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THE INFAM BLOOD PELTWRE ( 1,2,3,4,5,6,7 )

The formation of blood cellg in the human embryo is at
first erythroeytie in meture, amd begins in the body stalk and
more general conneective tissues, Later it involves the liver
and spleen and finally the tone marrow. During the first half
of foetal life the liver is the chief site of produetion of the
corpuseles., The bone marrow which is destined to be the chief
gite of blood formation in the adult begins to form at about the
third month of foetal life but does not become of much importance
in corpusele formation until late uterime life. In fact, the liver
and si:leen are at the ir maximum as blocd forming orgens in the
last two months of gestation. The aetivity of the lymphatic glands
and other lymphatie tismes is not marked until well after the
middle of intra-uterinme 1life.

As mntioned above, blood formation is at first entirely
erythracytiec. Moreover, these red blood cells are nueleatgd and
polychromatophilie. As the bone marrow begins to take an active
part, myelocytes, ani a 1little later leucoeytes, appear in the
blocd, as well as some platelets. Iymphocytes are at first rela-
tively few tut dur ing the later months they predominate.

At birth hemopoesis is still somewhat extramedullary but to
a lesser extent. Gradually the bore marrow replaces the extramedul-

lary areas as blood forming organs. This change commeneing in




PN

foetal life and continuing up through post-natal life, At this

time blood formation is essentially the same as in the adult.

The erythroeytes however, are predominently polyehromatophilic

and there are a few nucleated red eells and an occasional myelo-
blast or myeloeyte. The marrow of the long bones and skull is

red at birth. The change to the fat marrow of the adult begins at
about fowr years, 1s marked at seven years and complete at fourteen.

There 1s much difference of opinion as to whe ther the red and
white cells originate from a common ancestral cell or from various
cells. From a clinical standipoint the question is of little import-
ance, although it does appear that monophyletism is the theory of
choice.

The common ancestral cell is the lymphoidoecyte or hemocytoblast
and is the forerunmer of all other Blood cells. The type of cell to
develope from thi s common parent depends on the environment to which
the cell is subjected. Thus under certain conrditions lymphocytes
will develop, Under other conditioms the cell will eventually
become a granular leucoeyte, going first through the premyelocyte,
myelocyte and metamyelocyte stages. During this passage through
the se stages the cells become granular, smaller, and their nucleus
become s more irregular, There are three types of granular leucocytes ,
namely; the neutrophilie, basiphilie and eosinphilie.,

The blood platelets or thromboeytes, which seem to have something
to do with blood clotting are derived from a giant cell, the mega-

- karyoeyte, which develops directly from the haemocytoblast. These
platelets are thought to be detached portions of the cytoplaa& of
the megakaryoeyte.




Erythpeeytea develope from the common parent ecell through
large nucleated primitive erythroblasts or megaloblasts and then
smaller nucleated cells or normoblasts, |

Monoeyteg or the large hyaline leucoeytes are derived direectly
from the parent cell. |

Such a conception of hemopoesis can be illustrated by the
followi ng geneclogical tree.

LYMPHOIDOCYTE OR HEMOCYTOBILAST

Lymphocytes Premleeeytes Primitive é?ythreblasts
Vyelocytes Normeblasts
Metamyelocytes Erythrocytes
Polymorphonuelear

leucocytes

Monoeytes
Megakaryoeytes

Thremboeytes

The blood vessels of the bone marrow are larger in ealibre
than the ecapillaries and they have a very thin wall compesed of

endothelial cells and the membranous extensions of their eytoplasm.




B

£,

The cells of the marrow parenchyma are crowded closely against this
wall which under normal comitions aets as an effective barrier to
the entrance of immature marrow cells into the circulation, Mature
cells however, are allowed to pass. The polymorphonuclear neucocytes
pass through by virtue of their ameboid activity. The continued
multiplication of the erythrocytes and resultant inerease imn pressure
in a limited space forces these eells through the barrier into the
eirculation. The large nuelei of the immature cells prevent their
rassage. Megakaryocytes may pass as a result of their ameboid
activity, the thrombocytes beirg broken off in the capillaries, In
anemias calling for increased activity of the bone marrow the pro-
liferation may be of such an extent to so increase the pressure
sufficliently to break dow this natural barrier with a resultant
appearance of immature forms in the eirculating bleed. Such a
cmdition may be observed in pernicious anemia where a long stamling
hyperaetivi ty and hypeiplasia of the bone marrow has resulted in this
phenomena.,

Various investigators have estimated that from one-tenth to one-
thirtieth of the total bloed is destroyed daily. Thus celling for a
compensatory bleol regeneration, which will be discussed later. The
life of the erythrecyte is approximately twenty-eight days. The red
cells become fragmented, forming in the blood stream a fine hemogleobin
containing dust. These fragments or the older ceells are takem up and
destroyed by the phagocytic endothelial cells of the spleen. Under
abnormal cormiitions when bloodl destruction is excessive, similar
cellg in the liver, bone marrow and lymph knodes may share in this

process.
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The hemoglobin from the destroyed erythrocytes is broken
up by the liver cells and is in part secreted as iron-free bile
rigment. The irom is largely retained by the body and is doubtless
utilized in the reformation of hemoglebin to be econtained in newly
formed erythroeytes. This funetion may alse be supplemented by
other tissues, but under normal comd itions it is confined largely
to the liver. |

White cells die in the blood stream, the lymphocytes being
more resisteant and longer lived than the gramular cells. Blood
platelets exhibit an average life of about four days.

Under normal corditions blood regeneration is equal to blood
destruection, so that a resultant equilibrium is established. Small
losses of blood or temporary slight increases in blood destruetion
are quickly compensated for by an increase in blood regeneration,
thereby maintaining the egualibrium.

If the loss of hlood, which may be by increased intravaseular
blood destruction or hemerrhage, anml the demand on the hemopoetic
organs is not too great it may be met by an inerease in the output
of nawrmal red and whi te cells. If the blood loss is excessive and
the demand is greater them cem be met in this manner, a hyperplasia
and hyperactivity of the bore merrow will result. The barrier will
break dow and unripe cells will be thrown into the ecireculation.

The type of response of the hemopoetic system to an inereased
demand for increased funetion depends on the age level and the
intensity of stimulus. In infaﬁey there is more rapid reversal to
embryonic forme. Hence, enlargement of the spleen, lymph glands

and liver more rapidly and readily oceurs. Bone marrow substance




is also more easily stimulated in infancy, and its reaction is

more rapid and intensive. As a result, less serious conditions of
blood loss will result in the exodus of immature forms from the
marrow more readily than in the adult. Thus, young forms in the
infant are usually of less signifigance. fhe tendency of the infant
bone marrow to revert to the embryoniec condition helps to account
for the abundance of young forms in many anemias of infancy.

Bone marrow substeance as a result of continued stismlation,

may inerease to the point of causing pressure atrophy of the imperfeetly

calcified bone. Moreover, if the demand on the bone marrow is ex-
cessive or continued for a sufficient length of time the regemerative
powers may finally become exhausted. The result would be an anemia
of the aplastic type.

The appearance of immature forms in the blood stream is inter-
preted as a sign of blood regemeration. Reticulated red cells or‘
reticulocytes furnish & fairly dependable index of blood regeneration.

A discussion of blood 18 not complete without mention of hemo-
globin, a substance of vital importance, whose complex molecule
contains ironm and a protein radicel. This subateneexis contained
in the erythtaeyte and imparts to it its red coler. By virtue of
its ability to combine oxygem in a loose memner its functiom is that
of carrying oxygem from the lungs to the tissues. Any reduetion in
the normal hemeglebin content would therefore deerease the efficiency
of internal respiration. In cases of low hemoglobin the red cells
become pale or achremic.

Since iron is a constant component of hemoglobin, it is of

interest to review what is known of iron storage in the human bedy,

and iron metabolism,
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Dur ing the later part of foetel life iron is stored in the
liver, that orgen serving as a reservoir during early life when
iron intake is usaally at & low level. This star&ge of irom is
not, however, as large as has probably been supposed in the past.
Sidney A. ¢ladstone® has shown by a series of determinations that
the amount of iron in the liver exelusive of hemoglebin is about
32 mgm. for the entire orgam. Iron was founmd in the liver and
spleen in almost all cases under the age of three months and it
was rarely present in cases over that age. The largest emounts
were fourd from one to ten weeks after birth ami it is propesed
thet this increase is due to the pest-matal intravascular blood
destruction. In adults Gladstorne found that following blood trans-
fusions there was a noticeable inerease in the iron content of the
liver and spleen, Such an observation rather serves to parallel
and support the above findings. Thus it is qui te conclusively

shown that the liver and spleen act as depots of iron and conserve

~ that element for future hemoglobin synthesis. Some iron is excreted

by the bowel but normally the amount is negligable, although a
negative iron balence will eventually result in a deficiency of
iron, and necessarily them, a diminution of hemoglebin.

The norme lmature new born has a high hemoglobin econtent of
the blood, and this value rajmly drops for the first two weeks.
As the hemoglobin is broken down the iron so freed 1s retained by
the liver cells and is probably utilized later by the hemopoetic
organs in further hemoglobin synthesis.

Hugh Jeaephsg, following a study of iron metabolism in rats,
has offered a working hypothesis of iron metabolism. He takes
cognizance of two types of iron in the body. Funetion iron of the
general body tissues which may be called the non-~hemoglobin iron.
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It my be divided into two parts; a variable or mobile portiom

and a fixed portion. The fixed portion remains at two or three
mgms. percent in the liver and 0.5 mgms. perecent in the bedy as a
whole, and this concentration is maintained at all costs, and
probably corresponds to iron of ¢ell nuelel ineluding musele
hemoglobin. The variable portion corresponds to the portion of
non-hemoglobin iren which ig in the "storeg", and which is available
for hemoglobin synthesis or exeretion., Hemoglobin iron is the Dblood
iron as the name implies and depends on the mobile iron and the
organisme' ability te synthesize it, and thus keep it at a proper
level.

Josephs suggests tlmt, "ingested iron reaches the liver where

it is rapidly removed from the cireculation by the neticulo-endothelial

cells. It my, however, re-enter the cireulation to be distridbuted
as needed in the body, or to be excreted. Breakdown of hemoglobin
and of the cells of the body retums the funetion irom to the cireu-
lation, to be taken up again by the cells ecapable of gtoring it, or
to be excreted, thus there is established within the bedy a sort of
internal circulation which tends to conserve the body store of iron
80 that the slight loss by excretion may easily be made up by fresh
absorption.”

The hypothesls may be diagrammatically represented as follows:




Funetion Iron : Hemoglobin
of Tismes \ ‘/'/
Ingested — > Liver — Cireulation
Iron \ ‘//1 \
Stores . Exeretion

Under normal eonlitions, infents are born with a store of iren
in the liver., In addition there is mormally a high hemoglobin content
of the blood which lowers rapidly during the fir ét few weeks of post
natall life, thereby adding materially to this hepatie storehouse for
iron.® 1In most instances perhaps this stored irem is sufficient to
supply the neede of the infent for hemoglebin synthesis for the first
six to eight months, when the dlet is composed largely of milk,

Both human and ecows milk are notoriously low in irom and supply
an inguffieient intake., Cows milk eontains approximately 0.08 mgm.
of iron caleulated as fe. per pint. Human milk has only a slightly
higher iron content.

Just what the iron requirements of the new borm infant really is
has not been definitely determined,

Leichsenring and Hanson 11 have studied the irom requirements
of children between the ages of 35 and 56 months, The iron require-
ment for growth in their studies was observed as approximately 0.2
mgm. per kilogram of body weight per day. The observed maintenance
need was approximately 0.12 mgm. per kgm. of body weight. These
invegtigaters also noted a wide variance in iron content of varieué

1

foods as compared with Shermans™ tables, as well as pronounced
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ipdividual di fferences in the irom requirements of the ehildren studied.
As a result, they recommend a 50% margin of safety to be allowed over
the totel requirements of 0.32 mgm. per kgm. of body weight. This
would mmke a standard requirement for c¢hildren of 0.48 mgm. of iron

per kgm. of body weight per day. It is evident then, that milk can-
not supply the infarmt with emough iron for mere maintenance to say
nothing of the growth reguirement. ;

The hemoglebin at birth is quite high, varying from 95-140%, with
an average of around 130%. There is a sudden drop during the first
two weeks to about 100% and then a more gradual fall to about 80%
duﬁ irg the mext six months, where it remains throughout childhood.
This fall in hemoglobin is considered physiologic and is associated
with ic¢terus neonatorum whem it oceurs. It is duwring this period
that an increase in the iron content of the liver and spleen has
been noted.

The percentage of hemoglobin in iecteric babies is little, if at
all,lower than in babies tiet are not jaundiced. The normal variations
in the percentage of hemoglobin in different children, and at different
times in the same c¢hild are gquite marked. Hemoglebin percentage is
somewhat higher in boys them in girls.

Erythrocytes in the first few hours are variously reported at
from five to eight million per cubic m. m. There is an increase
during the first six hours, them a rapid fall for the next three or
four days to five or six million where they remain during infaney and
childhood, Some eunthors report slightly lower levels. The transient
rise is probably due tc a combination of loss of fluid and starvation,
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Incas® found nucleated red cells in 52% of all cases on
the first day, and 5% on the secord day. During the first few
days there is often considerable variation in the size of the
red cells., They not infrequently show basiphilie granules and
lose their hemoglobin easily. Nucleated cells are normally not

present after the first stx days. They do, however, appear with

'~ less provoecation during infaney. Anisocytosis, polkilecytosis and

poljyehromatophilia develope mueh more quickly in infants and younger
children then in older children amd adults.

Ieucocytes are high at birth and during the first few days there
is a marked inerease to as high as 30,000 per e. mm. At birth, there
are 15,000 to 25,000, a transient rise, them a fall to about 8,000
to 13,000 after the first week. The increase in the total leuncocyte
count is due to an increase in polymorphonuclears. At birth these
cells constitute about 40 to 75% of the total.There is a rise for the
first twelve hours and them a fall to 20 to 50% in the subsequent
two weeks., Remains here for two years and then inereases to 40 teo
60% at six years and 50 to 70% at twelve years.

Eosinophils and basiphils are more numercus during the first
two weeks tham at any other period.

Lymphoeytes are about 20 to 40% at birth., Thereafter the
number increases as nentmphilie'polymarphonuelears decrease. First
two years they are about 40 to 65% of total white count, 30 to 50%
at six years and 20 to 40% at twelve years.

Monoeytes are numerous at birth- about 10 to 15%, but diminish
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rapidly after the first tem dgys to 4 to 6%. During early ehild-
hood they approach the percemtage seen in adults.,

Blood platelets average between 350,000 and 400,000, although
figares as low as 100,000 have been observed. The average after
the first two weeks is 200,000 te 400,000, being practically the
same ag in the adult,

Following, is a ehart of values with reference to bloéd com-~

ponents at various ages.
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NUTRITIONAL ANEMIA

Butritional anemia (alimentary anemia, dietary anemia,
simple enemia of infaney, e¢hlorosis of infaney, cows’ milk
anemia, geats' milk anemia) is a rather common disease of
infaney and has not in the past received much recognition by
writers in this eeuntz:w‘. Workers in Euwrope however, have recog-
nized this con@ition for some time and have called attention te
it repeatedly.

Butritional anemia is a metabolic disorder characterized by
pallor, irritability, peevishness, persistant anorexia, low hemo-
globin and achromia, and reduneced red cell cecount. |

The disease occurs espeeially in premature infants, twins, and
in infants who have heen maintained execlusively on a milk diet for
a long perioi of time., Usually it does not appear before the age
of nine menths or after twe years.

The more common oceurrance of the disease in the premature is
perhaps Gne to a defielemey of irom at birth. Nicholasl®? has shown
that iron accumulation in the foetus oceurs mainly during the final
third of intra-uterine life. In 1899 von Bungel? showed that the
amount of iron in the liver and spleén of young mammals was highest
in the new born and at a minimum &t the end of the suekling period,
which is evidence that during the suckling period thege irom depets
served as sources of iron for the building of hemoglobin. Gladstones
on the other hand founl that ironm storage im the last part of feetal

l1ife was not 20 marked as previously contended. Gladstone based
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his findings on the iron content of the liver and 4id not take
into consideration the high hemoglobin level of the new born, an
available store of iron. Our primery observation then, that iron
storage is high in the later monthe of pregnancy is not erroneous
when both liver and hemoglobin content are considered. Thus the
premature is deprived of the benefits of iron storage normally
oceurring in the final trimester of pregnancy. Another faetor
which may play =a part in the etioclogy of nutritional anemias in
prematures, is a diminished efficiemcy of hemoglobin synthesis.
We krnow that nutritional disorders are more common in prematures,
duse to their decreased abllity to utilize food. Therefore, it does
not seem so far afield to conjure a hemoglobin deficiency on this
basis.

The higher incidence in twins is probably due to the fact that
the occurrance of prematures in twins is notérioualy high. Moreover
the maternal supply of iron fer foetal storage must be divided
between two organisms, each receiving approximately half the avail-
able amount. Thus we have prematures and twins beginning life with
deficient iron steres, and almost certainly a diminished ability to

" u¥ilize foods and synthesize hemoglobin.

The affection may occur in breast fed infants, but here it is
much less common. The incidence in the artifically fed infant is
higher, especially those fed exclusively on a milk dfet. The low
iron eontent of milk, which is considered the main factor in these
cases, has been :éreviously mentioned. Here we are perhaps alse
cameerned with a congenitally inferior infant as well as a diet
deficient in iron, although, as will be shown later, a proper diet
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eontaining suffieient iron, will usaally prevent or cure the
condi tion.

Rate of growth may al s> play a part in the produetion of
nutritional anemias. Rapid growth favors anemia while anemias
may stunt growth, The premature may quadruple its weigh’ﬁ‘while an
eight pound baby doubles his weight. As the rate of growth inecreases
the hemoglebin tends to fall.I?’

Thus in considering the etiolegy of nutritional anemia we are
coneerned ehiefly with iron deficiency and decreased hemoglobin
synthesis., Iron deficiemcy seems to be the most important, although
cases of nutritional anemia have been observed in infants that are
receiving diets containing suffieient iron. Some factor influenecing
hemoglobin synthesie is probably concerned in the se cases. Conversely,
the di sease does not oceur in all infanis maintained on difieient
diets. Such faetors as larger stores of iron or slower rate of
growth are concerned in these cases.

The onset of the disease is insidious. The striking physieal
sign is pallor. In faet, not infrequently, no other physieal signs
can be observed. There is rarely a yellow tinge to the skin., The
spleen and liver are usually not noticeadly enlarged, which lead
us afield from the assumption that the decreased hemoglobin level
is due to an inereased rate of blood destruection. The physical
state may remain surprisingly good, but usuwally if the anemia
becomes of sufficient long standing the musecles become flabby and
eventually growth is affected. Pulse rate and rate of respiration
are unreliable. The child is usually irritable and peevish. The
superficial lymph glands, tonsils, liver and spleen may become
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enlarged, although this is by no means the rule.

The blood picture is essentially that of chieresia. In most
early cases a lowering of the hemoglobin and achromia are the only
blood echanges of noté. The hemoglobin 1ével is usually below 60%
and my be as low as 10%. Values around 30% te 50% are most common.
The red cells for the most part are not affected in number and in
most early cases are just slightly below the normal level. In cases
of long standing in which anorexia is ﬁaﬁked a low red count may be
expected. Undoubtedly the bone marrow suffers as a result of the
existant malnutrition. In sueh cases red eell counts as low as
1,000,000 have been observed.

The eolor index, however, is usually on the negative side,
Achromis is the rule and is present in varying degrees. Poikiloecytosis
and anisocytosis may be seen at times, as well as various degrees of
basiphilie stippling. These changes however are usually not marked
and when they do oceur are usually assoelated with diminution of
red cells. The presence of neticuloeytes in abnormal numbers as
evidence of active blood regemeration is as a rule not marked.

Immatwe white blood cells of myeloid or lymphold series are
not usually present, In fact, the bore marrow is seldom affected
enough to produce a change in the white cells or platelets. The
resi stence of the red blood cells to hypotonic saline is normal.

There is no evidence of blood destruetion., Gastrie analysis shows
normal or reduced acidity but not achlorhydria.l
To diagnose nutritional anemia, secondary anemias due to an
infectuous or toxiec process must be excluded. The absence of a ther-

mal reaction, sudden onset and rapid course, with evidence of

definite bone marrow involvement will usaally exelude these conditions.
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A blood pileture showing many’immgture forms and a positive

color index would tend to exclude nutritional anemia and point

to a di sease causing a primary dis turbance of the hemopoetic
organs., The absence of the bizarre blood picture tends to exelude
von Jaksch's anemia.

The disease is more common in twins, prematures, and infasnts
maintained eolely on a milk diet, Thus & history of these conditions
will aid in the diagnosis of nutritional anemia.

Diagnosis from the anemiag assocliated with congenital lues may
be made by the absence of the usual luetie stigmata and a negative .
Wasse rmann, |

The chlorosis or c¢hloranemia of infaney may be considered
identical with nutritional snemia if a poor dietary is the chief
eteologic faetor. This condition is eit her due to hereglita.ry lues
or prolenged feeding on milk 14 Ineas 15 goes not consider the so-
called infantile type of chlorosis a true ehlorosis. He contends
that they are due to an iron deficiency and oceur moest ecommonly in
twins and prematures, and that in true chlorosis the amemia 1s due
to an inerease in the blood plasma.

Not infrequently secondary anemias are observed in conjunetion
with seurvy and riclets. Cases of nutritional anemia do not exhibit
the clinical pieture of these affeetioms. It is true that securvy
and rickets are nutritional disorders and that the anemias are
secondary to a poor dietary, howéver, nutritional anemia is concerned
chiefly with an iron defieiency, is a clinical entity in most cases,
and is not primarily concemed with a aviteminosis.

Nutritional anemia tends to be chronic, is seldom fatal, and
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under proper therapeutic measures the prognosis is qui te favorable.,
Response 1s less striking in cases of long standing, and in those
cases complicated with infeetions, to which such patients are particu-
larly suscepteble., Death, if it oceurs, is usually due to an inter-
ecurrent infection. Cases oceuring before nine months temd to

recover spontaneously as the child begins to consume a varied dietary.

In consldering the treatment of nutritional anemia it will be
well to recall that in this disease we are primarily concermed
with a hemoglobin deficiency and not a reduetion in the red cell
count. Thus the therapeutic measures must first be directed towards
hemoglobin synthesis. It has been necessary then to exelude to some
extent, that portion of the literature which deals with therapy of
mere secondary anemias of children, which are not purported‘ta be
on a nutritional basis.

In the main the treatment consists of a regulation of the diet
and hygenie habits. A well balageed diet of the needed amounts of
protein, fats, carbohydrstes, inorganic salts, water and vitamins
in proportion to satisfy the struetural and energy requirements of
the growing infent is indicated. The attack is largely from a
dletary standpoint, however, in cases where the anemia is complicated
by an infeetuous or toxie process amdi reduetion in red célla is
alarming, transfusions are indicated. Frequeat small transfusions
{ 5- 10 e.c. per pound of body weight ) seem to stimulate the bone
marrow better than single large transfusions. Clinieal condition
and severity of anemis should determine if transfusion is necessary.

Moreover, transfusions may be used to proteet against interecurrent
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infections or to shorten the peried of dietary treatment. The
most importamt inlication for transfusion is cardiac embarrassmqnt,l

Iron is of definite value and may be administered as reduced
iron, iron and ammonium citrate, iron citrate or chloride or Blauds'
masgs. Iron end ammonium eitrate has advantages, as larger amounts
my be given, it is readily saluable, and may be added to milk. The
taste of the milk so treated is altered very little and if sweetened .
is well taken. The drug has no astringenmt aetion on mucous membranes
and no discoloration of tl@ teeth oceurs. There are no ill effects
except an occasional oceurrence of slight diorrhea. The feces will
be black due to excretion of exeess iron. The recommended dosage is
S to 4 grame glven daily over a periodk of three weeks and continued
emall doses for many weeks to maintain the beneficial results.l

As far back as 1899 Abderhalden 1z produced nutritional anemias
experimentally, ut found that the addition of imorgamic irom did not
bring about any incresse in hemoglobin. This seems to be the usual
observation in striet nutritional anemias. Seecondary anemias on
infectuous or toxic basis, however, usually respornd well te inorganic
iron after the infeetuous or toxic agent has been irradicated.
Coneerning this fallure of iron Abderhalden says; "the mere fact
that the addition of irom, to nutriment poor in iron does not have

any distinet influence upon the formation of hemoglobin in no way

‘speaks against the participation of inorganic iron in the synthesis

of hemoglobin in the case of normal nutrition, but it indicates that
other building material is wanting as well as the iron.”

From that time until 1925 when Hart and Steembock P published
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their observations on experimentally produced nutritional anemia
on ratg, there is no evidence in the literature as to the exact
nature of this other building meterial., Such food stuffs as liver,
egg yolk, beef, green vegetables ani cereals were found to enhance
the curative powers of iron btut the substance primarily concerned
was not known.

Hart, Steenbock et al began a series of experimental studies

15 :
on iron metabolism in the rat. During the course of their experiments

they found, that young rate when weaned at three or four weeks of age
and pla-.\eea mi a Giet of cows' whole milk, that a profound anemia,
characterized dy very low hemoglobin would develope in the ecourse of
a few weeks. i

These same investigators then administered inorganic iron salts
to the anemic rats. The chleride, sulphate, acetate, citrate and
phosphate were all used andi were fed at such a level as to introduce
0.5 mgm. of fe., daily, six times per week. These preparations failed
to imcrease materially the hemoglobin level in rats made anemic by a

cows milk diet. The ashed residues from dried beef liver, dried

_ le ttuce and yellow corm, and aeid extraets of the same, when fed at

sach a level as to introduce 0.5 mgm. of fe. six times per week were
founl to be fairly effective in alleviating the anemia. They con- |
cluded then that the ashes and ash extraets contained in addition to
iron some other inorganic substence, or substances vitally econcerned
in the build ing of hemoglobin.l®

The Wisconsin workers then studied the effeet of a liver prepara-

~tion from Eli Lilly and Co. It wag essentially the same as that

found so effective in the treatment of pernicious anemia., They wanted
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to study it especially, because it is low in iron. At the same
time they studied the effect of the addition of 0.25 mgm. of copper
as Cu S 0 4 to the 0.5 mgm. of fe. and whole milk diet. This was
done at first in Wt one animal amd the response was surprising.
"Hemoglobin at the beginning of the experiment was 2.68 gm. per
100 ¢, ¢. - in two weeks it was 9.30 gm. - in four weeks 10,94 gm.
and in six weeks 13.34 gm. Without the copper addition the rise
in hemoglobin would not have oceurred." 19 Further experiments
on copper, by the same men gave similar results and strengthened
this view. 17-18-25-26

This of course attracted the attention of & number of scientists
who 1mmd.iat§zly began experiments on the supplementary effect of
copper and other inorganic substances on iron in the synthesis of
hemoglobin,

Titus et al 19 in 1928 reported that manganese added to a milk
iron diet seemed to give almost, if not quite, as good results in
the building of hemoglobin as did copper added in the same way.

Mitehell and Miller 20 in o study of ironm, copper, and manganese
reported a slow but definite response to pure iron salts when fed to
anemic rats. The response was directly proportioned to the amount
of iron fed. They did however confirm the supplementary aection of
copper on iron in hemoglebin synthesgis, bqt observed that manganese
did not share this faeulty with copper.
Beard and Meyers 2 in a series of investigations found little
reason to believe that copper has any specific action in hemoglebin
gynthesis, anl held that iron alone is capable of causing hem@glebin

regenerat ion.
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Later Keil and Nelson &3 after a series of experiments on
‘ nutritional anemia in rats came to the eonclusion that pure iron
‘ as ferrie chloride when added te milk eollected in glass deces not
cause hemoglobin regeneration., They also found that salts of
vanadium, titanium, manganese, nickel, arsenie, germanium, zine,
echromium, cobalt, tin and mercury also failed to stimulate regen-
eration of hemoglobin whenm added to milk collected in glass (to
prevent copper contemination) and( sapplemented with pure iron as ferrie
chleride. kAlsa that copper was the only element of those tested whieh
had a positive effect on hemoglebin building, thus supporting the
view that copper plays a specifiec role in hemoglobin regeneration.
= ‘ Orten, Underhill and Iewis %A studying the effect of eertain
| me tals in the prevention of nutritional anemia in rats came to the
following conclusions;

l. "Inorganic iron fails to prevent the development of a

nutri tional anemia in the rat on & milk diet, whereas, iron supple-

mented by cpper permits the maintenance of an approximately normal

hemoglobin level.” |
2. "Iron supplemented by manganese fails to prevent the develop-
ment of nutritional anemia."

-~ 3. “ A mixture of menganese, cobalt, niekel and zine supple-
menting iron has no prophylaetic action in nutritional anemia, while
the ssme mixture plus eepper breventa a deerease in the hemoglebin

-~ level."”

4. "0f all the metale studied copper alone has the ability
to supplement iron preventing the nutritional anemia of the rat."

28

levine, Culp, and Anierson stadied the value of various




vegetable s in the treatment of nutritional anemias on rats, from
the stamdpoint of iron and copper content of the various foods.
Dried spinach when fed ad libitum and ylelding an average
daily inteke of 0.43 mgm. of irom and 0,0061 mgm. of copper effected
hemoglobin regeneration in three te four weeks, turnip greens fed
at & level furniehing 0.425 mgm. of irem and 0.0179 mgm. of copper
brought about a rapid regemeration im three to four weeks. ILettuce
plus tomatoe mixture, lettuce, spinach and bdroecoli, all fed at a
level affording 0,20 mgm. of iron but different amounts of copper,
permitted hemoglobin regemeration in four to five, five to six,
six to seven, six to seven, end seven to eight weeks respectively
in thn: order of the decreasing cepper intake, With the irom intake
rémaining the same the hemoglebin regemeration increased as greater
amounts of copper were ingested, All ether sources of iron and
copper were _eliminated. The abowe vegetables are, acecording te
this experiment, important sources of minerals concerned in normal
blood funetion. These same workers found that iron alone or copper
aleho vhen fed in the form of inorganic selt solutions permitted
only partial blood regeneration whereas solutions containing both

iron and copper effected rapid recovery of bamoglebin.ae

Levine Remington and Culp 41

studied the effect of oysters

in nutritional anemia., The oyster is a good source of vitamins

A, B Co and D. ard contains iron, cepper, manganese, zine, lead
and arsenic., They fourd the eoyster te be of definite value in
correcting nutritional anemia and were able tc show that its effeets
were Gue to its iroém, copper and mnganese content, but did not

determine wis ther or not menganese was necessary in supplementing

24
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the iron and copper.
Hart, Steenbock, Waddell and ElvehjJem, <following additional

25 26 continue in their contention

experiments on rats end plgs
that eepper plays a specific role in supplementing iron in hemogleobin
regeneration, and that copper is the emly such element.

It is plain to see that the subjet of copper in nutrition has
become controversial armd that there are lseme differences of epinion.‘
To explain this disorepancy would be difficult and rathsr oul of the
question at the present time. The greatest concensus of opinion
seems to mubstantiate the hypothesie that eopper is effective in
prevent ing and curing experimentally prodmced nutritionai anemias in
rats, when added to a diet of iron and milk,

The beneficial effeets of liver 4m the treatment of anemias
may be due as peinted out by Hart et a1l® to the high copper content
of liver., %hree hunired grems of fresh ox liver was assayed to
contain 4 mgm. of cepper. The same amount of fresh calves liver
containg 30 mgm. of copper. The Eli Lilly liver preparation contained
0.016% eopper.ls

Hugh Josephs has been one of the most aetive men in dealing with
the problem of cepper in hemoglobin synthesis. He has studied the
effect of ecopper on iron metabolism and suggests the possible manner
in which copper aets,9 Previously, in this paper a partial review
of Josephs work on iron metabolism has been made (see p.78‘). For
purposes of clarity a repreduction of his diagram of iren metabolism

follows:
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Stores Exceretion

Josephs' observations led him to suaﬁpect that copper has no
effect on the "fixed" or funetion iron of the tissues while it
doe & appear to influence the mobile portion of the irom "stores."
He concludes that the effeet of copper may be‘ produced in one of
three ways as follows: -

l. "Copper may act at the arrows 2 and 2 preventing the cells
that ordinarily store iron from taking it up, or causing them to
give 1t up if it is already there, or in other words changing the
condi tions of equilibrium in the direction of a decrease in the
ord inarily great affinity of these cells for z.rcn.“‘

2. TIt may act at arrow & elther by generaslly stimulating the
hemopeetic tissue or by specifieally inecreasing the rate of hemo-
globin formation by eatalytic action or by other means."

3. "It mgy act at arrow 6 by deereasing the rate of hemoglebin

breakdown. Nothing in this work helps in deciding where the aection
tekes place.”
His work has showm thmt during the nursing pericd the reteined

26

iron was sufficient to acecount for the increase (total) in hemoglobin,

but that if a milk diet was continued beyond the nursing period all
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the retained iron went to maintaining the tissue iron at a

constant minimal concentration which he considers the "funetion
iron" of the tissues. When extra iron was given it was divided
between the hemoglobin and the tissues most of it godng to the
hemoglobin. When eopper was added a still greater portion of the
iron went to the hemoglobin and the tissue iron was redunced in
amount but never went below that concentration level considered

to represent the funetion iron of the tissues. Copper had no effect
on iron retention,

Thus it is quite evident that copper does play a definite role
in iron metabolism. The exact manner in which it functions is not
known, perhaps catalytie, Copper is not a part of the hemoglobin
molecule itself tut is a normal component of blood and has an impert-
ant funetion in the formation of hemoglobin and in metabolism.w

The work of Hart and others proved to be a stimulus to men in
the clinical field, anl recent literature is not wanting of reports
of the effect of ecopper on nutritional anemila in human infants.

Hi11 &7 in 1929 published an interesting paper on twenty-eight
cases of nutritional anemlia. Although he makes no mention of copper
his work is considered here for it serves to describe nmutritional

enemia from a laboratory standpoint ani peint out the shortcomings

- of iron therapy alone. Moreover, it serves to parallel some of the

work done on rats. After investigating and treating twenty-eight
cases Hill came to the following comelusions:

l. "Rutritional enemia in infaney is a definite deficiency
disease comparable toc rickete or securvy."
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2. "'here is no reason for supposing that there is eny active
injury to the blood ~--~el hemolysis.”

3. "Inorganic iron aloms (ferricum reduction) will in some cases
bring about a satisfactery rise in hemoglobin indieating that
inerganic iron can’be used in hemoglobin gynthesis,.”

4., "Liver alone is also sufficient in ome cases, but the most
rapid hemoglobin synthesis is effected by the use of iron ami 1liver
to gether .”

It is evident, that although in some casges iron slone will aid
in hemoglobin synthesis, that there is some other substance whieh
is capable of defimitely enhemeing it's wvalue. This substanece is
undoubtedly contained in liver.

Hill recommend s redunced iron, grains two, twice a day and two
to four tablespoons of liver daily. Finely groumd raw liver is
placed in a cheese cleth bag and Qipped in boiling water for two
minutes. Then mede finer by mashing with a spoon and feeding as &
thick soup.

Following is the list of Hills twenty-eight cases with age,
hemoglobin percentage, red cell count and apparent etiology. Note
the preponderance of color indices on the negative side, and the

high incidence in twins and prematures,

Age Hemoglobin  Erythroeytes  Apparent E@iolegy.
1. 5 mo. 64 3,120,000 Tutﬁ
2. 5 mo, 63 ' 3,600,000 : "
Be 23 mo. 43 2,952,000 Milk ﬁiet

4. 2 mo. 54 3,216,000 "




s,

N

Erythroeytes

29

Age Hemogl obin Apparent Etiology

5. 4% mo. 52 3,500,000 Twins

6o 19 mo. 41 4,600,000 Milk Diet

7. 7 mo. 21 3,700,000 Twin

8. 13 mo. 51 5,616,000 Premature

9. - 8 weeks 27 3,900,000 u

10. 11 mo. 67 4,300,000 -

11. 13 mo. 38 - -

12. 14 mo. 35 5,600,000 Prema ture

1s. 14 mo. 57 - Premature-twin
milk diet

4. 14 mo. 40 - Premature-twin
milk diet

15. 20 mo. o2 2,666,000 Premature milk diet

1é. 2l mo. 50 2,000,000 Milk diet

17. 17 mo. 60 4,200,000 Twin

18. 17 mo. 70 4,000,000 n

19. 11 mo. 55 2,700,000 -

20. 19 mo. 44 4,656,000 Milk diet

2l. 17 mo. 26 5,724,000 Premature

22, 17 mo. 46 4,110,000 --

23. 11 mo. 35 4,320,000 Milk diet

24, 27 mo. 38 4,650,000 i

25, 4 mo. 25 2,852,000 ®

26. 3 7/12 yrs. 31 3,416,000 "

27. 3 4/12 yrs. 25 3,660,000 "

28. 16 mo. 40 %,800,000 Premature Milk diet
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Keefer ani lang 56 noted a similar beneficial effeet of
the use of iron and liver together in the treatment of secondary
anemias in infants.

A, Bymansonzq

also noticed the shortecomings of iron alene in

the treatment of his cases of alimentary anemia. He considers the
disease on the basis of a constitutional predisposition and supports
the view by calling to attention the faet that it has oceurred
repeatedly in only one of a pair of twins. He recommends a varied
diet of fruits and vegetable preparatiéns and the early administra-
tion of them when indicated. He al® uses ferri carbonas saccharatus
and out of door life and sunlight as valuable adjuvants. Good results
were obtained by this dietery regime in his hands.

It would be of interest to know if the valuwe of iron has any
relation to the severity of, or the length of time the anemia has
exisgted. Perhaps if hemogiebin gynthesie depends on copper in
some mannér we should find a greater amount of copper in the hemo-
poetic eenters of the growing infant then in the adult. Alse in
infants with anemias the copper storehouse should bewdepleted,

Morrison and Nash® in the analysis of the livers of twenty-
five infants fourd an average of 24.0 mgms. of copper per kilogram
of fresh tissne, or slx times the average for seven adults. The
highest walue for any adult was lower than any of the values for
the infants with the exception of omne, who died with a severe
anemia. This Infant showed a copper value of 6.9 mgm. per kilogram
of fresh tissue. Here we have one case In whieh the copper stores
of the liver were depleted during a severe anemla. Also a good
indication at least, that infant livers contein more copper than
those of adults. The single case of copper depletion in anemia is
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of course insaffiecient evidence but it does suggest that cepper
is used in hemoglobin synthesis or blood regeneration.

Hugh Josephs 29 studied a group of anemic infants between
the ages of three months ani two years. His investigation was
concerned with the treatment of secondary amemias, no attempt
being made to claseify them as to etlology or pathogenesis.

He administered a 10% solution of ferric and ammonium citrate
giving 2 c.c. per kgm. of body weight per day. Alse 1 c.c. of &
0.5% solution of Cu. S 0 4.5 H 2 O per kgm. of body weight per day.
The copper was always given in milk and usually divided into two
doses, Ko disagreesble results were noted -~ ei no vomiting or
diorrhea.

On all his cases Josephs allowed a period of observation when
no treatment was given in order to establish the diagnosis of
secandéry'anomha and allow some time for spontaneous cure, whiech
would exclude that case from the experiment. Following this peried
of’observatien iron alone was given in some cases and in others
iron was given for a time and then copper was added.

After the iron was commenced the author noted in most cases a
"latent” period of a few days when the hemoglobin did not rise or
rose very gradually and was then followéd by a more marked rise,
Thig more abrupt rise 4id not oeccur until there had been a rise
in reticuloeytes. Thus it appears that the rise in reticuloeytes
is fairly reliable evidence of the end of this "latent™ period.

In cases without copper the hemoglobin did rise but as the

hemoglobin curve reached 50% it tended to flatten out, In cases

o1
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oen coppsr and iron a continued rise up to about 70% was noted.

Josephs concluded that the effect of iron was first om the
retieulecyt‘efs then on the hemoglobin and that copper appeared to
accelerate hemoglobin formation but had no effeet on reticuloeytes.

In 1931 Lewis 31 reperted a study of the effects of iron and
copper in the anemiag of infancy. He noticed that post-hemorrhagie
anemias recovered ss well with iron as without it, but that the
game did not hold true for nutritional enemias. In his hands s
ehild with nutritional anemia would impreve unier dietary treatment
alone if vegetables, eggs and broths were added to the diet at eight
months, Under copper and iron however, the recovery was more rapid.
Thus, recovery unier dietary management was a matter of months while
with copper and iron the recovery was markedly hastened.

Lewis used saccharated ferrous carbonate in amounts varying
from 15 to 60 grains daily and eopper sulphate 0.5% solution one
to two drams three times a dsy.

Cases were observed for three weeks without treatment. They
were themn put on iron alone for two weeks and then iron and copper.
In the presence of infeetion treatment was of no avail but response
was always geod as soon as infeetion was irrsdiecated. Thirty-four

cages were observed.

Before Treatment After Treatment.
Maximum Tr. b. ¢. 3,500,000 5,500,000
Minimum . b. ¢. 2,800,000 3,100,000

Average r. b. ¢. 3,000,000 4,700,000
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Maximum hemoglobin 60% 95%

Minimum hemoglobin 33% 60%

Average hemoglobin 45% 85%
from Iewis 21

No case of nutritional anemia falled to respond to iron and
copper. Clinieal improvement was gradual in all cases, and the
earliest signs of imprevement were, an increase in appetite, gain
in weight and inerease in general well being, Red blood cells
showed a prompt rise, in some cases going up to 4,500,000 in one

month., Hemoglobin rose more slowly. There was always a marked

improvement in the blood pieture except in cases of infection during

which there would be a drop in blood regemeration, and after subsidence

of infection bloodl regeneration again occurred at a normal rate. In

one case with T, B. of the hip the patient showed no improvement

after fourteen weeks of treatment with iron, copper and transfusions.
Fifteen cases were followed for six months after treatment and

in all, the red blood cells and hemoglobin remained normal. ILewis

concludes his article by saying; "Iron and ecopper given in combina-

tion to ehildren with nutritional and secondary anemla was more

effective than iron alone. This was particularly noticeable in

- the nutriti o#al series.”

Caldwell and Dennett °F have also conducted clinical experiments
on the effect of copper and irom in the treatment of secondary
anemias of children. They studied one hurdred cases from the out-
patient department of the New York Post Graduate Medieal School and
Hospital of Columbia University. Their patients ranged in age from
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one month to twelve years. All sihowed no evidence of physieal

defect except in many cases a noticeable degree of .pa;llor, loss

of appetite, flabby musecles and retarded or stationary weight,

Thus, it may doubtless be assumed that at least a ma,jerity of the
anemies were on & mutritional basis. They also noticed that diorrhea,
intercurrent infeetion, or an aetive foel of infeetion caused a drop
in the hemoglobin and red blood cells regardless of treatment.

Dosage used was 0.25 mgm. of copper and 32 mgm. of elemental
iron in milk three times a day. Although 32 mgm. is less than the
usual dosage of iron they contended that much less iron was needed
when accompanied with copper.

In their cases under iron and copper therapy the hemoglobin
inereased from 64% te 84% in four weeks and the red blood cells
increased from 3,605,000 to0 4,408,000 in the same time.

They conclude that "iron is best utilized in presence of copper
which 1s necessary for hemoglobin gynthesis.”

Bloxsom 88 has made an enlightening study of the iron and copper
requirements in infancy. A serieg of fifty-seven infants taken at
random from his private practice were fed copper anmi iron daily in
the form of CuS04 and iron and ammonium c¢itrate. This group of
fifty-seven infants slowed an average increase of from 5% to 15%
in hemoglobin over a group of 104 infants not receiving copper and
iron. Thus, he noticed a marked inerease in hemoglobin when copper
and iron were added to the diet.

Edward S. Mills °% reports very beneficial results in his cases
of idiopathic (hypoechromiec) anemia in women with an iron ecopper

therapeusi s.
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Hugh Josephs 25

in a discussion of nutritional anemia, its
prevention and treatment, concludes that copper appears to aect as

a catalyst in the synthesis of hemoglobin rather than in the
formtion of red blood cells, and that it has no effeet on reticulo-
eytes or urebilin excretion. He uses iron in the form of iron and
ammonium eitrate and contends that inorgemie iron is far superior

to iron in food for the rapid cure of patients with anemia probably
begerusa of its stimulating effects. He failed to observe any change
in recovery from anemia when vegetables and eggs were inecluded in
the diet.

Following the administration of copper Josephs saw vomiting and
diorrhea only in older chilirenm. Dosege of one e¢.e. of 0.5% solution
of CuS04 per kilogram of body weiglt was used, given in milk. He
has never seen any pathological effeet on the urine but admits that
the effeet has not been followed elosely. Copper was never given
for more than 7 to 10 days in his cases unless the hemoglobin was
around 20 or 30% and them for not more than three weeks.

No other writers have mentioned any deleterious effects from
copper except for an occasimal case of diorrhea or vomiting, which
cleared immediately on discontinuing or reducing the eopper intake.

Apparently we have made an important step forward in the treat-
ment of nutritional anemias. GSeveral c¢linlecal trials of the iron-
copper have been made andi reported with universally bemeflecial
results. In all cases the results coincided with those ‘ef Hart,
Steenbock and others. Of eourse the wark may be said to be still
in its infaney, but the outlook is encouraging. The ultimate fate
of this treatment will depend upon further clinical trial.
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Another treatment of interest is the mtraperitoaeal injeetion
of iron or whole blood.

Grulee and Sanford 89 re commend the intraperitoneal in jection of
iron in doses of b mgm. at three day intervals combined with one or
two trensfusions of blood. They have obtained good resilts with
this treatment in secondary anemias but report that it apparently
has no effeet on the hemoglobin or red cells in primary anemias.

It 1s a question if such heroic treatment is advisable when a
dietary regime has produced such god results in so many instances,
In cases with very low red cell counts, or when there is evidence of
circulatory failure perhaps sach treatment is more elearly indicated.

Ceeil ILorio 40 advocates the use of intraperitoneal injections
of whale blood, adding that the procedure can easily be carried
out wit hout harm. An enlightening deseription of the fate of the
injectéd blood is given in his article .4‘0

The red blood celle of the citrated bleod are absorbed quantita-
tively without di sintegration, into the general eirceculatiom. They
are first absorbed through the lymphatic vessels which establish
drainage between the peritoneum and eisterna chylli. Cross sections
of dlaphregmatic peritoneum shows the red cells being takem up between
the endothelial cells. Serum is rapidly absorbed but it mytake a
week before all of the red bloodi cells are completely removed from
the peritoneal cavity.

In Lorios' opinion agglutination determinations prier to intra-
peritoneal transfusion is safer. He states further, that the accepted
maximum dose of 16 c.c. of blooed to the pound of bedy weight should
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permit an inerease of 20% to 30% in the hemoglobin. He further
states that this treatment should be supplemented with a dietary

sufficient in iron and hematin containing feods.‘w

With regard to additional faetors Mayerson and lLaurens 42
noted that regemeration of red blood ecells and hemoglobin was
faster in animals irresdiated with carbon and mereury ares, both
being equally effective.

Foster4’3

reports a slight tut definite inerease in hemoglobin
anmd red bloed cells following irridiation with a quartz mercury
are, but no effeet from irradiation with a flaming earbonx are from
"Sunsh ine" carbons. |

Koessler et al % venture that blood regeneration cannot take
place without the presence of vitamin A, and that addition of vitamin
A to the diet of animals lorg &ephfed in their vitemin A reserve
brings about a rapid formation of new blcod cells. Further that 'ﬁhé
rate and intensity of blood regemeration is a funetion of the amount
of vitamin A added, and that a definite relationship existe between
a state of chronic vitamin deficiency and certain anemias. They
recommend the routire use of a rationally balanced diet im all cases
of anemia.

It is éifficult to believe that vitamin starvation ig the main
etiologic faector im nutritional anemias after observing the work of
others on iron and copper, although it is quite feasible that vitamin
deficieney does play an impertant role. It may perhaps aeccount for
the differences seen in apparently parallel cases when treated in

the same manner. Moreover, the faetor of vitamin starvation may
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serve to effect an inroad on the group previously captionmed
constitutionally predispositioned.

Since the treatment is largely concermed with iron and copper
a brief resume of the iron content of various common foolds will be
glven. Liver;an@ green vegetables have been fourd to contain
copper.

One ounce of beef Juiee contains 0.2 mgm. of iron but is not
of much value‘since iren contained in hemoglebin and its derivatiqes

is poorly abserbed by the gastro-intestinal traet.4

Yblk of egg contains 1.4 mgm. of iron
Epdrmma of ocatmeal 0.3 = " "
lgounea of cooked sirained

| spinach 0,59 = = =u
I‘Gunco of string beans 0.2 © n "
1 ounce of carrotis 0.5 © " "
1 ounce of prune pulp 0.70 " " "

Egg yalk}and prune pulp contain more iron than green vegetables
and acearding to Mnrae4 are less disturbing to the infant. Morse
advocates th&iusa of inorganie iren preparations in place of green
vegetables, which he contends are liable te upset the gastro-
integstinal traet of the infant. Organic iron is not asbsorbed more

readily them inerganie 1r@n,*

Summary :
Blood furmatian in the infent, and the infantile blood picture
have been touched upon. The main faets to be noted are that the
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infant hemopoetic system reverts more readily anmd rapidly to

the embryonic condition, anml that ehanges in the blood pieture

are of less relative significance in the infant than in the adult.
Iron is stered in the foetus in the latter months of pregnaney

in the form of avaeilable irom in the liver, and an excess of hemoglobin,

The excess hemoglobin breaks down early as a physiolegice process and
the iron so freed 1s steored in the liver as available iron for hemo-
globin syntheeis during the early months of infancy when iron intake
is Iiamliy at a low level. Thus, premetures and twins are deprived
to a variabie degree, of the iron normally stored in the latter months
of intra-uterine life,

Both human and cows' milk are notoriously low in iron and infants
fed solsly on a milk diet receive an insufficient iron intake for
nomal hemoglobin synthesis. This insufficient intake is compensated
for in the normel ehild by the iron stored during foetal life. In
children who begin life with deficient iron stores such as prematures
and twins, or those who are kept on a milk dlet for long perioed of
time develope an iron starvation which becomes evident in the form
of a nutritional anemia whiceh has been discussed.

Since nutritional anemia may oeccur at times in spite of the
presence of suffieient iron it is suggested that there is perhaps
a GQeficiency of some other faetor vital to hemoglobin synthesis.

Iron, either organic or inorganic has been found te be beneficial
in most cases of anemia, dbut in the nutritional types its effect is
almest nil in some cases, and somewhat disappointing in the majority.

In the laboratory ecopper was found to enhance the curative
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powers of iron in the treatment of nutritional anemia. This
obgervat ion has been confirmed in the clinies. Sinece copper is
not & component of hemoglobin it ig infered that it acts as a
catalyst. The possible manner m which copper may effect iron
metabolism has been described.

In the more aldvanced cases it was found of value to administer
intraperitoneal or intravenous blood transfusions, Such a measure
was al & recommended as a method of shortening the dietary treatment.

During infections or toxie reactions or if complicated by an
active foci of infeetion the dietary treatment was found to be of
ne avail. Transfusions are recommended as a measure to combat these

condi tions as well as removal of the noxious agent.

Conclusions:

1. HNutritional anemia is a deficiency disease and & distinet
clinical entity.

2. DNutritional anemia occurs most commonly in twins, prematures,
and infents maintained on a milk dlet for a long period of time.

. The elements concerned in the deficieney are iron and copper.
Iron assames the role of a building material for hemoglobin while
copper assumes the role of the builder.,

4., Iroen supplemented with copper is more effective in the
treatment of nutritional anemia than iron alone.

5. Nutritional anemias can usually be treated successfully
by a proper dietary regime, but advanced cases may reguire intra-

peritoneal or intravenocus blood transfusions.
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€. In the presence of an infectuous or toxic eomiition
even iron- eopper therapy ig of no avail until the infeetuous

or toxie agent has been irradicated.
7. Nutritionel anemia is not a fatal disease, Death usually

eceurs, if at all, due to an intercurrent infeection,

P
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