
51%
53%
55%
535%

52%
81
52%
55%
65%
67%
50%

83%
0%
72%
605
75%
1%
0%
BO%
7%
79%
76%

*.,4%70

1.738

2.112

'2'. _328 ‘

1,987

* This represents total fTor fetal livers

«045
+ 45
«045
047
047
+038

048
«U3T
049
«043
<053
041
041
<087

YRAST DIET

37.4

73.9

23.8

111,13

*,581

*,60

21

-

DAY

MG, PE % DRY WT,

82.9

133.9
103.4
60,3
43,9
78.0
126.0

89,3
156.0
100.0
140,1
200,0

86.2
140.1

46,9

60.2

124.0

3

89.3

123
TOTAlL

8115

1.2821

1.9810

2.5864

2.4638

FE

*.,3808

0602
+0465
0271
«0206

L0371
« 0475

0428
U855
0480
L0602
1060
U353
«05674
0267

*,2296

*,538



:UTHSR’FETUS RED CELLS

87

59

12
L3
L4
Rl
R2
R3
R4
RD

‘60
il
L2
13
L4
Rl
R2
R3
R4
RS
Ré

13
L1
12
L3
L4
LS
Rl
R2
R3
R4
RS
Ré
R7

5.848

7.410

7.350

6,770

7.490

1.968
1,960
1.932
2,000
1.820
1.896

1.72
1.85
2.43
Z2.17
2.33
1.99
2.086
1.56
1.58
2.056

2.14
1.17
1.81
2.07
1.91
1,03

.59
1.93
1.87

1.88
2002
2.00
1.7
1.96
2,07
1.26
.78
1.81
154(3

2,06
2.19
2.13
1.84
1.91
1.79
1.78
1.7
1.5%
i.81
i.44
1.256

8%

HB  LIVER WT.

YEAST DIET

905 1.978

25%
86%
66%

102%
40%
357
46%
43%
54%
49%
40%
50%
52%
38%

7%
785
7%
80%
76%
9%
74%
685%
2%
72%
75%
1%
68%

070
.089
085
094
087
062

2,220
*.,476

2.406
028
0862
» 048
«+048
«039
+040
«043
044
+043

2.385
*,404

2,741
*,.803

' This represents total for fetal livers

22 DAY

124
¥MG. FE % DRY 7. TOTAL FE

25,0 22,4726

93.2
70.1
74.6°
88.3
49,0
93 .8

147.1 3.2656
107.1

61,0 1.2270

137.9

4.9

85.2

96.4

108,.7
120.0

200.0

104.9

118,35

230.0 5.4858
90,9

67.0 1.8364
116.2

0662
QD623
+0634
L0859
0426
0581

*,509

0386
20483
0408
0423
0423
. 0480
0860
-0461
0507

*,3670

*,60906



