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ABSTRACT

This thesis took advantage of the very wide spectrum of
iron status encountered amongst the people of Southern
Africa, Established methods of measuring iron status
were used to illustrate features of dietary iron overload,
iron deficiency and the relationship between maternal and
infant iron status. Attention was also paid to the pre-
vention of iron deficiency in the heterogeneous South

African population.

In a comparative autopsy study measurement of hepatic iron
showed a significant reduction in the prevalence and seve-
rity of dietary iron overload in urban black males over
the past 17 years. Although hepatic iron concentration
rose with age, there had been no iron accum ulation during
this period. Liberalisation of the Liquor Laws has re-
sulted in a decrease in the consumption of traditionally
brewed, iron-rich, maize-sorghum beer. The resulting in-
crease in spirit consumption has increased the prevalence
of portal fibrosis and cirrhosis. Iron overload was sig-
nificantly greater in subjects dying from carcinoma of the
oesophagus and idiopathic heart failure suggesting exces-
sive exposure of these subjects to traditionally-brewed

iron-rich beverages,

Serum ferritin concentration, an established measure of
iron stores, was used to illustrate an age-related rise

in iron stores in a sample of rural black male South



Africans, Fifty two per cent had serum ferritin concen-
trations greater than 200 pg/l and comparison with the
urban autopsy study indicated that iron overload is cur-
rently more severe in rural than in urban black males.
Geographical differences in serum ferritin concentration

showed that iron overload was less common in the northern

regions of Southern Africa.

Measurements of iron stores, iron deficient erythropoiesis
and haemoglobin concentration were necessary to give a
comprehensive evaluation of the iron status of a sample

of women taken from the South African Indian population,
Nearly half the women had evidence of depleted iron stores
while the prevalence of iron deficiency anaemia was 14
per cent. Improvement in iron status was related to age
and reduced duration of menstruation. A profile of iron
status based on the cumulative distribution of calculated
iron stores showed that the sample had median iron stores
of 150 mg with lower and upper 10 percentiles of =355 mg

and 655 mg.

Serum ferritin, iron, haemoglobin and placental non-haem
iron concentrations were used to study the relationship
between maternal and infant iron status at birth. Cor-
relations, similar to those seen in adults, showed that
cord serum ferritin concentrations reflect neonatal iron
stores. However, its indirect correlation with cord haemo-
globin concentration (r = -0.35) suggests that the amount

of iron in foetal stores is influenced by that required



vi
for haemoglobin and that low serum ferritin concentrations’
do not necessarily indicate reduced iron transfer. Pla-
cental non-haem iron was related to maternal serum ferri-
tin concentration (r = 0.41) but not to measurements of

foetal iron status suggesting that stored placental iron

is not available to the foetus,.

Finally the possibility of preventing iron deficiency in
the Indian population through the fortification of food
with Fe(III) EDTA was studied. In comparative studies
with ferrous sulphate, iron absorption from Fe(III) EDTA
was shown to be significantly less influenced by inhibi-
tors in maize porridge and by bran. Ascorbic acid did
enhance absorption but, paradoxically, increased the in-
hibitory effect of maize porridge. Although curry powder
(masala), which is used in large quantities by the Indian
population, enhanced iron absorption from both ferrous
sulphate and Fe(III) EDTA, absorption from Fe(III) EDTA

was significantly higher.

Evidence that the mechanism whereby Fe(III) EDTA forms a
common pool with intrinsic iron differs from that occur-
ring with simple iron salts, was provided by both the
marginally higher absorption from Fe(III) EDTA than from
intrinsic food iron and by studying the exchange of iron
between 55Fe(III) EDTA and 59F8804. This was shown to
occur in vitro and the appearance of small amounts of
radio-labelled Fe(III) EDTA in the urine served to demon-

strate that the exchange also took place during absorp-



vii

tion,

’

It is concluded that Fe(III) EDTA may be a useful com-
pound for food fortification of cereals because the iron
is well absorbed and utilized for haemoglobin synthesis.
The substances in cereals which inhibit absorption of
simple iron salts do not appear to inhibit absorption of
iron from Fe(III) EDTA. In addition, the combination of
Fe(III) EDTA and masala as a fortification vehicle is seen
to be particularly suitable for a fortification programme
in South Africa where such a wide range of iron status is

found.
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AN APPROACH TO THE EVALUATION OF IRON STATUS AND THE
PREVENTION OF IRON DEF ICIENCY

INTRODUCTION

Basic Concepts

Internal Iron Kinetics

The major portion of body iron is found in the iron por-
phyrin complexes haemoglobin and myoglobin and in haem-
containing enzymes where it is responsible for the trans-
port of oxygen. However, the body also makes use of iron's
varied and subtle chemical properties in many enzyme reac-
tions and in electron transfer via the cytochromes. 1In
addition, these properties have necessitated the evolution
of specialised transport and storage proteins which hold
iron in a relatively non-reactive form. Altogether man
has a complement of about 3800 mg (50 mg/Kg) of iron.

Less than a third of this is in the storage complexes,
ferritin and haemosiderin. The remainder forms an integral
part of various functional compounds of which haemoglobin,
containing about 60 per cent of the total body iron, is

the most abundant., Myoglobin accounts for about 8 per

cent while the various iron-containing enzymes contain

less than 5 per cent of the body's iron.

The body shows great economy in its handling of iron,
There is a continuous process of renewal of the metaboli-

cally active iron-containing compounds recycling the same



iron via the plasma over and over again, While about 30
to 35 mg of iron pass through the plasma pool each day
(Cook et al. 1970), only about 3 mg is in the plasma at
any moment., Here over 95 per cent of the iron is bound

to the specific transport protein, apotransferrin, to form
transferrin, This functions as a true transport vehicle
in that it is not destroyed in the process of iron distri-
bution. The major flow of iron is from the reticuloendo-
thelial system to the erythroid marrow (Bothwell et al.
1979) and since transferrin in vivo cannot acquire iron
from red cell precursors nor give up its iron to reticulo-

endothelial cells, this transfer is unidirectional (Finch

et al. 1970).

The reticuloendothelial system is the major source of iron
_entering the plasma (22 mg/day) and its iron is derived,
in turn, from the catabolism of haemoglobin, About 15 mg
/day comes from senescent red cells engﬁlfed by the reti-
culoendothelial system and the remainder (about 7 mg/day)
from cellular wastage during erythropoiesis and from non-
haem iron removed from viable red cells (Cook et al.
1970). 1Iron also enters the plasma from other sources,
About 7 mg/day is derived from liver, muscle, skin and
other parenchymal tissues, about 3 mg/day moves between
extravascular and intravascular compartments and about

1 mg/day enters via ébsorption which in normal circum-
stances is more or less balanced by a similar loss through

iron excretion (Bothwell et al. 1979).



Plasma Iron

The efficiency with which iron is transported in the plasma
is largely dependent on the properties of transferrin.
This protein is a single chain polypeptide with two active
iron binding sites (Mann et al. 1970) and a molecular
weight of about 76,000 daltons (Roberts et al. 1966). The
mechanism of the binding of iron at these two sites has
elicited considerable debate, since, although the union

is tight, iron is readily delivered to tissues that need
it. Iron is bound in the ferric form and the loading of
each site results in the development of a characteristic
salmon-pink colour (Aisen & Brown, 1977). The stability
of the bond is dependent on the presence of carbonate
(Schlabach & Bates, 1975) which also seems to be neces-
sary for normal iron release (Aisen & Liebman, 1973) and
is markedly affected by pH outside the physiological range

(Surgenor et al. 1949),.

The uptake of transferrin-bound iron is limited to im-
mature cells of the erythroid marrow and declines with
maturation of the cells (Kailis & Morgan, 1974). Uptake
probably takes place in three phases (Morgan, 1974). A

non-specific adsorption phase where transferrin attaches

to the cell surface due to electrostatie forces. A fixa-

tion phase involving transferrin receptors on the cell
surface and endocytosis of the protein-receptor complex.
This is energy dependent and proportional to the ATP

level in the recipient cell (Kailis & Morgan, 1977).



Iron is released during this phase, probably with the re-
moval of carbonate ion (Schulman et al, 1974). The last
phase is also energy dependent and involves the release

of intact transferrin back into the plasma. Although this
point is disputed, the two iron-binding sites probably be-
have similarly. However, the mechanism of uptake ensures
that twice as much iron is delivered when in the diferric
form than in the monoferric form., The relative propor-
tion of these forms is determined by the saturation of
transferrin, there being more of the diferric form with

increasing saturation (Christensen et al, 1978).

Iron Excretion

Iron leaves the body in the form of intracellular iron
compounds lost during the normal turnover of epithelial
surfaces as well as through loss of red cells, in small
quantities, into the bowel and during menstruation. In
addition, small amounts of iron are lost in sweat, bile
and urine (Finch, 1969). These losses in normal males
have been found to be between 12 and 14 pg/Kg/day of which
about 33 per cent is accounted for by loss of red cells
and 14 per cent by exfoliation of mucosal cells of the
gastrointestinal tract (Green_e_i_gl° 1968). Estimates of
losses from the skin and sweat have been bedevilled by
problems of exogenous iron contamination (Vellar, 1968)
and it is unlikely that these sources account for more
than about 30 per cent of total losses even in the pres-
ence of excessive sweating (Green et al. 1968). Less than

10 per cent of the iron lost is found in the urine pro-



bably due to exfoliation of the urinary epithelium (Green
et al, 1968). 1Iron losses in secretions and due to ex-
foliation are influenced by iron status so that total
losses might vary from 8 pg/Kg/day in iron deficiency to
20 pg/Kg/day in iron overload (Dubach et al. 1955; Green

et al, 1968),

In two classic studies in Sweden (Hallberg et al. 19663
and in England (Cole et al. 1971) the median monthly blood
loss due to menstruation was found to be 30 and 26,5 ml
respectively, In terms of iron loss this amounts to 0.4
to 0.5 mg/day. However, more than 10 per cent of the wo-
men had losses greater than 80 ml. This represents an
iron loss of more than 1 mg/day which is greater than all
other iron losses combined, Thus, the daily iron excre-
tion in premenopausal women is about 1,5 to 1,6 mg/day
compared to 0.9 to 1 mg/day in men, Similar estimates
have been obtained by measuring the total body iron ex-
cretion using the decline in radioactivity (55Fe) in haemo-
globin over prolonged periods in men (Green et al. 1968)
and premenopausal women (Finch, 1959). Although preg-
nancy affords a respite from menstruation, the final cost
in terms of iron loss is greater than nine months of nor-
mal menstruation, In addition to obligatory iron losses
of about 230 mg during nine months of pregnancy, the foetus,
cord and placenta require about 360 mg (Widdowson & Spray,
1951; McCoy et al. 1961) while maternal blood loss and
lochia at parturition may account for a further 150 mg

(McCoy et al, 1961), The total cost is thus some 740 mg



of iron or about 2.6 mg/day. Expansion of the red cell
mass during pregnancy will cost an additional 450 mg of
iron and, although this will be returned to stores after
the birth of her child, it will increase requirements
during pregnancy by 1.6 mg/day. In the puerperium breast

feeding may result in an additional loss of up to 1 mg

/day (Bothwell et al. 1979).

Iron Absorption

In normal circumstances the gastrointestinal tract is the
only route by which iron losses can be made good, Several
factors determine how much iron the normal gastrointesti-
nal tract is able to absorb., These include the amount and
bioavailability of the dietary iron and the 'setting' of
the intestinal mucosa, The latter is, in turn, dependent
on the iron content of the body. Absorption normally de-
creases as stores increase and increases as stores become
depleted (Finch & Monsen, 1972). Thus, while a normal in-
dividual would be expected to absorb about 0.7 mg from a
Western-type diet containing 10 mg of iron, iron deficient
and iron overloaded individuals would absorb about 2 and
0.2 mg respectively, If the amount of iron in the diet
was increased to 100 mg, the same individuals would absorb

about 2, 7 and 0.7 mg respectively (Bothwell et al, 1979).

Iron is the second most abundant metal in the earth's
crust and this is reflected in the iron content of most
foodstuffs, yet iron deficiency and not iron overload is

the commonest nutritional problem facing man. This para-



dox is due to the poor bioavailability of most food iron,
Chemical analysis of tyéical Western meals has shown that
the iron content is about 6 mg/1000 calories (U.S. Depart-
ment of Health, 1972) but such chemical estimates of the
dietary iron content are meaningless unless the form of
iron and its bioa?ailability are known, For example, the
diet may contain large amounts of contaminant iron derived
from food containers or from the soil. A picturesque de-
monstration of this was reported from Ethiopia where teff
was shown to contribute 200 to 300 mg of iron per day to
the diet, However, further study revealed that most of
this was due to soil contamination acquired during threshing
under the hooves of cattle (Hofvander, 1968), While little
of such iron would be available for absorption, other con-
taminant iron may be well absorbed., This is demonstrated
by the good absorption of contaminant iron in traditional
beer brewed by black South Africans (Derman et al. 1980)
and by the iron overload seen in these individuals (Chap-
ter 2). When seen in relation to the individual's require-
ments, the bioavailability of iron assumes great impor-
tance, For example, Finch (1976) has calculated that the
daily iron requirement in infancy is about 79 pg/Kg and
less than half of this (33 pg/Kg) is available in a 'poor!'
diet and only 66 pg/Kg in a 'good' diet, In pregnancy the
situation is worse, the iron requirement being about four
times that available in a 'poor!' diet and twice that in a

'good!' diet,

Any assessment of the bioavailability of dietary iron must
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distinguish between the two major forms of food i1ronO

Iron In the form of haem, as derived from muscle and blood,
iIs very well absorbed, but i1s relatively scarce, while non-
haem iron, although abundant in the cereals that make up
most of the world®"s diet, is poorly absorbed,, This was
well demonstrated iIn a study iIn Swedish soldiers eating

a mixed diet iIn which haem iron comprised only 5 per cent
of the total 1ron yet contributed almost 30 per cent of
the i1ron absorbed (Bjorn-Rasmussen etal, 197k). In this
study the mean absorption of haem i1ron was about 3k per
cent while similar studies have shown that only 1 to 7 per
cent of the 1ron iIn vegetable staples such as rice, maize,
black beans, soya beans and wheat is absorbed (Martinez-
Torres & Layrisse, 1973)= Apart from poor bioavailability,
non-haem i1ron absorption is greatly influenced by other
constituents of the meal. There is evidence that non-haem
iron in a meal, whatever 1its origin, forms a common pool
and i1s equally susceptible to enhancers and iInhibitors
which may also be present (Cook et al. 1972? Hallberg &
Bjorn-Rasmussen, 1972)0 The bioavailability of non-haem
iron is enhanced by ascorbic acid (Cook et al,, 1972b; Sayers
et al, 1973), fish and meat (Cook & Monsen 1976; Hallberg
et alo 1978) but is i1nhibited by tannates in tea and cof-
fee (Disler etal . 1975} bran (Bjorn-Rasmussen et al,,

197k) and other substances.

Iron Stores
There 1s thus a constant turnover of iron in the human body

with obligatory losses being made up, more or less, by



absorption. However, there 1is great variability iIn the
amount of iron required by an individual (Section 1.1,6)
and, indeed, the amount that may be available lor absorp-
tion from time to time. Some mechanism for storing iron

iIs therefore essential and specialised storage proteins
called ferritins are found in a wide range of animal and
plant species. Any 1iron, surplus to the tissues’ immediate
needs, is stored either as a soluble, mobile fraction (fer-
ritin), encased in a protein shell (apoferritin) which pre-
vents 1ts precipitation, or as aggregated, insoluble de-
posits called haemosiderin, lacking the protein shell.
Almost all tissues have been shown to contain ferritin
(Linder & Munro, 1975) and are, therefore, able to store
unbound toxic 1ionic 1ron and to conserve this essential
mineral. As ferritin is never fully saturated with iron,
free iron can be incorporated immediately (Harrison et al.
197M). In addition, as soon as 1iron enters tissues, there
iIs a specific stimulation of apoferritin synthesis (Fine-
berg & Greenberg, 1955a) which has been shown to be dose
dependent (Fineberg & Greenberg, 1955b; Drysdale & Munro,
1966). This enables cells to sequestrate iron locally iIn
response to iIncreased iron concentrations which, for example,

may result from haem catabolism or iron absorption.

Iron stores increase with age and fluctuate with change
in demand as in pregnancy, during growth or following blood
loss. In normal circumstances storage iron makes up about
a quarter of the total 1iron, that is about 15 mg/Kg or

1000 mg in an adult male (Bothwell et al, 1979). About



700 mg of this is In the form of ferritin while the re-
mainder 1s stored as haemosiderin. Most of the body"s
stores are found iIn the reticuloendothelial cells of the
liver, spleen, bone marrow and muscle, where haemosiderin
iIs the predominant form and iIn the parenchymal cells of

the liver, largely in the form of ferritin.

Iron stored iIn these sites and in both forms can be mobi-
lised and distributed via plasma transferrin to wherever

it 1s needed (Green et al. 1968; Charlton et al. 1980).

The mechanism of mobilisation of i1ron from ferritin iIs not
fully understood. While chelators (Pape et al. 1968) and
reducing agents, including ascorbic acid (Bielig & Boyer,
1955) have been shown to remove 1iron from ferritin in
vitro, 1t is more likely that reduced riboflavins are re-
sponsible 1n vivo (Harrison et al. 1977; Jones et al. 1978).
These molecules are small enough to negotiate the narrow
channels i1n the apoferritin shell and react directly with
the entrapped iron (Harrison et al. 1975). It seems likely
that ascorbic acid may also be iInvolved. This is demon-
strated by the defective release of i1ron from reticuloendo-
thelial stores in scorbutic guinea pigs which 1is rapidly
corrected by the administration of ascorbic acid (Lipschitz
et al. 1971) and by the sudden rise in plasma i1ron concen-
tration seen in human subjects with scurvy when given as-

corbic acid (Wapnick et al. 1970).

It 1s not known how i1ron makes 1its way from ferritin to

transferrin and, thence, into the plasma, but there 1is evi-
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deace from animal experiments that the copper-containing
plasma protein, caeruloplasmin, may be involved (Lee et
al . 196S; Roeser et al,, 1970; Osalci et al. 1971). What-
ever the mechanism, 1f erythropoiesis iIs stimulated by
phlebotomy, a normal adult male is able to mobilise up to
about 60 mg of storage 1iron a day, which is enough to al-
most treble the rate of red cell production (Hillman &

Henderson, 1969).

Normal Iron Requirements

In general, the body absorbs enough i1ron from the diet to
replace obligatory losses, to provide for growth and to
establish a reserve store. The obligatory losses have been
discussed previously (Section 1.1.3) and amount to about
0.9 to 1 mg/day in adult males and slightly less in post-
menopausal women while adult premenopausal women lose about
1.5 to 1.6 mg/day,, It follows that the normal iron require-
ment in adults must be greater than these losses iIf a re-
serve store is to be established. However, a considerable
quantity of additional 1iron iIs required to provide for
growth. This amounts to about 3.5 Kg of iron that must

be acquired by a 75 Kg male between infancy and adulthood.
At birth the infant has about SO mg/Kg of iron which it
derived solely from its mother iIn amounts proportional to
its mass (W iddowson & Spray, 1951). Most of this (60 mg/
Kg) is iIn the form of haemoglobin but the total iron may

be reduced by up to 35 per cent if the umbilical cord 1is
clamped before adequate transfer of blood from the sepa-

rating placenta to the baby has occurred (Yao etal . 1969;



Barman, 1971). During the first six to eight weeks eryth-
ropoiesis virtually ceases (Gairdner et al. 1952; Finne

& Halvorsen, 1972) and the haemoglobin concentration falls
about 6 g/dl (O"Brien & Pearson, 1971) causing a shift of
iron from haemoglobin to stores (Lintzel et al. 1944;
Stimes et al. 1974; Rios et al. 1975). As the infant
grows, the red cell mass expands at the expense of iron
stores until, between the ages of six months to two years,
there is virtually no reserve i1ron (Smith et al. 1955;
Rios et al. 1975). During this phase 1ron requirements
may vary between 0.5 and 1 mg/day depending on the infant’s
initial i1ron endowment and requirement may well exceed
supply. This 1s, therefore, the first period of life when

iron deficiency commonly occurs.

From the age of two years to puberty the relative growth
rate falls and the 1iron requirement for growth is about
0.5 mg/day while the amount needed to replace obligatory
losses gradually increases from about 0.2 mg/day to 0.5
mg/day. During this period the total daily requirement,
therefore, rises from 0.5 mg to 0.8 mg and is usually
easily met by the iron available in the diet (Bothwell et
al. 1979). The growth spurt of adolescence is accompanied
by a rise iIn haemoglobin concentration and iIncreased 1iron

losses. This initially increases requirements in males

to about 1.6 mg/day, but later drops to about 1.2 mg/day,
which 1s sufficient to offset losses and for the slow build-
up of iron stores. In females the additional losses of

menstruation (Section 1.1.4) start as the growth spurt



1,1.7

subsides giving an overall requirement of about 1.4 mg/day.
There 1is, however, great variation iIn menstrual blood loss
and, consequently, great variation iIn requirements. As
mentioned earlier, the requirements to meet the needs of
pregnancy may rise from 1.5 mg/day in the first trimester
to 5 to 6 mg/day in the third (Bothwell et al. 1979).

In addition to physiological losses, other pathological
losses may increase requirements. For example, the gastro-
intestinal blood losses following the regular iIngestion

of aspirin and other anti-inflammatory agents may account
for as much as 5 ml of blood (Scott et al. 1961). Hook-
worm infestation, which has been estimated to affect 450
million people (Farid ef al. 1969)9 may cause a loss of
about 2.4 ml of blood per day in victims with a moderate
worm load excreting 1,000 ova/g faeces (Layrisse & Roche,

1964).

Iron Status

Increased losses are met initially by the iron iIn stores

but when these are exhausted, absorption from the diet is
the only source of iron. Although iron absorption increases
with depletion of stores, limitations imposed by the bio-
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availability of i1ron in the diet and* the absorptive capa-
city of the mucosa to keep pace with losses, may result

in impaired supply of iron to the erythroid marrow and
consequent anaemia. Thus a state of negative 1i1ron balance
exists when requirements exceed supply. In the opposite

situation, there will be a steady iIncrease iIn i1ron stores

since man has a limited ability to excrete 1iron. It



therefore follows that an individual may have a wide range
of i1ron status, from the rare situation of iron overload
at one extreme to severe anaemia with multiple deficiencies
of tissue iron enzymes at the other. Several grades of
iron status are recognised. Iron deficiency iIs present
when the total body iron content is reduced. In 1ts mild-
est form, iron depletion, there i1s a simple decrease iIn
iron stores and essential body i1ron iIs not affected. Iron
deficient erythropoiesis 1is a more severe form and occurs
when the supply of i1ron to the erythroid marrow is iInade-
quate but not sufficiently reduced to drop the haemoglobin
concentration to recognisably Tanaemic®™ levels. Iron de-
ficiency anaemia is present when the supply of iron to

the erythroid marrow is not sufficient to keep the haemo-
globin concentration above an arbitrarily chosen level

(see Section 1.4 and Chapter h),, At the other end of the
spectrum, 1iron overload is present when the total body
iron content is iIncreased. The distinction between normal
iron status, when iron stores are adequate and erythro-
poesis is not compromised by lack of i1ron, and i1ron over-
load 1s not well defined. However, iron stores In excess
of about 2 g are considered abnormal and the general term
haemos 1deros is or siderosis iIs used. The term haemochro-
matos 1s 1s applied when i1ron stores are estimated to be
greater than 15 g and there is evidence of tissue damage
(Bothwell et al. 1979), This terminology applies to popu-
lations as well as i1ndividuals and the prevalence of the

different grades of iron status is a measure of the popu-



12

1,21

lation®s 1iron nutrition. The measurements that can be
made to evaluate the iron status of i1ndividuals and the
criteria used to define the various grades of i1ron status
will be reviewed in Section 1.4. In the following sec-
tions the cause and effects of these two extremes of dis-
ordered i1ron metabolism, 1iron deficiency and iron overload,

are reviewed,

Iron Deficiency

Cause of Ilron Deficiency

Iron deficiency may develop suddenly or gradually. Since
each gram of haemoglobin contains about 3»5 mg of iron,
acute haemorrhage leads to a rapid fall i1n total body iron
and mobilisation of iron stores in order to replace the
lost haemoglobin. A more gradual depletion of body iron
will occur as a result of persistant negative iron balance
when absorption is unable to keep pace with excessive iron
loss or with the increased demands of growth or pregnancy.
Thus iron deficiency iIs common during the period of rapid
growth between six months and two years of age, when limi-
ted dietary iron is an additional factor, also during the
adolescent growth spurt in females, when the added burden
of menstruation plays a part, and, lastly, in premenopausal
women when both multiple pregnancies and menstrual loss
contribute to iron depletion. In other situations 1iron
deficiency is likely to be due to pathological blood loss,

often from either the aastrointestinal or genital tract.



Menorrhagia is thus a common cause of i1ron deficiency 1iIn
premenopausal women. A monthly blood loss of more than
80 ml, equivalent to 1.2 mg iron per day, 1is regarded as
capable of causing i1ron deficiency anaemia (llallberg et
al. 1966b; Cole et al. 1971) and in one study such losses
were found in 11 per cent of women, almost half of whom
described their menstruation as moderate or even scanty
Some of the factors which have
been shown to contribute to excessive menstrual loss iIn-
clude heredity (Rybo & Hallberg, 1966) and parity and body
mass (Cole et al. 1971). The use of iIntrauterine contra-
ceptive devices may produce a median increase in monthly
blood loss of 40 to 60 ml (Guillebaud et al. 1976) while
uterine fTibroids have been found in about 40 per cent of

women losing more than 200 ml blood monthly (Rybo, 1973).

Bleeding from the gastrointestinal tract is the prime cause
of iron deficiency in adult males and postmenopausal fe-
males. The daily blood loss need not be more than 7 to

10 ml to produce 1iron deficiency anaemia in an adult male
eating a Western-type diet (Bothwell et al. 1979) and such
amounts usually escape notice. A large number of inflam-
matory, neoplastic and structural bowel lesions may account
for this loss. Beveridge and colleagues (1965), iIn a retro-
spective study of 371 patients with i1ron deficiency anaemia,
found that gastrointestinal bleeding was responsible iIn 60
per cent. In more than a quarter of these cases no speci-
fic cause of bleeding was found. An important cause of

iron deficiency i1n the developing world is bleeding from



the gut due to hookworm infestation (Farid etal. 1969)=
Each worm of the Necator americanus species removes up

to 0.1 ml blood daily (Roche & Layrisse, 1966) while An-
cylostoma duodenale may remove up to 0025 ml (Farid et
al. 1965: Roche et al. 1957)= Further proof of the re-
lationship between hookworm infestation and iron defi-
ciency is provided by the iInverse correlation between mean

haemoglobin concentration and the faecal ova count (Lay-

risse & Roche, 1964)0

While pathological loss of blood from the gastrointestinal
tract is of prime importance, other sites of haemoglobin
loss should also be considered. Loss due to bleeding from
the urinary tract in heavy infestations of Schistosoma
haematobium may be sufficient to lead to iron depletion
(Farid et al. 1965). Haemosiderinuria following intra-
vascular haemolysis iIn paroxysmal nocturnal haemoglobin-
uria may account for 10 to 15 mg iron lost per day (Hart-
man e tal. 1966) while haemolysis due to artificial heart
valves may cause similar losses (Slater & Fell, 1972).
Repeated blood donation will lead to depletion of iron
stores (Finch et al,, 1977) and frank anaemia may occur

(Mehta, 1968),,

A less frequently encountered cause of i1ron deficiency 1Is
malabsorption of iron. In countries such as India and
Pakistan malabsorption and histiological abnormalities of
the intestinal mucosa probably contribute to the high pre-

valence of i1ron deficiency (Lindenbaum et al» 1966 ; Russell



1,2.2

et al . 1966; Cowan et al. 1968). In Western countries
gastric surgery, often compounded by bleeding, may lead
to 1ron deficiency due to malabsorption caused by loss of
both gastric secretions and the normal “hopper®™ Tfunction
of the stomach (Kelly et al, 1967). Chronic gastritis
may also play a role in the aetiology of i1ron deficiency
although there 1s some debate as to whether It Is a cause
or an effect (Jacobs et al,, 1966; Shearman et al. 1966).
Gastric mucosal atrophy with associated achlorhydria leads
to decreased absorption of non-haem iron and subsequent
iron deficiency while severe iron deficiency, due to
other causes, may produce gastric atrophy in some iIndi-
viduals. A more bizarre form of malabsorption is caused
by pica or the eating of non-food material. This 1iIs a
wide-spread habit (Sayers et al. 197R) and there 1iIs good
evidence that some clays markedly inhibit i1ron absorption

(Minnich et alg 1968).

Effects of Iron Deficiency

Anaemia iIs the most obvious effect of i1ron deficiency and,
for this reason, has been taken as the major yardstick in
evaluating the possible deleterious consequences of iron
deficiency. However, recent evidence suggests that iron
deficiency of other body tissues will also produce adverse
effects. Iron deficiency anaemia has been shown iIn several
physiologic studies to have an effect on effort tolerance,
In rats and iIn man a significant correlation between haemo-
globin concentration and work capacity has been demonstra-

ted (Edgerton etal, 1972; Wranne & Woodson, 1975, Charlton



etal. 1977)o In one classic study Viteri and Torun
(197™) showed that the Harvard Step Test Score could be
correlated with haemoglobin level 1n Guatemalan agricul-
tural labourers» In this study even minor decrements 1iIn
haemoglobin concentrations seemed to affect performance
which 1s surprising, since there are several compensatory
mechanisms which ensure adequate oxygenation of the tis-
sues (Finch & Lenfant, 1972),, In fact some studies iIn
rats (Finch et al 0 1976) and i1In man (Davies et al» 1973)
have only shown significant changes i1n physical perform-
ance at low haemoglobin concentrations O iMore recent work,
however, has shown that iron deficiency anaemia may have
economic consequences. Anaemic labourers on a rubber
plantation in Indonesia (Basta et al, 1979) and on a tea
plantation i1n Sri Lanka (Gardner et al,, 1977; Edgerton

et al. 1979) were shown to be less efficient workers and
the performance of these iron deficient subjects improved
when 1ron therapy was givenO Although those with the
lowest iInitial haemoglobin concentrations showed the
greatest improvement, 1t is not clear whether this was
due to repletion of haemoglobin alone or to correction of
a deficiency affecting some other iron-dependent metabolic

process.

A number of 1ron-containing and i1ron-dependent compounds
have been shown to be depleted in iron deficiency anaemia
but 1s is difficult to establish the pathological or clini-
cal significance of the non-haematological sequelae of

iron deficiency. However, there is good evidence that



iron deficiency adversely affects muscle function0O Finch
and co-workers (1976) have shown that iron deficient rats,
with adequate haemoglobin levels maintained by transfusion,
are unable to run properly and the impaired physical per-
formance 1is related to decreased concentrations of 0O<-
glycerophosphate oxidase iIn muscle. As this enzyme 1is
concerned with the shuttling of electrons across mitochon-
drial membranes, deficiency results iIn impairment of gly-
colysis and the accumulation of lactic acid in muscle.
Recent evidence indicates that the increased lactic acid
concentration impairs muscle function (Finch et alg 1979) =
Studies on humans with i1ron deficiency anaemia have shown
higher blood lactate concentrations than normal controls
following maximal exercise on a treadmill, despite the
fact that the anaemic subjects were not able to cope with
the same work load (Gardner et al . 1977). However, the
anaemic subjects had haemoglobin concentrations between

6 and 7 g/dl which may have resulted iIn impaired oxygena-
tion and consequent lactic acidosis. Impaired oxygen trans
port is not the only reason as more recent evidence indi-
cates that the iImprovement iIn work capacity iIn iron de-
ficient subjects after iron treatment could not be totally
accounted for by the rise in haemoglobin concentrations

(Ohira et al. 1979) =

A number of other disturbances at a biochemical level have
been described iIn association with 1iron deficiency. These
include depletion of cerebral 1iron iIn i1ron deficient young

rats (Dallman et al. 1975) and reduced levels of the



enzymes aldehyde and mono-amine oxidase (Mackler et al.
1978; Dallman et al. 1978). Whether these, or similar
biochemical changes, are responsible for any clinical ob-
servations or for the compulsion to eat non-food material
(pica), which 1is readily reversed by iron therapy (Rey-

nolds et al. 1968; Crosby, 1976), remains to be shown.

The maintenance of body temperature has recently been shown,
In rats, to be iron dependent. The inability of iron de-
ficient rats to maintain normal body temperature at low
environmental temperatures has been shown to be due to Im-
paired conversion of tri-iodothyronine to thyroxine (Dill-
man et al. 1979; Dillman et al. 1960). These abnormalities
could be reversed within a few days by the administration

of 1ron.

Iron has been thought for centuries to play some kind of
role In man"s defence against infection. Galen, although
unaware of the 1i1ron content of haemoglobin, thought that
"pouring forth the superfluity of the blood®™ iIn menstrua-
tion protected women against disease and Trousseau, wri-
ting in the nineteenth century, described two patients
who rapidly developed tuberculosis following iron therapy
for chlorosis (Brain, 1979). More recent studies amongst
iron deficient Somalt nomads have shown that infections be-
came more common iIn subjects treated with iron compared
with those given placebo tablets (Murray et al. 1978)
while 1ron treatment has been reported to increase the

number of malarial attacks iIn i1ron deficient East Africans



(Masawe et al. 197-). This may be due to the fact that
the saturation of transferrin with iron that occurs with
iron therapy may allow free 1ionic iron to become available
for micro-organisms, many of which require 1iron for growth
and will not grow in serum unless 1iron is added (Sussman,
197M). In contrast to these findings, there is also evi-
dence which suggests that iron deficiency results iIn de-
creased resistance to infection. Impairment of cellular
immunity has been reported in iron deficient children in
whom 1mpaired lymphocyte transformation, a lower incidence
of positive skin reactions to common antigens and lower
percentage of circulating T-lymphocytes have been demon-
strated (Joynson et al. 1972; MacDougall et al. 1973)»
Other studies have shown abnormalities in granulocytic
function rapidly reversed by giving iron (Chandra, 1973)
which have been ascribed to a deficiency of myeloperoxidase,
an iron-containing enzyme (Prasad, 1979) or to an abnor-
mality of the hexose monophosphate shunt (Yetgin et al.
1979). Although some clinical observations iIn iron defi-
ciency seem to confirm these findings, their real signi-
ficance remains unclear (Sussman, 197V, Weinberg, 1978),
To add to the confusion, transferrin has been shown to
have antiviral (Martin et al. 1963), antifungal (King et
al. 1975) and bacteriostatic properties (Sussman, 197T)
probably because it binds i1ron and makes 1t unavailable

to micro-organisms.

Finally, several morphologic abnormalities of epithelial

structures have been reported iIn i1ron deficiency. These
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include nail changes, angular stomatitis, webbing oir the
oesophagus and atrophy of gastric mucosa. However, the
prevalence of these abnormalities varies so greatly that
it 1s likely that multiple deficiencies and, perhaps,
genetic factors may play a part in their genesis (Bothwell
et al. 1979)o At a microscopic level structural and growth
abnormalities have been described to occur in several tis-
sues and 1t seems possible that this i1s due to a defect

in DNA synthesis caused by inhibition of ribonucleotide
reductase (Hoffbrand et al. 1976),, A similar mechanism
may be responsible for growth retardation described 1in
iron deficient animals and man (McCall et al,, 1962; Judish

et al,, 1966)o

Iron Overload

131 Aetiology and Mechanisms

While iron deficiency 1is probably the world"s most common
nutritional disorder, iron overload is a rare condition
occuring only in special situations. The balance between
the amounts of dietary 1iron absorbed and the individual®s
iron requirements normally ensures that iron stores lie
between 0 and 2000 mg. For iron stores to increase beyond
2000 rag, additional 1iron must either be absorbed from the
diet or must be administered parenﬁ?ally- Once within the
body the excess 1iron is deposited iIn either the reticulo-
endothelial system or in parenchymal cells, depending on
a number of factors, 1iIncluding the route of entry, erythro-

poietic activity and ascorbic acid metabolism (Bothwell et



al.o 1979 )= In idiopathic haemochromatosis, iron absorp-
tion, although still iInfluenced by stores, 1is inappropria-
tely high (Bothwell etal,, 197¢) . In addition, the reti-
culoendothelial cells appear to be unable to store 1iron
and, as a result, circulating transferrin is saturated with
iron and the excess is deposited iIn hepatic parenchymal
cells (Jandl & Katz, 1963: Buchanan, 1969)° Iron, entering
the portal circulation via absorption, is unable to bind

to the saturated transferrin and is also deposited in hepa-
tocytes (Wheby & Umpierre, 1967)° This implies that there
IS a genetic defect involving the absorptive mechanism as
well as the reticuloendothelial cells” ability to handle
iron,, However, 1In situations where the mechanisms are
normal but large amounts of iron are presented to the body,
either via excessive dietary iron or via repeated blood
transfusions, the excess 1iron iIs deposited largely in the
reticuloendothelial syistemO This 1s understandable iIn the
case of excess iron derived from repeated blood transfusions,
as 1In aplastic anaemia, since the reticuloendothelial sys-
tem 1s responsible for the break down of senescent red
cells (Lynch et al,, 1977a),, Absorption of excessive amounts
of 1ron resulting in iron overload iIs not commonly encoun-
tered but has been well described in black South Africans
(see Chapters 2 and 3). The excessive reticuloendothelial
deposits of i1ron found in these individuals Kre due to the
absorption of large amounts of available i1ron from tradi-
tional maize and sorghum beer (Derman et al. 19S0),, Re-

ticuloendothelial cells iIn this situation must still derive
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their iron from the catabolism of haemoglobin but supply
less to the erythroid marrow with a resulting accumulation

of storage iron.

Two other situations where iron may be trapped in the re-
ticuloendothelial system should be mentioned. Ascorbic
acid deficiency has been shown to cause impaired release
of i1ron from reticuloendothelial cells (Bothwell etal,,
196”; Lipschitz et al. 1971) and this effect may further
Increase storage iron since iron overload itself may lead
to ascorbic acid deficiency through excessive oxidation

of ascorbic acid (Lynch et al. 1967?b)o Inflamination has
also been shown to block the release of reticuloendothelial
iron and may, iIn time, cause iron deficient erythropoiesis

and anaemia (Lynch et al,, 197®) =

The Effects of Iron Overload

There 1s abundant evidence that i1ron IS noxious to some
tissues. However, except In acute iron poisoning, toxi-
city iIs apparent only in iron overload affecting paren-
chymal cells and only when the iron iIs present iIn high
concentration for prolonged periods. Thus, cirrhosis is
rare iIn patients with aplastic anaemia and transfusional
iron overload (Bothwell et al, 1979) but is almost iIn-
variably present when the diagnosis of idiopathic haemo-
chromatosis is made (Finch & Finch, 1955)., In Southern
African blacks with nutritional 1iron overload the preva-
lence of significant portal fibrosis correlates with the

severity of iron overload (Bothwell & Isaacson, 1962)



but the picture may be confused by the effect of alcohol
(Chapter 2), Disorders of cardiac function in patients
with parenchymal 1iron overload provide the most direct evi-
dence of iron toxicity (Finch & Finch, 1955) and it is well
established that iron removal by phlebotomy in haemochroma-
tosis may result iIn the disappearance of heart failure and
of serious arrhythmias (Easley et al. 1972; Bromford &
Williams, 1976). Although the mechanisms by which 1iron
damages tissues are, at present, not well understood, it

iIs possible that tissue damage iIn i1ron overload 1is caused
by damage to lysosomal membranes and the subsequent re-
lease of acid hydrolases i1nto the cell cytoplasm,, This 1is
supported by the finding In haemochromatosis of dense de-
posits of ferritin and haemosiderin in lysosome-like struc-
tures (Richter, 197S) and the increased activity of hepa-
tic lysosome enzymes in iron overload which returns to

normal after removal of iron (Peters & Seymour, 1976).

Ascorbic acid metabolism is severely compromised by iron
overload. Large deposits of ferric i1ron iIn the body have
been shown to result iIn excessive oxidation of ascorbic
acid to carbon dioxide and oxalic acid (Hankes et al,, 197-d
Lynch etal. 1967~. The resulting sub-clinical ascorbic
acid deficiency and, 1In severe cases when the intake of
ascorbic acid i1s limited, overt scurvy has been well des-
cribed in siderotic South African blacks (Seftel et alg
19bb). This condition can be reproduced iIn iron over-
loaded guinea pigs (Wapnich etal. 1971) and has been des-

cribed in other forms of iron overload (Charlton & Bothwell,



1979). Apart from frank scurvy, chronic ascorbic acid
deficiency, as a consequence of iron overload, 1Is respon-
sible for the production of osteoporosis seen In sidero-
tic South Africans (Seftel et al,, 1966; Lynch et al . 19673
and in 1ron overloaded guinea pigs Wapnick et al. 1971).
Osteoporosis, described in other forms of i1ron overload

in both man (Delbarre, 1960; Du Lac et al,, 1967) and ani-
mals (Hartley et al. 1959), is likely to have a similar

pathogenesis,,

The Measurement of Iron Status

An 1ron overloaded individual subjected to continuous nega-
tive i1ron balance would, 1i1nitially, mobilise iron from
stores,, Only when stores became depleted would erythro-
poiesis begin to show changes and, later, frank anaemia
would become apparent,, Thus, one end of the spectrum of
iron status can be monitored by measurements reflecting
iron stores, the centre by considering the changes associ-
ated with 1ron deficient erythropoiesis and the other end
of the spectrum by the features of iron deficiency anaemia.
The values of a combination of these measurements places

an individual in a particular region of the spectrum while
the prevalence of different regions within a population
gives a profile of the population’s iron nutrition (Chapter
4), The fTollowing sections review the measurements that

can be used to define these three regions of iron status.

The Assessment of Body Iron Stores

In the past the measurement of storage iron has depended



on either direct invasiyg methods which measured the 1iron
content of tissue samples or iIndirect and cumbersome methods
dependent on iron absorption or the mobilization of iron
by phlebotomy or chelating agents. The former, 1invasive
methods, have the great disadvantage of measuring either
parenchymal or reticuloendothelial stores so that, for
example, a sample of marrow In a patient with idiopathic
haemochromatosis and parenchymal overload does not give

a true reflection of iron stores. Both approaches are not
easily applied in the clinical or epidemiological measure-
ment of iron stores. The recent discovery, however, that
the storage protein ferritin is present in plasma iIn pro-
portion to iron stores (Jacobs et al. 1972; Lipschitz et
al. 197~ has greatly simplified the estimation of body
iron stores and, although there are a number of problems
in the iInterpretation of high values, the concentration

of ferritin in either plasma or serum now plays an impor-

tant role in the evaluation of i1ron status.

1.4.1.1 Phlebotomy

Perhaps the most definitive way in which the body"s 1iron
reserve can be assessed i1s by the mobilization of storage
iron by phlebotomy. Repeated venesections are performed
until erythropoiesis is compromised by lack of i1ron and
the haemoglobin falls below 10 g/dl. IT increasing iron
absorption with decreasing stores is taken iInto account,
the amount of iron In stores can be calculated from the
iron content of the blood removed by phlebotomy. This

rather laborious approach has indicated that normal Western
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INTRODUCTION.



INTRODUCTION.

Iron la one of the vital elements of the
human body. Without it respiration rauld be
quite impossible. Haemoglobin, the transporter
of oxygen throughout the body, has i1ron as an
essential constituent, end 1t iIs in this protein
complex that the greatest bulk of the metal 1is
found. Iron also plays a very essential part in
the respiration of the tissues, as it iIs a vital
element in intracellular respiratory enzymes such
as catalase, cytochrome, cytochrome oxidase, etc.
Further, 1t is found iIn the chromatin material of
nuclei i1n the cells of all the tissues.

As might be expooted, the body exeroises a
most strict economy in the metal. Very little
iron iIs excreted normally, (about 0.1 milligram
dally in tho urine of an adult sale), and the 1iron
from the breakdown of effite red blood cells is
recovered most efficiently for repeated use.
Normally, the slight daily loss iIn the urine is
made up by the absorption of iron iIn the diet. IFT,

for any reason, the haemoglobin iron is lost to a



Earned degree, as by a covers route haesaorrhags or
by prolonged slight haemorrhageo, the stores of iron
arc- drawn on until they become exhausted, r.nd 1If not
replaced by iron in the diet, lees and less hron»«
globln can b® manufactured until a recognisable
anaemia develops. Tho ticsue lron Is not encroached

upon.
Though haemoglobin iron i1s not lost, a somewhat

similar cochcnlcia oooura In young Infants, In when
all th® lron stores arc constantly bolng drawn on to
supply sore end ©ore haemoglobin and iron for the
growing tissues. If the stores ere small r.nd are soon
depleted, the haemoglobin Iren la gradually used for
the tissues, and, relative to the Increasing volume
of blood iIn circulation, less and looa haemoglobin

la produced, until eventually e recognisable anaemia

cay develop.
The human Infant has a oertaln amount of Iron

at birth, and with this It must gro”™ and survive

until It la about six months old, when It becomes
capable of digesting a diet containing lron, formally,
in ths first six months it Is entirely dependent on
Its stores of lron, for during this period the main
diet 1is oil*!, which contains lees than one milligram
of 1ron per kilogram of milk, - this being only one

part of iron In on®© million parts of milk t Thus at
/ ths _e_«



the end of sis months the total Iron content of
tho Infant* in spite of i1ts growth, Is tho same
ca tho total i1ron content at birth.

The main object of this study was to
determine, ti accurately as possible* the amount
of 1ron stored in tho liver and spleen of the
human foetus during ths last weeks of pregnancy,
and to discover whether or not there was any
appreciable increase in the storage of i1ron 1iIn
these organs of the infant during the early
neonatal period. Zt had been hoped to include
In this work infants up to three or four months,

in whom the stores of iron were being drawn upon,

to determine, for the average ease, when the
drain on the iron stores can be said to begin.
Unfortunately, up to the dete of writing, no
suitable material in this ago group had been
obtained.

As most previous workers in thlo field had
ignored tha i1ron due to the haemoglobin present
in ths liver, i1t beoeme a further object to
separate ths iron due to the blood iIn the liver

from what may be designated the true hcpatlo iron

/ present eee



An added elm was to explores what is
virtually a virgin field, rerely, the Bantu
foetus and infant, fthe only done on the
livers of Bantu infanta ves that published by
Gillaan (1975)» who i1nvestigated a email number
of African babies, using mainly histological
methods, combined In rone oases with a chemical
method. The chemical method vn used on samples,
in the form of very thin slices of the forcalln-
fixed livers, the organs still retaining their
haemoglobin content.

Due to the generally poor diet and
relatively high rate of malnutrition existing
among these people, i1t vac thought that i1t would
be of iInterest to see whether or not the foetuses
and newborn infants would be affected, and suffer
a deficiency in their i1ron supplies.

Finally, 1t was hoped that from this work
some light might be shed on oertain clinical
problems, such as whether or not the umbllloal
oord should be tied early at birth, and also how
the i1ron storage at birth affeote the anaemias of

early infancy.
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HISTORICAL ASPECT.

Iron has boon known to man sinoe
prehistoric times. It was the oustom of many
anolent peoples to attribute the discovery of
iron to some god or deity, hence information
concerning the earliest use of i1ron is lost
amongst tho myths and folklore of the ancients.
The Egyptians ascribed tho discovery of i1ron to
Osiris, tho Oreeks to Kadmos or Prometheus, the
early Germanic tribes oredited Odin with the
diceovery and the Romans attributed it to
Vuloan. (QoldtJater, 1935)*

The writings of Homer and Hesiod contain
allusions to iron, as do the Vedas, the Bible
end many othar anolent works. In tho old
annals of China, claim la made that iron was
discovered in that country at a time which has
been calculated to be about 2900 B.C.

Actual proof that iron was known and
used In Egypt at the time of the early Kings
of tho Fourth Dynasty (@bout 3CCO B.C.) has
been adduced from inscriptions and sculptures

dating from that period.

/ ThP
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Ttho earliest direct reference to iron ae
a curative egent Is found In the writings of
Apollodorus, dating from about 2cqQQ B.C.

According to this author, IphycuB, one of the
Argonauts, was oured of Impotence by a oertain
Helampus of Argas, who prescribed rust which had
been scraped from an enchanted sword and
dissolved In wine.

It Is a familiar faot that the ancient
Egyptian pharmacopeias described drugs principally
of organic origin. lron was one of the few
inorganlo medicines recognised by the early
Egyptians. In the Ebers Papyrus which dates
from about 16co B.C. mention Is made of the use
of i1ron as a drug.

Hippocrates himself frequently mentions
Iron In his writings. Ho states that ; "It Is
Impossible for water, which oooee from earth whore
there Is i1ron, to be good. It must of necessity
be hard and heating, difficult to pass by the

urine, ohecklng defaecatlon.™

/ The



The first test used for lIron appears
to have been that made by the physician
Dloscorlé&co Phakas, a nephew of Ptolemy X111
and a cousin of Cleopatra, In the First
Century B.C. (Nlerensteln, 1976). Papyrus
soaked In aqueous extract of galls would give
a definite reaction when mixed in a solution
containing iron. Similarly, oak leaves soaked
in 1ron-oontalning water, when dried, give
hieroglyphics which would pass for Creak
characters, the rcrction being between the
tannin In tho veins of the ock leaves and the
iron present in the solution or water.
Dioscoridco Phakas used this test for the
dateotlon of iron in blood, urine and eputum,
after incineration and extracting both the ach
and the guile with rainwater. One hundred years
ltter Pliny ucsd this toot, and 1t has become
generally known since ea Pliny*s test for iron,
and 1s still officially iIn ueo to this day iIn
Veneiuela In the vinegar industry.

During the first century of th® Christian
Era iron seems to htvs enjoyed greet popularity

/ as ...



as a therapeutic Agent} for we find many writers
recommending lron for a greAt variety of uses.

The eldDr Pliny, for example, state® that lron
rust is a valuable medicine, and recommends it

as a protection against sorcery and ghosts, as
well ad against sudden pains in the side or chest.
Ths famous Theriacua Andromaohl, concocted by
Hero"s body physician to protect the Eaperor from
poisons, contained amongst Its 64 iIngredients
some form of 1iron.

Galen Is known to have used iron iIn his
practice, for ho specifically mentions employing
the sulphate of i1ron for its astringent effeot.
Abtlua (@bout A.D. ) 1n his "Tctrr.biblon"
speaks of lron cs a remedy for splenic engorge-
ment.

Sydenham, the outstanding clinician of the
17th Gentury, frequently mentions iron iIn his
writings and aeeas to have held the raatal iIn high
esteem for i1ts thcrrpautlc value.

About 1720 Pierre Pomet, chief druggist
in the Court of Louis X1V, published his famous

"Historic Generale des Drogues'™. This work was
/ translated



translated Into English a few years after It
appeared, end enjoyed wide circulation.
Concerning iron Poaet says the following
"3affroa of Mars (Crocus Martls) le an
excellent reraedy for dropsy and to oure the
gresn sickness*. He recommended a docs of
from 10 - 40 grams, and believed thrt the moot
effloaclouo form of thlo drug was made by
exposing plates of Iron to dew, or sprinkling
them with rainwater.

In a treatise written In 1715 Etticnne
Franscols Geoffroy attributes the efficacy of
iron to the fact that It enters into the blood,
by whloh it 1e "diffused through the whole habit,
iIts astringent virtue being everywhere exerted".
Whether or not Geoffroy actually demonstrated
the presence of i1ron iIn the blood we do not know.
Most writers state that this most Important
discovery wao made by Mynghinie in 1776. Accord-
ing to Christian, Leaery and Gooffroy demonstrated
the presence of iron in the ash of blood oc early

as 1713* and Menghlnis was responsible for

/ bringing ...



bringing this discovery to the attention of the
medical vorid.

In 1836, Zileskl demonstrated the presence
of i1ron-bearing bodies iIn various tissues of the
body. This work was later confirmed end extended
by Spitecr. The interchangeability of iron iIn
food with #ron in human tlcrues was demonstrated
by Castre and Florcsoo in 189°» In 189" ncCallum
and Hall, working independently, traced the
absorption of i1norganic iron salts through the
nuoous membranes of the gastro-inteatinal traot
in animals. The sane was dons In man several
years later by Hofmann. Quincke and Eoohhause in
1895 actually traced the course of iron as it
was absorbed from the small intestine into the
lymph channels and thsnoe into the blood, and
showed that iron was stored iIn the spleen and
liver as a reserve to bo drawn on when needed by
the blood.

The researches of Bunge and his students
from 1S85 to about 1975 aroused considerable

interest in the problem of i1ron metabolism,
/ chiefly _._.



chiefly as a result of their analyses of the
amount of iron iIn the bodloo of laboratory
anlcala at different ages. It was olcarly
demonstrated that while the total amount of

iron in the body of newborn rabbits, kittens and
puppies was stationary or very slightly increased
during the suckling period, yet the percentage
of i1ron became markedly decreased. When the
mineral oonpoeltion of the newborn animal was
compared with the analysis of the milk of the
seme species, an essential similarity ra:
obaerved between the magnitude of the relative
preportiona of each element iIn the body and in
tho milk ~ except for iron. Milk was found to
contain cuoh less iron than many common foods;
the newborn animal was found to contain a

higher percentage of iron than the adult. From

a teleological viewpoint, in order to offset

tho ssall amount of iron in the mllh the newborn
animal was apparently granted n reserve supply
of 1ron that was demobilized for the necessary
production of haemoglobin end other iron
compounds during the rapid growth of the suckling
period.

/ In sea#



In 1C99 Hugounenqg undertook the
determination of iron iIn the human foetus at
different ages. He showed that until the seventh
month of gcotation the percentage of iron in tho
foetus was small and was approximately constant
par ualt of weight. During the last third of
the gestation period, however, the deposition of
iron in the body of the foetus was very euoh
increased. Hugouneng concluded from his
investigations that Bungee® theory of the
presence of a reserve supply of iron in the body
at birth was also applicable to the human.

In 1932» Gladstone Investigated tho total
iron in tho livero of human foetuses and infants,
and attempted to distinguish haemoglobin from non-
haemoglobin i1ron by directly estimating the
haemoglobin present iIn the organs. Ramage et al
(1533) examined human infant livers speotro-
grcphioally for iron, thoir results being the

total iron present.

/ Most



Host recently of «l1f work has been dons
by Pcsacrcnko et al.(19-2) on ths transmission
and storage of iron iIn th© hussan foetuses* using
tho rr.dio-aotive metal. By tho uco of those
radio isotopes i1t iIs possible to traco labelled
particles of iron iIn their Journeys about the
body, and to find them flInclly in their depdts,

the largest dopdt always being the liver.
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MATERIALS AND METHODS.

Th® material aonsisted of U9 livers end
22 spleens obtained at poat-cortera frera the
foetuses and infants which were born or had died
at the Bridgmen Memorial Hocpltal and at the
Coronation Hospital. Only two livers and spleens
wore obtained from the latter hospital (nhumbers
U4 and ™9)» the remainder oomlng from the Bridgman
Hospital™

Without exoeption, all the livers end
epicene rare obtained from Bantu foetuses and
Infants. The age period covered by these
specimens wan from 28 weeks of gestation to
13 days neonatal; the bulk of tho material bolng
full term rtillblrths and infants who had died
very early in the neonatal period. It was hoped
that Infants up to four months of age would also
be obtained for investigation, but as the main
souroe fTor these older infants was Coronation
Hospital, where less material oarae to the post-
mortem room, combined with tho faot that Bantu
parents were loath to give permission for post-

mortems, no catlsfaotory specimen was obtained.
/ Only eee



Only premature infants who were stillborn,
or thOBo which hod lived lees ttim ono day were
taken. Thoca that hod lived one day or more were
discarded, as i1t was felt that the breakdown of
red bleed oclle with tho possible deposition of
haemoglobin Iron would confuse tho picture for
this particular investigation. Infants who had
died In tho neonatal period were only taken ITf
they were full term, aa any degree of prematurity
would complicate matters, Tinally, only full torm
stillbirths were used to bridge tho gap between
the premature Infanta and the neonatal Infanta.

except for two oases (Numbers 36 and 49),
the post-mortems were done 24 to 43 hours after
death, and in a few iInstances, even after a
longer period than this. Tho chief reasons for
this delay were, first of all, the tardy contact-
ing of fathers and family for poralssion to
conduct a post-mortem, and secondly a request by
tho hospital authorities not to remove the
liver and spleen until a burial order hod been
obtained for the case. Lb the post-mortem room

at the Bridgman Hospital has no refrigerator,

/ infanta ...



infants that had been dead for three days or
dore uerc not used.

After opening the abdomen all the
peritoneal fluid was drained away, so that
uhen the liver was out free, the blood that
escaped from the hepatic vein oould be oolleoted
in the hepato-renal pouoh without dilution. Thai
call-bladder and bile duct were always dissected
free of the liver end discarded. Tho liver and
spleen were removed whole and placed iIn a
suitable glass Jar for transport to the lIrboratory.

Hitherto, tha great majority of trorkers in
this field have estimated the iron oontent of the
human infant liver by removing a small section
of tha organ and estimating the amount of Iron
present In it. With this information they have
calculated the Iron present in the whole liver
by adjusting the result obtained relative to the
weight of the liver. Rot at any stage do they
consider the iron that i1s present in the blood

of the organ. That this i1ron may bo a

considerable and significant amount is emphasised
/ by ...



by Earoroft who states : "————  the method whiah
Ravage and his colleagues described for the
preparation of liver samples did not exclude the
blood that was In the vessels of that soaevhat
vascular or:;an. We have# In fact# seen# a few
pages baok, the Iron in the lung used as a ©ensure
of the amount of blood In Its vessels™.

In the field of animal research attempts
have been ac.de to separate haemoglobin iron from
true hepatlo iron. McDougall (quoted by Eareroft)
cut tho livers of sheep foetuses Into slices and
then rinsed these In water until they were colour-
less. flore recently, vlvl-perfusion has boon used,
especially In dogs (Kletelcn 1933; Bognlcrd,1932).
In this method a modified HIngsr-Locke solution
was run into a large vein while the blood of the
animal was drained away through another Hlarge
vessel. By this means all the blood can apparently
be washed out of the body and the animal kept alive
for 20 minutes or more.

Hueok (quoted by Gladstone, 1932), working
on adult human liver, washed the organ free of
blood apparently by the same method as used by

McDoug&ll. Gladstone, iIn his investigation of
/ l1ron



Iron in human infant livers, attempted to
estimate the amount of haemoglobin iron present
by removing a small portion of the liver,
weighing 1t, mincing it, and making It up t a
known quantity of solution with distilled water.
He then estimated the amount of haemoglobin
present iIn the filtrate of such a solution by
the acid haeraatin method, and then calculated
the amount of iron, using the fact that
haemoglobin contains 0.335" iron by weight. He
then adjusted the result obtained to the weight
of the whole liver. These methods to distinguish
non-haemoglobin iron in the human liver, as will
be shomn later, are probably inaccurate and
unsatisfactory.

Efforts at distinguishing haemoglobin
iron and non-haemoglobin iron In the liver of
the human foetus and Infant In this work have
been divided into two groups. The Tirst,
designated Method 1, was a direct method of approach,
in which attempts were made to rid the organ of
haemoglobin. The second, designated Method 11,

was an iIndireot method, In which the 1ron due
/ ‘to cococe



to the blood was calculated, and then subtracted
fron the total Iron In the blood-filled organ.

METHOD 1.

McDougall’s method was used in the first
attempt at washing out the haemoglobin from the
liver. This consisted iIn cutting the liver
into thin slices and washing these iIn running
water.  The method was used on liver Humber 1 .
After the organ had been carefully weighed It
was cut Into thin slices, approximately 2 to 3
millimeters thick, and these were washed iIn
running water for 20 hours.  After this period
they looked pale and yellow and quite free of
haexaoglobin.  The slices were then placed iIn an
air oven to be dried to constant weight. After
four hours the slices were considerably shrunken,
and 1t was seen that a small amount of haemoglobin
in solution had oozed out of the contracted
tissues, showing that, iIn spite of the prolonged
washing, not all the haemoglobin had been removed.
This method was thus abandoned.

The next method of directly removing the

haemoglobin fron the liver was much more
/ successful .,



successful. It consisted of perfusing normal
saline at low pressure through the umbilical
veln, and sometimes also through the portal
vein, until the organ was blood-free. The
remainder of the livers Included iIn Method 1
(Numbers 2 - IU) were dealt with along these
lines.

The amount of normal saline required to
achieve the desired result varied from ten
litres (N\umber 6) to eighty litres (Number S).
When completely perfused the livers were pale
yellow in colour, and when they had been heated
and dried to constant weight, they still retained
this pale yellow appearance. Had any haemoglobin
still been present, the colour would have darkened
with the heating and drying, as haemoglobin Itself
becomes black i1n colour. In addition, when the
Tiltrate made fron a small section of the perfused
liver was examined spectroscopically, no evidence
of haemoglobin absorption bands were seen. This
method of perfusion therefore appeared to be
satisfactory iIn as far as the removal of the
haemoglobin was concermed.

/ After



After perfusion the liver was placed iIn
an air oven and dried to constant weight. Two
small pieces were then removed from the dried
organ for iron analysis. As can be seen from
the results obtained In Numbers 2 and 4, the
final result calculated from each sample differed
considerably. In liver Number 2 the total iron
content,” 1n milligrans, of the whole liver was
11.3 from one sample, while from the second
sample 1t was 12.7. In Iiver Number 4 the
difference was even greater, being 3.26 milligrams
and 4 .g milligrams of iron respectively. This
was taken to indicate that the iron was not
evenly distributed throughout the liver, so to
overcome this difficulty it was decided to crush
the whole of the dried organ and to mix the powder,
thus ensuring an even distribution of iron. This
was done, the dried liver being crushed In s
mortar and pestle to a fine powder, which was then
thoroughly mixed by rolling 1t on a large sheet of
paper .

Two specimens taken from this powder yielded

results which compared closely with one another,
/ usually ...



usually differing by less than 2%, this difference
probably being experimental error. This method
of powdering the dried liver and mixing the
powder before taking samples for analysis was
adopted for all subsequent livers, even those
dealt with under Method 11.

This was done with livers Numbers 6 and 7*
the results being g.02 milligrams and J.Z8 milli-
grans of iron for liver Number 6; and 5.29 milli-
grans and 5.36 milligrams of lron for liver
Humber 7>

In liver Number 8 a further step was
taken. A small section was removed from the
fresh unperfused liver and analysed for its iron
content. From this result the total 1ron content
of the whole liver was calculated. The result was
70.9 milligrams of 1ron. This amount Included
the haemoglobin 1ron and probably was not a true
reflection of the 1ron content since the metal
IS 1rregularly distributed throughout the organ.

The liver was then perfused free of
haemoglobin with normal saline. Another small
seqtion was retaoved from the liver at this



stage and analysed for Iron. The result obtained
was adjusted to the corrected weight of the whole
perfused Iiver. It was 13.4 milligrams of iron.
Next, the perfused liver was dried In the air
oven to constant weight, crushed to a fine powder
and mixed. = Two samples were taken for iron
estimation and the lron content of the perfused
dried liver calculated from the results obtained.
These were 7*1 milligrams of i1ron fron the first
sample and 7«~5 milligrams of iron from the
second sample.  The large difference between the
results obtained from the section of wet perfused
liver and those from the dried, powdered and
mixed perfused liver iIndicates again a probable
uneven distribution of Iron.

The very large difference in results
between the total iron estimated from the section
of wet unperfused liver (7°«9 milligrams) and
those of the dried, powdered and mixed perfused
liver 77" snd 7*°5 milligrans) can hardly be
accounted for by the haemoglobin iron alone. IF
It were so, the difference (63.3 milligrams of

iron) would represent 95 ccs. blood containing



20 grams of haemoglobin per 100 cos, (taking
this latter figure for purposes of argument),
and as the original volume of this liver was
P15 ccs, the blood In 1t would make up
approximately of the liver’s volume - which
iIs absurd. This leads to the conclusion, If the
figure for the total 1ron is nearly correct,
that during perfusion not only haemoglobin iron
IS washed out but also a certain amount of true
hepatic non-haemoglobin iron.

Liver No. 9 was perfused free of .
haemoglobin with normal saline. Then two small
sections were taken from the wet liver, one from
the right lobe and the other from the left looe.
These were analysed for iron and on their results
the total 1ron for the whole perfused liver was
calculated. The result for the whole liver from
the section taken from the right lobe was
16.5 milligrans of iron, while that based on the
section from the left lobe of the liver was
26.75 milligrans of 1ron. Such a large difference
indicates an uneven distribution of iron In the
liver, with a preponderance of the metal In the

left lobe. The results obtained from two samples
/ Of <--



latter results and that of the total iron
calculated from the small piece of fresh
unperfueed liver, again can hardly be
accounted for entirely by haemoglobin iron.
The difference, ~3*5 milligrams of iron, would
represent J1 ccs blood containing 20 grams
haemoglobin per 100 ccs. This volume of blood
is obviously too high, since the original volume
of the whole organ was only 120 ccs. The con-
clusion that must follow iIs that the large
difference iIn 1ron content between the fresh and
the perfused liver must be due, partly to the,
haemoglobin 1ron being removed end In addition,
partly to some non-haemoglobin iron of the
tissues also being washed out at perfusion. It
must be kept In mind that since the distribution
of 1ron appears to be irregular, the result for
total i1ron obtained by means of only a small
section of fresh liver may not be accurate.

Two sections of fresh unperfused liver
were taken In Number 11 and analysed for iron.
The one section was taken from the right lobe

i and «e



and on the result ohtalned from this piece the
total Iron of the whole liver was calculated

to be 6~.9 milligrams. The result based on the
portion from the left lobe was 75»& milligrams
of 1mron. Thus, there is a difference of
approximately $/ between these figures, with a
slight preponderance in the left lobe of the
liver. The difference may again be accounted
for by an uneven distribution of 1ron In the
liver tissue and/or a greater congestion of
blood In the left lobe of the liver. The organ
was then perfused with normal saline till free

of haemoglobin. A further section was taken from
the right lobe and another from the left lobe end
these were iInvestigated for iron. The perfused
liver contained 6 milligrams of i1ron based on the
result obtained from the section of right lobe,
while the result of the calculation based on the
portion of left lobe was 9.16 milligrans of iron.
There is a difference of 14 .5% between these

figures,with the preponderance of iron again in
/ the ..



the left lobe. The perfused liver was dried,
powdered and mixed, and two samples analysed

for i1ron gave the results for the whole perfused
liver as 9.01 and 9*12 milligrams, of lron. The
difference between the lower of the two results
obtained for the total i1ron In the unperfused

liver (65.9 milligrans) and that obtained for the
Iron content of the perfused and powdered liver

iIs approximately 6o milligrams of 1ron. This
woulld represent 9° 008 blood containing

20 grams of haemoglobin per 100 ccs, which, iIn a
liver whose total volume was 170 ccs, IS an
unreasonably high figure. The conclusion must
again be arrived at that the difference of

60 milligrams of iron must be made up not only

of the haemoglobin iron that has been perfused

out, but also of a certain amount of non-haemoglobin
hepatic 1ron that must have been washed out with It
during the perfusion.

Livers numbers 12 and 13 were dealt with
along exactly the same lines as the preceding Liver
number 11, with very similar results. In both,
there were startling differences between the total



Iron of the unperfused liver calculated from the
right lobe as compared with those calculated from
the left lobe. In Number 12, the right lobe
sample gave the result of 2 milligrams of iron,
whereas the left lobe sample gave the result of
379 milligrams of Iron. In Number 13 the results
varied even more. The total 1ron iIn the unperfused
liver from the right lobe sample was 51 milligrams
of 1ron, whereas calculated from the left lobe
sample It was 75.5 milligrans of iron. In samples
fron the right and left lobe of the perfused
livers marked differences were again found, with
higher concentrations of iron In the samples from
the left lobe.

The Investigation was carried a stage
further in Liver Number 14- After the viscus had
been weighed and its volume measured, a small
section was removed from its anterior edge near
the midline, for haemoglobin estimation. From this
it was calculated that the whole unperfused liver
contained 2,35 grams of haemoglobin; and since
haemoglobin contains 0.335" of its weight of Iron,

/ this ..



this represented 7*g6 milligrams of iron.

Next, a small piece of right lope was
removed for total Iron analysis and likewise a
small piece of left lobe. The results obtained
for the total Iron of the whole unperfused liver
were *4.36 milligrams of i1ron based on the
analysis of the piece from the right lobe, and
52 milligrans of iron based on the piece taken
fron the left lobe. The liver was then perfused
with normal saline and the first 2000 ccs
perfusate collected for haemoglobin estimation.
The greater part of the haemoglobin iIn the
liver is washed out with the first 2000 ccs
perfusion fluid. The amount of haemoglobin iIn
this fluid was found to be 2,200 milligrams,
representing 7*37 milligrams of iron, which
corresponded fairly well with the previous
estimation of haemoglobin Iron In the liver.

A further small section was taken for iron
analysis from the right lobe of the perfused
liver and another from the left lobe. The total
iron content of the perfused liver based on the *
analysis of the section from the right lobe was

15.12 milligrams, while that based on the
/ analysis ...



analysis of the section from the left lobe was
16.53 milligrans. An analysis of a sanple of
the dried, powdered and mixed perfused liver
gave the total iron content of the perfused
liver as 15*3 milligrams.

The difference in results between total
iron of the unperfused liver and total i1ron of
the perfused liver should be due to the
haemoglobin Iron which has been perfused out.
Taking the lower of the two figures obtained for
total iron In the unperfused liver (namely,

44 .36 milligrans) and comparing it with the
figure obtained for the iron content of the
perfused liver (15«3 milligrans), we aee that
there lo a difference of 2y milligrams of iron.
This should represent haemoglobin iron, but we
know that only 7*37 to 7*26 milligrams of
haemoglobin 1ron was found by direct experiment-
ation. Hence, the conclusion that non-haemoglobin
or tissue iron is being lost on perfusion seems

inevitable.
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Since the liver is a main centre of
metabolism and is richly supplied with enzymes#
It 1s not inconceivable that autolysis must
commence soon after death. In addition# since
the post-mortem material is not kept In a
refrigerator at the Bridgman Hospital# there is
nothing to delay or retard this autolyols. Hence#
when these livers are brought to the laboratory
they must all have certain autolytic changes
present after 2% - hours or more# and
certainly one would suspect that the cell
membranes do not function as efficient barriers
to the intracellular water-soluble contents.
Since 1t 1s known that a large quantity of the
iron in the liver is In the fora of ferratin, an
1ron-containing protein complexwhich is soluble
In water,then iIn spite of using normal saline as
a perfusing agent, it would not be surprising iIf
a proportion of the non-haemoglobin iron were
washed out of the liver tissue during perfusion.
Certainly the results obtained from the above
experiments strongly Indicate that tissue iron iIs
being washed out during perfusion. The same must

/ apply



apply 1f the liver were cut Into slices, ad
the slices washed In running water or saline.

As mentioned before, the total Iron of
the unperfueed liver (Number 14) when calculated
from the specimen of right lobe was 44.36 milli-
grans of 1ron, while the total iron calculated
from the specimen of left lobe was 52 milligrams
of 1ron.  This again serves to indicate the
uneven distribution of i1ron In the liver, with
the preponderance of Iron In the left lobe.
Similarly, when specimens of right and left lobe
of the perfused liver were analysed, the iron
for the perfused liver based on the findings of
the right lobe was 15.1 milligrams whereas from
the left lobe it was 16.53 milligrams of lron.

The results of the analysis of the liver
as described above strongly indicate that iron
iIs irregularly distributed in the liver, i1nasmuch
as that specimens taken from the left lobe always,
In this series at least, showed a greater iron

content than specimens taken from the right lobe.



It therefore follows that suspicion must fall on
the accuracy of the results obtained by other
workers iIn this field of investigation, for they
all based their calculations on small sections
taken from the livers they were iInvestigating.
Liver Number 13 of this series illustrates very
wrell the degree of Inaccuracy that may be attained
by using amall sections only, since from one
section the total i1ron was calculated as 51 milli-
grans, whereas from another section the result
was 75,5 milligrans - a difference of k&ft 1
Hence,for accurate results, the whole liver must
be used, or some method must be adopted by which
a homogeneous distribution of the 1ron IS ensured.
The simplest method seems to be by drying the
whole liver to constant weight, crushing It to a
fine powder and then thoroughly mixing the powder,
before a sample iIs taken for analysis.

No attempt will be made to explain the
constant preponderance of 1ron In the left lobe
of the livers of this series, nor any effort made

to elucidate its significance.



The direct approach to the problem of
distinguishing haemoglobin 1ron from non-
haemoglobin i1ron In the liver thus appears
unsatisfactory. IT the liver is sliced and
then washed, not all the haemoglobin i1s got
rid of and a certain amount of non-haemoglobin
Iron must be washed away; and ITf the liver Is
perfused with normal saline the organ can be
rendered haemoglobin-free, but non-haemoglobin
iron i1s washed out as well. Thus the direct

approach was abandoned.

METHOD 11.

At post-mortem the liver wa3 removed as
before, the gall-bladder and bile duct being
dissected off and discarded. In cases Numbers
28 - 49 the spleen was removed intact at the
sare time.

In the laboratory the blood that had
oozed out of the liver was collected. Icc was
dilluted with distilled water to ¥) cos volume.
After shaking, it was left ovemight In the
refrigerator. The next day, from an aliquot,
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usually 2 - 5 ccs, the amount of haemoglobin
present was estimated by the alkaline haematin
method, the details of which will be described
later. From this, the amount of haemoglobin
present In 1 cc of the blood was calculated.

A further 1 cc of blood was placed in a large
pyrex test-tube. This blood was then analysed
for 1ts i1ron content by the method to be
described in detail later. The result incorpor-
ated the total i1ron present in 1 cc of blood.

In all cases, except Numbers 36 and ~9 where

the organs were obtained on the day of death,

the i1ron content of the blood was found to be
higher than the corresponding amount of
haemoglobin estimated to be present In the

blood would warrant. At the same time the
haemoglobin values were all low, 3ome less than
half of what one would have expected. This is
not at all surprising considering that the

blood must have undergone post-mortem changes
with probable breakdown of the complex haemoglobin
molecule. Furthermore, these changes should occur
especially quickly 1n the blood of the liver, due

to the liver exyraes present and the early autolysis
/ that ...



that takes place In this organ. In Numbers
36 end 49, where the investigations were done
soon after death, the haemoglobin value
corresponded well with the iron value of the
blood.

Wright (1977) described the 1ron In the
blood as existing In three forms :© (i) as
haemoglobin iron in the red blood cells; (I1) as
so-called reasily split ira™* iIn the plasma,
Camounting to about 5# of the total blood iron
and consisting of various degradation products
of haemoglobin, and (li1) serum or plasma iron,
amounting t Q.05 - O.IS % . In the post-
mortem blood obtained from the liver it is
most probable that the haemoglobin iron is
lonered and the Iron due to haemoglobin breakdown
products is much increased. -Thus, i1t follows
that an Inaccurate figure for blood Iron must be
obtained 1T the quantity of iron iIs calculated
fron the total amount of haemoglobin iIn the
organ, as wan done by Gladstone (193“)» unless
Investigations were carried out soon after death,

before post-mortem changes had appreciably set in.
/ Up



Up to this stage the haemoglobin value
in 1 cc of the blood which oozed out of the
liver, as well as the iron content of Icc of
this blood has been estimated.

After carefully weighing the liver and
measuring iIts volume, the organ was mushed to a
fine pulp and made up to pOO ccs volume with
distilled water. It was then shaken for ten
minutes and allowed to stand for h&lf-an-hour,
then shaken again for a further five minutes.
The volumetric flask was placed In the refriger-
ator ovemight. The following day all the fine
solid particles were found to be deposited at
the bottom of the flask, and all the haemoglobin
present wes iIn solution. An aliquot of this
solution, usually 2 -5 ccs, was taken and the
haemoglobin content estimated by the alkaline
heematin method. From this result the haemoglobin

present iIn the 5°° ace solution was calculated,
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this amount representing the total haemoglobin
present In the liver. Knowing from a previous
estimation how much haemoglobin is present in

1 co blood, It i1s a sinple calculation t deduce
the volume of blood present In the Iiver. With
this knowledge, the i1ron due to the blood In the
liver can be accurately calculated, since 1t iIs
already knowmn how much lIron is present in 1 cc
of the blood.

Thus, for example, If 1 cc of blood
contains 100 milligrams of haemoglobin and Ico
of the same blood has 0.5 milligram of iron, and
the total liver i1s found to contain 1000 milli-
grams of haemoglobin, then the volume of blood
that must be present in that liver is ‘1‘388 .
which 1s 10 ccs.= And as 1 cc blood contained
0.5 malligram of Iron, 10 ccs must contain
5 milligrans of 1ron. Thus, the 1ron iIn the
liver due to the blood present i1s 5 milligrams.

The entire contents of the volumetric
flask containing the liver in solution was then
poured Into a large evaporating dish and dried
for 20 - 24 hours 1n an air oven at 105°C t
constant weight. The dried residue, representing

/ the eee



the complete liver, was carefully weighed. The
next step was to crush 1t to a fine powder, and
then mix the powder thoroughly by rolling 1t on
a large sheet of paper.

Samples of this powder were taken and
analysed for their iron content and from these
results the total i1ron of the whole liver was
calculated. From this result was subtracted
the i1ron due to the blood present in the liver,
and this final result then represented the true
hepatic iron, or iron iIn the blood-free organ.

It can be realized, therefore, that the
haemoglobin was used merely as a colour index
for calculating the volume of blood present in
the organ. At no stage was the amount of
haemoglobin directly interpreted iIn terms of
blood 1ron, as this must be an inaccurate
procedure since the original amount of
haemoglobin present must have undergone partial
post-mortem changes.

The spleens were dealt with along exactly
the sane lines as the livers. The volume of

blood In the livers and spleens found here must
/ obviously ...



obviously be lower than the volume normally
present in the living state* since a good deal
of the blood In the large vessels oozes out

after removal of the organs at post-mortem.

METHOD OF ESTIMATING HAEMOGLOBIN.

The haemoglobin content of blood and
tissue solutions was estimated by the alkaline
haematin method of Wu (2922). E.J. King et al.
(19W), 1In an extensive and detailed article
on the accuracy of various methods for determin-
iIng haemoglobin, come to the conclusion that
the alkaline haematin method was the most
accurate for routine use, being definitely more
exact than the popularly used acid haematin
method. The most exact method of all, apparently,
was the cyanmethaemoglobln method, but as this
was much more complicated it was not suited to
routine use, and Its accuracy was only slightly
greater than the alkaline haematin method used
here.  With the alkaline haematin method,
plasma proteins, lipoids and bile pigments have
no effect on the iIntensity of the colour produced
by the haemoglobin.



A standard graph for haemoglobin values
was made by using known strengths of a
haemoglobin solution, whose haemoglobin content
had been accurately estimated with the aid of
a standard solution of haemin, the iron content
of which was knomm. (Or. Bloomberg, Senior
Lecturer in Physiology, kindly checked this
estimation).

5 ccs of the haemoglobin solution were
made up to 10 ccs volume with N/5 Sodium
hydroxide and the mixture placed 1n a boiling
water bath for five minutes. After cooling to
room temperature, It was poured Into an Evelyn
tube. An Evelyn photo-electric colorimeter was
used, with a “ko filter, the transmission being
set at 1Q0$ with distilled water. Density
readings (0) of known strengths of haemoglobin
solution were taken and the standard graph
constructed from the L values ( L being equal
to 2 - Log.0. For actual details of the
graph see Appendix).

Suitable aliquots of the unknown solutions

of haemoglobin were then made up to 10 ccs volume
/ with __.



T6.

with k/5 sodium hydroxide. After following the
above routine their L values were estimated and
were read off against the standard graph to
obtain the actual haemoglobin content.

METHOD OF ESTIMATING IRON.

The thiocyanate method as described by
Truter (19°7) was used throughout this
investigation.  The reagents used were s

(1) A standard iron solution made up with
ferrous ammonium sulphate iIn such a manner
that 1 cc of the solution was egual to

0.1 milligram of iron, this being used as
the stock solution. A working standard was
made by diluting 100 ocs of the above
solution to 1000 ccs, so that 1 cc contained
0.01 milligram of 1ron. This solution was
used to plot the standard graph.

(2 A 5°” potassium thiocyanate solution.
(3) Reagent grade concentrated sulphuric
acid.

Redistilled concentrated nitric acid.

Redistilled 60>f perchloric acid.
/ 00 e~



hj.
(4) Hydrogen peroxide; o.l< solution iIn
doubly distilled water, kept in a
bromn bottle iIn the refrigerator.
(B) Iso-anyl alcohol.

It 1s a well knowmn fact that dry Ignition
of biological materials for lron analysis yields
erroneous results i1f special care iIf not taken.
The wet combustion method has proved not only to
be safe but advantageous in many respects. All
pyro- or raet&phosphates are, for instance,
hydrolysed, to the ortho form, thus doing away
with a special hydrolysis during the sample

preparation.

THE COMBUSTION PROCEDURE i

1 cc of blood, or up o 1 Oram of dried
liver ponder, or up to 3 grams of wet liver
tissue, depending on the suspected iron content,
IS measured Into a S X 1 Inch pyrex tube. A
glass bead, 2 cos of concentrated sulphuric acid,
3 ocs of perchloric acid and 0.5 cc of
concentrated nitric acid are added and the
material digested over a micro-flame In a fume
cupboard. Creat care must be taken to avoid

loss by spluttering. When the Initial, sometimes
/ vigorous ...



vigorous, oxidation reaction has subsided,
nitric acid iIs added drop-wise until the
oxidation Is completed and the solution
clarified. The final solution should be
colourless or, at most, a greenish-yellow
colour. If the nitric acid does not clarify
the solution the contents are allowed to cool
slightly, a further 0.5 to 1 cc perchloric
acid added and the heating continued. A few
more drops of nitric acid may be necessary to
clarify the solution.  The heating is
continued until the appearance of the character-
iIstic dense whit® fumes of sulphur trioxide.

At this stage the solution may be expected
to be free from perchloric and nitfic acids.
However, decomposition products of these acids
are sometimes tenaciously retained by the
concentrated sulphuric acid ( e.g- nltrosyl-
sulphurio acid), even after prolonged boiling.

Hydrolysis with 2 cos of distilled water and

subsequent boiling until white fumes appear,
/ effect ...



effect the removal of these products. The
digest Is allowned to cool, & further 10 ccs
distilled water are added and quantitatively
transferred to a 100 ccs volumetric flask.

Cool to room temperature and make up to volume
with distilled cater. The distilled water used
throughout wao triple glass distilled.

PROCEDURE OF DETERMINATION |

After a test experiment has been done to
determine the approximate iron content of the
sanple, transfer the chosen aliquot to a
graduated cylinder fitted with a glass stopper.
Adjust the acid concentration If necessary.
Add 1 cc of the 0 .1 <hydrogen peroxide solution
and fill up o the 25 ccs mark wdth distilled
water. Add exactly 10 ccs isoamyl alcohol and
then add 2 ccs of the 5GE potassium thiocyanate
solution. Close the cylinder with the stopper
and shake for one minute.” Allow to stand
until the anyl alcohol phase has separated out,
then transfer the phase to a centrifuge tube
and centrifuge for five minutes at 3,500 r.p.m.

to get rid of water particles suspended in the
/ alcohol



alcohol extract. The water-free erayl
alcohol 1s transferred to an Evelyn

tube. A 490 filter is used In the
Evelyn photo-electric colorimeter and the
light transmission iIs set at 100# with a
reagent blank. The L value is estimated
for the unknowmn solution from Its density
reading (). Using L, the iron value is
read off a standard curve* made previously

by using the standard iron solutions.
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RESULTS,

The results of the Investigations done
on livers Numbers 1 - 14 have already been
discussed In the previous section, and no
further mention of them will be made here.

For the sake of iInterest, however, these results
are set forth in Table No. 1 (Page ), but the
figures will not be used for the general discussion
nor for the conclusions, since they are probably
Inaccurate.

Only the results obtained from livers
(Numbers 15 - 49) and spleens (Numbers 2S - 49)
dealt with by Method 11, will be considered. In
the text and In the tables and graphs, the term
""non-haemoglobln lron™ iIs used to denote the
actual 1ron that la present In the hepatic or
splenic tissue, and excludes all the 1ron which
IS present in the blood of the organ* whether it
be 1n the form of haemoglobin, or of breakdown
products of haemoglobin, or as serum iron.

The i1ron corfent of the livers varied
considerably, even In livers of similar size

and weight. This applied to both total and
/ non- _,.



non-haemoglobin Iron. Two sets of twins were
Investigated iIn this series, both sets being
binovwular and premature ( Numbers 16 and 17;

42 and 43). The i1ron content of the livers
corresponded fairly closely for one set of

twins, the total i1ron content being 6.5 milli-
grams and 7.4 milligrams for Numbers 42 and 43
respectively. Their non-haemoglobin iron
content also compared well, being 3»$ milligrams
and 3.6 milligrans respectively. There \&e,
however, a great variation iIn the iron content
of the livers of the other set of twins {16 and
17)* being 1&.g milligrams and milligramsh
respectively for total 1ron. For non-haemoglobin
hepatic iron the results were 10.1 milligrams and

23.2 milligrams iron respectively.

/ TABLE NO. 1 #eee
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data and results or Liras, numbers i - 14,
dealt kith by METHOD 1.

AGE BIRTH WEIGHT TOTAL IRON NON-HAEMO-
WEIGHT or IN GLOBIN IRON
LIVER LIVER IN LIVER
(CGrams) (Mgms) (Mgms)
.T. 33. glba.6ozs. 142
.T-10d. 6lbz.loz. 70. 12
t. S.3.  Jibs. 130
3. 36 V. 41bs_ 14 ozs. 99 4
T. 3.3. 6Ibs.Sozs.
T. 6d. 6lbs. loo 7.95
T. 33. 7lbs.100zs. 4 5.3
T. S.B. 9IbS- 1 70.9 7
T. S.B. 1bs.90zs. 191.5 19.25
T. S.B.  Slbs. 136.5 51 7.5
T. S.B. 8Ibs-gozs- ) Av.72.25 9
T. 1d. Blbs. 108:8 AV-33.5 o
T. S.B. 6lIbs.20zs.  106.5 AV 8335 1
t. 6d. 5lbs.100zs. 113 Av.g .2 15.3
r.7. » FULL TERM
S.B. = STILLBIRTH d.- a DAS
AV. a AVERAGE w. = WEEKS.



The non-haemoglobin, or true hepatic Iron,
showed a well defined absolute Increase from
26 weeks to full term. From the livers
Investigated In premature infants, values of
3.6 milligrams of 1ron vere obtained at

26 weeks, gradually Increasing to 15.7 milli-
grans at 36 weeks and finally iIncreased to an
average of 33.27 milligrams of iron at full
term. (Table No. 2).

Calculated in relation to the weight
of both the wet and dried livers there is
clearly a relative iIncrease as well In the
amount of iron deposited in the liver tissue.
(Table No. 3.). IT 100 grams of the wet
liver Is taken as a standard, the deposit of
Iron at 26 weeks was found t be 10.1 milli-
grans, at 36 weeks 26.6 milligrans, and the
average for full term stillbirths was 26.16
milligrams. Using 100 grams of dried liver as
a more accurate standard, at 26 weeks there
was 55 milligrams of iron, at 36 weeks 106
milligrans of i1ron and at full tem 1.6
milligrans of i1ron.

/ TABLE No. 2 eg.
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2
47
17

20

DATA AKD RESULTS OF LIVERS AND SPLEENS, NUMBERS 15 - k$,
DEALT WITH BY METHOD 2.

Age. Birth We(i)%ht Wei%ht Total Non-Hb. weight Weight Total Non-
Weight 0 Iron lron In of lron
. Ibs. ozs. Liver. Dried in Liver Spleen Dried |n Iron
(Grams) Liver Liver S Ieen In
Grams) Qo) (Kagms) (Grams) £ gms) Splech
MO
B. 29w 2. 0. 35 6.2 7.4 3.6 5 0.25 .24 -005
S.B.25W. 2 4. S5 6.9 cc 3585 2 0.25 25  0.02
S.B.29W, 2. Q- 0.6 6% 10.4 6.6 1.8 0.4 -5 0.37
3 .B.33W. 4. 4. 49*3 10. 8.9 7 6.3 1.3 1.8 1.5
S.B.34V. 4. 0. 53 9.7 6.5 4.3 3.7 0.7 .95 0.6
S.3.35V. 4.12 g% c ﬁ 36.2 %8%
5.0 . - 15. ;
§%’% \<V/» 4 .14 . 5A_SG 14.5 ZO-g 15.7
F.T. = FULL TERM d & days
3 .B. = SI"ILLBIRTH v = weeks
NON-Hb. = NON-HAEMOGLOBIN.
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TABLE No. 2 - Continued.

DATA AND RESULTS OF LIVERS AND SPLEENS, NUMBERS 15 - 49,
DEALT WITH 3Y METHOD 2.

41
29

15

plo

34
21
32

37
24

39

s

A
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DEEDDDHmHHDDHD

Birth Wei%ht Weight Total Kon-Hb. Weight Weight Total Non-Kb
Weight 0 o) Iron Iron In _ O C Iron Iron
Ibs.ozs. Liver Dried in Liver Spleen Dried In In
(Grams) Liver Liver Spleen Spleen S(%;egn
Grars) (Ugaa) Qras) (Grams) Grams) (oes)  (igrs)
g 0 il *5 20.5 41.7 32.5 4 .12 0.7 2.9 > 5
- 4. 32.5 * 34.4 5*5 1 2.6 1*7
7.0, o7.5 208 BE 167 .. 1 0.61 o 37
7.2 b5 357 *7.?2  35%5
7.6. 99*5 24 37*4 30.2 6.5 1.25 3.2 1.9
7.12. 106 19 44 .6 34
7.12. 103*5 16.2 55*3 46 12.1 2.6 2.1
13* 104.5 15.5 ] .x
66°° 110 e £33 Re 1 1.26 0.6
6. O. 175.6 34 94 .7 72.2 6.3 2 4 2
6.10. 141.5 26 33*1 20.2
9. 4. 126.5 24.5 42 30.3 10 2.6 4.3 2.4
F.T. « FULL TERM d » days
S.B. *  STILLBIRTH w = «eeks in
NON- Hbe = NON-HAIMOGLOBIN# 24

TABLE No . 2 - Continued ...



MTTMTTTTTT MMM TT =
A AAAAAAAAA A A,

DATA AND RESULTS OF LIVERS AND SPLEENS, NUMBERS 15 -
DEALT WITH BY METHOD 2.  ———————

n Non-
Birth  Veight Veight Total Non-hb. Weight weight Jotal g,
Weight 0 [ lron lIron In _of of ron iron
Lbs.ozs. Liver Dried in Liver Spleen Dried in m

G 1 i ie?°
Cras) s (o9 (o7 Grans) Grams) Cora Spie?

7.0. 105.5 20.2  MI.2 30.4 - 1.2 2.8 272
7. 0 109.5 23.7 30.2 26.6 7.6 1.8 3*9&
6. 4. 92.3 22.3 42.6 37
5. 0. 82 16 32-% 25.5
5. 6. 76.5 1S 25. 19.2 4.4
5.12 76.5 %ﬁks 28.7  26.3 6 )-8 4.6 3.1
7.11. oM_3 3 374 0 3.5 : 3-3
5.14 75 16 45.9 40.1
5. 6. 101 20.5 104 93.5 £
6. 3. 1135 21.5 111 97.5 10.3 1.8 3 6 3
6. S. 82.b 17.6 19.9 15.2 6.5 1.5 - -
5.10. S3 Ib 51.7 M7
7.09. 109.6 2.2 61.9 589 14 5.5 ;
g- 4. 139 0.3 73 6i o Lx  1sve 15
7.0. 100. 2.1 69.9 5 1.3 4.5

F.T. * FULL TERM d « days

S.B. * STILLBIRTH w = weeks

NON-Hb. NON-HAEMOGLOBIN.



There were many individual variations,
but taken generally, In the early neonatal
period there appeared a progressive Increase,
both absolute and relative, In the amount of
iron deposited In the liver. This applied t
both total and non-haemoglobin iron.  The
individual differences were too varied and an
Insufficient number of cases was done to be
able to draw a graph depleting this rise iIn
the iron deposits, but the scatter diagrams,
(No. 1 and No. 2, clearly lllustrate the
general upward trend.

The average total iron content of the
liver of the full term stillbirth was found to
be 456 milligrams, while IS days after birth
it was found to have increased to SO milligrams.
There were two infants (Numbers 27 and 28),
both eight days old, In whose livers the iron
deposits were actually over 100 milligrams
(104 and 111 mialligrams respectively, for the
total lron). The non-haemoglobin iron content
of the liver of the average full term stillbirth



of this series was 33.27 milligrams, whereas
eighteen days after birth the amount had
risen to 69.3 milligrans. (Again Numbers 27
and 23 had higher values, being 93*5 and
97*5 milligrams of non-haemoglobin iron
respectively).

It iIs Interesting and instructive to
note here that the blood iron of the liver
forms approximately 503 of the total lron
content of this organ at 20 weeks;
approximately of the total Iron at full
term; whille 10 days after birth the blood
Iron was found to be responsible for only
12_.5£ of the total iron content of the liver.

Investigations of the spleens yielded
results somewhat similar to those obtained
for the livers. The actual amounts of lron
were always very much smaller than those found
In the corresponding livers. Though the iron

contents varied a good deal In spleens of

/ approximately ...



approximately the same size and weight, the
variations were not as marked as In the case
of the livers.

Only minute amounts of i1ron were found
in the spleens of 25 weeks foetuses. The
total lron for spleen Number 43 (2S week foetus)
was o 24-milligram, while the non-haemoglobin
iron was only 0.005 malligram.

The twin foetus (Humber 47) had a total
of 0.26 milligram of 1ron iIn i1ts spleen, with
a non-haemoglobinl iron content of only 0.02
milligram.  The spleen of a 3™ weeks foetus
(Number 40) contained 0.95 milligram of iron
altogether and when the iron due to the blood
present was subtracted, the actual tissue iron
was found to be only 0.6 malligram.

/ TABLE No. 3 ee-
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TABLE SHOWING* THE RELATIVE AMOUNTS OF NON-HAEMOGLOBIN
IRON IN LIVERS AND SPLEENS«

AGE. Non-Hb. Iron Non-Hb. lron Non-Hb. lron Non-Hb. lron
per 1Q0 Grams per 100 Grans per 100 Grams per 100 Grams
Wet Liver. Dried Liver Wet Spleen Dried Spleen
(Mgrns 5 (Mgms) (Moras) (Moras) -
nsv. 10.3 58 0.33 2
2EwW. 10.1 55 1 S
29w. 16.6 90*5 20.3 97. 5
33v. 14.2 66.5 24._S 11R.5
w* 12.S 70 16.2 s
35% . 35* 106
38v. 1*1.7 91.5
3fow. 26 .S 10s
y-B. 29.5 12 57 35S
3.3. 22 106 31 170
3.B, 17.1 si.5 g.2 37
S .13. 30.4 13s
S.B, 372-* 126 29.2 190
g -b . m .5 253 17.4 Si
S.B. 31.4 > 179
S.B. 34 22s
S.B. 19 .s 100 S.6 60
S.B. 41 m 212 24 100
S.B. 14.3 72
S.B. 24 124 24 S1
F.T. = FULL TERM d s days
S.B. = STILLBIRTH VvV a weeks NON—Hb .« Non-Haemoglobin.

/ TABLE No. 3 Continued
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TABLE SHOWING THE RELATIVE AMOUNTS OF NON-HAEMOGLOBIN
IRON IN LIVERS AND SPLEENS.

- Non-Hb. Iron Non-Hb.. Iron Non-Hb. Iron . Hon.-Hb.Iron
per 100 Graian per _100 Grams per 100 Grams per 100 Grami
Wet Liver Dried Liver Wet Spleen Dried Spleei
(Mgms) (Mgms) (Mgms) (Hgms)
2S.S 150 44 192
24.2 112 45 194
4o 116
5 107
3P 1Uo 73*1 294
32 123 9 365
53-5 259
52.5
56.5 454 30 172
I1S.4 S6.5 32.4 140
2
38 24 37 1S3
10d. 43.6 20k 192 S00
69 - 317 55.5 277
F.T. » FULL TERM d a days
G.B. = STILLBIRTH V. = weeks

NON-Hb. - NON-HAEMOGLOBIN.



The average total Iron content of the spleen
at full terra was found to be 2.96 milligrams,
the average non-haemoglobin iron p>resent in
the splenic tissue was 1.7 milligrams.
Eighteen days after birth the total iron
content of the spleen was 4.5 milligrams ad.
the non-haeraoglobln i1ron content had Increased
to 5.6 milligrams. This shows a very distinct
Increase in the actual amount of i1ron stored
by the spleen from 28 weeks to full term and
also In the early neonatal period.

Table No. 2 shows the individual
results obtained from the spleen analyses and
scatter diagram No. 3 illustrates the general
trend of Increased iron storeage In this organ
fron the 28 weeks foetus to the IS day old
infant.

There 1s also a distinct relative
increase In the amount of iron stored by the
spleen. With 100 grams of wvet spleen as a

/ standard tee



standard the 28 weeks foetal organ contained
0.33 to 1 milligram of non-haemoglobln iron,
the 3™ weeks spleen He,2 milligrans of iron,
while the spleen of the IS day old infant
contained 55.5 milligrams of iron. A more
accurate standard lo to calculate the amount
of non-haemoglobin iron per loo grama of
dried spleen. On this standard the 28 weeks
foetal spleen has 2 to & milligrams of iron,
the 3™ weeks spleen S6 milligrams, the full
term spleen an average of 13™ milligrams and
the spleen of the 18 day old Infant 277 milli
grans of 1ron. The 1ron storage of the
individual spleens i1s shomn in Table No. 3
and the general trend towards increasing
storage iIn clearly i1llustrated In the scatter
diagram No, 4.

/ TABLE NO. H-~ ..
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TABLE SHOWING HP.CENTAGE MOISTURE IN
LIVERS. NUMBERS 15 - 49.

AGE. BIRTH WEIGHT  WEIGHT OF WEIGHT OF
Lbse ozs. WET LIVER DRIED LIVER
(Grams) (Grams)
B. 23w. 2. O. 35 6.2
3. 25V. 2. 4 . 37-5 6.9
B. 29v. 2. S. 3S.3 7.3
B. 3}w. 4. 4. % .3 10.5
B. 34w. 4. O. 53 9-7
B. 35w» 4. 12. 63 14
B. 35w. 5. O. 63.5 11
S. 30w 4. 14. 5S*5 14.5

Averall%@ 1155 moisture In livers of premature
] =

stil 50 .bg

(standard Deviation 2.3)

PERCENTAGE
MOISTURE IN
LIVER.

52

51.
51.

79
51.

79.
54

75-5

oo

(G O]

/TABLE No. 4 - continued ...



TABLE SI1ONING FERGENTAGE MOISTURE IN LIVERS NEMBERS

41

15
N
26

7
4
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-15 = 49. . -
AGE. BIRTH WEIGHT. WEIGHT OF WEIGH? OF PERCENTAGE
Wk .  028.. WET LIVER DRIED LIVER MOISTURE
(Grama) (Grams) IN LIVER.
9.B. 6. O. 113. 5 20.5 32
s.a. 6. 4. 156 3P.5 79
3.3. 7- O 7. 205 79
3.3. 7. 2. 16.5 52 7 73
3.3. 7. 6. 99 5 76
3.B. 7. 12. log” 32
gg 1. %- 103.5 13 2 32.5
.B. 7* ] 104.5 _
S.B. s. Q. 110 %?g &3’
3.5. s. O. 175-fe A 30.5
3.5. g- 10. 141.5 23 0
S.B. o 4. 126.5 24-5 31
Average % moisture In livers of full tem
stillbirths = @ .4g (Standard Deviation 2 .27)
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TABLE SHOWING PERCENTAGE MOISTURE IN LIVERS NUMBERS

AGE BIRTH WEIGHT. WEIGHT OF WEIGHT OF PERCENTAGE
Lba. OZP. WET LIVER DRIED LIVER MOISTURE
(Grams 3 (Grams) IN LIVER.
T. 1d 7- 0. 105.5 PC.2 SlI
X* _ é* 0. I ? 23.7 75
T ] . 4= < 22.3 7b
:II'_ 78_ 5* (SS Z 16 so.5
70. 5* 76.5 1S 76.5
T. 7d. 5* 12. 78-5 IS.5 7b
T . 7. 11 .3 24.3 7H.5
T. 2d. 5. 14 75 16 73.5
R. <. 6 101 20.5 79.5
T. . 0- 33— 113.5 21.5 Sl
'_Il: . 6. 16 22_6 11L(736 73.5
. 5%* - Sl
T 188 ?. S. 1%-5 22.2 0
o 10d. a. H. 139.3 igi 73.5
T. lgd. 7 0. 100.7 . 73

Average. % moisture iIn the livers of full tem
neonatal infants * |S,2¢ (Standard Deviation 2.16)



ks would be expected the blood iron
for this series of spleens represented more
than 90$ of the total Iron of the spleen In
the 28 weeks foetus, approximately UOE of
the total Iron of the spleen of the full
term foetus and only about 20% of the total
Iron of the spleen of the IS day old infant.
These figures must be only very approximate
as the individual variations ere so great,
but they do tend to emphasize indirectly
the marked iIncrease of i1ron stored In the
tissue of the spleen relative to age.

Three cases of iInterest will be
mentioned here. Infants numbers 27 and US
had their cause of death signed up as
Icterus Gravis Neonatorum. Both these
infants were found to be very Jaundiced and
somewhat pale at post-mortem. Both were

full termm females, the one (Number 27) having

lived for eight days, the other (Number US)

for 10 days. In both the actual non-haemoglobin

iron content of the liver was high. In

/ Number 27



20
Number 27 It was milligrans and In
Number 43 it was 61.15 milligrams of iron.
This high 1ron content may be explained by
an originally high iron storage at birth#
but 1t seems more reasonable to explain it
partly or wholly on the excess blood
destruction that takes place iIn this condition#
with the concomitant large and rapid iron
storage.

Unfortunately, the spleen In Number 27
was not Investigated. In Number the
spleen yielded the extraordinarily high
figure of 14 “&=milligrans for the non-
h&emoglobin 1ron content.

The third case of iInterest was one of
Haemorrhagic Disease of the Newborn#(Number
49). This infant, a full term female, died
three days after birth with a very low
haemoglobin content in the blood: Analysis
of the liver revealed a relatively normal
value for non-haemoglobin iron, namely ?6.6
milligrans. The spleen contained 3.5

/ milligrams ...



milligrans of non-haemoglobin iron
definitely more then was found iIn the
spleen of the average full term stillbirth.
The weights of the livers at post-
mortem varied a great deal. In the oases
of the two sets of premature twins each
liver compared closely with the liver of
its fellow twin. From ?& weeks to full
term the weight of the liver increased
markedly. At 2S weeks It mes 35 51*5
grams In this series, while at full tem
It was over 100 grams iIn weight. At full
term and iIn the early days of Infancy the
weights varied within rather wide limits and
strangely enough, -were not always iIn proport-
ion to the weight of the foetus or Infant.
Thus, a relatively light infant may have a
large liver, such as Number 29, whose birth
weight was 6 Ibs. k o7a. and whose liver
weighed 156 grams; while iIn Number Jo the
Infant weighed 7 lbs, 6 ozs. but 1ts liver
only weighed 99*5 grams.



The spleen shows a definite iIncrease
in weight from the 2& weeks foetus up to
full tara, being 1.5 to 2 grans for the
former and an average of 7.3 gramns for the
full tem"stillbirth. Thereafter It varies
greatly and appears to have no relation to
the weight of the liver or the foetus. Thus,
for example* Number 46, an infant aged 7 days,
weighing 7 pounds 11 ounces, whose liver
weighed 94 grams, possessed a spleen weighing,
at the time of post-mortem, 3.5 grams. By
comparison, Number 44, a 10 day old Infant
weighing 7 pounds S ounces, whose liver
weighed 109.8 grams, had a spleen weighing
14 g grams. In this iInstance extremes were
taken to emphasize the point.

The volume of blood In the liver
calculated by Method 11 i1s obviously not the
seme as that existing In the organ during
life. The figures obtained In this work are
merely for the post-mortem liver which has

been removed from the body. However, when
/ the __.



the volumes obtained were standardised
relative to a 100 grams of wet liver, It
was found that though they varied
considerably they still remained within
reasonable limits, the lowest being t cos.
In an exsanguinated liver and the highest
26 ccs iIn a congested liver. The average
for the livers of premature foetuses was
higher than the average for the livers of
full term stillbirths, the figures being
15.6 ccs as compared to 15.3 cce, The
neonatal infant livers showed an average of
It.5 ofl» This indicates that the liver of
the premature foetus possesses relatively
more blood, or iIs more congested, than the
liver of either the full tem foetus or the
neonatal iInfant.

The percentage moisture iIn all the
livers examined was relatively constant,
varying between 7”»5 per cent snd S5 per cent.
(Table No. K). The average percentage moisture
In the livers of premature stillbirths was

60.6 per cent (Standard Deviation 2 .3)*
/ In *e



in the livers of full term stillbirths
50.K per cent (S.D. 2.27); And In the
livers of full term neonatal Infants 75.3
per cent (S.D, 2.16).

Certain averages for the full temm
stillbirths of this series may be repeated
here;

The average total iron content of the liver
was found to be«’\5-6 milligrans of iron (5.B.17,6).
The average non-haemoglobin iron content of the
liver was 33*27 rallllgrsms of iron (5.D,13.55).
The average total iron content of the spleen
was 2.56 milligrams of iron (S.D. 1.36).

The average non-haemoglobin iron content of
the spleen was found to be 1.7 milligrams of
Iron (6.0, 0.735).

The average weight of the liver in 20 full term
stillbirths was 131.13 grans (S.D. 26.4).

And finally, the average weight of the spleen
in 5 full term stillbirths was 7.3 grams

(S.D. 2.54).
/ Thus eee



Thus, briefly, the main conclusions

that may he deduced from the above results

are t

@)

@

©)

There 1s a definite increasing storage
of 1ron in*me liver, both absolutely
and relatively, in the twelve weeks
preceding birth and alBO In the early
neonatal period.

There iIs a definite increasing storage
of 1ron In the spleen, both absolutely
and relatively, In the last twelve
weeks of pregnancy and «Ir.o In the
early neonatal pei”iod. In all oases
the amounts of 1ron were much smaller
than those found iIn the liver,indicating
that the spleen iIs of secondary import-
ance as a storehouse for iron.

In Icterus dr&vis Neonatorum there
appears to be a heavy deposit of iron
both in the liver and In the spleen.
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REVIEW OF THE LITERATURE.



REVIEW OF THE LITERATURE.

It 1s natural to comence this
seotlon by mentioning the work of Hugouneng*
who was the First to iInvestigate human foetuses
for Iron. He determined the total Iron In the
ash of the entire foetus. His results show a
gradual and steady Increase iIn the amount of
iron present In relation to the age of the
foetus. Thus, for a 4] months foetus weighing
522 gramns the total iron content was 42 milli-
grame, for a Gwr months foetus of 1,115 grams
the total was 7¥ milligrams of iron, and for a
6] months foetus weighing 1*235 grams the total
iron content was BB milligrams. The results of
Brubaoker and Camerer and SGldner, who also
Investigated human foetuses for total i1ron, are
shown together with the results of Hugouneng iIn
Table No. 5.

The great Increase in total iron
content in the last third of pregnancy is well

illustrated by these figures. At 7 months the

/ total



total Iron content was only S2 milligrams
whereas at full term the total Iron amounted
to 3kj milligrans. Hugounenq thought this
rapid Increase In total i1ron was partly due
to the rapid growth of the blood volume In
the last third of intra-uterlne life and
concluded that at birth 57% the total iron
could be accounted for by the blood alone.

More recently, while determining
the mineral composition of the ash of haman
foetuses Givens and Macy (1933) care to the
conclusion that there was a greatly augmented
demand for minerals during the last two or
three months of iIntrs-uterlne life. They
found that there werp marked variations between
foetuses of the seme length but that there
appeared to be a definite relationship between
the age and the average composition of the ash.
LIVER isos -

In 1912 Ashby, while iInvestigating
the anaemias of infancy and childhood, determined
the amount of iron present in the livers of eight

/ infants



infants,varying In age from a full term
stillbom infant t a seven months old
infant. He found the highest amount of
iron In the liver of the stillbom infant,
the figure being 5& milligrams of i1ron per
100 grams fresh liver. This result
represents the total iron present, including
the lron due to blood. In the liver of a
two months old infant he found 5° milligrams
of 1ron per 100 grams fresh liver; 1In the
liver of a three months old Infant 3° milli-
grams, the amount gradually diminishing until
In the seven months*old infant there was a
total of only 1J milligrams of iron. He thus
concluded that the store of iron iIn the
liver at birth i1s used up by the seventh
month of life.



THE

IRON CONTENT OF THE ENTIRE BODY OF THE HUMAN
FETUS AND NEWBORN INFANT. (REPRODUCED FROM THE

WHITE HOUSE CONFERENCE ON CHILD HEALTH AND
PROTECTION.)

BODY  V/TIGHT TOTAL  IRON
(Grams} (milligrama}
522 2
570

goo 51
9 (55 &

. Sl
1.2S5 SS
1,169 2
1,275 131

THE NEWBORN  INFANT.
2.U7& HH
2,616 392
2, 35
2 9%8 2eg

, 155
& s
3,32 i

/ Sheldon
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Sheldon (1932) investigating the
influence of copper and manganese on the
activity of iron, found In his series that
the liver at YHirth contained an average of
7 milligrams of copper and 5" milligrams of
Iron.

The V/hhe House Conference on Child
Health and Protection (1932) gave 15 milli-
grams as a conservative figure for the total
amount of iron present per 100 grams of the
newborn infant’s liver. It Is adnitted that
this 1s probably a rather low figure.

Gladstone (1932) iInvestigated the i1ron
content of the livers of 24 human foetuses
and infants varying from the fourth month of
Intra-uterine life to the third month of
post-natal life. He calculated both total
and non-haemoglobin iron in livers and from
his figures care to the conclusion that
there was no large or progressive deposition
of 1ron In the liver during intra-uterine
life. Nevertheless, he found the total iron

/ content i1«



content in the livers of full tem still-
births to be about 49 milligrans. He states
that the 1ron content of the liver of the
human Infant reaches 1ts maximum not at
birth, but from one t ten weeks after birth
and the large amount of i1ron In this organ
results not from accumulation during Intra-
uterine existence, but from the destruction
of blood that occurs iIn the Infant shortly
after birth.

Theones and Aschaffenburg (193U)
(quoted by Stearns et al. 1937) found the
total amount of iron present in the liver
of the full term newborn to be 35 milligrams.

Swanson and lob (19385 1939)
Investigated 28 human foetuses of various
ages. Fourteen were examined for total body
iron and In the second fourteen the liver
iron was calculated. They found that the
Iron content per Kilogram of fat-free dried
substance (Whole foetus) remained practically

/ unchanged eee



n
unchanged during the foetal growth period,
hut the liver 1ron similarly calculated
Increased as the foetus approached term.
The analysis of the liver i1ron did not
differentiate between the haemoglobin and
the non-haemoglobin 1ron.  They concluded
that even though the liver may become less
vascular towards full term the i1ron present
Increases 1In amount. The value they gave
for the total iron present in the liver of
a three pounds foetus was 29.6 milligrams,
for a six pound Infant J2 milligrams, and
for an eight and three-quarter pounds
Infant 11g.5 milligrams.

Bruckmann and Zondek (1939) examined
a large number of livers of iInfants and
adults for their total and non-haemln iron
content. Amongst this group were 17 livers
obtained from full term stillbirths and
infants up to four months of age. Their
average for total 1ron per 100 grams of wet
liver for full term stillbirths was 40£>

/ milligrams 1ee



milligrams and non-haemin iron ~1.2 milli-
grams. For a 13 day old infant liver their
figure for total i1ron was 75 milligrams

and non-hoemln iron 68 milligrams per

100 grams wet liver. In the four months
old infant they found 21 milligrams total
iron per 100 grams wet liver and non-haemin
iron 20 milligrans, They conclude that iIn
spite of the great variability of the iron
content of the livers, typical distribution
according to ages could be recognized. No.
differences were observed due t the sex of
the Individual.

Gillman et si. (19°5) iInvestigated
the total i1ron content of the livers of nine
Bantu Infants varying in age from full term
stillbirth to four months.  Their results
are as follows :

/ Liver eee



VER No. AGS.

3 S.B.
27 3 .B.
5 1 day
22 1 day
1* 5 days
25 2] months
k 3 months
& 3 months
3S b months

IRON _
% Dry Weight

02
.07

.02

.03
.05

.03
.02

.03

.07

The figures show the total iron

present in the liver, iIncluding the iron
due to the blood In the organ. The above

results are all very low in comparison with

those obtained In my own series of Bantu

lIivers. My average total 1ron present in
the livers of 13 Bantu full term stillbirths,
expressed in the above terms, was 0,191™ iron
(dry weight), being thus fron 3 to 9 times
as much as Gilloan’a figures for stillbirths,

/ The ee-



The figure 191" lron (dry weight of liver)
compares well with those results obtained
by other authors working on European foetuses
and infants, though generally the results for
European material aro slightly higher than
this figure. (@riickmann and Zondek O.lgfeny
Ramage <}$%, Swanson and lob .314 * Thus,
GalHflat™s suggestion that in the first six
months of life, the livers of African babies
may contain up to twenty times le3« iron than
babies in Europe and England,can apply to
individual cases but does not hold for the
average.

The iron content of the blood-free
-Iner has been iInvestigated by fewer authors.
Gladstone (1932) estimated the amount of
haemoglobin present in a sample of liver and
from this calculated the total haemoglobin
present in the organ and then translated the
result into milligrans of 1ron. This amount
was subtracted fron the total i1ron also
estimated from a small sample of liver. The

average fTigure obtained for the livers of
/  full



full tara stillbirths was & milligrams
of non-haemoglobin 1ron.

Theones and Asch&ffenburg give
the figure as 26 milligrams of non-
haemoglobin iron per 100 grams wet liver
for full tem stillbirths. Toverud (quoted
by Fullerton, 1937) gives the figure of
60 milligrams of non-haemoglobin lron present
in the liver of the average full term still-
birth.

BrUckman & Zondek (1939) claim to
determine mle non-haemin iron in the liver
by extracting a sample of the organ iIn
sodium pyrophosphate and 20£ trichloroacetic
acid and examining an aliquot for iron. They
then analysed a second sample of liver for
total iron. They state that 30 * 60$ of the
total 1ron present In the liver was In the
form of blood 1ron. They express their result
for the non-haemin 1ron iIn the liver of the
average full term stillbirth as 15% milligrams
per 100 grams dried liver. This equals

approximately milligrans of 1ron per 100
/ grars ...



grams of wet liver.

For the sake of comparison the
results obtained by the various authors,
for the 1ron found In the liver of the
full term stillbirth, are presented together
in Table No. 6.

All the authors quoted used small
samples of liver for their iInvestigations
and, as has been shown iIn a previous section,
this method ,1s open to a fair margin of error.
SPLENIC  IRON.

At the White House Conference on
Child Health and Protection (1932)* the iron
content of the spleen, of the newborn Infant
was given as 2 milligrans. The spleen iIn ny
own series of full termm stillbirths was found
to contain an average of 2.97 milligrans of
total 1ron, and 1.7 milligrans of non-haemoglobin
1ron.

No further literature giving actual
figures for iron In the spleen of human foetuses
and newborn Infants could be found.
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Own Results
Ashby
Sheldon

white House
Conference

Gladstone

Theones &
Aeohaffenburg

Toverud
Swanson & lob

Bruckraan &
Zondek

Gl Iman
Raaage

THE IRON COMTgKT OF THE LIVER OF THE FULL TERM STILLBIRTH.

No.of
Cases.

Total Fe
In Liver

(ores)

5.6

50

*

730

Non-Hb.
iron iIn

Liver.

(Vo=ze)

33.27

Total Fe Total Fe Hon-Kb. Non-Hb.
100G. Wet 190k.Dry Fe/I100G. Fe/iooa.
Liver Liver. Vet Liver Dry Liver
(Homs) (Mgms) (Hgas).
37-5 191.5 23.1 171.5
50
15
® & &>
26
310
J;0,6 ifH 31.2 155
20 & Jo
250
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Lewln (1929) and Gladstone (1932)
Investigated the spleens of foetuses and
Infants histologically for iron. Lewin
examined Ug spleens of premature foetuses
whose ages varied up to 7 months of iIntra-
uterine life. In these he found very
little or no 1ron at all. In a second
series of 37 prematures aged from 7 months
to full term he found gradually iIncreasing
deposits of i1ron present In the spleen, the
greatest amounts being found in the full tem
foetuses. His confidence in the constant and
regular deposition of splenic 1ron during the
last third of intra-uterlne life iIs so great
that he claims to be able to Judge the age
of the foetus from the amount of iron found
in the spleen.

Gladstone*s results were similar,
the amount of splenic iron becoming greater
as Tfull term was approached. He points out,
however, that the greatest deposition of iron
occurs in the spleen during the early neonatal
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period when there i1s a considerable breakdown
of blood.

It 1s Interesting to mention here
again the one oase of my owmn (Number K&)
who died of Icterus Gravis Neonatorum, who
had a remarkably high 1ron content in the
spleen.

Coppoletta (1933) gives the average
weight of the liver at birth as J& grams.
This figure i1s much lower than that given by
Scamraon (1923) wil® found the weight to be
135 grans; and lower than the figure In Ry
own series, 131 grans. There is, however,
as mentioned before, a very wide range of
variation. At birth the liver usually
weighs from k - 5 $ of the body weight, which
IS twice the corresponding weight In the
adult. (Ashby, 1912).

Coppoletta found the weight of the
spleen at birth to be g grans; the figure
INn ry own series was 7.3 grams.

There iIs general agreement In the

literature that there iIs an actual Increase
/ 1IN eee_



In the amount of 1ron stored in the foetal
liver during the last three months of
pregnancy. Certain authors (Gladstone, 1932;
Swanson and lob, 1937, 1939) state, however,
that there iIs not a relative increase of

iron stored In the liver during this period,
claiming that the amount of i1ron present is
proportionate to the weight and that, with
more foetal growth and therefore more weight,
there iIs a corresponding iIncrease in iron
content. My own findings contradict this
claim and iInstead, support those authors who
believe that there is both an absolute and
relative increase In the amount of iron stored
in the foetal liver during the last third of
pregnancy. There is also general agreement
that because of the breakdown of excess
haemoglobin 1in the blood there is Increased
deposition of 1ron in the liver and spleen

during the neonatal period.
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Iron Is distributed In the human
body in the blood, 1n all the tissues, In
th© chromatin material of nuclei and In the
reticulo-endothellal system, especially iIn
the liver and the spleen.  Some 60$ of the
total body iron is circulating bb haemoglobin
in the blood and a further 20f is held iIn the
tissues i1n a form potentially available for
haemoglobin synthesis. OF the remaining
body iron (20™) about one-third is iIn
rayochaemoglobin and two-thirds iIn such cell
enzymes as cytochrome. None of this latter
iron is available for haemoglobin synthesis
even In extreme iron depletion. (Hynes,!™).

The greatest amount of the metal
found circulating In the blood Is In the
fona of haemoglobin (90 - 95™M)# the remainder
consisting of breakdown products of haemoglobin
(G = 1005 and plasma 1ron (.05 - .13f).
Haemoglobin has been studied more completely
than any other iron compound of the body.
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Although at one time it was believed
that muscle haemoglobin differed from that
found in the blood, stream, more recent
investigations by Whipple and Kennedy have
showmn the two to be almost certainly ldentical
compounds. ZInoffsky (1SS6) crystallized
haemoglobin and his analysis of the pure
crystals showed an 1ron content of 0 .335"™
This work has been repeatedly confinmed.

On treatment with dilute acids
haemoglobin is split into haematln and a
protein fraction. The haemoglobin contains
all of the 1ron. This compound Is probably
identical 1n all species, the differences iIn
various haemoglobins being due to the protein
portion of the molecule. As a result of
thelr spectroscopic studies, Anson and
Mirsky (1925) came t©o the conclusion that the
iron-pyrrole portion of the haemoglobin
molecule, which they term haem, is very widely
distributed in Nature.  They found It iIn the
wing muscles of the fly, bee and other insects,
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In plant tissues, In yeast, in animal
tissues, - In short, they have been led to
regard haemoglobin as a special form of a
universally distributed haem .

The 1ron due to breakdown products
of haemoglobin forms only about 5£ of the
iron in the blood stream of the normal adult.
It would naturally be higher in those
conditions where excessive haemoglobin 1is
taking place, such as occurs iIn the eai"ly
neonatal period. Plasma or serum iron forms
only Q.05 - Q,I1&$ of the blood 1ron. The
exact nature of this serum iron iIs unknown,
but 1t i1s apparently the form In which iron
transport takes place from the bowel via the
blood to the tissues.  Serum #ron 1Is
probably 1n the ferrous form and combined In
& complex way with serum proteins. Substantial
changes In serum iron take place after
ingestion of therapeutic doses of iron salts

(Wright 1977 )# but under ordinary conditions
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of Iron food intake the fluctuations in serum
iron are slight.

Substances giving a reaction for iron
have been found consistently in the chromatin
material of the nucleus of animal and plant
cells, in the cytoplasm of non-nucleated
organisms and in the prozymogen granules. It
was recognized long ago that iron in tissues
exists in several different forms. Mollsch,
in 1S91# introduced, the term "masked iron" to
denote those compounds such as haemoglobin
that respond to Iron tests only after special
treatment. In addition, distinctions betvreen
eo-called inorganic and organic iron compounds
were introduced to classify compounds in the
body, in foods, or the iron salts used in
therapy. "Inorganic iron" usually refers to
the lonlzable form, or to protein compounds
that readily yield ionized iron. The tern
"organic iron" has been used to denote that
bound in complex form, such as in ferro- and

ferricyanlde hnemat«gc,n and other compounds.
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The Iron compounds of the cells are
primarily concerned with the oxidations and
reductions by which the potential energy of
the food is rendered available to the
organism as kinetic energy. This function
completes the work of haemoglobin as a
carrier of oxygen from lungs to tissues and
intimately associates the iron compounds of
the body with the fundamental properties of
living matter.

The combination of oxygen and
haemoglobin forms oxyhaemoglobin in the
lungsj in the capillaries of the tissues,
where oxygen tension is lov, this is broken
down to reduced haemoglobin and oxygen.
Analyses of the quantitative relationship
between oxygen capacity and the iron content
of haemoglobin have shown that for each atom
of the metal one molecule of oxygen la combined.

Salts of iron and certain other metals
have long been known to act outside the body
as efficient catalysts in the oxidation of
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many organic compounds. Warburg extended
the catalysis - by - i1ron theory to tissue
oxidations and claimed that the utilization
of oxygen by living cells at body tetaper&ture
could only be explained as due to an enzymic
activity of the iron compounds of the cell.
According to the newer view-point, the
respiratory ferment iIs a heeraatin. This is
assumed to combine with oxygen, thus

XFe + 02 2 X.FeOg

Organic substrates (a) were then capable of
being oxidised, according to the following
equation ;

X.FeOR + 2 h 2?2 XFe + 2/
Undoubtedly the other oxidases, such &3
catalase, glutathione, etc., do play come part
In tissue oxidation as well. Conceming the
claim that the respiratory ferment is identical
with haematln, Kellin"s work has thrown
considerable doubt upon the heeraatin theory
as the only explanation of tissue oxidations.
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However, as Dixon has concluded, this does
not mean that the respiratory ferment does
not contain iron, nor does It obscure the
fact that i1ron compounds may account iIn
general for about two-thirds of the oxidizing
powver of the tissues. Scott has .down that
apparently abnormal 1ron metabolism occurs in
neoplasms.

Iron also appears In the reticulo-
endothelial system especially In the liver
and the spleen. In the liver it is held iIn
the Kupffer cells and also In the hepatic
oells. In the spleen the i1ron pigment
predominantly lies in the pulp reticular cells,
in smaller quantities iIn sinus endothelial
cells and only iIn extremely small quantities
In the capsular cells, the connective tissue
and the trabeculae. (Levin, 1929). In these
deposits iIn the liver and spleen the pigment
generally appears as brownish-yellow granules
and has received the name of haemosiderin.
There i1s little doubt that thispigrent is
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the i1ron residue of haemoglobin that results
from the destruction of the red blood cells.
Gook has Isolated haetacslderin from the tissues
and showmn that 1t contained, In addition to a
yellow-browmn pigment, an lron fraction that
gave on analysis s S9f 1ron, 12.5? hydrogen
and 27% oxygen.  This compound may represent
a most 1mportant endogenous source of Iron

to the body and 1ts structure is therefore

of considerable Interest. (White House
Conference, 1932). In contrast to our
present knowledge of haemoglobin, haematln,
and hsemoslderin, very little is known

about the nature of the other Iron compounds
of the body.

A water soluble 1ron-protein
compound called ferritin, found in the liver,
spleen and bone marrow of mammals, Including
man, IS described by Hahn (1943) and by
Granlck (1942). Ferritin consists of a
protein fraction, apoferrltin, linked together
with micelles of a special type of colloidal
ferric hydroxide, the crystals containing as
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much as of lron.

Recent work was done using radio-
active 1ron (Hahn 194-3), by which actual
particles of iron could be folloned and
traced about the body. Radio-active iron,
Fe-~, 1s prepared by bombarding ordinary
iron, Fe™# with deuterons. (Wright 1977 )*

It has a half life of 47 days and behaves

In the body exactly like ordinary iron,
except that i1t can be readily traced by
physical methods. Hahn et al.» using this
radio-active isotope In the form of ferric
ammonium citrate, demonstrated that it is
mostly in the form of ferritin that Iron iIs
stored In the body and exists In greatest
anount In the liver. " It has also been
established that the haemoglobin iron of the
red blood cells, after breakdown of the
haemoglobin, is partly converted into ferritin
iron in the liver end the spleen.

In 1944 Llbet Isolated yet a differ-
ent 1ron-protein complex from the liver,which
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they called Hferin™. It has been shown
that this substance behaves In the same way
as 1ron salts iIn catalysis of phospholipid
oxidation. Ferrln, however* has the
advantage over iron salts of being soluble
in neutral solutions. Analysis shows that
It contains 15*7 % iron. It seems probable
that much of the non-hsemln iron iIn the
liver 1a present iIn sone form of combination
with protein, either as ferritin or as
ferrin.

In the normal adult human being
very little 1ron is absorbed and very little
IS excreted. Excretion takes place In the
urine and the daily amount lost iIs on an
average only 0.1 malligram of iron, though
this figure has a slight individual variation.
This loss 1s made up from the diet, and it
therefore follows, that as the average daily
Ingestion of iron is 12 milligrams, practically
all the i1ron In the diet iIs unused and passes
out again iIn the faeces.



log

The hydrochloric acid of the gastric juice
helps to split off the i1ron from 1ts organic
combinations in the food and liberates It
in an inorganic, soluble and more absorbable
form.  Absorption takes place In the
duodenum and upper small Intestine Into the
portal vein blood (Wright 19<7). It Is
generally agreed today that the total iron
content of the Individual is controlled
through some function vested in the intestine,
whereby the amount of dietary iron absorbed
iIs carefully limited by the nesd.3 of the
body. (@Qlliraan» 19°7)>  This fact,originally
suggested by Widdovson and MdCs.noo, has since
been conclusively established by the
experiments conducted with radio-active i1ron
by Hahn, Whipple and other workers. After
Ingesting radio-active iron the level of
plasma iron (in the Inorganic form) Increases
after one hour, gradually rises to 1ts peak
at 12 hours and then falls to normal iIn
29 hours.  Within two hours of Ingestion
radio-active iron appears iIn the circulating
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9
red blood corpuscles (Wright 19"7)* the

anount increasing steadily for about one
week. It is quite clear that the Iron
rapidly reaches the bone marrow and ie

soon used In the formation of new red blood
cells; small amounts of radio-active Iron
also appear In the liver. The experiments
also showed that the amount of 1ron absorbed
depends upon the physiological state of the
body -

Hahn et si. on the basis of their
findings postulated the existence of some
"mucosal acceptor” for iron functioning iIn
the Intestine. Physiological saturation of
this acceptor resulted In the development of
asmuco«al block™ to further entry of Iron
through the Intestine Into the body. According
to Oranlck’s attractive hypothesis ferrous
iron enters the epithelial cells of the
intestine, is there altered to a ferric
state, combined with the protein apoferritin
to form ferritin end Is held up In the mucosa
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until liberated into the blood stream In the
ferrous state. The ferric 1ron In ferritin
acts both as a reservoir for blood 1ron and
aa a ‘mucosal Block*.

The mononuclear phagocytic reticulo-
endothelial cells and lymphatics play a
prominent rfile in transporting iron from the
intestine to the associated mesenteric lymph
"glands. Sot only do the phagocytes remove
iron, but 1t appears that iron diffuses
directly into the lymphatics and perhaps
into the blood vessels themselves. Granick
(@9”), working with radio-active iron given
intr&venouoly, found that very little is
“spilled over* iIn the urine, and none 1Is
excreted by the bowel. (Wright 19°7# Hyres,
19°5).  After I days, over &% of the iron
was found stored In the liver. Of the
crystalline ferritin isolated, three-fourths
of the i1ron In the ferritin had come from
the Injected i1ron. One hour after the

Injection the liver had already taken up
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over of the total iInjected i1ron. The
storage of i1ron by the spleen was apparently
negligible.

During pregnancy the absorption of
iron iIs greatly increased. Instead of the
usual 0.1 - 0.2 milligran of iron being
absorbed dally, the amount Increases, to an
average of 3.2 milligrams daily over the
whole duration of the pregnancy. (Haoy et al.
1934; Coons 193?). The absorption of
iron, however, was not equal at all stages
of pregnancy, being highest iIn the earlier
months, with a definite tendency to lower
absorption during the very last month. The
mother has not only to supply the foetus
with 1ron, but she also requires iron for
the hypertrophy of muscles and other organs.
Without doubt, the early high iron retentions
are for maternal benefits, aside fron the
Immediate foetal needs. The lron content
of the foetus at birth is almost ~QQ milli-
grans, of the placenta and uterus 150 milli-

grans, and of the blood lost during the
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average delivery 170 milligrans (Wright 19%7)e
Macy and Hunscher (193*0 from metabollo studies
on 23 gravid women calculated, that the mother
stores iIn toto an average of 57, 192, 3Uo, 477,
565, 661, 754 and 799 milligrams of iron from
the third to the tenth lunar months respectively.
The total maternal retention of 799 milligrams
of 1ron ae calculated above, is slightly In
excess of the amount contained In the foetus
at birth plus that reeuired for the matermal
needs of pregnancy, (a total of 720 t 7
milligrans of i1ron. )The part played by this
excess lron may be significant In the preparat-
ion for lactation and for the preservation of
the maternal reserves during this period. How-
ever, no studies are available on the iron
metabolism of lactating women.

Prom analyses of human foetuses It
has been shown that the daily average
transfer of iron from mother to foetus
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anounts to approximately 0.4 milligram
during the first two-thirds of pregnancy.
During the last third of pregnancy,however,
the accretion was ten times greater, or
about 4.7 milligrams of iron daily (Goons,
1932 » though this latter figure would
appear to be too high. The greatest
mineral drain on the maternal tissues then
comes during the last three months of
gestation. As one would expect, when the
mother*a diet is rich in iron the foetus
will store more iron than when the diet iIs
poor in this metal. The point has been
stressed by Marshall (1932).

The precise manner of transfer of
iron from the mother to the foetus still
anaits demonstration. From early pregnancy
to term, vessels in the chorionic villi
bring foetal blood into close proximity to
a liberal supply of iron, narely, the
decidual pools. We know that the barriers
presented by the walls of the blood vessels
and adjacent tissues will not permit the
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passage of red blood cells from mother to
child, but this close proximity does meet
the requirements of an osmotic connection.
Tips of the villi may actually project
into the maternal blood vessels. Stander
(Williams: Obstetrics Texthook) stateo
that the foetus takes up iron from
degenerated maternal erythrocytes through
the syncitlal covering of the chorionic
villi. Scholten and Veit observed that the
chorionic villi are quite capable of
dissolving red blood corpuscles of the
circulating blood Just as dissolution of
red blood cells can be produced by placental
extracts.

Recently Kropp (19hQ)and Dempsey
(@9oW , using micro-incineration methods,
noted that the decidual and connective
tissue cells contain more iron than erther
the amniotic or chorionic epitheliun. Iron
was also detected in the syncitial and
cytotrophoblastic elements of the placenta,
as veil as within the foetal connective
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tissue of the villi. The syncltium
exhibited a email quantity of i1ron dispersed
as punctate aggregates of ash throughout the
cytoplasm, and a denser concentration of
ferrous material aggregated around all of
the nuclei. On the other hand, the
oytotrophohlastic cells were characterised
by a heavy concentration of iron iIn the
interstitial ground substance between them,
whereas the cytoplasm and nuclear membranes
contained very little. This i1ron present
at the placental barrier probably represents
iron that Is passing fron the maternal

blood to the foetal blood, as wall as the
iron of the respiratory enzymes that must
be present In the syncltium, since this iIs a
region where active oxidative metabolism
OCCUrS.

Ponraerenke et al. (19"2) iInvestig-
ated the transmission of iron to the foetus
using radlo-aotive iron. They administered
a measured quantity of radio-active Iron
solution iIn water or fruit Juice to the
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mothers at selected times prior to the
termination of their pregnancy. They
noted that minute but measurable amounts
of this Isotope could be demonstrated iIn
the foetal circulation In transport in the
plasma In as little time as kQ minutes
after feeding the mother. It seems, there-
fore* quite improbable that the only route
of transmission of i1ron from the mother to
the foetus iIs through the complicated chain
of events expressed In most texts, namely i
maternal plasma 1ron to red cell 1ron;
passing of the latter to the placenta;
destruction of the red cell with liberation
of the contained haemoglobin iron; absorption
and finally elaboration of the i1ron iInto the
haemoglobin of the foetal blood cells. It
seems doubtful that the radio-active iIron
could follow all these steps before 1t
appears iIn the foetal plasma In as little
time as ko minutes following the feeding of
the mother. It seems more likely that at
least part of the 1ron i1s conveyed to the
/ placenta



placenta in the form of Rerun or plasma
Iron and from this form la transferred
across the placental barrier to the foetal
circulation.

According to the Increase In the
iron content of the foetus from month to
month, the amount of i1ron passing over
daily to the foetus during the fifth and
sixth months was 0,5 milligran ( Macy and
-Hunscher 193*0» although Coons (193?) places
the figure at O.P milligran. Macy and
Hunr,cher found that the uptake of iron by
the foetus iIncreased to 3,M milligrans dally
during the ninth month and to 6.6 milligrams
dally during the tenth month. Swanson and
Xoh (939 ) from their investigations, showed
that the 1ron retention by the foetus during
the last two months of pregnancy formed
of the total foetal iron found at birth.
Thus,foetuses bom prematurely must

necessarily have low iron stores.
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A total Iron content of 375 milli-
grans iIn the mature human foetus iIs
accepted as a fair average figure from the
various analyses reported by Hugounenq,
BrUbacker, Caaerer and 36"lder. Macy and
Hunscher (1931 however, found the total
iron content to be only ?)\b milligrams at
the tenth month of iIntra-uterlne life and
Swanson and lob (1939) give the average total
iron as 250 milligrans. The bulk of this
iron is In the blood. The figure given for
the blood iron of the full term human foetus
at the white House Conference (1932)* was
134 milligrams, but i1t must be much higher
than this. The average volume of blood In
circulation In the newborn Infant iIs 360 ccs
(de Marsh 19"2) and as this blood contains
on an average 22 grams of haemoglobin per
100 ccs blood (Stearms et al.1937)» then the
haemoglobin lron alone would account for
approximately 2bk milligrams of iron. At
the White House Conference the amount of
iron present in the muscle tissue of the

/ newborn ...



newborm was given as 39 milligrams. The
average amount of Iron stored In the liver
of the newborn, as showmn by ray omn series,
was approximately 33 milligrams and iIn the
spleen almost 2 milligrams of iron. These
latter figures for liver and spleen are for
Bantu Infants, and are probably lower than
In European iInfants, since malnutrition is
more common amongst the Bantu people.
Strauss (1933) Mas shown that the liver
storage is iInconstant and may be negligible
iIT the diet of the mother has been low iIn
1ron.

In general, i1t iIs probable that the
average full term infant stores fron two to
three times as much i1ron fron the breakdown
of the excess haemoglobin in the blood as is
already stored in the liver at birth. Thus,
though there is a storage of 1ron at birth,
the bulk 1s not accumulated until after the
post-natal blood destruction la complete.

of the blood 1ron present at birth,

60 milligrams, calculated by Swanson (1939)#
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may be liberated and stored when the
breakdown of the excess blood In the
circulation has taken place. Stearms and
McKinley (1937)» put the figure as high as
Iso milligrams of i1ron but the average is
probably nearer the former figure (@bout

80 - 90 milligrams of 1ron). Evidence that
not all the released i1ron iIs stored is fourd
In the studies of Beck (1932 - quoted by
Stearns and McKinley) and of Langstein and
Edelstein (191*+). Deck observed that iron
excretion In the newborn increased from the
second day after birth and reached a maximum
between the thirtieth and fortieth day, then
gradually decreased. Thus, It appears that
during the early weeks of life the excretion
of 1ron by the infant almost invariably
exceeds the intake, but that after the
second month the iron balance, though variable,
tends to approach zero. Stearns and McKinley
(1937) state that an average artificially fed
full term Infant may be expected to lose up
to 1.25 milligrams of iron dally for the first



two months of life, but will approach
equilibrium soon after that period. The
figures given at the White House Conference
for the negative iron balance of normal
full term breast fed babies were generally
lonver than this, varying from G.Oh to 1.2S
milligrams daily, and the duration of
negative balance was not so prolonged,being
-only about two weeks. It thus appears that
very young Infants do not conserve as much
of the 1ron freed by haemoglobin breakdown
when given cow"s milk,as when they are fed
on human milk. (Steams 1937)
Lichtenstein (quoted iIn the White
House Conference) performed tv2he iron
metabolism studies oh four premature Infants.
A noteworthy feature iIs the fact that the
experimental periods were of ten days
duration. His data showed that in all the
cases there was a negative iron balance
averaging a daily loss of Q.25 milligram of

1ron.



It 1s iInteresting to note here
that some of the earliest studies with
radio-active "iron showed that the iron
liberated by the destruction of efffcte
red blood cells was Immediately re-used for
haemoglobin synthesis in preference to the
reserve i1ron stores.

The amount of haemoglobin iIn the
blood at birth is higher than at any time
subsequently and averages 22 to 23 grams
per 10Q ccs of blood. (Stearns and McKinley,
1937; Hicks 1912; and Wright 19"7)= A rapid
decrease occurs during the first weeks of
life. Two weeks after birth the haemoglobin
value has dropped to 17 grams per 100 Ccs.
At three weeks the haemoglobin value is
15.6 gramns. (Stearns,1937). Wide individual
differences aye observed in the duration of
the period of haemoglobin destruction, but
by the tenth week of life the amount of
haemoglobin has usually decreased to 10.5
grams per 100 ccs of blood. (Steams, 1937 and
Wright, 19°7)* The shortest period reported
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for completion of haemoglobin destruction
was 21 days, and the longest was 7& days.

It 1s knomn that foetal haemoglobin
differs iIn some respects from adult haemo-
globin. (Janssen 1943; Kendrew 1949)= It 1s
necessary, however, to emphasize that their
resemblances are far more striking than
their differences. Both have the same
molecular weight, about 67,000. In both,
the prosthetic group, to which the oxygen
becomes attached, i1s the same lron porphyrin
compound (ferroprotohaem) and iIn both of
them, four of these haem groups are contained
in each protein molecule.  Any differences
between these two must, therefore, be due
to differences In the protein moiety, which
is called globIn. Just after birth there iIs
a mixture of about 80% foetal and 20$ adult
haemoglobin.

One of the properties of a protein
is. 1ts solubility and the two types of
haemoglobin have been found to differ moot
strikingly iIn this respect. Foetal haemoglobin
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IS over six times more soluble In concentrated
phosphate buffers than is the adult haemo-
globin.  The two kinds of haemoglobin also
differ In electric charge; their Iso-electric
points are not the sare. It is possible o
separate them by electro-phoresis. It has
been found also that human adult and foetal
haemoglobin differ In crystal fora and symetry.
The average erythrocyte count
Immediately after birth is approximately
5 .500.000 cells per cubic millimeter though
the values are very variable In the first week
of life. Haemolysis starts very soon and
progresses rapidly, so that by the twelfth
postnatal day the count has dropped to
4.500.000 cells per cubic millimeter. (Lucas
et al» 1921). The red blood cells of the
newborn undergo haemolysis more easily than
those of the adult, since there IS greater
fragility of the cell membranes iIn the first
ten days of life. (Gordon 1933)* By the sixth
week of life the average erythrocyte count

/ has



has decreased to 3 920,000 cells per cubic
millimeter, and by the eleventh week has
reached the"minimal count of 3,400,000 cells
per cubic millimeter. The number of
erythrocytes then increases gradually till
at six months the count is 4,000,000 cells
per cubic millimeter. (Steam et al. 1937)*
Although both blood destruction and
Icterus are present during the neonatal period,
there is no demonstrable relationship between
the degree of blood destruction* as indicated
by changes iIn the packed coll volume, and
the severity of the icterus, as indicated by
the iIcteric index. (Salmon et al. 1943)*
Lucas et al. (1921) found that the haemoglobin
level of their most Jaundiced Infants was
Just as high as that in Infants without
jJaundice, suggesting that the degree of
Jaundice is determined by liver function. The
amount of bilirubin increases after birth and
nomally reaches 1ts maximum concentration

between the Tirst and seventh days of
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life. (Gordon, 1933).

Several recait; publications have
stressed the relationship existing between
the iron deficiency during pregnancy and
the hypochromic anaemia that appears before
the sixth month of life. This anaemia of
Infancy when not affected by some associated
disease Is not due to congenital abnormal
blood formation since these Infants have
normal blood at birth. Furthermore, post-
natal nutrition of all infanta during the
first four months Is much the same because
the food is restricted to milk and vitamin
supplements.

In 1931 Mackay published a
comprehensive study a. nutritional anaemia
in infancy, iIn which a comparative study was
made between Infants born to moderately
anaemic mothers (51 - JQ% haemoglobin) and
Infants borm to mothers with normal haemo-
globin values.  The Infants bom to the
anaemic mothers showed a lower haemoglobin
level at every month for the first six months
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of life than did infants bom to non-anaemlc
mothers.

A later paper by Neale and Hawksley
eaphasl2.es the finding of anaemia In twins
born to anaemia and non-anaealo mothers. The
demand upon a mother for iron In a twin
pregnancy is considerably more than iIn single
pregnancies and, even though the mothers
haemoglobin may be normal, all her stores
may be consumed and one or both of the twins
will develop anaemia. Finally, the most
conclusive study on this subject is that of
Strauss (1933) since It compares a series of
I mothers with less than haemoglobin
with a series of 12 mothers with haemoglobin
over There was no significant difference
in the haemoglobin values between the iInfants
of these two groups at birth. However, when
these Infants were examined one year later,
it was foud, that the Infants borm to anaemic
mothers had an average haemoglobin value of
46" compared with 67" for the infants born to

non-anaemlc mothersjy thus iIndicating lower

/ 1Iron eee



iIron stores In the iInfants tom to anaemic
mothers. (Swanson and lob, 1939)*

During normal physiological birth
the Infant retrieves much of the blood
which Is iIn the placental and umbilical
vessels. This is effected by uterine
contractions on the placenta in the third
stage of labour and probably also by vaso-
constriction of the umbilical arteries and
their branches. When the umbilical cord
iIs clamped immediately after birth over
100 ccs of blood can usually be obtained
from the placental end of the cord.
(Grodberg et al. 1936). Hsselhorot and
Allmeling (quoted by De Marsh 19*H and
1972 ) found that the average amount of
blood In the placental vessels of 120
Infants was 10" cce.  They recorded accurately
the Increasing weights of infante during the
InFlow of placental blood. They also showed
that $l% of the placental blood flowed Into
the Infant In the first minute after delivery,
797 reached the child in the first five
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minutes, and 91% iIn the First ten minutes.
Goodall and his colleagues obtained an
average of 125 cos of blog)d from the
placenta for use iIn a blood bank. Grodberg
salvaged, as much as 215 ccs of placental
blood from one case.

De Marsh et al. (J.A.M.A. 144D)
found that the infant receives an additional
amount of blood between the time the cord
stops pulsating (average 3 minutes after birth)
and the time the uterus contracts firmly with
separation of the placenta, this amount
varying approximately from 40 to 60 ccs. They
claim that only a few ccs of the blood can be
obtained from the umbilical cord after
separation of the placenta. Thus, It appears
that practically all the placental blood flows
into the Infant It the clamping of the cord 1is
delayed until the placenta begins to descend
into the vagina.

The actual total volume of blood of
the human foetus, comnlete with its cord and
placenta, has never been determined directly.

De Marsh et al. (194-2), using Evans blue dye,
/ calculated



calculated the blood volume of 35 newborn
Infants and found that they varied between
300 and 370 cos. Thus, If the volume of
the placental blood iIs taleen as about
10¥% ccs} this would represent from one-
third to one-quarter of the volume of
blood In the infant. The loss of this
blood, De Marsh points out, would thus be
equivalent to submitting the Infant to a
rather severe haemorrhage and this may be
critical for premature Infants and infants
who have suffered a long and difficult
labour . He quotes Engel who, iIn the latter
part of the nineteenth century, reported
twice as great a mortality In premature
Infants whose cords were tied early as In
those whose cords were tied late. Deprivation
of the placental blood also results iIn a
relatively large loss of iron to the Infant.
Blood volumes were calculated by
De Marsh et al. (192) on two series of
newborn Infants. In the first series,
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r;i.
consisting of IS coses, the umbilical corde
were draped immediately after birth. In
the second series, 17 cases, the cord was
only clamped After the placenta had
descended into the vagina. Blood volumes
were done on the first and third day. For
the group deprived of their placental blood
the average blood volume for the First day
was 317 cos. and on the third day 2$" ccs.
For the second group, who had received
their placental blood, the figures were
364 ccs for the first day and 360 ccs for
the third day. The plasma volume iIn both
groups was found to be remarkably constant,
averages varying only a few ccs from a
mean of 139 ccs. Average haemocrit values
of 53# on the first day and $1?, on the
third day were found In the first group ad
6 l£ on the first day and 60$% on the third
day in the second group, who had obtained
their placental blood.

Blood estimations done during the
first week of life on infants whose cords
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were damped Inmediately, revealed an
average erythrocyte count of 5,750,000
cells per cubic millimeter and a haemo-
globin value of 19*5 grams per 100 cos
blood. Estimations done on the second
group whose cords were clamped late gave
an average erythrocyte count of 6,200,000
cells per cubic millimeter and a haemoglobin
value of 22 .S grams per 100 ccs of blood.
(De Marsh et al. 19). There 1s, there-
fore, a significant decrease iIn the
erythrocyte count and iIn the haemoglobin
content of the blood In those Infants whose
cords were clamped early.

One may assume that the average
anount of blood lost to the Infant by early
clamping of the cord is 102 ccs. Since the
average haemoglobin content of the cord is
16 grams per 100 ccs of blood (Wilson et al.
19”1 ) by 1mmediate clamping of the cord the
Infant i1s deprived of 56 milligrans of iron.
As the Infant i1s dependent on the iron
present at birth for the normal formation
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of haemoglobin later, the loan of this
amount of Iron can result In a lowering
of the haemoglobin content of the blood,
at six months of age, from 12 to 9 grams
per 100 ccs.

Reviewing briefly a few points
that have already been mentioned, we know
that the Infant i1s largely dependent on
the supply of iron present at birth for
growth and for the formation of haemoglobin
during the first six months of life. The
anount of iron obtained from the diet over
this period is minimal. The i1ron reserve
of the Infant at birth is contained In the
circulating haemoglobin and, to a lesser
extent iIn the tissues, especially the Inver.
The 1ron liberated during the physiological
destruction of blood iIs stored and becomes
available for re-utilization. At the end
of six months the total lron content of the
infant 1s about the same as at birth, but
the haemoglobin content per 100 ccs of blood
IS reduced to almost half the amount present
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at birth. At this age the iron reserves
are practically depleted and further growth,
with 1ts neoessary iron quota for every
cell, might occur at the expense of the
haemoglobin concentration of the blood,with
the development of a hypochromic anaemia.
The smaller the stores of Iron available
the earlier will the anaemia appear.

It is obvious that the metal is
at a premium throughout the first six
months of life and, should either the iron
stores in the liver bO low at birth, or
a large quantity of iron be lost due to
the placental blood not being received,
there must be a decided tendency for
anaemia to develop i1n early infancy. Should
the Infant have a low i1ron storage In the
liver and also have i1ts cord clamped
immediately after birth, then the predis-
position to anaemia must be very great ad
this can be witnessed iIn the anaemia of
premature babies where these two factors
obtain
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CONCLUSIONS.

When investigating the Infant Iner* for
Iron storage the whole organ should be
taken for analysis - not samples.

For accurate results the lron due to the
blood In the liver must be taken Into

account.

The 1ron storage iIn the foetal liver and
spleen Increases both absolutely and
relatively during the last third of

pregnancy .

The liver la a much larger storehouse
for iron than the spleen.

The iron stores at birth of the average
Bantu Infant, iIn this series, are
slightly lower than those of the average

European infant reported in the literature.



The 1ron stores In the liver and spleen

are iIncreased absolutely and relatively
In the early neonatal period.

From the work of De Marsh, Windle and
other authors, early clamping of the
umbilical cord at birth robs the Infant
of a considerable amount of blood and
thereby reduces the amount of 1ron
stored In the neonatal period.

It 1s suggested that a low iron store
at birth combined with early clamping
of the umbilical cord will predispose
most strongly to anaemia developing In
early infancy.
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SUMMARY.

A method of Investigating non-haemoglobin

Iron In livers and spleens is described.

49 livers and 22 spleens of Bantu infants
and foetuses were analysed for lron and
the results obtained presented.

A review of the literature iIs given.

A discussion on the Incidence of Iron In

normal adults, In pregnant women sna in
newborn Infants is presented.
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NUMBER 1.
MARY 5IHLABAKA (B.M.H. No. 1296) Pull terra
male. Birth weight gibs 6 ozs. Forceps

delivery. Stillbirth.

Weight of Crucible + liver * 317 O-rams.

Weight of Crucible & 175 Grams.

Therefore Weight of Liver « le8 Grams,

The liver wascut into slices about

2 rams thick, which were then washed in running
water for 16 hours. After this period they
appeared to bo quite free of blood, being pale
greyish in colour. They were then placed in
an air oven at 6p°C to dry them to constant
weight. After h hours it was seen that a fair
amount of haemoglobin had oosed out of the
liver tissue, which had now collapsed, indicat-
ing that the washing had not removed all the
blood present in the liver.

Nevertheless, the slices were dried to

constant weight.

V/eight of crucible + dried liver = 193 Grams
Weight of crucible » 175 Grams
Therefore weight of dried liver * 18 Grams.
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A small chip of dried liver was taken for iron
estimation

Weight of watchgle.ss + sample * J,226nh Grams.

Weight of watchglass » 3.0720 Grams.
Therefore weight of liver
sample * 0.1544 Gram.

This sample was digested and made up to 100 ccs
solution.
4 ccs solution taken for colorimetry,
G * 36 Therefore L = .4-44.
From graph this » 0.G134 ragra iron
w amount in 4 ccs solution.
Therefore 5

In 100 cos solution amount iron * (.0134 x iJ%Q ) nigra

m 0.335 raga iron

m amount in
0.1544 Gram
dried liver.

Therefore in Ig Grams dried liver
amount iron « [«335 s.Tpy raBm

M 39 ragms iron
This result* however, must be
disregarded, since the dried liver still contained
a certain amount of haemoglobin. Therefore this
figure does not represent either the total iron
in the liver nor the non-haemoglobin iron in the

liver, but something between these two figures.
/ NUMBER 2



NUMBER 2.
Maisy Ngwenga (B.M.H. No. 1150) Foil term.
Female. Birth Weight 6 Ibs.l os. Aged ID days.

Died of bilateral broncho-pneumonia.

Weight of crucible 4 liver * 250 Grams
Weight of crucible * BID Grams
Therefore weight of Liver » Jo Grams.

Liver was perfused through umbilical
and portal veins with water for 16 hours. Organ
was yellowish grey in colour after this period
and all blood appeared to be washed out. Liver
was then put into an air oven for Bl hours.
After this period the liver had been dried to
constant weight and was still a yellowish-grey,

indicating the absence of haemoglobin.

Weight of crucible + dried livor » Grams
Weight of crucible « BIO Grams
Therefore weight of dried liver « 16 Grams

Two small pieces of dried liver were

t&hen for iron estimation.
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At

Weight of vatchglaas + sample » 3.279" Grams.
Weight of vatchgiass % 3»°7GO Grams,
Therefore weight of sample ** Q.2096 Oram.

Sample digested and made up to 100 ccs.
2 0SS solution taken for oolorimetry.

G = 767 therefore L « , 11&3

From graph this a ,0031 ragm Iron
« amount In 2 cos solution.

Therefore In 100 CCS solution amount iron »
0031 X 100
2 mgm

* 0,155 mgm iron

= amount in 0,2096 Gram dried'liver

Therefore in 16 Grams dried liver amount iron *

=155 < -
R S

a 11.S3 ragms Iron

» actual iron (or non-haemoglobin
iron)ln liver.

/ B. Weight -..



Welght of vatohglaea + sample - 3»2™1 Grams
Weilght of watohglass * 37 Grams
Therefore weight of sample * 0.171 Gram

Sample digested and made up to 100 cos.

2 ces solution taken for colorimetry t

0O » 79¢ therefore L * 0996.

From graph this « 0.0026 mgms iron
a ©Omount In 2 ccs solution.

Therefore iIn 100 ccs solution amount iron »

(.0026 x 100 ) nga
\ 2 ;

3 0.13 agm iron
©mount In 0.171 Gram dried liver
Therefore in 16 Gramns dried liver amount Iron »

(.13 X 16 )

< Tl ) "9S

« 12.2 mgma iron
« Actual 1ron in liver (hon-
haemoglobin 1ron).

Average between A and 8 a 12 mgae iron.

rs» rs* sr-sf3r.«:sawsa»?srtts

(For comment on difference iIn results between
A and B see text).
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NUMBER 3. Martha Masweu. (B-4.H. No. 1355).
Full term. Female. Stillbirth. Birth Weight 7 lbs

Weight of Crucible ¢ liver * 331 Qreme
Weight of Crucible a& 201 Grams
Therefore weight of liver = 130 Grams,

Liver was perfused free of haemoglobin. It
was placed In a vacuum oven ovemight, but the
temperature did not rise above 37° O« A very
luxuriant fungus growth was found covering the
liver the following day, so the specimen was
discarded.
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NUMBER 4. Selina (B-M.H. No. 1393) Premature
(35-36 weeks) Birth weight 4 Ibs 14 ozs.

Weight of crucible + liver * 274.5 Grams
Weight of crucible = 1?5*5 Grams
Therefore-weight of liver * 99 Grams

The liver was perfused with normal saline

through umbilical vein and. portal vein till

it was free of haemoglobin. It was then

placed in air oven and dried to constant weight.
Weight of crucible + dried liver * 179*3 Grams
Weight of crucible = 175*5 Grams
Therefore weight of dried liver * 3*& Grams

A small piece was removed from right side of

dried liver (a) and another from the left

side (B).

Weight of vatchglaes + sample

(right side) 13*3544 Grams
Weight of vatchgl&ss - 12777 Grams
Therefore weight of sample 0.5774 Gram
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This was digested and made up t 100 ccs
solution.
2 ocs solution taken for colorimetry 1
0 = Kj therefore ( » 0 .3K7
From graph this » .0097 13gn Iron
» amount iIn 2 ccs solution.
Therefore In 100 ccs solution amount Iron

® (.0097 X 100)
( 2 ) msm

» 0.425 iron

amount In 0 5777 O0ram
dried livers

Therefore 1In J-8 Grams dried liver amount i1ron

* (~5 X VS )
( S57H )

* 3.26 ragn iron.

* non-haemoglobin 1ron iIn
liver.
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Weight of watchglass + sample

_ (left side) * 33N Grams
Weight of watchglass * 37  Grams
Therefore weight of sample * 0.274 Cram.

This was digested and made up to 100 cos solution.
2 ccs solution taken for colorimetry t
G * 5 therefore L ® ,250&*
From graph this » .0069 mgm Iron
a amount In 2 ccs solution

Therefore In 100 ccs solution amount 1ron
m p 06?7 * Jaaj

» 0.745 mgm 1ron

* amount iIn 0.274 Gram
dried liver

Therefore In 3.S Grams dried liver amount Iron

- <36
( .S?4 >

a 4.g mgms iron.

« non-haemoglobin lron In liver.

Therefore average fron A and B « 4 ngms lron.

(for coment on differences In results between
A and B see text).
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NUMBER 5. Magdellne (B-H.H. No. 1449)
Full term. Male. Birth weight 6 Ibs & ozs.
Stillbirth.

On opening abdomen and thorax a
very large diaphragmatic hemia was found
into the right pleural cavity. The hemia
consisted of the liver and the entire small
gut. The specimen was left Intact and was
presented to the Anatomy Department.
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NUMBER 6. Sara (B-M.H. No. 1353) Full term.
Female. Birth weight 6 lbs. Aged 6 days.
Weight ofcrucible ¢ liver * 256 Grams
Weight of crucible _ * 1S6 Grams
Therefore weight of liver « 100 Grams.
Liver was perfused with normal saline till free
of haemoglobin. In this case 1t required only
ten litres to achieve thin. The liver was then
placed in an air oven and dried to constant
weight.
Weight of crucible + dried
i liver » 195»2 Grams
Weight of crucible « 166  Grams
Therefore weight of dried
liver * 9.2 CGrams,
Because of the relatively large differences in
results obtained when different pieces of liver
were taken for iron estimation (such as In
Numbers 2 and K preceding), 1t was decided to
crush this dried liver to s fine powder and mix
it thoroughly to ensure an even distribution of

1ron.

Two samples were taken for iron estimation 1



A. Weight of watohglass + sample * 3.~656 Grams
Weight of watchglsss * 37 Grams
Therefore weight of sample  * 0.3956 Gram.

Digested and made up to 100 oce solution.

2 cos solution taken for colorimetry 1

G =5 therefore L a .2557
From graph this * _.Q0s9 mgm iron
« amount In 2 cos solution.

Therefore In 100 cos solution amount 1ron

- oue X m ) g

X 0.375 raP PP
* amount In 0.395& Gram
liver powder.

Therefore In 9.2 Gram dried liver amount Iron

j3rs AN =
J «395%) sagm

« 6.02 mgms iron.



Weight of vatohglass + sample * 14.1780 (G+as
Weight of vatohglaas * 12777 Grams
Therefore weight of sample * 1.401 Gram.

Sample digested and made up to 100 ccs solution.
1 cc solution taken for colorimetry.
G= 3H* therefore L » .450
From graph this » .0120 sgn Iron
» amount In 1 cc solution.
Therefore in 100 ccs solution amount #ron
« 1.2 gl 1ron

* amount in 1.401 Gram dry
liver ponder.

Therefore 1In 9*%2 Grams dried liver amount Iron

8 (1.2 X 9.2 >
( 1,401) "M

* mgma iron.
Therefore average from (A) and (3) » 7«95 ragn

* non-haemoglobin i1ron in liver.
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NUMBER 7. Marla Math©. (B.M.H. No.lI57S) Pull
terra. Stillbirth. Male. Birth Weight ~ 1bs. 10 o?s

Weight of crucible ¢ liver * 361 drams
Weight of crucible * 213 Grams
Therefore weight of liver * 14g Grams.

Liver was perfused with normal saline though
the umbilical and portal veins till free of
haemoglobin. It was then heated In an air

oven till It had reached constant weight.
Weight of crucible dried liver = 221.5 Crams

Weight of crucible i * 213 Grams
Therefore weight of dry liver » S.5 Cram.

The dry liver was crushed to a fine powder and
mixed.

Two samples were taken for iron estimation.



At
\ Weilght of watchglass + sample « 3»777y Grams
Weight of watchglass » 3.07 = CGrams
Therefore weight of sample * 0.707 Cram.
Sample was digested and made up to 100 cos
solution.
2 cos solution taken for colorimetry.
» #7 therefore L *
from graph this » _.0Qgg raga Iron
anount In 2 cos solution

Therefore In 100 cos solution amount 1ron

* (.Q0SS x 100
( 2

8 0.U4 agm iron

= amount in 0.707 Gram
dried Inver.

Therefore In S.5 Grams dried liver amount iron

D (*kk X &5
TOT-} mSKb
= 5.39 myras 1ron.

s non-haemoglobin iron iIn
liver.



Weight of watchgl&ss + sample * 3.5054 Grams
Weight of watchglass a 3»0/_ Grams
Therefore weight of sample * 0.43%4 Gram.

Sample was digested and made up to 100 ccs solution.
2 ccs solution taken for colorimetry.

G & 62 therefore L & 2076*
From graph this = .0055 mgm iron

= amount In 2 cce solution

Therefore In 100 ccs solution amount 1ron

* .0055 X 100
( ) ragn

S 0,275 "$3 IrOn

& amount In 0.~354 Gram
dried liver.

Therefore iIn g.5 Grama dried liver amount iron

mgm
& 5.36 mgms i1ron.

» Non-haemoglobin iron.

Average between A and B * 5*3-5 mgms iron

*  non-hael lobln
iron in fiver.
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NUMBER 3. Anna Mabjela (B.M.H, No. 1g"7).Pull
terra. Male. Birth weight 8 lIbs. Stillbirth.

Weight of crucible + liver » 335 Grams
Weight of crucible * 1J5 Grams
Therefore xeigit of liver « 1600 Grams.

(O A small section wa9 out from the right lobe
of the liver :
Weight of v&tchglasa + liver

) specimen *13.825 Grams
Weight of watchglass = 12.777 Grams
Therefore weight of liver

specimen = 1.0HS Grams.

This small piece of fresh* unperfused liver was
then digested and made up to loo ccs solution.
2 ccs solution were taken for colorimetry,

o - therefore L * .3U9.
From graph this a .0093 mgm Iron
a amount In 2 ccs solution.
Therefore In 100 cos solution amount iron

* (.0093 X 100) ram

« 0.765 mgm iron

* amount in _1.0°g Gram
unperfused liver.

Therefore i1n 160 Grams unperfused liver amount Fe

(465 x le0 )
( 1.0Vgj
70.9 mgms lron.
Total 1ron In unperfused liver.

/ Q) ===
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NMB.FR;. 8. - continued.
(@ Liver was then perfused with normal saline,

It requiring SO litres of normal saline t©
render It "blood-free.

Perfused liver, due to water absorption,had
Increased in weight to 165 Grams.

(Corrected weight » 165 x 160 * 166 Grams)
( 158.9 )

A small section was removed from the right lobe
for iron estimation.
Weight of watehglass * section of
) perfused liver * 13*95 Grams
Weight of watchglass _ i « 12.777 O+4ars
Therefore weight of liver section * 1.173 drams.
This small section of perfused liver was digested
and made up to 100 cos solution.
10 ccs solution taken for colorimetry 1
G * W therefore L * .35/
Froa graph this « .0095 ®PI 1ron
* amount iIn 10 ccs solution.
Therefore iIn 100 ccs solution amount iron
a -095 mgm

» amount in 1.173 Oram
perfused liver.

Therefore In 166 Grams perfused liver amount lron

mga
* 13.Hmga lron
*  non“Ha—eSogio*5in Iron in liver.



(3 Perfused, liver was then dried to constant ,

weight In an air oven.
Weight of crucible + dried liver »167.2 Urets
Weight of crucible ) i » 175  Urama
Therefore weight of dried liver = 12.2 Grams

This was crushed to a fine powder and mixed.

Two samples were taken for iron estimation :

A.  Weight of matm—gllasssample * 3*3736 Grams
Weight of vatch% ass =3»°7U Grams
Therefore weight of sample » .3036 Gram

Digested and made up to 100 cos solution

2 ccs solution taken for colorimetry 1
G > 727 therefore L = .1412.

From graph this * .0037 ng=a 1ron
» amount iIn 2 ccs solution.

Therefore In 100 cos solution amount Iron
- (0°37 * Jfrimgnm
& 0.165 mg®

« amount In_0.3036 Gram
dry liver.

Therefore 1In 12.2 Grams dried liver amount iron

£ (165 * 12.2)
355T) m a

at  7.104 mgms iron.



B. Weight of vatchglass + sample * 3$GA- Grama
Weight of vatchglass * 3*°7 Iranis
Therefore weight of sample * Q.7jSk Gram.

Digested and made up to 100 ccs solution,
2 ocs solution taken for colorimetry,
3 » 582 therefore L * _.2328.

From graph this « .0062 ragn Iron
« amount in 2 ccs solution

Therefore In 100 ccs solution amount 1ron

* 5-0062 X 100) mgm

a 0.31 agm iron

vs amount In_0 .536” Gram
dgy_llver_- i
Therefore in 12.2 Grams dried liver amount iron

- 31 x 12.2
.3 X _ a5 ) ) s
* 7.03 mgrfa 1ron.
Therefore average fron (A and (5 * J.077 ama -Ea
« non-haemoglobin i1ron In liver.

(The fact that the results of () and (3) do not
correspond tends to indicate an uneven distribut-
ion of 1ron In the liver. The very large difference
between the results of (1) and {}) can hardly be
accounted for by haemoglobin iron alone, so this
rather indicates that iron is being lost,probably,
with the perfusion.)
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NUMBER 9. Edith Tshabalala. (3.W.H. No.l1264)
Stillbirth* Full term. Female. Birth height
7 lbs. 9 ozs.

Weight of crucible +liver *Hit),5 Grams
Weight of crucible =21 Grams
Therefore weight of liver « lol.5 Grams.

Liver perfused with normal saline, It requiring
40 litres to render the organ blood free. The
perfused liver then weighed 135 Grams.
(@) Two pieces were taken from the perfused liver
for i1ron estimation, one piece from the right lobe
and the other from the left lobe.
A. SPECIMEN TAKEN FROM RIGHT LOBE.

Weight of watchglaes + liver

specimen » 15*2234 Grams
Weight of watohglass »12_777G Grams

Therefore weight of liver
specimen » 2.4464 Crams

This was digested and made up to 100 ccs
solution.
2.5 ccs solution taken for colorimetry.
G» 49. therefore L* 316G
From graph this » ,0023 agra 1ron
= amount In 2.5 ooe solution
Therefore in 100 ccs solution amount iron

* 0023 x 122)
% 275 " }mgm

= 0.332 mgm 1ron

* amount In2.4464 Grams
perfused liver

/ Therefore ..



Therefore In 135 Grams perfused liver, amount

iron «1.332 x 135 mgms iron
¢ 2P 3

= 1~.3 mgms iron

3 non-haemoglobin Iron In liver.

B. SPECIMEN TAKEN FROM LEFT LOBS.
Weight of watchglaes liver specimen * 4.67 Grs.
Weight of watchglass * 3»°7 Grs.
Therefore weight of liver specimen a 1.6 Gram.
This was digested and made up to 100 ccs solution.
2.5 ccs solution taken for colorimetry:

G & 451 therefore L * .317
From graph this « .0085 iron

* amount In 2.5 ccs solution

therefore iIn 100 cos solution amount Iron

« (.0065 X 100 ) mgm
( 2T5)

* 0.34 nga Iron

3= amount Inl.6 Oram perfused
liver.

Therefore iIn 135 Grams, perfused liver amount iron

E'g’/\ WE;mgnS

26.75 sigm lron

non-haemorlobln 1ron In liver.



(@ The remainder of the liver mass dried
to constant weight in air oven.

Weight of crucible ¢ dried liver » 2J0 Grams

Weight of crucible i i * 219 Grams

Therefore weight of dried liver * 11 Grams

Corrected weight of liver = (11 x 135 ) Grams
( 130 .9536)

» 11.33 Grams

This was crushed to a fine powder and mixed.

Two samples were taken for iron estimation s»

©)

Weight of watohglass + sample * 13 .3~3 CGrams
Weight of watohglass Grams
Therefore weight of sample Gram.

This was digested and made up to 100 cos.
1 oc solution taken for colorimetry :
G « ty*? therefore L = .359
From graph this » ,0096 ragn Iron
» amount in 1 oc solution.
Therefore in 100 ccs solution amount iron
a 0.96 agm iron

* amount In_o0.566 Gram
dry liver.

/ Therefore



Therefore In 11*33 Grans dried liver amount Fe

. E*oe x %1-3)3 ) sigm

a 19.RP mgma Iron
® non haetaoglobln Iron In Inver.

i£l

Weight of watchglass + sample = 3»5"5 Grams
Weight of watchglass =* 3«°7 Grams
Therefore weight of sample * G.515 Gram.

Sample digested and made up to 100 cos.
1 cc solution taken for oolorlraetry.

G & 47 therefore L «
From graph this * _00S3 mgm #ron
» amount in 1 co solution.
Therefore In 100 ccs solution amount Iron
« -S3 mgm Iron

* amount In O0.515 Gram
dry liver.

Therefore In 11.33 Grama dried liver amount*iron

* (.** * 11a1) raaB
< 515 >

® 19.3 ngras Iron
® non-haemoglobin iron In liver.

Average between () and (D) * 19.25 sigs lron.

*s non-haemoglobin
Iron In 1her.

/ (The



(The difference iIn the results obtained
fron () and (B In (@) above Indicate
again an uneven distribution of i1ron In
the liver. As with liver No. there
appears to be a greater quantity of iron iIn
the portion taken from the left lobe of the

liver as compared to that from the right
lobe of the liver. )

/ NUMBER 10 eee



NUMBER 1Q, Agnes Swans. (B-M.H. No. 1899)
Full term. Male. Stillbirth. Birth Weight & lbs.

_ Volume of liver =120 ccs
Weight of crucible + liver =33& Orams
Weight of crucible =201.5 Grs.
Therefore weight ofliver «136.5 Ora,

U) A email piece was removed from the right

lobe of the unperfused liver i
Weight of wstohglass + liver section « IH.106 Crs.
yﬁé%%o(r)g vaf‘g:ﬂ I?)?:SIiver section f”‘1%."372797 8::55«
This section van digested and made up to 100 ccs
solution. 2 ccs solution taken for colorimetry.
G = 42 therefore L * *3/

From graph this » .0099 ago iron

« amount In 2 ccs solution.
Therefore iIn 100 ccs solution amount #ron

- [ 99 * 18> mm

* 0.495 ragn Iron

* amount In 1.329 Oram unperfused
liver.

Therefore in 136.5 Grams unperfused liver amount Fe

Mgms

» 51 agme 1ron

Total Iron In liver.



HUMBER 10 - continued.
(@ Liver was perfused with normal saline till
it was free of haemoglobin. It then weighed

£5.5 G*&s8* Corrected weight * (27*5 X 13&»5 )

i 135.171 !
« gg Grams.

A small section (A) was removed from the right
lobe of the perfused liver, and another section
(B) from the left lobe :

1AL

Weight of watchglass + specimen »  13.7&9 Grams
Weight of watehglass * 12.777 Grams
Therefore weight of specimen a .992 Gram

Digested and made® up to 100 ccs solution.
5 ocs solution taken for colorimetry.
G a 720 therefore L * .1382
From graph this * .0036 mgm iron
* amount in 5 ccs solution
Therefore In 100 ccs solution amount iron

» <-0036 XWO) ncal

* 072 ngra iron

®» amount In .992 Gram
perfused liver.

/ Therefore e#te



Therefore In gg Grains perfused liver amount
iron - £.072 X £3
-ggs-) “So8
* 6 />~mgms Iron
* non-haemoglobin i1ron in Iiver.
(B)

Weight of watchglass + specimen » 3«9 Grams
Weight of watchglass ) = 5«G7Grams
Therefore weight of specimen » 0.S2Gram

Digested and made up to 100 ccs solution.

5 ccs solution taken for colorimetry.
G - 75 therefore L = .12n9
From graph this » .Q033 mgm #ron

% amount In 5 ccs solution.

Therefore iIn 100 ccs solution amount Iron

* (0033 x 100 ) rmon

)
* .066 ago Iron

amount in G.$2 Gram of
perfused liver.

Therefore In gg Grams perfused liver amount
of 1ron * 5.066 X gg? Mores
%2
* 7.09 nmgtas 1ron

a non-haemoglobin iron iIn
liver.




(3) Liver was then dried to constant weight in
ailr oven.

Weight of crucible + dried liver » 209.5 Grams
Weight of crucible ) ) * 2015 Grams
Therefore weight cf dried liver = & Grans

Corrected weight * (8 x BS s
g @ * Brusy tram s 845%rs.

The dried liver was crushed to a fine powder and

mixed. 2 samples were taken for iron estimation.

(0).

Weight of watchglass + sample * 13*157 Grams
Weight of watchglass » 12.77° Grams
Therefore weight of sample *  0.3557 Gram

Sample digested arid made up to 100 ccs .

2 ccs solution taken for colorimetry.
G a 5 therefore L* .2676™

From graph this « .00715 mgm iron * amount in_ _
2 ccs solution

Therefore In 100 ccs aoTution amount Iron
* 2.00715 X '1'05)) mgm

- °-3575 ag»s Iron
* amount in o0.3~7 Gram dry liver.

Therefore In $.15 Gram dry liver amount iron

* (.3575 x ¢g.IS ) rags 1ron
( *357 )

“ 7.52 filgs 1ron

* non-haemoglobin iron In liver.

/O
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m

Weight of watchglass + sample #*3*33" Orams
Weight of watchglass *J,0JQ CGrams
Therefore weight of sample =0Q.2b" Gram

Sample digested and made up to 100 cca
2 cos solution taken for colorimetry :
G a 6yIli therefore L * 18121
From graph this a ,004S nga iron
» amount in 2 ccs solution
Therefore In 100 ccs solution amount iron
= (,04S x 100 ) mgm
( - )

« 2¥mgm iron

* amount In o0 .26”" Gram dry
Iiver.

Therefore i1n g.15 Grama dried liver amount iron
7 ( “K18

> [/H-mgms lron.

w non-haemoglobin iron iIn
liver.

Therefore average between (C) and (O) & »k€& rags
iron.

/ (The eee



NUMBER, 1(?0\- continued,

(The difference in results between (A) end
(B) in (2) above indicate again an uneven
distriblIJtion of iron in the liver, with again,
a slight preponderance in the left lobe. The
very great difference between the results of
(1) and (3) can hardly be accounted for by
haemoglobin iron alone, and it tends to

Indicate that iron must be lost, probably

during perfusion.)

/ NUMBER 11 eee



NUMBER 11. Kate Kubeka (B-M.H. No.3036) Full
term. Male. Birth weight pounds, stillbirth.
(D). Two email pieces were removed from the

unperfueed liver, the one (A) from the
right lobe, the other (B) from the

left lobe.
m -
Weight of watohglassspecimen *13.566 Groms
Weight of watchglass _ a 13.777 Grams
Therefore weight of liver
specimen from right lobe a .789 Gram

This was digested and made up t 100 ccs solution.

2 ccs solution taken for colorimetry i

G « 543 therefore L a .3616

From graph this = .007 agm iron
a amount In 2 ccs solution

Therefore In 100 ccs solution amount iron
a .007 x_ 100
% T*)) nya
a 0.35 mgm iron
a amount in .79 Gram liver
Therefore i1n 155*5 Grams unperfueed liver amount

of i1ron * | .35 x 15S]] >mgms

a 6g.9 mga iron

Total 1ron In Iver.



®-
Weight of watohglase & specimen & 4.04-6 Grams

Weilght of watchglé&ss i * 37 Grams
Therefore weight of specimen
from left lobe » 0.976 Gram

This was digested and made up to 100 ces solution
2 ccs solution taken for colorimetry i
O s 44* therefore L * .354
From graph this * .0095 nmgra iron
= amount In 2 ccs solution

Therefore In 100 ccs solution amount 1ron

= 2.0095 X 1803

« 0.475 1ron
* amount in 0.976 Gram liver
Therefore iIn 155*5 Grams unperfused liver amount

of 1ron - (.1175 x 155.5) .p.
( 576 >

» 75»6 mMgms Iron

& Total 1ron In liver.



@ The liver was perfused with normal saline
till free of ha lobin. This required
40 litres of normal saline. Weight of
perfused liver » 123*5 Crams. Two small
sections were removed from the perfused
liver, one section (C) fron the right lobe,
and the other (D) from the left lobe.

Corrected weight of perfused liver * (123.5 X 155.5)

( T53TT)
a 1249 Grams.
©
Weight of watchglass + specimen g 13.5°9 Grams
Weight of watchglass » 12.777 Grams

Therefore weight of_liver
specimen Trom right lobe * Q.732 Gram

Specimen digested and made up to 10Q cos solution
10 cce solution token for colorimetry :
G » 66 therefore L * _1205
From graph this » .(0%-7 ngal 1ron
« amount iIn 10 ccs solution

Therefore iIn 100 ocs solution amount 1ron

s .47 &gt
» amount iIn 0.732 Gram
perfused liver.

Therefore iIn 124.9 Grams perfused liver amount

of 1ron « 047 x 124.9) rags
7732 )

& 2 mms iron

« non-haemoglobin 1ron in liver



M

Weight of watchglass + specimen »  3.479 Grams
Weight of watchglass » }.07 Grams
Therefore weight of liver

specimen from left lobe *  (G.409 Grams

Specimen digested and made up to 100 cos solution.
10 ccs solution taken for colorimetry :
G = 77 therefore L « .1135
from graph this * _.Q03 r@a 1ron
* amount iIn 1occs solution

Therefore In 100 ccs solution amount Iron

» .03 rag
a amount In .409 Gram
perfused liver.

Therefore In 124.9 Grams perfused liver the amount

of 1ron « (.0® x 1249 )
( 409 > »C0*
* 1&iLmjjycaa

* non-haemoglobin Iron in liver.

1ll The perfused liver was now dried to constant
weight In an air oven.

Weight of crucible + dried liver « 201 Grams
Weight of crucitfe i i « 1S6 Grams
Therefore weight of dried liver » 15 Grams
Corrected weight » (Ip X 124.9 ) & 15-IGrams

< 133*759)
This dried liver was crushed to a fine powder and

mixed. Two samples were taken for iron estimation



U)
Weight of watohglaas & sample * 13«5H Oaras
Weight of vatchglass » 12_770 Grams
Therefore weight of sample = 0.771 Grams
Sample digested and made up to KK) ccs
1 co solution taken for oolorimetry:
0 & 67 therefore L * .1739

From graph this * _.00"8 ngit i1ron

* amount In 1 co solution
Therefore 1n 100 cos solution amount #ron

* el mga

* amount iIn *771 Gram dry liver

Therefore iIn 15.1 Grams dried liver amount iron

= \Mm x 7771 mA
> 9.01 mgma iron

$° non-haemoglobin iron
in liver.



NUMBER 11 - continued.

Hi

Weight of wetohglass ¢ samwple » 3»(!}%7’\ Grams
Weight of watchglass = 3» Grams
Therefor®© weight of sample - 0.3"7" Gram

Sample digested and made up to 100 cc®.
2 cos solution taken for colorimetry :
0 m 69 therefore L « .1612
From graph this * .00"2 mgm #ron
g amount 1n 2 ccs solution
Therefore In 100 ca® solution amount iron

« ( .00032 x loo ) nmgn

( 2 )
« .21 mgra lron

* amount In_0.3"/" Oram
dry liver

Therefore In 15.1 Grams dried liver amount 1ron

TP e

» 9.12 mgas lron

~ non-haemoglobin iron In
liver,

difference in results between (A) and (B) In
1), and between (G) and (O) In (2), again iIndic-
ate an _uneven distribution of 1ron_in the liver.
The left lobe again contains more iron than the
right lobe. The large difference iIn the results
of (1) and (3} can hardly be accounted for
haemoglobin iron alone, and thus iIndicates t
come 1ron must be lost, probably during perfusion.)

/ NUBER 12 ...



NUMBER 12. Cecilia (B-M.H. No. 3013) Pull
term. Birth Weight 6 Ibs. Ager 1 day. Died

of congenital heart disease.

_ Volume of liver * loo ces
Weight of crucible +l1i1ver *323 Crams
Weight of crucible *213.5 Crams
Therefore weight of liver * 109.5 Crams

ILl_ Two email pieces were removed from the
unperfused liver, the one piece (A) from the
right lobe, the other piece (B) from the left

lobe.
®-
Weight of w&tchglassespecimen = |3.HOl Crams
Weight of watchglasa i «12.777 Crams
Therefore weight of specimen

from right lIobe of liver * 0.624 Cram

Specimen digested and made up to 100 ccs
2 ccs solution t@Jen for colorimetry
0 a 75 therefore L * .1249

Prom graph this « .0033 ragn 1ron
* amount In 2 ccs solution

Therefore In 100 ccs solution amount 1ron
& < *033 * 100 )

* 0O.l165 ragn 1ron

« amount iIn 0.624 gram liver
Therefore In 109*5 Orams liver amount 1ron

““ hNes X «rn®

* 29 mgaa Iron a Total i1ron in whole liver.
I (B)



Bl
Weight of vatchglass + specimen « 3 .561 Orams

Weight of vatchgle.os = 3.07 Orams
Therefore weight of speaimen
from left lobe of liver = Q.Ho Il GH3n.

Specimen digested and made up to 100 ccs.
2 ccs solution taken for colorimetry ;
0o * 74 therefore L * .1308
From graph this * .003U ngra 1ron
* amount In 2 ccs solution
Therefore iIn 100 ccs solution amount iron
« (.0034 Xx 100) mgm
* .(17 mgm iroﬁl )
» amount In 0.~91 Oram lInver.

Therefore iIn 109.5 Orae liver amount Iron
2'17 X 716999I5)) mgms
IZti. mans 1ron
Total 1ron in whole Iiwer.

(@ Liver was perfused with normal saline till
It was free of haemoglobin.

Weight of perfused liver « 92.5 Orams

Corrected weight * (92,5 x 1095 ?
( 108.3£5~)
» 93N Prams

/ Two ....



Two smell pieces were taken from the perfused
liver, the one piece (G) from the right lobe,
and the other (D) from the left lobe.

(0).

Weight of watohglass ¢ specimen * 13»N'3 Grams
Weight of vatchgless = 12777 Grams

Therefore weiqh of specimen
from right lobe of perfused
liver * 0.666 Gram

Digested and made up to 100 ccs solution.
10 ccs solution taken for colorimetry :
G =3 59 therefore L & .2236
From graph this & .0059 ngin Iron
a& amount In 10 ccs solution.
Therefore iIn 100 ccs solution amount iron

« (.0059 X *oq))

& .059 ragn I1ron
* amount In .666 Gram

perfused liver
Therefore In 93*" CGrams perfused liver amount
Iron (.059 X g34)) oA

> g.27 mgma Iron

& non-haemoglobIn 1ron In
liver.



w

Weight of vatehglass + specimen » 3.581 Grams
Weight of watchglass ) * 3*°7  Grams
Therefore weight of specimen from

left lobe of perfused liver a o.511 Gram
Digested and made up to 100 ccs solution.
10 ccs solution taken for colorimetry j

O « 5& therefore L * .2366
From graph this a .0063 mgm Iron
a amount In 10 cos solution

Therefore In 100 ccs solution amount iIron

« .063 mgm
= amount In 511 Gram
perfused liver
Therefore in 93*" CGrams perfused liver amount of

1ron

» 11.5 rogrs 1ron

* non-haemoglobin 1ron in liver

in Perfused liver was now dried to constant
weight In an air owven.
Weight of dried liver * 10 Grams
Corrected weight

« 10.1 Grams.
/ The



The dried liver was crushed to a fine powder and

mixed. Two samples were taken for iron estimation.

1E).

Weilght of watohglsss + sanmple » 13*551 Grams
Weilght of watchglass a 12.7/ CGrams
Therefore weight of sample * 0.783L Gram

Digested and made up to 100 ccs solution.
2 ccs solution taken for colorimetry :
0 « 29 therefore L » .527
From graph this = .014 ragn iron
* amount In 2 ccs solution

Therefore In 100 ccs solution amount 1ron

E .014 x 120 % ra

= 0.7 mgm iron

= amount In 0.7S1 Gram
dry liver

Therefore In 10.1 Grams dried liver amount 1ron

10.1)
€ 7 rm >

9.05 nmgra iron

non-haemoglobln iron In
liver.

/ B



m

Weight of vatchglaes ¢ sample 3*421 Orams
Weight of watohglass 3.07  Orans
Therefore weight of sample 0.351 Oranm

Digested and made up to 100 cos solution
4 ccs solution taken for colorimetry :
0O * 34 therefore L * .469
From graph this * .0125 ngm iron
» amount In 4 acs solution
Therefore In 100 ccs solution amount iron
» (.0125 X )

% 0.3125 &R 1ron

» amount_in 0,351 Oram
dried lnver.

Therefore iIn 10,1 Grae dried liver amount iron

- (0125 * JWLp,
( 351 )

* S99 ngrs 1ron

« nom»haemoglobin iron In
liver.



NUMBER 12 - continued

(The difference In results between (A) end
B In (D) again indicate an uneven distrib-
ution of 1ron, with a preponderance of iron
In the left lobe of the liver. There is a
difference of >1$ between the results of

(A and (B) and this shows the degree of
error one may have i1f the total lron of the
liver is estimated fron just a small section
taken from the mass of the liver.

In (@ there is again a large difference
between the results of (C©) and (D) with the
usual preponderance of i1ron In the left lobe
of the liver.)

/ NUMBER 13 eee



NUMBER 13 = Margaret {BsMeH.No. 205%). Full
terra. Female. Stillbirth. Birth Weight 6 Ibs.2 o?.e.

Volume of liver 96 COS
Weight of crucible + liver « 252 Grams
Weight of crucible 175.5 Grams
Therefore weight of liver 106.5 Grams

_Two smell pieces were taken from the liver,
one piece (a) from the right lobe, and the other
(B) from the left lobe.

1AI-

Weight of watchglass + specimen * IH9 Grams
V/eigtt of watchglass i = 12.777 Grams
Therefore weight of specimen » 2.123 Grams

Specimen digested and made up to 100ccs.
1 cc solution taken for colorimetry:
G = 41* therefore L * .385

From graph this * 0.0103 ngra iron i
e anount In 1 oc solution.

Therefore In 100 ccs solution amount Iron
* 1.03 mgm

* amount In 2.123 Gram liver

Therefore 1In 106.5 Grams liver amount i1ron

- €1-03 X 106.5
fast mRms

* 51 mgme 1ron

o Total 1ron In whole liver.



m

Weight of watchglass + specimen » 4.34 Grams
Weight of watchglass = 3»°7 Grams
Therefore weight of specimen * 1.27 Gram

Specimen digested and made up to 100 cos.
1 cc solution taken for colorimetry s
G * 46 therefore L * =337
Prom graph this « .009 mgm iron
* amount in 1 cc solution

Therefore In 100 ccs solution amount Iron * 0.9 agm

* amount in 1.27 Gram liver.

Therefore.in 106.5 Grams liver amount iron

* 2-9 X 106.6 ). .-
mrer a®*s

1IS"5-] m s-tf£2a
& Total 1ron in whole Irver.

laL. Liver was perfused with normal saline till
it was free of haemoglobin. It then

weighed 109 Grams.

Corrected weight # ( 109 x 106,5 )
( 103.107 )

* 112.2 Grams.
Two small sections were taken from the perfused liver,
one (©) from the right lobe* and the other (D) from

the left lobe.
/ () eee=-



m
Weight of watchglass + specimen * 1*1.108 Grams

Weight of watohglass ) » 12.777 Grams
Therefore Welgg of specimen from
right lo » 1.331 Gram

Specimen was digested and made up to 100 cce
solution. 10 cce solution taken for colorimetry ;
G * 32 therefore L * /G
Prom graph this * 0 .013 ogm lron
w amount iIn 10 ccs solution
Therefore in 100 cos solution amount iron
a .13 mgm

* amount In 1.331 Gram
perfused liver.

Therefore In 112.2 Grams perfused liver the

anmount iron * (.13 X 112,2 }ngaB
( 1.331 )

* 10.95 nogas lron

a non-haemoglobin iron iIn
13257

/ (D)



L'IL
Weight of watehglass ¢ specimen * 4.27 Orales

Weight of watehglass i » 3t Grams
Therefore weight of specimen
from left lobe * 1.2 CGram.

Specimen was digested and made up to 100 ccs
solution. 10 ccs solution taken for colorimetry:
0 * 253 therefore L « .59
Hora graph this * 0.0157 mg® lron
» amount In 10 ccs solution

Therefore In 100 ccs solution amount Iron

« 157 ™e®
» amount In 1.2 Oram
perfused liver.
Therefore iIn 112.2 Grams perfused liver the
anmount 1ron - (.157 * Jl2a2l>
1.2 ) m

» Il -nigms_lron

non-haemoglobin Iron In liver.

(P Perfused liver was now dried to constant
weight In air oven.
Dried liver weighed 7«5 Crams,
Corrected weight * C7-5 * J-.7.,. >Grams
) ( fo6ch 3
* 7.69 Grams

/ The eee«



The dried liver was now crushed to a fine powder
and mixed. Two samples were taken for Iron

estimation :

S 1

Weight of watchglass + sample * 13.375 drams
Weight of watchglass * 12.777 drams
Therefore weight of sample *  0.59% dram

Digested and made up to 100 ccs solution.
1 cc solution taken for colorimetry :
d a ty2 therefore L « .323
From graph this » .00365 mga lron
« amount in 1 cc solution
Therefore iIn 100 ccs amount iron
* 665 rap lron

* amount In .593 dram
dry liver

Therefore 1In drams dried liver ©mount of

* 11.1 mgms #ron

* non-haemoglobin 1ron
in Iiver.



in

Weight of watchglass + sample * 3»3°9 CGrams
Weight of watchglass * 3»°7 Gramns
Therefore weight of sample *0.259 Oram

Digested ad. made up to 100 ccs solution.
2 cos solution taken for colorimetry i
O* 53 ! therefore L » .273&
From graph this » .0073 ngra 1ron
* amount In 2 ccs solution
Therefore In 100 ccs solution amount #ron
m 0.365 nora

» amount iIn_0.259 Oram
dry liver

Therefore 1In Grams dried liver the anmount

of 1ron * (.365 X 7,66- J mcas

e 10*62 mgms iron

« non-haemoglobin iron
in liver.

/ (he



(The difference in results between (A) ad
® In (@ again Indicates the uneven
distribution of iron In the liver, the left
lobe having a higher concentration of iron
than the right lobe. There i1s a difference
of between results of @A) and (B

and this serves to Indicate the degree of
error that may be obtained If the total 1ron
of the liver is estimated from Just a small
section of the liver.

In (@ there is again a large difference
in the results between (C) and (D) iIndicating
the uneven distribution of 1ron, with the

preponderance again being In the left looe).

/ TECHNIQUE



TECHNIQUE USED FOR HAEMOGLOBIN
ESTIMATION.

Alkaline Haematln method i

5 cos of varying known strengths of Haemoglobin
solutions taken and to these 5 ocs °f N/ NaCH.
were added. Boiled iIn a water bath for

5 minutes ; cooled and put Into Evelyn Tubes.
Filter 5K) was used, and distilled water used

for 100# transmission.

A specimen of blood was taken from a normal
healthy adult Non-European male subject. The
haemoglobin of this specimen was accurately
estimated using a standard solution of Haemin,
the i1ron content of which was known.

(©Or. Bloomberg, Senior Lecturer in Physiology,
kindly checked this estimation). The specimen
was found to contain 13*62 Grams Haemoglobin
per 100 cos blood.



J Standard Haemin was * _J. dilation Ho.

Hb. solution was diluted to . 5 cos of

latter was treated as above. On the BEvelyn
Colorimeter, using a filter and Sletilled
water as 100$ ;
Standard Reads 0 « 397

Therefore L « 0.403 (- 10 Grs. Hb.)

Unknomn reads @ * 2&
L = 0.549 (a 13.62 Ors.Hb

5 cos of this specimen of blood was diluted to
100 ocs with distilled water (Flask 1).

10 cos of Flask 1 diluted to 100 oos (Flask 2)
20 cos of Flask 1 diluted to 100 cos (Flask 3)

5 cos of blood contained 1jJ™M2 ,, 0 6S1 Gr.Ho.

=(Ant.Hb. In
lask 1, )

Therefore iIn Flask 2 there is 6Sl ,, 69,1 noras Hb./
" 100 ccs.

And In Flask 3 there i1s 6S.1 x 2 * : Ho.
i IS X 136.2 rrglago lcj:cé



In Teat-Tube 1 »

1 cc of Flank 2 * Foc HoO ¢ 5 COSNNaOH
0.6S1 mem Iib)

In Tast-Tubo 2 =

2 ocs of Flask 2 + 3CCHCg)+SCCS|5NaOH
(G 1362 rap Hb.)

In Test-Tube 3 »

3 ccs ofFIask2+20cK20+5®oS| NaOH
(¢ 2.01*3 nga Ho)

In Test-Tube 4 »

4 cos of Flask 2 *f1 oc Hoo m5 CCS «* NaOH
(@ 2.724 mg® Ho)
In Test-Tube 5 »
S5 ccs of Flask 2 ¢ 5 cos ™ NaOH (2 3.405 mgm Ho)
In Test-Tube 6 *
3ccsorfFlask3¢2ccsH%O+30r:| NaOH
(A 4.056 gpa Ho)
In Test-Tube 8 «
ccs of Flask % e 1 CcH20+5cosI5NaOH
(s 5.445 mya Ho)
In Test-Tube 10 *
5ccs of Flask 3+ 5 ccs | NaOH (s 6,51 mgm Kb)



ON EVELYN COLORIMETER ;

Test Tube 1 reads G * ss I therefore L « 0.0543
(@a 0,63l nga Ho)

Test Tube 2 reads G - p 3 therefore L * .1093
(a 1362 nga Ho)
Test Tube 3 reads G = 6&" therefore L = .1627

U 2 0~3 nmgra Ho)
Test Tube 4 reads G * 6l therefore L * .2147
U 2.724 ngra Ho)

Test Tube 5 reads G - 53> therefore L * .2736
(@ 3.405 nga Ho)

Test Tube 6 reads G * by2 therefore L * 3230
@ 4-006 nmya Ho)

Test Tube 3 reads G * 362 therefore L = .433
@ 5*4*13 nya Ho)

Test Tube 10 reads G * 23* therefore L * 549
(a 6.31 nga Ho}

The above L values (1 = 2 - Log G) were then used

to plot a graph, for subsequent use In estimating
unknowmn solutions of Haemoglobin.

/ LIVER No. 14 eee



LIVER No. Ih. Moses Seagve (No. 2193) (6 days
old) B.M.H. FRull term male Infant. Mother was
an eclamptic. Crowmn-Heel length 20rt Birth
Weight 5 Ibs 10 ozs.

Volume of liver i » 100 CCS
Weight of crucible + liver * 25S.5 Grams
Weight of crucible ® 175*5 Grams
Therefore weight of liver * 11 Gramns

() A small section of liver (2.11S Grams) was
removed from the anterior edge of the organ iIn
the midline* for haemoglobin estimation.
(11) First 2,000 ccs of perfusate being collected
for haemoglobin estimation.
@Il A small section was cut fron the Right lobe
of the liver (1.573 Grams)
(iv) A small section was cut fron the Left lobe
of the liver (Q973 Gram),

The weight of the perfused liver * Sf.5 Crs.

LLL
The 2.11S Grams liver was out up Into very fine

pieces and then diluted with distilled water to
100 ccs. This was allowed to stand ovemight,
after thorough shaking, In the refrigerator.

5 ccs of this solution was taken and treated as
/ described ...



LIVER No.IH - continued.
described previously; (MTechnique for

Haemoglobin Estimation®”} the haemoglobin
being converted into alkaline hsemetin.
Hut into Evelyn Colorimeter :
0 & 67 therefore L * 1739
From graph this » 2.2 mgm Ho
anount Hb In 5 cos soln.
Therefore 1n 100 ccs solution amount Hb

= 2.2 x 100= 4b mgms Ho.

5
a& amount_in 2_11S Oraras
liver.

Therefore In 113 Orams liver amount Hb

* 2,347.5 ragms Ho.
* 2.34g Prams Haemoglobin
Now since Haemoglobin contains 0.335% iron, the

anount of iron present in 27347.5 rya Ho.

s 7% mgra I,



LIVER No.14 - continued 19S.

()
5 ccs of the TFirst 2000 ccs perfusate taken
for Haemoglobin estimation. Treated to
convert Hb to alkaline haematin.
Placed in Evelyn Photo-electric Colorimeter {
0O * 36? therefore L* _.V|g

Prom graph this » 5.5 mgm haemoglobin

« amount in 5 ccs solution
Therefore In 2000 ccs perfusate amount

haemoglobin « 5,5 X 2000

s 2>200 mgm Hb
As haemoglobin contains 0.335# i1ron, the amount

of 1ron In 2,200 mgm Hb « 2,200 X .335
100

« 7*37 v lron.



im |
The portion of right lobe (1.573 Grama) of
fresh unperfused liver was digested and
made up to 100 cos Solution.
2 cc of this solution taken for colorimetry.
0 « 3*T therefore L * .462

From graph this * 0.01235 mga #ron

« amou t in 2 cca solution
Therefore amount iron iIn 100 ccs solution

* 01235 X loo
2

* 0.6175 ragn lron

* amount Iron In 1.573 Grams
lIiver.

Therefore amount i1ron in 113 Grams liver

* 0.61/5 x 115
T3T5

« 4-4.5 mgm iron

* Totsl 1ron In liver.



av

The portion of left lobe (0.973 Oram) of
fresh unperfused liver was digested and
made up to 100 cos solution.

2 ocs taken for oolorimetry.

0 « ’\62 therefore L * 33"
From graph this * 0.009 ragn lron
» amount iIn 2 oes solution.
Therefore i1n 100 ecs solution amount iron
- .00Sx 100

a .45 mgm iron

* amount gron iIn 0.973 Oram
Iiver.

Therefore in Ik drams liver amount iIron
* N5

a 52705 mga iron

a Total ron 1n liver.



111
A small piece of right lobe removed from the
Perfused Liver. (0.3026 Gram). This was
digested and made up t 100 ocs solution.
4 ccs of this solution were taken for
colorimetry.

G- = 62¢ therefore L 7= 2059%*
From graph this * _.00s5 egm lIron

» amount #ron iIn 4 ccs soln.

Therefore In 100 ccs solution amount iron

» .0055 X 1%

~

- 0.1375 ragnm

« amount iron in_0.3026 Gram
perfused liver.

Corrected weight for perfused liver

5 S3.4 Grams
Therefore amount iron iIn 55,4 Grains perfused liver
3.4 X

15*116 rage



LIVRR No. 14 - continued.
D)
A small piece of the left lobe was removed
from the perfused liver (0,9024). This was
digested and made up to 100 ccs solution.
4 ccs of this solution were taken for
Colorimetry t
0-» 56 ‘therefore L « .2512»

From graph this * .00675 mgm iron

% amount in 4 ccs solution
Therefore iIn 100 ccs solution amount #ron

.00675 X 100
T*

a .16375 mgm

* amount_iron iIn 0.9024 Oram
liver.

Therefore In 33.4 Crams perfused liver amount
iron » 16375 x gg.4

« 16.53 mMgms.

/(D)  eee



(D)
<lre perfused, liver was now dried to constant
weight (1? Grams), The dried liver was then
crushed to * fine powder and this was
thoroughly mixed by rolling on paper.
Weight of watohglass * liver sample * 3«1I7/92 Grs.
Weight of vatchglass > 3»073” Ore.
Therefore weight of sample « 0.4053 Or.
This was digested and made up to 100 ccs
solution. 2 ccs were taken for colorimetry s

O w * therefore L » .3V
From graph this « 0.0105 gya 1ron

a amount iron In 2 ccs soln.

Therefore in 100 cce solution amount #ron

* .0105 X 100

» 0.525 mg®
* amount 1ron In 0.4-063 Oram
dried liver.

Therefore 1In 12 Grams dried liver amount Iron

* 0.525 X 12
-4053

= [I15.3 sgps 1ron.



LIVER No. 15. Mary Mathibe (B.M.H. No0.2699)

F »T » S.B, Mala Infant* 7 Ilbs 2 O07s» 1.G.H.

D) 1 oc of blood, taken for Haemoglobin
Estimation. Diluted vith distilled
water to 50 CCS. Thoroughly Shaken.
Allowed to stand overnight. 1 cc taken
then for Colorimetry t

G * 56 Therefore L * ,2715
From graph this * 3*175 mgm Haemoglobin.
Therefore 5° 000 Solution (loc blood)

contains 3*175 x 5° = 153.75 mgma
haemoglobin.

2 1 cc blood taken for iron estimation.

This was digested and made up to
100 ccs Solution.

2 ccs of this solution taken for
Colorimetry.

2
G * 33 Therefore L * .475

From graph this » 0.0127 mgm Fe

« Amount in 2ccs

Solution.

.Therefore iIn 100 ccs Solution
amount Tron * 0127 X 100
* 0.635 "6

® Amount in lco blood.

/ m



Volume of Liver * 100 ccs
Weight of Crucible

_+ Liver * 33 Crams
Weight of Crucible * 213.5 Crams
Therefore Weight of

Liver * He6.5 Crams.

The whole liver was now mushed and
pulped and the vascular tree cut into fine
pieces. This was all transferred to a flask
and made up to 5Co ccs Solution with distilled
water., It was allowed to stand overnight iIn
the refrigerator, b ccs of this solution then
dilluted to 50 ccs with distilled KYO.

5 ccs of this resultant solution taken for
Colorimetry !

O * 63N Therefore L » .1556.
From craph this * 2.5 ragrs haemoglobin.
Equals the amount of Hb In 5ccs solution.
Therefore In 5° Q0S solution amount

Hb ® 2.5 x _10 « 25 ffigma Hb _
a Amount iIn original 4ccs solution.

Therefore amount haemoglobin present In 500 ccs
Solution = 25 X 500

= 3,125 mras Hb
» Amount haemoglobin In whole liver
From () above 1 coc blood contains 158.75 GER. Ho.

Therefore volume of blood present
in Liver a



LIVER No. 15 - continued,
07) 500 att solution containing liver now
evaporated dowmn to constant weight In a

large crucible using an oven temperature

of 1Us°C ,
Weight of Crucible ¢ dried liver * 2502 drams
Weight of Crucible » 213.5 drams

Therefore weight of dried liver * gJ>7 drans
This was then crushed to a fine powder and
thoroughly mixed. Two samples were taken 1

&= Watchgl&SG t liver » 1J.G? Grams

Watchgl&ss « 12.77 drams
Theretfore weight of
sample » O0.g" Cratee.

Digested and made up to 100 ccs Solution.
1 cc Solution taken for Colorimetry 1
G » 2b? Therefore L « 0.606.
Prom Graph this » _.0161 nga Pe
« Amount in 1 cc solution.

Therefore 100 ccs solution contains 1.61 mgm Fe.
*  Amount In Q.&5 Grams Liver

Therefore iIn 2p«7 Grams liver amount of iron
* el x 25.7
*H

& rrgnFe



B.

Watchglass + sample » 3»kl34 Grams
Watchglass = 3.0700 Grams
Therefore weight of sample * 0.373" Gram

Digested and made up to 100 ocs solution.
2 ccg solution taken for colorimetry
G « 332 . Therefore L » 0.472
From graph this = .01255 tnSm Iron
* amount In 2 ccs solution
Therefore 100 ccs solution contains :

01255 X jJioo * 6275 aga lron
2

* amount iron in 0.3734 Or.
dried liver

Therefore in 25»7 Grams dried liver amount of

iron * 0.6275 * 257 * 47.2 mgms iron
«T O *

Therefore average * 47.9 mgm Iron for whole liver.

From (3) above this liver contained 19.6 ccs blood.
From (2; above each cc blood contains 0.635 mgm Fe

Therefore 19.6 ccs blood represents i
(0.635 x 19%6) agm iron * 12.45 ngm iron
Therefore amount Iron actually present iIn Hepatic
Tissue * 473 x 1245 » 35.45 mgme



LIVER No. 16 - Marla Mende. (B-M.H. No.2Jkh)
S.B. First Twin. Premature (t 35 weeks) Weight

5 1bs. Mother was an eclamptic. Binowular Twins.
Male.

@
1 cc of blood taken for haemoglobin estimation:
Diluted to 100 ccs with distilled water, lcc of
this solution used for Colorimetryj
O * 0 therefore L « .0969.

From graph this = 1.225 mgms haemoglobin.
Therefore 100 oce solution contains

1.2.7%5 x 100 * 122.5 mgms Haemoglobin

» Amount ha lobin In
1 co bl .

@)
1 oc of blood taken for iron estimation:
Digested and made up to 100 ccs solution.
2 ccs taken for Colorimetry s
O * 37 therefore L » .432.
From graph this a .0116 mgm iron
* amount #ron In 2 ccs soln.
Therefore iIn 100 ccs solution amount Iron
« .0116 X 100 * 59 mgn Fe

2
* amount iron In 1 cc blood.



@) Volume of liver » 60 CCS

Weight of erudite + liver = 2JO Grams
Weight of crucible » 201.5 Ors.
Therefore weight of liver » 6S.5 Grams

Liver was mushed and pulped and made up to
500 ccs solution. Allowed to stand overnight
in refrigerator. 5 ccs of this solution then
diluted further to 50 ccs.

5 ccs of this diluted solution taken for
Colorimetry - O = 71 therefore L a Q.1U37
From graph this = 1.375 mgm haemoglobin.

Therefore iIn 50 ccs solution amount haemoglobin

* amount_in 5 cos of
original solution.

Therefore iIn 5 ccs original solution amount Hb
* 1,375

Fron (1) above 1 cc blood contains 122.5 mgm Ho.

Therefore volume of blood In liver

= IN75 * I5.3 ccs blood
122.5



(4 The 500 ocs solution containing the
whole unperfused liver heated In ailr oven

at 1050c to a constant weight.

Crucible + liver (dried) « 212.5 Grams

Crucible weighs i * 2015 Crams
Therefore weight of dry liver * 11 Getas

This dried liver was then crushed to a fine
powder and thoroughly mixed. Two samples were taken:

(@A) Crucible + liver sample * 3.686 Grams
Crucible weighs *  3»°7G Grams
Therefore sample * 0.bl6 Gram.

Digested and made up to 100 ccs solution.

1 cc of this solution taken for colorimetry.
G. * 41 therefore L * 0.357

From graph this * 0.010"5 rgn 1ron, 1.e. 1 cC

solution contains 0.01045 mgm #ron.

Therefore 100 oce solution contains 1.045 mgm Fe.
* amount iron in 0.616 Gram dry Inver.

Therefore in 11 CGrams dried liver amount iron

* 1.045 x 11 a 1S.66 mums lron.



M  Crucible + liver sanple * 13 %222 Crams
eretore They sample > 07422 Gram”
Digested and made up to 100 ccs solution.
1 cc taken for Colorimetry.
G * 51 therefore L » .2024
From graph this = ,007s ragn iron,
1.e. 1 cc solution contains 0 .QQ7& oA Iron.
Therefore 100 ccs solution contains 0.73 ragn Fe.

» amount Iron In 0.452 Gram
Liver.

Therefore amount 1ron In 11 Grams dried liver

“ 19 mgms i1ron

Therefore Average between A and B * 1S.S3 ragn
iron iIn
whole liver

Fron (3} above we know this liver contained
150 ocs blood. And from (2} above that 1 cc
blood contained .56 mgm iron. Therefore amount

iron In 15.3 ccs blood * 5SS x 15 * 6.7 mm

Therefore amount 1ron actually in Hepatic Tissue
* (S63 - S.7)mgms * 10.13 mgms™lron.



LIVER No. 17 - Marla Mende (B-M.H. No.27%)
8 .B. Premature. Second twin, (t 35 weeks).
Bir.owlar twin. Weight k lbs 12 ozs. Mother
was an eclamptic. Liver very congested.
ill
1 cc blood taken for haemoglobin estimation.
Diluted to 50 cos with distilled water.
1 cc of this solution taken for colorimetry.
G * 51 therefore L * _202™.

From graph this * 3*7 mgms Hb * amount in lcc
solution.

mTherefore In 5° cos solution amount haemoglobin

*  (3»7 x 57) * 125 mgms Hb.
* amount In 1 oc blood.

121
1 cc blood taken for i1ron estimation.

Digested and made up to 100 ccs solution.
2 cos taken for colorimetry ;
d * 29 therefore L ® ,53s

From graph this * 0.01"3 ngra Fe * amount iIn 2 ccs
solution.

Therefore In 100 ccs solution amount Iron
m 0143 x 100 = .715 r@akfe.

B amount 1ron In 1 cc blood.



(3) Volume of Liver s 6Q cce

Weight of crucltSe + liver = 261.5 Grams
Weight of crucible * 213.5 Grams
Therefore weight of liver * 66 Crams

Liver thoroughly mushed to a fine pulp and then
made up T $00 ccs with distilled water :
Allowed to stand overnight in the refrigerator.
5 ccs solution then diluted to 50 ccs ¢ HbO.
4 ccs of this solution used for colorimetry

G = 6l therefore L = .2147

Prom graph this * 2.7 mgms haemoglobin.

* amount Hb in 4 ccs diluted
solution.

Therefore in $0 ccs solution amount haemoglobin

» amount in 5 006 original
solution.

Therefore in 50Q ccs original solution amount Hb

* 33*75 x 500 « 3,375 Hb.
5

From (1) above we know that 1 cc blood had

165 mgae Hb, therefore volume of blood in

liver = 3375 = 16.2 ccs.



LIVER-No. 17 - continued,

AM 500 ccs containing liver placed in a
large evaporating dish and dried to constant
weight at 1050 C.

Crucible + dried liver * 227.5 Orams
Crucible weighs * 2185 Orams
Therefore dried liver « 14 Grams

Dried liver crushed to a fine powder and
thoroughly mixed. Two samples taken for Iron

estimation :

A.  Watchgless + sample « 13.223 Grams
Watohglass - 12.770 Grams
Therefore liver sample * 0.453 Gram

Digested and made up to 100 ccs solution.
1 coc solution taken for colorimetry.
0 » 36 therefore L * .44
From graph this * 0,0113 aga Fe » amount Pe in Icc
Therefore In 100 ccs solution amount iron

* 1.13 mg® » amountlg\r/le?.453 Grs

Therefore In 14 Grams liver amount of lron

* 36.4 mgm iron



B. Watchglé&ss ¢ sample * 3278 Gratee
Wstchglass a 3.070 drams
Therefore liver sample » 0.206 WHaa

Digested and made up to 100 ocs solution.

1 oo taken for colorimetry :

0 » 63 therefore L = 0.2007

From graph this » .0053 mgn Fe » amount Fe iIn lee

Therefore i1n 100 ccs solution amount Fe = .53 raf®

= amount In 206 Oram liver

Therefore amount iron In 14 grams of dried liver

* 53X i
,20

* 36 mgms lron.
Average of A and B * 36.2 mgms Iron.
A Total iron in liver.

From (3) above we know this liver contained
IS.2 ccs blood. From (2) above 1 oc blood

contained .715 1ron.
Therefore 1S.2 ccs blood contains (.715 x 1S.2 ) mgn
1ron
» 13 mgms

Therefore amount of iron actually iIn Hepatic Tissue

* (36.2 - 13} * 232 mgma iron.



LIVER NQ. IS. - Agnes Nxu (B-M.H. No.2973).
Female child. Died aged 7 days. Birth Weight
5 1bs & ozs. Full Term. Precipitate labour.

Died of Intracranial haemorrhage.

@
1 cc of blood taken for haemoglobin estimation:

Made up to 50 ccs solution with distilled water.
2 ocs of this solution taken for colorimetry
G m 30%1 therefore L * .520.

From graph this » 6.55 mgra Hb * amount In 2 ccs
solution.

Therefore iIn 50 ccs solution amount haemoglobin
- 6.55 x50 - Ie3.73 mga Hb.

* amount I 300 blood.

m
1 oc of blood taken for iron estimation j

Digested end made up to 100 ccs solution.
2 ccs of this solution used for colorimetry j
G * JO2 therefore L * .316.

From graph this » ,013s ngra Fe * amount in 2 ccs
solution.

Therefore amount 1ron iIn 100 ccs solution

» 013S X 1gQ » 0.69 r@a Iron

* amount 1ron In 1 oc blood.

/ @ -



in  Volume of liver _ * (005

Weight of Crucible + liver ® 26& Oreaes
Weight of crucible * 186 CGrams
Therefore weight of liver * & Grams

Liver mushed and pullped and made up to 500 ccs
solution. 10 ccs of this solution taken (after
2k hours iIn the refrigerator) and made up to
50 ccs with distilled water.
5 ccs of this diluted mixture taken for
colorimetry,

O * 53 therefore L * _2/5&.
From graph this * 3*\75 @jgm haemoglobin

= amount Hb In 5 ccs of
diluted solution.

Therefore In 5° 008 diluted solution amount Hb

* P75 X 50 * 3475 Mgm Ho.
5

* amount in 10 ccs of original
solution.

Therefore amount Haemoglobin In 500 ccs original
solution a 34.5 X = 1,737.5 mgmn Ho.

From (1) above we know 1 oc blood contained
163.75 mgm Ho. Therefore volume of blood in liver

1737.3 cCS 10.6 CCs

163.75



LIVER No. 18- continued.
(4) 500 ccr solution containing liver placed
In evaporating dish and dried to a constant

weight at 105°C In an air oven.

Weight of Dish + liver (dried) * 202 Grams
Weight of evaporating dish » 106 Grama
Therefore weight of dry liver * 16 Grams
This was crushed to a fine powder and thoroughly
mixed. Two samples taken for iron estimation.

A. Watchglass + liver sample » 13»3"9 Grams

Watchglass weighs « 12_.770 Grams
Theretore liver sample * 0.379 Grams.

Digested and made up to 100 ccs solution.
1 cc taken for colorimetry.
4.1
0O * 3& therefore L « ,444

Proa graph this * 0.0118 rgyjaFe * amount In 1 cc
solution.

Therefore 1n 100 ccs solution Iron « 1.18 mgm Fe.
> amount in 0.579 Gram dry liver.
Therefore i1n 16 Grams dry liver amount of iron

> 1.18 x 16 * 32.6 m@airon.
=379 -

/ ®



LIMES3 No. 1$ - continued,

B. Watohglasa + liver sample * 3»389" Gram®
W&tohglass weighs a 3.0/00 Grams
Therefore liver sample a 0.299*1- Gram

Digested and made up to 100 css solution,

1 oc solution taken for colorimetry.

G = therefore L « .237&
From graph this * 0,00617 ragn iron
* amount In 1 oc solution.
Therefore iIn 1QQ ocs solution iron * 0.617 mgm Fe

* amount In 0.299" Gata
dry liver.

Therefore In 16 CGrams dry liver amount of iron

» 33 mgm Iron.

Therefore average between A and B * 32_.§Grqngm
iron.

» Total 1ron In whole liver
From (3) above this liver contained 10.6 cos blood
From (2) above 1 oc blood contained 0.69 mgm #ron

Therefore 10.6 ccs blood contains (0.69 X 10 .6 ) mgm
iron

*  7»3 mgm #ron
Therefore actual i1ron iIn hepatic tissue

* (B2.S -773)* 27>« mgas Iron.

agaaeg!gg«afg "g'iavm m m m rnm



LIVER No. 19. Leah. (No. 3H 7 - B.M.K.)
Female child. Birth weight 5 Ibs 10 ozs.(F.T.)
Died on 9th day. Anaemic looking liver.

Ut
1 cc blood taken for haemoglobin estimation.
Made up to 50 ccs solution. 2 ccs of this
solution taken for colorimetry.

1 * 62 therefore L « .2076.
From graph this a 2.625 nigrs haemoglobin

a amount In 2 ccs solution

Therefore amount Hb iIn 50 ccs solution

* 2.625 X . a 65*625 ragms Ho.

* amount In 1 cc blood.

m
1 cc blood taken for iron estimation.

Digested and made up to 100 ccs solution.
2 ccs of this solution taken for colorimetry.
1 +1
$ » 3 therefore L * 0.475

From graph this * 0.0126 mgm Fe * amount in _
2 ccs solution.

Therefore iIn 100 ccs solution amount Iron

« .0126 X 100 * 0.63 ragms Iron
* amount iron in 1 cc blood.

/ B> eee-



€)) \olutze of liver 76 CCS

Crucible ¢ liver 236.5 Crams
Crucible weighs  _ 213.5 Grams
Therefore liver weighs S3  Crams

Liver mushed t a fine pulp and made up to
50a ccs solution with distilled water. Shaken
and allowed to stand ovemight* In the refriger-
ator. 5 ccc of this solution taken for
colorimetry.

0o » 31 "1 therefore L * .55

From graph this a 6.35 mgms Hb * amount iIn
5 ccs soln.

Therefore iIn 500 ccs solution amount of Hb

* 6.35 & 50 * 635 mgns Hb

From (1) above 1 cc blood contains 65.625 mgms Hb

Therefore volume of blood In liver = 635
65X 25

a 9.7 ccs Blood.



LIMwR KQ. 19 - continued.
(4 500 ccs solution containing liver
placed In an evaporating dish and dried
to constant weight at 1Q05°C In an air oven.
Dish + liver * 229*5 CGra.
Dish weighed i * 213*5 dm.
Therefore weight of dry liver » Ib  Qrs.

Liver crushed to a fine powder and thoroughly
mixed. Two samples taken for i1ron estimation.

Aa Watohglass + liver sample = 13*379 “Yo.
Welght of vatchglass » 1277 Ora.
Therefore weight of liver

sample *  0.559 furs.

Digested and made up to 100 ces solution.
1 coc solution taken for colorimetry.
0O * 22 therefore L « 0.65S

From graph this a 0.0176 mga iron i
= amount 1ron In 1 coc solution.

Therefore iIn 100 cos solution amount iron
* 1.76 mga » amount in 0.539 Gram liver
Therefore amount i1ron In 16 grams of dry liver

« 1.70 X 16 « 52.06 ragn lron
*539



B. W&tchglass + liver sample * 3*k? CGrams

Weight of watohglass = 3.07 drams
Therefore weight of
liver sample * 0.55 Gram,

Digested and made up to 100 ccs solution.
1 oc solution taken for colorimetry
0O » * therefore L * .3S6

From graph this » .01125 mga iron
* amount Iron In 1 cc solution.

Therefore In 100 ccs solution amount 1ton

= 1.125 = amount in O0.35 Oram liver

Therefore amount iron In 16 Grams dry liver

* 1*1?5 x 16 T 51.45 taghs iron.
.35 ‘
Therefore average of A and B « 51*75 @gm
e 1ron

* Total Iron In whole liver.

From (3) above we know that liver contained

9.7 ccs blood. From (?) above 1 cc blood
contained 0.63 ingm iron. Therefore 9.7 cc blood
contains (,63 Xx 9*7 ) lIron * 6.1 nga Fe.
Therefore Iron present aoutally In Hepatic

Tissue » 51*75 * 6.1 nga * 45.65 mgms iron.

10H 'jaagaBagiBi B

/ LIVFR NO. 20 eee



LIVER No. 20. Bally. (B-M.H. No. 3igfe) Male
child. S.B. (36 weeks) Premature. Birth
Weight 4 Ibs 14 ozs. Liver was pale ad

yellow.

(1) 1 0s blood taken for haemoglobin
estimation. Diluted to 50 ccs solution.

5 ccs of this solution taken for colorimetry:

1+ 1
no* 37 therefore L » .426.

From graph this * 5.4 ragms Hb * amount In 5 ccs
solution.

Therefore in $Q ccs solution amount haemoglobin

*

X * 54 mgms Hb.

a amount in 1 cc blood.

() 1 oo blood taken for iron estimation.

Digested and made up to 100 ccs solution.

2 coca of this solution taken for colorimetry :
0 « 33%1 therefore L & Aj&

From graph this * 0.0127 mga Fe * amount In 2 ocs
solution.

Therefore 100 ccs solution contains .0127 X 100

* 0.635 ragms 1ron » amount i1ron present
T in 1 cc blood.

/ (3) ool



(3) Volume of liver = 55 ocs
Crucible + liver weighs = 277.5 Grains
Crucible weighs = 219 Grans
Therefore liver weighs * 5S.5 Grams.

Liver rauehed to a fine pulp and made up to
500 cos solution. 5 ccs of this solution
taken for colorimetry.
G « 46 therefore L * *337
From graph this « 4.225 mgms haemoglobin
a amount in 5 oca solution
Therefore amount haemoglobin in 50 00s soln.

* 4.225 x %)Q
5

*  422*%5 aagm
Therefore from (1) above we know 1 cc blood
contained 54 ragms haemoglobin.

Therefore volume of blood in this liver

* a 7*g ccs blood.
54



(@ 500 ccs solution containing liver dried
to constant weight.

Weight of dish + liver (dried) * 233.5 Grams
Weight of ev_aporatlng dish _ *219  Grama
Therefore weight of dried liver = 14.5 Grams.
This was then crushed to a fine powder and
thoroughly mixed. Two samples were taken for
Iron estimation.

A.  Weight of watchglaso + liver

i:ample =13*~5 Grams
ass

* 12.J37 Grams

Weight of watch
7 ofgliver sample* 0.68 Gram.

Therefore weight
Digested and made up t 100 ccs solution.
1 cc solution taken for colorimetry.

G * h3 1+ 1 therefore L =0.362

From graph this =0.0097 mg® Fe * amount Fe In
1 oc solution.

Therefore 1n 100 ccs solution iron * .97
* amount In 0.6% Gram dry liver.
Therefore amount i1ron in IU5 gram of dried

Iiver « 97 x A5 * 20.7 mgm mron.
. 6 8




LIVER No. 20 - continued.

'I*
Watchglass + liver sample * 3*M5 Drams
Weight of watchglass * 3.07 CGrass
Therefore weight of liver

sample - » 0.415 Oram.
Digested and made up to 100 ccs solution. I
1 cc taken for colorimetry.
O & 60 therefore L » .2213

From graph this « .0059 rgas 1ron
» amount Fe In 1 cc solution

Therefore In 100 ccs solution #ron * .59 mgm
a amount i1ron In 45 gram dry liver

Therefore amount iron iIn 14.5 Grams of dried
liver * 59 x 14.5 * 20.6 agms Iron
7415

Therefore average between A and B * 20.65 mgms

» Total lron In whole liver.

From (3) above this liver contained 7.S ccs
blood. From (2) above 1 cc blood contained
635 mya lron.  Therefore ccs blood
contains .635 x J.8 * 4.95 rags Iron
Therefore Iron actually In Hepatic Tissue

* 2065 “ 4.95* 15*7 1ron.

/ LIVER No. 21 e**



LIVSR No, 21 - Betty Sondo. (R-M.H. No.
Female. F.T. 3.B. Birth weight 7 lks 13 ozs.

Bromn heel measurement 21*~.

U)
\ cc blood taken for haemoglobin estimation.

Diluted to 50 cos solution with distilled
water. 3 cos of this solution taken for
colorimetry s
G « 60 therefore L * _2PIS

From graph this * 2,8 nmgns haemoglobin

» amount iIn 3 cca solution
Therefore amount In 50 ccs solution

* 2,8 x

* amount 1

Therefore In 1 oc blood amount Hb » 93.2 rEya

@)
1 occ of blood taken for iron estimation.

Digested and made up to 100 oce solution.

1 cc of this solution taken for colorimetry 1
& * 57 therefore L * .2M1

From graph this * .0065 r@yaFe * amount In 1 00
solution

Therefore In 100 cos solution amount Fe * .65 mgms
* amount in 1 cc blood

/ @) e



@

Crucible + liver weighs » 306 Crams
Crucible weighs  _ *201.5 Crams
Therefore liver weighs * 1oU.5 Crams
Volume of liver a 95 ccs

Liver was mushed to a fine pulp and made up to
500 ccs solution. Shaken well. Alloved to0
stand In refrigerator ovemight.
2 ccs of this solution taken for colorimetry.
O * 36 therefore L « _HU
From graph this * 5.6 ngm haemoglobin
* amount In 2 oca solution

Therefore amount In 5~ cos solution

« 5% x

From (1) volume of blood In liver
a 1uoo

93.2
*%» 15 c©os blood



LIV3 No. 31 - eonlinued
(H) 500 cos solution containing liver dried

to constant weight at 1Q5°G iIn air oven.

Weight of crucible + liver * 217 Gratee
Weight of crucible *201.5 Grams
Therefore weight of liver * 15»5 Grams

This was then crushed to a fine powder and
thoroughly mixed. Two samples were taken for
Iron estimation.

A. Watohglass + liver sample » 3.602 Grams

Weight of watohglass _ = 37 Grams
Therefore weight of liver
sample *0.532 Gram

Digested and made to 100 cco. 1 oc solution
taken for Colorimetry.
G = 26*"~ therefore L = 541

From graph this = *0155 rtagn iron
* amount In 1 cc solution.

Therefore amount 1ron In 100 cos solution

= 1.55mgm = amount In 0,532 Gram
liver.

Therefore amount iron In 15.5 Grams dried liver
B8 1#H x 135 , B.15 mgas lron.



3, Watchglass + liver sample * 13*~778 CGrs.

Weight of watchglaas _ * 12.77 Grs.
Therefore weight of liver
Sample » 0.707g Or

Digested and made up to 10Q ccs solution.
1 cc of this solution taken for colorimetry.
G » 17 therefore L * .7/0
From graph this » .0206 ngms lron
» amount in 1 ce solution
Therefore amount #ron In 100 ccs solution
> 2.06 mgm
* amount In .7078 Gram liver
Therefore amount iron In 15.5 Grams dried liver

* 2.06 X * N5»11 ®gm Fe.

Average frora A and B * %4613 nga Fe.

* Total 1ron In whole liver

From (3) above this liver contained 15 ccs.blood.
From (2) above each oc blood contained .b5 mgm Fe.

Therefore 15 oos blood contains {.65 X 15) ragn Fe.
* 9.76 mgm Fe.

Therefore Iron actually In Hepatic Tissue
* ("™.13 - 9.75) » 35.33 mgm iron.

/ LIVER No. 22 ee-



LIVER No. 22. Doreen Majols. (B-M.H.No .3649)
Full term. Female. Aged 7 days. Birth Weight
5 Ibs 6 oza. Died of Bilateral Broncho-
pneumonia.
1(1()30 of lilood taken for Haemoglobin estimation.
Dilluted to 50 oce with distilled water. Allowed
to stand In refrigerator ovemight.
2 ccs of this solution taken for Colorimetry.
0Oa 9P therefore L » 0.401

From graph this * 5«°5 mgms haemoglobin

= amount In 2 ccs solution.

Therefore iIn 50 ccs solution haemoglobin
* 505 X JO ® 126.5 ngras

e = amount In 1 cc blood.
@)
1 co of blood taken for lron estimation.
Digested and made up to 100 ccs solution.
2 ccs of this solution taken for Colorimetry:

0O a 32 v/ therefore L « 0.412.
From graph this a 0.011 mgm Fe * Amount In 2 ccs

solution.
Therefore 100 ccs solution contain .011 X%Q'O
* Q.55 mgm Ilron a amount Fe In 1 cc
...... " Blood.



3)_  Volume of Liver 70 CCS

eight of crucible + liver 27" Grams
Weight of crucible 2J1.5 Grams
Therefore weight .of liver 76,5 Grams

Liver mushed and pulped and made up to 500 ccs
solution with distilled water. Shaken and
allowed to stand overnight iIn refrigerator.

2 ccs taken for Colorimetry ;

2 (+ 1)
$38 3H therefore L » 0.447
From graph this « 5.625 ffigs Hb * amount In 2 ccs

solution.
Therefore In 50G ccs solution amount haemoglobin

* 58475 x 500
2

*  HK)6.25 mgrs Ho.
* amount Hb In liver.
Fron (1) above 1 oc blood contained 126.5 mgras Ho

Therefore volume of blood In liver

« 14q6-25 CI:S
126.5

* 11.1 CCSs.



OVER Wo. 22 - cortinued.,

(@ Solution containing liver placed in
evaporating dish and dried to constant weight
at 105°c In an air oven.

Weight of dish + dried liver * 219*5 Gawso

Welght of evglporatingcqI dish  « 201.5 Grams
Therefore weight of dried liver * IS Grama

sk xoxoxon ko xoxx il TMMM MMM W

This was crushed to a fine powder and mixed.

Two samples were taken for iron estimation :

A.  Crucible + liver sample 3,665 Grams
Crucible weighs 3.075 Grams
Therefore liver sample 0.59 Grom.

Digested and made up to 100 cce solution.
1 ce solution taken for Colorimetry.
G = 49 therefore L » 0.310%*

From graph this * 0.0003 rgra Fe = amount iIn _
1 cc solution.

Therefore In 100 ccs solution Fe » 0.03 ngras

» amount in 0.59 Gram dried
liver.

Therefore In 10 Grans of dried liver amount
Iron . = B x1

» 25.32 mgms lron.



Crucible *» liver sample « 315 Crane
*Crucible weighs *3«°75 Crane

Therefore liver sanple
weighs »0.74 Cramns

Digested and made up to 100 ccs solution
1 cc solution taken for Colorimetry.
g * M3 therefore L = 0.3%2

From graph this * 0.010™ mga iron
= amount In 1 cc solution.

Therefore In 100 ccs solution amount i1ron

« 1.04 myt * amount in o .7 Gr.
liver.

Therefore In IS Grams dried liver amount iron
> 1.0 x IS * 25.29 sigm iron.

Therefore average fron A and B * 35.305 mgma Fe.
a Total Iran In whole liver.

From (3) above liver contained 11.1 ccs blood

From (2) above 1 cc blood contained 0.55 mga Fe.

Therefore 11.1 ccs blood contain 11.1 x .55 ngra Fe.
* 6.1 sigm iron

Therefore amount iron actually iIn Hepatic Tissue

« 25.305 - 6.1 * 19.205 tagrs Iron.

/ LIVER No. 23 ee-



Lena Xtanalo (B-M.H. No.39™1)
Full Terra. Female. Aged S days. Birth
Weight 5 Ibo 13 o0z3. Died of Bronchopneumonia.

@)
1 cc blood taken for haemoglobin estimation.

Diluted to 50 ocs with distilled water.

Alloved to stand iIn refrigerator ovemights

2 ccs of this solution taken for Colorimetry.
G kk therefore L * o0 .35"

From graph this * 4.~5 ragae Hb « amount iIn 2 cce
solution

Therefore amount Haemoglobin In 50 cce solution

*» N5 * 50 * 11125 mgns *tamount Hb In
2 @ mm—————— 1 oo blood.

2)

1 cc blood taken for iron estimation 1

Digested and made up to 100 ccs solution.

2 oca of this solution taken for Colorimetry.
G* Hi = 0 therefore L ® 0.3S5

From graph this * 0.0102 mgm Fe * amount Fe in_
2 ccs solution

Therefore 1n 100 ccs solution amount Iron

® .0102 X 1Q0 *o0.51 mgm * amount In 1 cC
2 oot blood.



3) Volume of liver

eight of crucible + liver = 050
Weight of crucible » 115 Gram*
Therefore weight of liver a ™ CGrama

Liver mushed and pulped and made up to 500 cos

solution with distilled water. Alloved to stand

overight in refrigerator.

2 cos of this solution taken for Colorimetry :
G = 40 therefore L = (Q.396

From graph this * 5 mgns Hb * amount In 2 ecs
solution.

Therefore In 500 cco solution amount Hb

From (1) above 1 cc blood contained 111.25 ragms Hb

Therefore volume of blood In liver » _1I2I50 €cs
ill. 25

~ 11.2 oos.
(4 Solution containing liver placed In evaporat-
ing dish and dried to constant weight in an air
oven at 105°C.

Weight of dish mdried liver = 191 Grams
Weight of dish ) ) * 175 Crsms
Therefore weight of dried liver = Ib Gramns

This was crushed to a fine powder a5 mixed.
A sample was taken for iron estimation.

Watchglass + liver sample * 3.473 CGrams
Weight of watchglass * 3.075 Grams
Therefore weight of liver sample * 0.298 Gram

/ This



LIVER No. 27 - continued.

This vaa digested and made up t 100 cos solution.
1 ec of this solution taken for colorimetry i
G « 37 therefore L = .429
Hora graph this * 0.0114 mgm Iron
« amount la 1 cc solution
Therefore amount Iron In 100 cos solution

* 1.14 sagas
* amount In 0.393 Gram liver

Therefore amount i1ron iIn 16 grams dried liver
* 1*14 * *  45.33 dgaa 1ron
e v 2
* Total 1ron in whole liver.
Fron () above liver contained 11.2 ccs blood
Fron (2 above 1 oc blood contained .51 mgm Fe
Therefore 11.2 ccs blood contain (11.2 x .51 ypa Fe
* 5.7 rags Iron
Therefore actual amount of iron In Hepatic Tissue
» (@5.88 - 5.7) myss
= 40.13 mgm3 1ron

/ LIVER No. 24



LIBKR No, Pk - Beatrice Matlatgi (B-M .H.No.Uo"S)
Pall Term. Male. Stillbirth. Birth Weight Slbs 10oxs.

@) | cc blood taken for haemoglobin estimation.
Diluted to 50 ccs with distilled water. Allowed
t stand In refrigerator ovemight.
1 oc solution taken for colorimetry:

G * 75 therefore L * _.1221

From graph this * 1.55 @g«® haemoglobin
* amount In 1 coc solution

Therefore iIn 5 ccs solution, haemoglobin
* 1»55 X 50 m77.5 ngms * anount in  co blood

Therefore haemoglobin in 1 co blood = 155 rages.

() | cc blood taken for i1ron estimation.

Digested and made up to 100 ccs solution.

2 ccs of this solution taken for colorimetry;
Q * 53 therefore L * .2755

From graph this * Q.QQJk reca Fe » amount In 2 ccs
solution

Therefore 1In 100 ccs solution amount Iron

* 0074 x 100 » .37 agm iron

This amount iron is present in £ cc blood, thus

in 1 cc blood amount of iron present is 0.7 mgms



LIVER No. gj - congnuea.

3 Volume of Liver i * 130 CCS
Weight of crucible ¢ liver * 343 Grams
Weight of crucible » 201.5 Grains

Therefore weight of liver * 141.5 Grams

Liver mushed to © fine pulp and made up to
500 cos with distilled water. Thoroughly
shaken and then allowed to stand ovemight
in refrigerator.

1 cc solution taken for colorimetry t

G * 37 therefore L * 429
From graph this * 5.4 mgae haemoglobin
Therefore amount haemoglobin In 500 cos solution
* 54 x5°G * 2700 ngms haemoglobin
* amount haemoglobin in liver
From (1) above 1 cc blood contained 155 mens Hb

Therefore volume of blood In liver »

* 17.4 CCS



LIVER Ko> 2m-- continued.
{k) Solution containing liver placed in
evaporating dish and dried to constant weight

in air oven at 105Jc.

Weight of dish + driedliver *229.5 Grams
Weight of dish *201.5 Grams
Therefore weight of liver « gg Grams

This was crushed to a fine powder and mixed.
A sample was taken for iron estimation
Weightlof watohglass + sample *13*339 Grams
Weight of watchglass « 12.773Grams
Therefore weight of liver sample* 0,566 Grams
Digested and made up to 100 oca solution.
2 ccs of this solution taken for colorimetry:

G * 31* therefore L * .5°
From graph this * .013% mgm iron

* amount In 2 ccs solution.

Therefore amount Iron in 100 ccs solution

* .013* x 100 « 0.67 mgm

* —amount in 0.566 Gram dry liver.

Therefore amount Iron In 28 Grams dried liver

* Total iron in whole liver

/ From e«*



Fron (3) above this liver contained
17.4 ccs blood.

From (2) above 1 cc blood contained
0.7L mgm Iron,

Therefore 1J.k ccs blood contain
Q7™ X *7 sages 1ron

» 12.9 ragyas 1ron.

Therefore iron actually present iIn
Hepatic Tissue * (33.1 - 12.9)
a 20.2 rags.

/ LIVER Ho. 25



LIVER No. 25. Freda Kubeka.O.M.H. No.6337)
Female. Full Term. Aged 4 days. Died of

bronchopneumonia. Birth weight 6 lIbs H ozs.

U)
1 oo blood taken for haemoglobin estimations

Diluted to 50 cos with distilled water.
Shaken and allowed to stand overmnight iIn the
refrigerator t
2 ocs solution taken for colorimetry :
5 * 592 therefore L = 2255
From graph this * 2.S5 ngras haemoglobin
* amount In 2 cca solution.
Therefore 1n 5° 033 solution haemoglobin
* 2.85 X _][2) * 71.25 mgms

* amount Hb In 1 cc blood.

2
{ &: blood taken for iron estimation. Digested

and made up to 100 cos solution.

1 oc solution taken for colorimetry j
d « 63 therefore L * .2007
From graph this « .0054 ngra iron
» amount In 1 oc solution.
Therefore iIn 100 ccs solution amount #ron
* S5 ragn » amount In 1 oo blood.



) Volume of liver * L + ccs

Weight of crucible + liver *267.5 Oanfl
Weight of crucible * 175.2 Orams
Therefore weight of liver « 92.3 Grams

Liver mushed to a fine pulp and made up to
930 ccs with distilled waters Left ovemight
In refrigerator, after shaking.

2 ccs of this solution taken for colorimetry:

a « 5s2 therefore L » 0.232s,
From graph this * 2.925 mgm haemoglobin
« amount in 2 ccs solution
Therefore amount Hb in 500 ccs solution

* 2,925 X £00
<r

« 731.25 mgms haemoglobin.
From (1) above 1 cc blood contained 71.25 ragga Hb
Therefore volume of blood In liver

731.25 cos
71.25

10.3 CCs.



evaporating dish and dried to constant weight

in air oven at 1Q5°C.

Weight of dish + dried liver « 197-5 Grams
Weight of dish ** 175-2 Grams
Therefore weight of dried

liver 22,3 Grams

This was crushed to a fine powder and mixed.
Sample was taken for iron estimation.

Weight of watohglass + liver

sample * 3-$3& Grams
Weight of watohglass * 3-071 Grams
Therefore sample of dried liver « Q.705 Gram

This was digested and made up to 100 cos
solution. 1 cc solution taken for colorimetry

¢ 1)
28

G * therefore L « .59
From graph this a .0146 ngm iron

* amount in 1 cc solution.
Therefore iIn 100 ccs solution amount iron

*1.46 ragras » amount In 0,765 Gram dried
liver

Therefore amount iron in 22.3 Grams dried liver

* Cl-46 X
<

« Total 1ron In whole Inver.

/ From ext



From {3 } above this liver contained
10.3 cce blood.

From (&%} above 1 oc blood contained Q.3 mgm

1ron.

Therefore 10.3 ccs blood contailn t

(to.3 x .5~ )ragm 1iron * 3.36 mgas

Therefore i1ron actually present in Hepatic
Tissue * (2.6 — 556& ) = 37*™ nmgrs.

LIVER No. 26 ee-



2116 .

6, 3are Slkutikwa.(B,M.H.N0.6"5i)
Full Term, Female. Stillbirth. Birth Weight
7 Ibs 12 ozs.
@)
1 cc blood taken for haemoglobin estimation:
Diluted to 50 ccs and allowed to stand over-
night in refrigerator.
1 cc of this solution taken for colorimetry

O* Jo therefore L * .1579
From graph this * 1.975 mgae haemoglobin
— amount in 1 cc solution.

Therefore in 50 ccs solution amount Hb

a 1.975 x 50 * 98.75 rngas » amount in 1 cc
Siood,

@)

1 cc blood taken for iron estimation.
Digested and made up to 100 ccs solution.
2 ccs taken for colorimetry
@ m 40 therefore L * .395
From graph this * .QI105 mgm iron
* amount in 2 oca solution.

Therefore in 100 ccs solution amount iron

« .0105 x i |2 * 0.525 mgm iron
* amount in 1 cc blood.



LTVFd ho. & ~ continued.

@ _

~ Volume of liver _ a 95 OCS
Weight of crucible + liver * 309.5 Orama
Weight of crucible « 201.5 Grams
Therefore weight of liver * 10S Grams

Liver mushed end made up to 50Q ccs solution
with distilled water. Shaken and allowed to
stand overnight in refrigerator.
1 cc of this solution taken for colorimetry s

G * 4g* therefore L * ,317
From graph this = 4 rages haemoglobin

* amount iIn 1 cc solution.

Therefore In 500 ccs solution amount Bb

* 4 X 500 * 2,000 ms has lobin.
mg emog

From (1) above 1 cc blood contained 98*75 regms Mo
Therefore volume of blood In liver
* 2000
775
* 20.1 Ccs.



evaporating dish and dried to constant
weight In air oven at 10Q5°C.

Weight of evaporating dish ¢ dried*liver

220.5 CGrams
Weight of evgporating dish » 201,5 Grams
Therefore weight of dried liver * 19 Grams

This was crushed to a fine powder and mixed.
A sample was taken for i1ron estimation.
Weight of watchglasa + liver

i sample * Grams
Weight of watchglasa _ *12.77Q Grams
Therefore weight of liver sawple * Q.4gg Gram,
Digested and made up to 100 ocs solution.
1 oc of thia solution taken for colorimetry:

G * 37 therefore L * .429*
From graph this * .0114 mgms iron
a amount In 1 cc solution

Therefore i1n 100 cos solution amount iron

* 1.14 lags * amount in 0.4S5 _Gram dried
liver.

Therefore amount iron in 19 Grams dried liver

* 114 x .10 * 44.6 mgms 1ron
aa -

* Total 1ron In whole liver.

/ From ee*



From (3} above this liver contained
20.1 cos blood.

From (2) above 1 cc blood contained
525 ragms 1ron.

Therefore 20.1 cca blood contaln

(Co.1 x .525 ) * 10.6 ngras i1ron.

Therefore i1ron actually In Hepatic Tissue

a (4.b - 10.6) rags « 3™ nigs Tron.

/ LIVER No. 27



LIVSH No, 27 - Sarah Nngomezukl - (B.M.H.
No. 6595) Full Tara. Female. Age J & days.
Birth Weight 5 Ibs 6 ozs. Died of Icterus

Gravis Neonatorum.

(@) 1 cc blood taken for haemoglobin
estimation. Diluted with distilled water to
50 cos. Allowed to stand ovemight iIn
refrigerator.

1 cc solution taken for colorimetry.

G = 61 therefore L = 20747.
From graph this » 2.7 ngras haemoglobin

** amount in 1 cc solution.

Therefore amount Hb in $Q ccs solution
* Q7 x®}rras * 135 mgras haemoglobin
* amount in 1 oc blood.
) 1 cc blood taken for iron estimation.
Digested and made up to 100 ccs.
2 ccs solution taken for colorimetry :
0 » 3% therefore L » ,*Ur.
From graph this * .0111 r@ya iron
» amount In 2 ccs solution
Therefore in 100 ccs solution amount iron
(0111 x 100) Bpis

* am 1Iron
* amount In 1 oc blood.

N ©)



3) Volume of Liver s 90 CCS
eight of crucible + liver = 302.5 drams
Weight of crucible = 201.5 Grams

Therefore weight of liver 101  Grams
Liver rauched and made up to $QG cos with
distilled water. Shaken, and allowved to
stand overnight iIn refrigerator.

1 oc solution taken for colorimetry ;

O * 3S2 therefore L * ,L414.

From graph this * 5.225 ®gas haemoglobin
» amount In 1 cc solution

Therefore amount Hb In 5°Q c°s solution
* 5225 x 500 * 2,612.5 mgms Hc
From (1) above 1 cc blood contained j
135 mgms haemoglobin
Therefore volume of blood In liver

®lg.5 CGo 19.5 (OCS.
135

(B Solution containing Iv&r placed in
evaporating dish and dried to constant weight
In air oven at 105°C.

Il o dish » oried ther 7 2 g

Therefore weight of dried
liver « g0.5 Gramns

/ This eee



LIVER No.?7 - continued. -
This crushed to a fine powder and mixed. A

Sample was taken for iron estimation.
Weight of watohglass + sample *  3»BNGram®

Weight of watohglass »  3»°7NGrams
Therefore weight of sample > 0.539 Gram

Digested and made up to IDO cos solution.
1 cc solution t"ken for colorimetry :
G * 10 therefore L * 1.000.
This reading iIs too high for accuracy, so &
repeat was done using £ cc solution i
G * 20 therefore L * 534

From graph this * 0.0142 mgme iron i
* amount In T oc solution

Therefore In 100 ces solution amount iIron

* 014? x 200 * 2 A ragn
« amount Iron iIn 0.539 &r.

dry liver.
Therefore amount iron In 20.5 Grams dried liver
* (2.4 x dapyg *  104.1 mgms Fe.
( 559 ) e

= Total 1ron In whole liver.

From (3) above thisliver contained 19.3  cosblood.
From (2) above 1 ccblood contained 0*55 ng@airon
Therefore 19«3 cos blood contain (.55 x 19»3)a0a Fe

“ 10»5 nges .

Therefore amount iron actually In Hepatic Tissue

* (4.1 - 10.6}nmaa
*  93*5 ngas Iron.

/ LIVER No. 2£ ee-



LIVER No. 28, Minah. (B.K.H. No. 6gs - lolo }
Full tarra. Male Child. Died of intracranial
haemorrhage. Birth weight 6 lIbs 3 ozb.

Aged S days. Congenital absence of right hand.

(D 1 cc blood taken for haemoglobin estimation.
Diluted to 5™ ccs with distilled water and
alloved to stand overnight iIn refrigerator.
2 cos solution taken for colorimetry :

0 = 49 Therefore L « .310.

From Graph this « 3.9 rayas haemoglobin. _
= amount In 2 ccs solution.

Therefore amount

Hb in_50 cos
solution a 3.9

97*5 ragms haemoglobin.
amount in 1 oc blood.

() 1 cc blood taken for iron estimation.
Digested and made up to 100 ocs solution.

1 cc of this solution taken for colorimetry;

0 > Therefore L * *319*
From Graph this * 0.00S5 ap iron * amount In Icc
solution.

Therefore in 100 ccs solution amount iron
w .S5 mgm a Amount in 1 cc blood.



2534).

t*\ Volume of Liver » 1Q0 CCS
Crucible ¢ Liver weighs = 315 Grans
Crucible weighs = 201.5 Grans

Therefore Liver weight 113.5 Gratae.

LIVER mushed and reace up to $QQ ccs, solution.
Shaken and allowed to stand overmight In refrigerator.
Iljr ccs solution taken for colorimetry !
G * Therefore L * « 37"
From graph this « 7 mgmg haemoglobin
* amount iIn I} ccs solution.
Therefore iIn 500 ccs solution haemoglobin

« 7 X .500
1.5

* 157,6 myms Ho.
From (1) above 1 cc blood contalns97«5 mgras Hb.

Therefore volume of blood In liver * 1566.6

97.5
* 16 ccs.

/ L X X J



(4 Solution containing liver placed iIn
evaporating dish and dried to constant
weight iIn air oven at 105°C

Weight of dish + driedliver » 22) Grams

Weight of dish ) = 201.5 Grams

Therefore weight of dried liver * 21.5 Grams
This was crushed to a fine powder and mixed.

A sanple was taken for iron estimation:

Weight of vatchglaes + sample % Grams
Weight of watchglass * J.QJI Grans
Therefore weightof sample & 0.239 Grams

Digested and made up to 100 oos solution.
lcc of solution taken for colorimetry :
a - 3*3 therefore L » <u5»
From Graph this »  .0123 @gs1 1ron
* amount In 1 cc solution.
Therefore amount iron In 100 ccs solution
» .23 mgms Fe
& amount In .239 Gram Liver

Therefore amount iron iIn 21.5 Grams dried liver

110.9 agm Iron.

/ A second eeee



A second sample was taken
Weight of w&tchglass sample * J.k22 Grams
Weight of vatchglé&ss » 3*°7™N Grams
Therefore weight of sample * 0.1"3 Grams.
Digested and made up to 100 ces solution.
1 cc of solution taken for colorimetry i
G * 21 Therefore L * 0.673.
From graph this *  .013 rga Iren
» amount In 1 cc solution.
Therefore amount Iron in 100 cce * 1.3 rags
* amount lron
In _ gram
dry liver.
Therefore amount iron in 21.5 Haris dried liver
® 21*5 x 1.3
33
* 111.2 mgms iron.
Average from two samples = 11l.o5 mgm3 Fe

= Total iron in
whole liver.

From (@) above liver contained Heocs blood.
From (@) above 1 cc blood contained .35 mgm iron

Therefore 13 ccs blood containiie x .35) mgm * rlnar'nG

Fe.
Therefore amount iron actually in
Hepatic Tissue - (Il1l.os - 13.6 * 975 ngmns Fe.

/ @) SPLEEN eee-



(G} Volume of Spleen « 9 cos
Weight of crucible+ spleen * 135.5 Grama
Weight of crucible * 175-2 Grams
Therefore weight ofspleen * 10.3 Grams.

SPLEEN mushed and made up to 100 ccs with
distilled water. Shaken and stood iIn
refrigerator overnight.
3 ccs solution taken for calorimetry s

g s 53 therefore L « .2366
From graph this » 2.957 mgae haemoglobin

» amount iIn 3 oca solution

Therefore In 100 ccs solution amount haemoglobin

(2.975 x 100)
( ) aga

* 99-1 mgac Hb.

From (1) above 1 cc blood contained 97-5 rogms Hb.
Therefore volume of blood in spleen a 99.1
97-5

= 1 cc.

/ eu eeo* e



253%.
LIVSB No. 28 - continued.
@. Solution containing spleen placed In
evaporating dish and dried to constant
weight In alr oven at 105°c.
Weight of dish ¢ driedspleen *177 Grams
T r wont of dried spleen « 1g G
This was crushed to a fine powder and mixed.

A sample was taken for iron estimation.

Weight of watchglass ¢ sample *3*251 Grams
Weight of watchglass *3*°71 Grama
Therefore weight of sample « Q.1S Gram.

Digested and made up to 100 ccs solution.
2 ccs solution taken for colorimetry:
G * 50 therefore L « .301.

From Graph this * ,00$ mgm iron i
" s amount In 2 ccs solution.

Therefore In 100 ccs solution amount Iron

* (.003 x 1loo }
( “ J asm

= 0.4 aya
= amount iIn Q.12> Gram dry Spleen.

Therefore amount iron In I.g Grams dried Spleen
= 4 myes
* Total 1ron in whole spleen.



LIVER No. 2S - continued.

From (3) above spleen contained 1 co bllood.
From (2) above lec blood contains .£5 mgm Fe.
Therefore actual aiaouit iron iIn

eplenio tissue » (k - ,&5) mgms

- 3.15 myras 1ron.

/ Liver No. 29 ___



NUMBER 29 - Mary (B.M.H. No. gj5) Full tem
male child. Stillbirth. Birth Weight 6 Ibs Mazs.

Intracranial haemorrhage.

(1) 1 oo blood taken for haemoglobin
estimation. Diluted to 50 cos with distilled
water. Allowed to stand ovemight In refriger-
ator, 1 cc of this solution taken for
colorimetry :
0 - 63 therefore L » _2007
From graph this * 2.55 ®gns haemoglobin
* amount In 1 cc solution

Therefore in 5 ccs solution amount haemoglobin

* 2.5 x 5 * 127.5 mgras haemoglobin

* amount haemoglobin In 1 cc blood.

(@ 1 cc blood taken for lron estimation.
Digested and made up to 100 cos solution.

1 cc of this solution taken for colorimetry:

0 « 59 therefore L * .2291
From graph this a .0061 mgm iron
* amount iIn 1 coc solution.

Therefore In 100 ccs solution amount Iron

* >S5l s * amount Iron In 1 oc blood.



G) Volume of liver * 13s CCS

Weight of crucible + liver 70 Grams
Weight of crucible 14 Grams
Therefore weight of liver * 156 Grams#

LIVER mushed and made up to 500 ccs solution
with distilled water. Shaken, end allowed to
stand overnight in refrigerator.
£ cc of this solution taken for colorimetry.
G * Ho therefore L * .310

From graph this » 3.9 agms haemoglobjn

a amount In £ cc solution
Therefore iIn 500 ccs amount haemoglobin

» 3.9 x BOW x 2

* 397G ngms haemoglobin

« Total Ho in the whole liver
From (1) above 1 cc blood contained :

127.5 nigras haemoglobin

Therefore volume of blood in liver

* 3900 . 30.6 CCsH#
127.5

/ @D ...



NUMBER 29 - continued.
(% Solution containing liver placed In
evaporating diah and dried to constant weight
In air oven at 105°C.
Weight of dish + dried liver * 27%6.6 Grams
Weight of dish ® 214  Grams
Therefore weight of dried liver * 32,5 Gramns
This was crushed to a fine powder and mixed,
A sample was taken for Iron estimation :
Weight of watchglass + sample » 3377 Grams
Weight of watchglass _ *J.Qjl Grams
Therefore weight of liver sample™ 0,306 Gram
Digested and made up to 100 ccs,
2 ccs solution taken for colorimetry j

G « i therefore L * *3N
Fam, graph this * ,01 nga 1ron

« amount In 2 ccs solution

Therefore In 100 ccs solution amount i1ron
* 01 X100 * 0.5 mgm iron
2
* amount In ,306 Gram dried liver

Therefore amount i1ron In 32.5 Grams dried liver
80-5- X 325 )mgre > 53.1 r@as lron

» Total i1ron iIn whole liver.



From (3) above liver contained :
30.6 ccs blood.

From (?) above 1 cc blood contained :

0.61 mga Iron

Therefore 30.6 ccs blood contains 1

@o.6 x .61) nga Iron

* 1&»6 agm Iron

Therefore amount actually iIn Hepatic Tissue

« "G3F3 - 12.6 ) myes

* 3~.4 ragms 1ron.



3) Volume of spleen » 5 cos
Weight of crucible + spleen « 72.5 CGrams
Weight of crucible « 67 Grams
Therefore weight of spleen « 5.5 Grams
SPLEFN mushed and made up to 100 cos with
distilled water. Shaken and allowed to stand
overnight in refrigerator.
2 oos of this solution taken for colorimetry ;
G * 50 therefore L * .301

From graph this « 3»& ragms haemoglobin

« amount In 2 ecs solution

Therefore in 100 ccs solution amount Hb

« 3.5 x 1Q0
2

& 190 mgms haemoglobin
* Total haemoglobin 1n spleen
Fromn (1) above 1 cc blood contained

12?7»5 rag®# haemoglobin

Therefore volume of blood in spleen

----- cCS

* 1.5 CCS*



KuUBEK 29 - continued,

(@ Solution containing spleen placed In
evaporating dish and dried to constant
weight In air oven at 105°C.

Weight of dish + driedspleen > 66 CGrams
yﬁé%%o(r)g V\d/eli%?lt of dried spleerp:‘,c 671 g%lﬂrs
This was crushed to a fine powder and mixed.
A sample was taken for iron estimation 1
Weight of watchglass+ sample i 3*"55 Grams

Weight of watchglass 3*71Grams

Therefore weight of spleen
sample *0.164 Gram

Digested and made up to 100 ccs solution.
2 cos solution taken for colorimetry ;
G ™ 4* therefore L * .34
From graph this * .0095 iron
* « amount In 2 ccs
Therefore iIn 100 cos solution amount iron

* 0095 X lIpo » 0.479 nmA
2
= amount In .164 CGram dried spleen
Therefore amount iron In 1 Gram dried spleen

* (175 X-Jl'ir? ragms *2-SSIEQHSi£OH

* Total 1ron iIn spleen.



From (3) above spleen contained 1
1.5 008 blood.

Fromn (2) above 1 co blood contained :

.61 ngra 1ron

Therefore 1.5 oo<lood contain !

(15 X .61} gta iron
a Q.15 tP®[

Therefore aaount iron actually iIn Splenic

Tissue » (2.56 - .915 }agms
4

« 1.665 mgas 1ron.

/ NUMBER 30



NUMBER *3 - Banna Mazlbuko.(3-M.H.No.779)
FUll? terra male child. Stillbirth. Birth

Weight 7 6 oza. Intracranial haemorrhage.

(@) % cc blood taken for haemoglobin
estimation: Made up to 50 ccs solution with
distilled water. Shaken and alloned to stand
overnight in refrigerator.
3 cca of this solution taken for colorimetry :

G * 69 therefore L * .1612
From graph this * 2.05 tagyae haemoglobin

« amount iIn 3 ccs solution

Therefore iIn 50 ccs solution amount haemoglobin
* 2,05 X JP » 34.2 figrs haemoglobin
3

a amount In £ cc blood

Therefore amount haemoglobin in lee blood
a 6g-4 ragms.

@) 1 cc blood taken for Iron estimation.
Digested and made up to 100 ccs solution.

1 cc solution taken for colorimetry;
G * 62 therefore L * _2076.

From graph this « .0055 mgin 1ron * amount in Icc
solution.

Therefore In 100 ccs solution amount #ron

« .55 mgm = amount in 1 cc blood.
/ LIVER



3) tliver.

_Volume of liver i = S7 c©es
Weight of crucible + liver * 312.5 drans
*Weight of crucible » 219  drams
Therefore weight of liver » 99*5 drams

Liver mushed and made up to 5°d 0°® with
distilled water. Shaken, and allowed to stad,
overnight in refrigerator.
2 cos solution taken for colorimetry.
O * 52 therefore L * _230
From graph this « 3*575 mgras haemoglobin
< amount iIn 2 ccs solution

Therefore amount haemoglobin In $00 ccs solution

* Total haemoglobin in whole liver.
Fron (1) above 1 cc blood contained

69-4 mgms haemoglobin
Therefore volume of blood In liver

= ¢g93»/5 « 13 ccs
6&A



NHER 30 - continued,

@ Solution containing liver placed In
evaporating dish and dried to constant weight
in air oven at 10Q5°C.

Weight of dish + dried liver » 243 Crams

Weilght of dish ) ) * 219 Grams
Therefore weight of dried liver * 24 CGrama

This was crushed to a fine powder and mixed.
A sample was taken for iron estimation.
Weight of watchglasa + sample * 3*7N9 Grams
%é%g%?g \Avlvgltgcrl]wtg Ig?s liver sample: 35?37718 GGrliaann]?
Sample digested and made up to 100 cos.
2 ccs solution taken for colorimetry.

G o 3¢ therefore L * .441
Proa graph this * .0118 mgm iron

* amount In 2 ccs solution

Therefore iIn 100 ccs solution amount #ron

* 0118 x 100
2

« 0.59 mgm iron
* amount iIn Q.37S Gram dry liver.
Therefore amount iron In 24 Grams dried liver
( X agns * 37.4 mgms iron

* Total 1ron In whole liver.



From (3) above liver contained

13 ccs blood.

Frora (2) above 1 co blooa contained 1

0.55 raga iron

Therefore 13 ccs blood contains i

(13 x .55) ragms Iron

« [7*15 nigas iron

Therefore amount KON actually in Hepatic

Tissue * (37.~ - 7.15) nign

* 30..75 ragms iron.

/ () SPLEEN



(G) 3H.HB\.

_ Volume of _Spleen » -6 CCS
Weight of crucible + spleen > 192.5 Grama
Weight of crucible * 1S6  Grams
Therefore weight of spleen 6 .5 Grams

Spleen mushed and made up to 100 ccs with
distilled water. Shaken, and allowed to stand
overnight in refrigerator.
2 ccs solution taken for colorimetry.

0 * $6 therefore L * ,251S
From graph this a 5*175 mgms haemoglobin

* amount In 2 ccs solution

Therefore amount Hb in 100 ccs solution

* 5,175 X IBO

* 15~.75 mgms haemoglobin
* Total Hb in spleen
From (1) above 1 cc blood contained 6g.4 mgms Hb

Therefore volume of blood in spleen * 15%.75
TiX
» 2.5 CCS

/ (0 ==e-



Niwnra 30 - continued.

(30 Solution containing spleen placed iIn
evaporating dleh and dried to constant weight
In air oven at 10Q5°C.

Weight of dish ¢ driedspleen * 1S7.25 Grama
Weight of dish * * 1Sb Grains
Therefore weight of dried epleen= 1.23 drags
This was crushed to a fine powder and mixed.

A sample was taken for iron estimation.

Weight of watohglass +sanple * 3»2h$ Grams

Weight of watohglass » 3,QJ1 Grams
Therefore weight of spleen
sample * 0,17S Gram

Sample digested and made up to 100 ccs
2 ccs solution taken for colorimetry i
G « ™M therefore L » .337

Prom graph this « .009 agras 1ron

* amount In 2 ccs solution
Therefore iIn 100 ccs solution amount Iron

= .009 X ‘1rcr)£ s .hp @ya

* amount In .17S Gram dry spleen
Therefore amount iron In 1.25 Orams dried spleen

& (o.Us x 1,25 ( agas 1ron
( T7T7)

» 3.1fe ngais 1ron

« Totaliron In spleen.



Pron (3} above this spleen contained :
2.3 ccs blood

Fron (2 above 1 cc blood contained s

0.55 mgm Iron

Therefore 2.3 ccs blood contains :

.3 X .55) mgms iron

B1.27 memo iron

Therefore amount i1ron actually i1n 3plenlc

Tissue * (.16 - 1.27) mgms

1.S2 mgms i1ron.

/ NUMBER 31 ee-



NUMBER ~U - Mary Pilane. (3.M.H. No.123*0
Full term male child. Aged 8 days. Birth

Weight 6 lIbs g ams. Intracranial haemorrhage.

@
1 cc blood taken for haemoglobin estimation.

Made up to 50 ccs vith distilled water.
Shaken, and allowed to stand in refrigerator
overmight.
2] ccs solution taken for colorimetryj
G * 32" therefore L * 101
From graph this * 6.175 ®gns haemoglobin
* amount in 2] ccs solution

Therefore amount haemoglobin In 5° ccs solution

6.175 X 50 )mgmQ . 124 njgs Ho

* amount In 1 cc blood.

1(23c blood taken for i1ron estimation.
Digested and made up to 100 ccs solution.
2 ccs solution taken for colorimetry ;
G = 39* therefore L » ,406
From graph this * 0105 ragngo iron * amount In 2 ccs
solution

Therefore iIn 100 ccs solution amount 1ron

« amount In 1 cc blood.



NUMBER *3L - continued.

o) m

) Volume of liver _ a 75 CCS
Weight of crucible ¢ liver a 268.8 Grans
Weight of crucible a 186,2 Grans
Therefore weight of liver * 82.6 Grans

Liver mushed and made up t S0 ccs solution
with distilled water. Shaken* and allowed to
stand overnight in refrigerator.
2\ ccs solution taken for colorimetry.
G * 37 therefore L * ,b2s
From graph this « 5.4 ragms haemoglobin
* amount in 2| ccs solution

Therefore in 500 ccs solution amount Hb

R G D)
» 1080 nmgmB Hb

From (1) above 1 oc blood contained % ngras Hb
Therefore volume of blood In liver

logo ...,



NUMBER 31 - continued.
(4 Solution containing liver placed in
evaporating dish and dried to constant
weight In air oven at 105°o.
Weight of dish ¢ dried liver * 203.8 Grams
1Wﬁ¢'a?2¥ocr)g molle'%hht of dried liver < 11%6_6328%%
This was crushed t a fine powder and mixed.
A sample was taken for i1ron estimation.
Weight of watchglass sample «  3¥3HACramns
Weight of watchglé&ss » 3*°7GGrams
Therefore weight of liver sample® 0.3 Gram
Digested and made up to 100 ccs solution.
2 cos solution taken for ocolorimetry ;

G = 51 therefore L * .29°
From graph this » .007s mgm iron

» amount in 2 cce solution

Therefore 1n 100 ccs solution amount 1ron

« ( .0078 x 10Q  nga 0.39 mgm iron

( 2
» amount In 0.3%14 Gram liver

Therefore amount iron In 17.6 Grams dried liver

* t(*39 X 17.6) rags a 19.9 ngras 1ron

s Total 1ron In whole liver.



From () above liver contained
3.7 ccs blood

Fron (2) above 1 cc blood contained

0 .5 mga 1Iron

Therefore S.7 ccs blood contains |

(g7 X .5*0 ngms Iron

* 4,7 nmgree.

Therefore amount lron actually present In
Hepatic Tissue * (19,9 - k.7) tags

a 15.2 mgms lron.

/ (@ SPLEEN



(3 SPLEEN.

i Volume of spleen * 6 COS
Weight of crucible ¢ spleen = J3.2 Grams
Weight of crucible a 0G.7 Grams
Therefore weight of spleen a 6<3 Grams

Spleen mushed and made up to 100 cos.
Shaken, and allowed to stand overmight Jn
refrigerator.
2T ccs taken for colorimetry.

G « 6l therefore L = 217
From graph this « 2.7 ngras haemoglobin

* amount In 2\ ccs solution

Therefore in 100 ccs solution amount Hb

.7 x 100)

( 2.5)
» log mgms Haemoglobin

From (1) above 1 coc blood contained 124 ngras Hb
Therefore volume of blood In spleen

CcC

S7 oc

/ @ ---*



NtiiDSR =4 - continued.
(4) Solution containing spleen placed In
evaporating dish and dried to constant weight
in air oven at 1G5°C.
Weight of dish + dried spleen * 6g.2 Grans
Weight of dish = 66.7 Grams
Therefore weight of dried spleen* 1.5 Grans
This was crushed to a fine powder and mixed.
A sample was taken for iron estimation.
Weight of watchglass + sample » 3*3"° Grams
Weight of watchglass * 37 Grams
Therefore weight of spleen
sample *0.27 Gram

Digested and made up to 100 ccs solution.
2 ccs taken for colorimetry :

G ., therefore L » .35/
From graph this * ,0094- mgm iron

* amount in 2 ccs solution

Therefore in 100 ccs solution amount iron

< FSQ* * 222 > mg*

= 0.U7 nga 1ron
* amount in 0.27 Gram spleen
Therefore amount Eron in 1.5 Gram dried spleen
aras > 2.61 mgms iron

» Total 1ron In spleen.
/ From eee



Fron () above spleen cottained, i
g7 cc blood

Fron (2) above 1 cc blood contained
SX¥ma lron

Therefore 0.87 cc blood contains i

(*37 x %7 2agm 1ron

* 047 8

Therefore amount iron actually present iIn
Splenic Tissue a (@.61 - )

« 2. rags 1ron.

/ NUMBER 32 eee



NUMBER 12. - Anna Mabaea (B-M.H. No. 1U02)
Full term male. Birth Weight 8 lIbs. Still-
birth. Craniotomy.

(@) 1 oc blood taken for haemoglobin
estimation. Diluted to 50 ces with distilled
water. Shaken and allowed to stand overmight
in refrigerator.
2 cca solution taken for colorimetryJ

a* 5 therefore L » .2366

From graph this * 3 agms haemoglobin
« amount In 2 ccn solution

Therefore In 50 ccs solution amount Hb
- 3*XH * 7HB,mgms Hb

= amount In 1 cc blood.

(@) 1 cc blood taken for 1ron estimation.
Digested and made up to 100 cos solution,
2 ccs solution taken for colorimetry :
0 « Ky* therefore L * .359
From graph this a .0096 mgsa iron
« amount in 2 cca solution

Therefore In 100 ecs solution amount iron

« (.0096 X 100 ragn
( 3,

» 0.3 nga 1ron « anount 3n 1 cc blood.
/ (@) LIVER

o™



NUMBER - continued

A LIVER.

Volume of liver a 100 ccs
Weight of crucible + liver * 329.2 CGrams
Weight of cruolble « 219.2 Crams
Therefore weight of liver * 110 Grams

Liver rauehad and made up to 500 ccs solution,
with distilled water. Shaken, and allowed to
stand overnight iIn refrigerator.
2 ccs solution taken for colorimetry *
G a 60 therefore L * _.2218
From graph this » 2.8 agias haemoglobin
* amount In 2 ccs solution

Therefore In 500 ccs solution amount Hb

» (2.5 x 50Q) flgs

* 700 ragrs haemoglobin
* Total Ho in liver.
From (1) above 1 cc blood contained 75 aigs Hb

Therefore volume of blood In liver

m ccs

» 9.~ ccs.

mnn-ie4im itn i-r

/ W ee*e



NUMBER 32 - continued.

(4 Solution containing liver placed iIn
evaporating dish and dried to constant weight
In sir oven at 1G5°G.

Weight of dish ¢ driedliver » 241 Grans
%(Iagr;go?g \Aollelisgr;lt of dried liver : 21291-.28 %r;aggs
This was crushed to a fine powder and mixed.
A sample was taken for Iron estimation:
Weight of watchglass +sample «3.4014 Grams

Weight of watchglass _ »3«°7  Grans
Therefore weight of liver sample* 0.3314 Gram

Digested and made up to 100 ccs.
2 ccs solution taken for colorimetry.
G * 50 therefore L * .301
From graph this » .008 mga iron
* amount In 2 ccs solution
Therefore in 100 ccs solution amount iron

* ( .008 x 100 ) agm
( 2 )

% 0.4 mgm
* amount In 0.3314 Gram liver
Therefore ©mount 1ron In 21.8 Grams dried liver

* (4 x21.8) gas * 26,3 rags 1ron
-3370) roes ¢ 2hs e iron

* Total 1ron In whole Iner.”



From () above liver contained j
$.3 c¢ss blood

Fron (2) above 1 cc blood contained :

agm iron

Therefore 9»3 ccs blooa contains j
(©.3 x ,h&)

* nials mgra* lron

Therefore amount iron actually present iIn

Hepatic Tissue » (6.3 - /%) rap

» 21.6& agms iron.



NUMBER - continued

(® SH.KRN.

_ Volume of_spleen W 6CCS
Weight of crucible + spleen * 162.5 Gratas
Weight of crucible - 175.5 Grans
Therefore weight of spleen = 7.0 Grams.

Spleen mushed and mode up to 100 ccs. solution
with distilled water. Shaken, and allowed to
stand overmight iIn refrigerator.
2 ccs solution taken for colorimetry ;

G a 66 therefore L * _1675
From®"graph this ® 2.125 mpi haemoglobin

« amount In 2 ccs solution

Therefore In 100 oca solution amount haemoglobin

* (.125 X 100) ragm9

* 106.25 ragrs haemoglobin

» Total haemoglobin iIn spleen
From (1) above 1 cc blood contained 75 mgms Hb
Therefore volume of blood In spleen

- 1% .75 GCS
75

« 1*H CCS.



NUMBER 12 - continued.

(4 Solution containing spleen placed In
evaporating dish and dried to constant weight
in air oven at 105°C.

Weight of dish + dried spleen * 176.5 Grams
Weight of dish * 175»5 Grams
Therefore weight of spleen « 1 Gram
This was crushed to a fine powder and mixed.

A sample wa3 taken for iron estimation

Weight of watchglaos +sample  « 3*311 Grans
Weight of watchglass » FN7 Grams

Therefore weight of spleen
sample » 0 271 Gram

Digested and made up to 100 ccs solution.
2 ccs solution taken for colorimetry :
G * 59 therefore L - .2201
From graph this » .0061 mgm iron
» amount In 2 ccs solution
Therefore in 100 ccs eolation amount iron

- (.0061 X 1003

( 2
5 0.305 raya
= amount In 0.2"1 Gram dry spleen

Therefore amount 1ron in 1 gram dried spleen
% (.305 X =ly-) mgms S 1.26 mgm iron
® gotal 1ron iIn spleen.

/ From eee



From {3) above spleen contained *
1.*¥ cc blood

From (2) above 1 co blood contained i
«4g mpa Fe

Therefore 1,4 ccs blood contain 1
@a.4 x ,4S) mgmlron

* 0.67 mgm iron

Therefore amount iron actually present In
Splenic Tissue * (1.26 - 0.67 )a$a

* 0.59 mgm iron

/ NUMBER 33



NUMBER Irene Mgashee (3.M.H. No. 13S3)
Premature male child. 33 - 3™ weeks. Birth
Weight 4 lbs 4 ozs. Stillbirth. Was very pale,
and had multiple congenital abnormalities,e.g.
complete cleft palate, absence of eyes and
supermumerary digits.

(O 1 cc blood taken for haemoglobin estimation:
Made up tO "Qqgs with distilled water. Shaken,and
alloved to stand overmnight iIn refrigerator:
2 ccs solution taken for colorimetry :

U « 66 therefore L * .1605

From graph this * 2,3 mgns haemoglobin
* amount In 2 ccs solution.

Therefore amount Hb In 5° ocs solution

* 12.3 x 2] ) mgms
» 37*5 agng Hb « amount In 1 cc blood.

(@ 1 cc blood taken for 1ron estimation:
Digested and made up to 100 ccs solution.

2 ccs solution taken for colorimetry.

O a 66 therefore L * _I1S0s

From graph this * ,004S agm iron i
» amount In 2 ccs solution

Therefore In 100 ccs solution amount iron

* amount In 1 oc blood.
/ > (3 LIVER



3 LIVER.

i Volume of liver _ * 42 cus
Weight of crucible + liver » 262*5 Orems
Weight of crucible & 213.2 Grams
Therefore weight of liver = 48.3 Grams

Liver mushed and made up to 50 oca. with
distilled water. Shaken, end allowed to stand
overnight iIn refrigerator.
3 ccs solution taken for colorimetry s

G * 62 therefore L * _.2076.
From graph this * 2.625 mgns haemoglobin

» amount In 3 cos solution

Therefore iIn 500 ccs solution amount Hb

(C£>25 x 500)
( 3 >

» 437.5 mgms haemoglobin
From (1) above 1 co blood contains 57*5 mgms Hb

Therefore volume of blood In liver

8 737.5 ccs
57.5

7.6 CCS



NUMBER 3? - continued.
.(® Solution containing liver placed iIn
evaporating dish and dried to constant weight
In sir oven at 1Q5°C.
Weight of dish + driedliver «223.7 Grams
Weight of dish *213.2 Grams
Therefore weight of dried liver a 10.5 Grams
This was crushed to a fine powder and mixed.
A sample was taken for i1ron estimation }
Weight of watchglass + sample *3.4064 Grams
Weight of watchglass _ *3»°7  Grams
Therefore weight of liver sample™ 0.3364 Grams
Digested and made up t 100 ccs solution.
2 ccs solution taken for colorimetry ;

G « 61 therefore L = _.2147
From graph this ® .0057 mgm iron

* amount In 2 ccs solution

Therefore iIn 100 ccs solution amount iron

*  (.0057 X 1003 * 0.2S5 1Ml iron
( 2
» amount iIn 0.3364 Gram dried liver.

Therefore amount iron in 10.5 Grams dried liver

* (255 X105 regpa * S.9 mgms iron

* Total 1ron In whole Iiver,

/ From



Fron () above this liver contained :
7.6 cob blood

Fron (2) above 1 cc blood contained
ragn iron

Therefore J»b cos blood contains :
(G.e x .2*0 meme Iron

* 1.625 nmgrae 1ron

Therefore amount iron actually present iIn
Hepatic tissue « (5.9 - 1.625) rggm

* 7.075 mgms iron.

/ () SPLEEN .



2%$2 .

(3B) Dbplesk

_ Volume of_spleen * -6 CCS
Weight of crucible -+ spleen * 207.7 Orams
Weight of crucible * 201wk Orams
Therefore weight of spleen a 6.3 Orams

Spleen mushed and made up to 100 cos
solution with distilled water. Shaken, and
alloved to stand overnight iIn refrigerator.
2 ccs solution taken for colorimetry :
O a 7S therefore L * _1079
From graph this = 1.35 mgms haemoglobin
a amount In 2 ccs solution

Therefore In 100 cos solution amount Kb
rags » 67*5 mgms Hb

From (1) above 1 cc blood contains 57*5 figs Hb
Therefore volume of blood In spleen

* 8323 cs
57.5

a 1.17 CCS



(H Solution containing spleen placed In
evaporating dish and dried to constant
weight iIn air oven at 1Q5°C.
Weight of dish * dried spleen * 207?7.7 Grams
Weilght of dish =201.4 Crams
Therefore weight of dried spleen= 1.3 Gram
This was crushed to a fine powder and mixed.
A sample was taken for iron estimation!
Weight of watchglase ¢ sample « 3.290 Grams
Weight of watohglass » 3.07 Grams
Therefore weight of spleen
sample * Q.27 Gram
Digested and made up to 100 ccs solution,
2 ccs solution taken for colorimetry :
3 » 59 therefore L = 2291

From graph this * ,0061 mgm iron

= amount In 2 ccs solution
Therefore In 100 ccs solution amount iron

* (0061 x 100) = 0.305 r@N Iron

« amount iIn 0,22 Gram dried spleen
Therefore amount iron In 1.3 Gram dried spleen
= ((,3°5 X “ rmas « L1.S mgns iron

Total 1ron In spleen
From e*t



Fron (3) above spleen contained :
1.17 ccs blood

Fron (2 above 1 cc blooa contained :

0 2" r|a lron

Therefore 1.17 cc blood contains t

@.17 x .2*0 mga iron

» 0.2S agm 1ron

Therefore amount iron actually present iIn

Splenic Tissue * (I.g - Q.25 aga

* 1.52 mgms iron.

/ NUMBER 34



NUMBER 34 - Dora Ramatso (B-M.H. No.I5U3)
Full term male. Stillbirth. Birth weight
7 Iba, 12 o2a. Placenta praevla. No.F.K.H. on

admission.

(1) 1 cc blood taken for haemoglobin estimation.
Diluted to 50 ocs with distilled water. Allowed
to stand overmight in refrigerator.
2 cos solution taken for colorimetry :
O a 42" therefore L * _374.

From graph this & 4.725 rgas haemoglobin

= alaouit In 2 cos solution
Therefore amount Hb in 5° cos solution

« (4.725 x 9 )

* 11% mgne haemoglobin a amount In 1 oc blood.

() 1 cc blood taken for iron estimation.
Digested and made up to 100 ccs solution.
2 ccs solution taken for colorimetry s

0” = 37 therefore L * .42

From graph this a .0114 mgm Iron i
* amount In 2 oca solution

Therefore In 100 cos solution amount Iron

* .0114 100
E 0 % ~T!)ﬂ“lgT% * 0,57 mgms iron

= amount In 1 oc blood.
/ (3 LIVER ..



mjHBSH Tb . continued.

(3 LXVKH.

~ Volume of liver a 9B
Weight of crucible + liver * 279 Grams
Weight of crucible a 175.5 Gram®
Therefore weight of liver = los.5 Grams

Liver mushed and made up tO 500 cc® with
distilled water. Shaken, and allowed to stand
overnight in refrigerator.
1 cc solution taken for colorimetry 1
6 * 50 therefore L * 301
Prom graph this * 3 .S agas haemoglobin
* amount In 1 coc solution
Therefore i1n 500 ocs solution amount Hb
» ( 32 x 500) mgms
( 1)

* * 19CGG agaa haemoglobin.

From (1) above 1 cc blood contained 115 ngree Hb

Therefore volume of blood 1In liver * 1500 ccs
115

a [16.1 ccs



(*o Solution containing liver placed In
evaporating dish and dried to constant weight
in air oven at 10Q5°C.
Weight of dish + dried liver* 193*7 Grams
Weight of dish ) _ * 175*5 Grams
Therefore weight of dried liver* 16,2 Grams
This was crushed to a fine powder and nixed.
A sample was taken for iron estimation s
Weight of watchglé&ss + sample » 3*'55 Grams
%égg\%o?g &er{f‘fgﬂ Ig?sliver samplej'i 8*:;%% g::gnms
Sample digested and made up t 100 ccs solution.
1 ec taken for colorimetry :
G * J62 therefore L ®

From graph this * _.0116 mgm iron

* amount iIn 1 oo solution
Therefore iIn 100 ccs solution amount #ron

a 1.16 mgm * amount In 0.JS15 Gram
dried liver

Therefore 1In 16,2 Grams of dried liver amount

of 1ron * (1.16 x , 1&. Q™ rapt » 55*3 mgns Fe.
g 35 ) - n_mg *_T

* Total 1ron In whole Iliver.

/ From eee



From (35 above liver contained 1
16.1 ccs blood

Froa () above 1 co blood contained

.57 mgs 1ron
Therefore 16.1 ccs blood contain 1
(15,1 x .57) rages 1ron

i 9%2 ngaa

Therefore eaount iron actually in
Hepatic Tissue * (65*3 9*2 ) sigs

= 461 a™aa I1ron.



(3) SPLEEN,

Volume of spleen * 10.5 CCS
Weight of crucible + spleen » 2135  Oramb
Weight of crucible * 201.4 Grams
Therefore weight of spleen a 12.1 Grams

Spleen mushed and made up to 100 cos with
distilled water. Shaken, and allowed to stand
overnight in refrigerator.
1 cc solution taken for colorimetry :
0O * 36 therefor® L * _441
From graph this * 5»55 mgns haemoglobin
* Omount iIn 1 cc solution
Therefore in 100 cos solution amount Hb
* (5*55 x 100) mgms = 555 mgras Ho.
From (1) above 1 cc blood contained 112 i1ag® Hb
Therefore volume of blood In spleen

- 555
112

(605

4.7 CCS.

/ (4) eoce



NUMBER - continued,

@) Solution containing spleen placed In
evaporating sldh and dried to constant weight
In air oven at 105°C.

Weight of diah + dried spleen = 2% Gairs
Weight of dish i * 201.4Grams
Therefore weight of driedspleen* 2feGramns
This was crushed to a fine powder and mixed,

A sample was taken for i1ron estimation :

Weight of vatchglass + sample * Grams
Weight of vatchglass * 3N7350rsas
Therefore weight of spleen

sample > 0.2145 Gram

Sample digested and made up to 100 ccs solution.
2 ccs taken for colorimetry s
G * 5" therefore L = *29

From graph this * _.0OUS mga iron
arap * amoun@gin 2 ccs solution

Therefore 1In 100 ccs solution amount Iron
* ]-008 X 100) agm . o.U nEO

= amount In 0.2145 Gram dried spleen
Therefore amount iron In 2.6 Grams dried

spleen « ( 4 x 2.6 )mgm
( T2P 5)

* 4-g mgms iron * Total iron In spleen.

/ From



Fron (3) above spleen contained 4.7 cos blood
Fron () above 1 cc blood contained 0.57 mgm Fe

Therefore 4.7 ccs blood contains i

4.7 x .557) &3 Iron
2.65 ages

Therefore amount Iron actually In

Splenic Tissue * (4.3 « 2.63) ngree

» 2.12 rags lron.

/ NUMBER 35 - te*



NUMBER 35 - Irene Kumalo (B-M.H. No.1M2)
Full term female child. Very pale. Aged 7 days.
Blrthweight 5 IS5 12 ozs.

(D 1 cc blood taken for haemoglobin estimation:
Diluted to 50 cos solution with distilled water.
Alloned to stand overnight iIn refrigerator.
2 ccs taken for colorimetry :

G « ™6 therefore L * *337

From graph this * ~.25 mgms haemoglobin
« amount In 2 ccs solution.

Therefore iIn 50 ccs solution amount haemoglobin

* ((A.25 X 52 moe « 106.25 mgma haemoglobin

a amount In 1 cc blood.

(@ 1 cc blood taken for iron estimation.
Digested and made up to 100 ccs solution.
2 ccs solution taken for colorimetry:

G *51 therefore L * .2024

From graph this * _007S ngras 1ron « amount In 2ccs
solution.

Therefore 1n 100 ccs solution amount Iron
* E-oo7$ X 1(2)03'mpia * 0,39 ngras
> amount iron in 1 co blood.
/ (B LIVER eee



@) LIMR,.

i Volume _of liver * 70 ccs
Weight of crucible + liver =265 QHame
Weight of crucible » 1S0.2 Grams
Therefore weight of liver » 7&% Grams

Liver mushed and made up to 50Q ccs solution
with distilled water. Shaken, and allowed to
stand overnight in refrigerator.
2 oce taken for colorimetry :
G = 62 therefore L *» .2076
From graph this * 2.625 agms Hb
* amount iIn 2 oca solution
Therefore iIn 500 ccs amount haemoglobin
g 52-625 X RgQg - 656.25 Mgms Ho.

From (1) above 1 cc blood contained 106.25 mgras Hb

Therefore volume of blood iIn liver

106.25 ——— ]



evaporating dish and dried to constant
weight 1n air oven at 10Q5°C.
Weight of dish + dried liver » 205 Grams

Weight of dish * 12b.2 Grams
Therefore weight of dried liver » 12.2 CGrams

This was crushed to a fine powder and mixed.
k sample was taken for iron estimation:
Weight of watchglass + sample * Grams
Weight of watchglaSs * 3 .G135 Grams
Therefore weight of liver sample* Q.3025 Grams
Sample was digested and made up to 100 ocs
solution. 2 ccs taken for colorimetry 1
G * 3~ therefore L * _U7

From graph this * .0111 mgm iron

» amount iIn 2 ccs solution
Therefore i1n 100 ccs solution amount iron

* (*0111 X 1QQ)mgms * 0.555 mE3

* amount In o .3~25 Gram dry liver
Therefore amount iron In 12.2 Grams dried liver

« (*B55 x 18.8 ) ragms » 28.7 rayas iron
( 3885 ) T

> Total 1ron In whole liver.



Fron () above liver contained :
6.2 ccs blood

Fron (2) above 1 cc blood contained ;
0.39 ragms i1ron

Therefore 6.2 ccs blood contains 1

(6.2 x .39) nigrs 1ron
* 2,k2 ngtas lron

Therefore amount iron actually present

in Hepatic Tissue » (2S5.7 - 2.°2) npa
t
» 26.28 agms iron.

/ (B) SPLEEN tree



306 -
NUI\/I\BER *H - continued.

{5 SPLEEN.

_ Volume of spleen * 5 009
Weilght of crucible + spleen a& 72.7 Orams
Weight of crucible & 66.7 drams
Therefore weight of spleen » 6 Orems

Spleen mushed and made up t 100 cos solution
with distilled water* Shaken, and allowed to
stand overmight In refrigerator.
2 cos taken for colorimetry J

O » 66 therefore L « .1505
From graph this « 2*3 mgms Hb

» amount In 2 cos solution

Therefore i1n 100 cos solution amount Hb

s {2*3 x 100 5 w 115 agmns haemoglobin

From {1} above 1 cc blood contained t

106.25 nigae haemoglobin
Therefore volume of blood in spleen

* 115

10725

» 1.05 cce.



evaporating dish and dried to constant
weight 1In ailr oven at 105°C.
“Weu of dish + dried spleen *6&.2 Grans

Weight of dish 3 *66.7 Grass
Therefore weight of dried spleen® 1.g Grans

This was crushed to a fine powder and mixed.
A sample was taken for iron estimation :
Weight of watchglase+ sample  «3*2055 Grans
Weight of watchglaes >3.0735 Grams
Therefore weight of spleen
sample *0.132 CGram
Digested and made up to 100 cos solution.
2 ccs solution taken for colorimetry j
G * h&3 therefore L * _312
From graph this » .0084 mgm iron
* amount In 2 ccs solution
Therefore iIn 100 ccs solution amount iron
- {'-OOS* * i%>)) mgn

= Q-4g ragn Iron
» amount In .132 Gram dry spleen

Therefore amount Iran In 1.5 Gram dried spleen
*o(*n2 X mgms * 4.77 ™Mpyg lron

« Total 1ron In snleen.
/ From



30S

Fron (3) above spleen contained |
I-Og ccg blood

Fron (2) above 1 cc blood contained :
0.39 difa Iron

Therefore 1.QS oc blood contains :
(A-0S x *39) iron
» 042 noffl iron

Therefore amount iron actually iIn

Splenic Tissue » (4,77 * 0.42}y m@a

» 4.35 nmgra iron.

/ NUMBER 36



3°9*
NUMBER 36 - Cynthia Thali. (3.M.H. No.lell}

Full term female. Stillbirth. Birth Weight 7 lbs.
Died of Intracranial haemorrhage. Specimen
obtained within 12 hours.

(@) 1 cc blood taken for haemoglobin
estimation. Diluted to 50 cos with distilled
water. Allowed to stand ovemight iIn
refrigerator. 1 coc solution taken for
colorimetry :

G s 60 therefore L * .2213

From graph ﬁus * p.g swgss haemoglobin
* amount In 1 cc solution

Therefore iIn 50 ccs solution amount haemoglobin
= 12,S | mgms « 140 mgma haemoglobin

» amount In 1 oc blood.

2) 1 cc blood taken for i1ron estimation.
Digested and made up to 100 ccs solution.
2 ccs taken for colorimetry !

O * 43* therefore L * .34

From graph this » .0093 ngra 1ron = amount In 2 ccs
solution

Therefore In 100 ccs solution amount 1ron
* N(.009S X 100) mums « 0.49 mgms iron

« amount In 1 cc blood.
/ (3 LIMVER



_ Volume of liver _ * 65 0ce
Weight of crucible liver * 299 Oreias
Weight of crucible * 201.5 Grams
Therefore weight of liver * 97.5 Grams

Liver mushed and mode up to 50G oca with
distilled water. Shaken, and allowed to
stand overnight in refrigerator.
1 oc solution taken for colorimetry :
a * 54 therefore L « .2676
From graph this « 3.375 haemoglobin
* amount In 1 cc solution

Therefore i1n 500 ccs solution amount Hb
- (3.375 * ~ 0) mgns
* 1667.5 mgms haemoglobin

Fron (1) above 1 cc blood contains IHo mgms Hb
Therefore volume of blood in liver

16&87»5 ccs *> 12 CCS.

/ W eoce



4 Solution containing liver placed iIn
evaporating dish end dried to constant
weight iIn air oven at 1G5°C.
Weight of dish + dried liver « 222 Oraree
Weight of dish i * 2015 Grams
Therefore weight of dried liver * 20Q.5 Gairns .
This was crushed to a fine powder and mixed.
A sample was taken for iron estimation :
Weight of watchglass 4 sample * 3*77 drams
Weight of watchglass & 3735 Grams
Therefore weight of liver sample* 0.3535 dram
Sample digested and made up to 100 ccs.
2 ccs solution taken for colorimetryjp

O » 51 therefore L * .2024

From graph this = ,00JS mgm 1ron
arap * amountm%n 2 ccs solution

Therefore iIn 100 ccs solution amount iron

* E-oms X Igo)) racgp = 0.39 mgms i1ron

= amount In 0.3535 Oram dry liver
Therefore In 20.5 Oram dried liver amount iron

* (*39 X 20.5) sigs Iron > 22.6 rgyea lron
< 0535)

Toial 1ron In whole liver.



From (@} above this liver contained
12 acs blood

Fron (2) above 1 cc blood contained
0 .o mga lron

Therefore 12 ccs blood contain
(A2 x "9) &gm i1ron

* 5 .53 rag®0 1ron

Therefore amount iron actually present iIn
Hepatic Tissue * (2.6 - 5€93)

» 16.72 rayas 1ron.



NU*?H 36 - continued.

(3 SPLSHN.

_ Volume of spleen s — 1t CCS
Weight of crucible spleen » 190.5 Grams
Weight of crucible « 186 Groms
Therefore weight of spleen a ~.5 Grams

Spleen mushed and made up t 100 ccs with
distilled water. Shaken, and alloned to stand
overnight in refrigerator,
2 ccs solution taken for colorimetry:

O * S therefore L * .1079

From graph this « 1*375 mgms haemoglobin
* amount in 2 ccs solution

Therefore In 100 ccs solution amount Hb

a (1.375 X agms » e6g»75 mgms Hb

From (1) above 1 coc blood cottalnsIM-O regn Hb
Therefore volume of blood In spleen » 68.75
100

=0.5 CC



NUMBER 56 - continued,
=) Solution containing spleen placed iIn
evaporating dish and dried to constant
weight In alr oven at 105°C.
Welght of dish +dried spleen * 1S7 Grams
Weight of dish i * 150 CGrass
Therefore weight of dried spleen* 1 Gram
This Was crushed to a fine powder and mixed.
A sample was taken for iron estimation;
Weight of watchglasa + sawple * Grams
Weight of watchglass * 3*7735 Grams
Therefore weight of spleen
sample * 0.1665 Grams

Sample digested and made up to 100 oca solution
N ccs solution taken for colorimetry :

G * 69N thercfora L * _1Is58Q

From graph this » .00 mgm iron i
* amount In ccs solution

Therefore in 100 ocs solution amount lron
* {.0041 x JXJo) mgm * .1025 nmgra Iron
* amount in .1665 Gram dry spleen
Therefore amount iron iIn 1 Gram dried spleen

J 1025 xX”™MA)aGmm 0.615 mgm lron

* Total amount Iron In whole spleen



Fron (@) above spleen contained :
0.5 o0 blood

Fron (2) above 1 cc blood contains :
0.49 aa 1ron

Therefore 0.5 cc blood contains s
(*5 x .49 ran iron

* 0.245 mgd iron.

Therefore amount lran actually present In

Splenic Tissue « (.615 *

« 0,37 mga Iron.

/ mmm 37 **e



NUMBER 37 - Jane Nthable (B-M.H.1S53) Full
term. Male. Stillbirth. Birth Weight & lbs.

Intracranial haemorrhage.

(D 1 cc blood taken for haemoglobin estimation.
Made up to 50 ccs solution with distilled water.
Alloved to stand iIn refrigerator ovemight.
2 ccs solution taken for colorimetry :

8 * 37 therefore L » .32

From graph this * 55 mgms haemoglobin_
* amount In 2 ccs solution

Therefore In 5° oes solution amount Hb
“ 155 X m ragga - X36.as mgms Hb

* amount In 1 cc blood.

@ 1 cc blood taken for iron estimation.
Digested and made up to 100 cos solution.
2 ccs solution taken for colorimetry;

G = 30 therefore L * _.$20

From graph this » 013~ mg® i1ron * amount iIn 2cc®
solution

Therefore In 100 ccs solution amount Iron
= (033 x 1000 mga a 0.6% ragn iron
« amount In 1 cc blood.

/ (B) LIVER ee-



WAQVR 37 - continued.
(@) LIVsK.

_ Volume of _liver _ * 10 OC8
Weight of crucible + liver * 39 CGrams
Weight of crucible *  213.4 Grams
Therefore weight of liver - 175.& Grams

Liver mushed and made up to JOG oos with
distilled water. Shaken, and allowed to
stand overnight in refrigerator.
cc solution teken for colorimetry:
a » 44 therefore L « .354
From graph this a 4.45 mgms haemoglobin
= amount iIn £ cc solution
Therefore iIn 500 ccs solution amount Ho

* (%S x H0O)mm * 4,450 rags Ho,
Vv s/

From (1) above 1 cc blood contains 136.25®23 Hb

Therefore volume of blood In liver » 4450 @
136.25

a 3.6 CCSs.

/ A ) eoce



3X6
NIMBTR 57 - continued.
@ Solution containing liver placed in
evaporating dish and dried to constant
weight 1n air oven at 105°C.
Weight of dish + driedliver *247.5 Grams

Weight of dish *213.4 Grams
Therefore weight of dried liver * 34.1 Grams

This was crushed to a fine powder and mixed.
A sample was taken for iron estimation :
Weight of vatchglaes + sample * 3e464-2 Grams
Weight of wstchglaes *3.074 Grams
Therefore weight of liver sample* 0.4102 Gram
G&aple digested and made up to 100 ccs solution.
1 oo solution taken for colorimetry;

G » 37 therefore L * .42

From graph this » .0114 nga iron
* amount In 1 cc solution

Therefore iIn 100 ca® solution amount Iron

a ( .0114 x .10™j ramss 1.14 mgms 1ron

* amount iIn 0.410? Gran dry liver
Therefore amount iron In 3»1 Grams dried liver

*

| -0 * Ings * 94.7 mgas iron

“ Totsl 1ron in whole liver.



Proa () above liver contained

32,6 cos blood

From (2) above 1 cc blood contained

0.69 mgm 1ron
therefore 32 .b oca blood contain
(B2.6 X .69) mga Iron

» 22.$ ragas hron.

Therefore amount lron actually in

Hepatic Tissue ® (@7 * 22.$) sgm

* 72.2 rags iron.

/ (3 SPLEEN ee-



(3 3PLEEN.

i Volume of spleen a 7 0OCS
Weight of crucible + spleen » Grams
Weight of crucible * Grams
Therefore weight of spleen % S.3 Grams

Spleen faushed and made up to 100 ocs with
distilled water. Shaken, and allowed to stand
overnight iIn refrigerator.
1 cc solution taken for colorimetry s

G = Ug therefore L * .310
From graph this * 3.9 mgms haemoglobin

» amount In 1 oc solution
Therefore in 100 cos solution amount haemoglobin
* (@B*9 X 100}ragn a 390 ragms haemoglobin.

From (1) above 1 oc blood contains 136.25 my@» Ho
Therefore volume of blood In spleen

a 390 cCs ccs
T3ET55



{h) Solution containing spleen placed in
evaporating dish and dried to constant
weight in air oven at 105°C.

Weight of dish + dried spleen *> 6&. J Grams
Weight of dish » 66.J Grains
Therefore weight of dried spleen® 2 Grams

This was crushed to a fine powder and mixed.

A sample wan taken for iron estimation.

Weight of vatchglass +sample * 3*313 Grams
Weight of watchglass » 3.0/4 Grams
Therefore weight of spleen

sample * 0.339 Grams

Sample digested and made up to 1QQ ccs,

2 ccs solution taken for colorimetry
12
G * bj therefore L * .359

From graph this * .0096 saga Iron
» amount in 2 cos solution

Therefore amount 1ron iIn 100 cos solution

® (.0096 X 100) rags « 0.4S mgm3 iron
< 2)

» amount in 0.239 Gram dry spleen

Therefore amount iron iIn 2 grams dried spleen

*( ¥ X ragas * ~ mgms iron

(
“ Total 1ron in whole spleen



From (3) above spleen contained
2.5S ccs blood

Proa (2) above 1 oc blood contained
0.69 mg= Iron

Therefore 2,BS ccs blood contain
2.SH x .69) npi i1ron

» 1.9S Iap 1ron

Therefore amount iron actually iIn

Splenic Tissue * (k - 1708) ages

» 2,02 lagc Iron.

/ NUMBER 3S

o’



NUMBSR 35 - Aline Nkoko (B-M.H. No.1757)
Full term female. Aged 1 day. Birth weight 7 lbs.

Intracranial haemorrhage.

(O 1 cc blood taken for haemoglobin estimations
diluted to 50 ccs with distilled water. Allowed
to stand iIn refrigerator ovemight.
2 ccs solution taken for colorimetry:

0 « *# therefore L * _39S5

From graph this « 5 rags Kb « amount in 2 cce
solution

Therefore i1n 50 ccs solution amount haemoglobin

« amouht In 1 cc blood.

(@ 1 cc blood taken for iron estimation.
Digested and made up to 100 ccs solution.
2 ccs solution taken for colorimetry :

0 » 32 therefore L « .4$1

From graph this * .013 tog iron = amount In 2 ccs
solution

Therefore In 100 ccs solution amount Iron
* ( 013 X

a amount In 1 cc blood.

/ (@B> LITER *«»



@) LIWR,

_ Volume of liver _ * 9H CCS
Weight of crucible ¢ liver * 324.5 Grass
Weight of crucible « 219 CGrass
Therefore weight of liver » 106«5 Grass

Liver mushed and made up t 500 ccs. with
distilled water. Shaken, and allowed to stand
in refrigerator ovemight.
1 o0 taken for colorimetry :
G * 47 therefore L » .326

From graph this * 4.15 mgms haemoglobin

« amount iIn 1 co solution
Therefore In 5)0 00a solution amount Kb

* (4.1% x s500)mgms a 2*075 mgns Kb
a amount of haemoglobin in whole liver.

From (1) above 1 cc blood contains 125 wgras Kb

Therefore volume of blood In liver a 2075
~ m 008

= 16.6 cce.

/ @ e



3S - continued.

@ Solution containing liver placed In
evaporating dish and dried to constant
welght in air oven at 10$°C*
Weight of dish + dried liver *  239*2 Cratee
Weight of dish ) o * 219 CGats
Therefore weight of dried liver » £0.2 Gaits
This was crushed to a fine powder and mixed,
A cample was taken for iron estimation :
Weight of vatchglass + sample » 3.496 Grams
Weight of watchglasa a 3.07% Crams
Therefore weight of sample » 0.422 Grans
Sample digested and made up to 100 ccs,
1 cc solution taken for colorimetry;

G * » therefore L = 321

From graph this » ,00S6 mga iron
= amount In 1 cc solution

Therefore In 100 ccs solution amount Iron
* (0056 x 100) nmgm « 0,96 mgm
* amount In 0.422 Gram dried liver

Therefore amount iron In 20.2 Grams dried liver

* ( X )me®3 2 41.19 agms iron

* Total 1ron In whole liver.



1 M _36."-Q0ntjnun
From (3) above liver contained
16.6 cos blood

From (2} above 1 cc blood contained

0.65 mgm Iron

Therefore 16,6 ccs blood contain
(6.6 x .5) mgs lron
= 10.8 rogs lron

Therefore amount iron actually present in
Hepatic Tissue * (U-1.1Q - 10.S) rmgras

& 30.39 Nmgree iron.

/ {3) SPLEEN e**



NUMBER Y6 - continued

(3@ SPLEEN.

i Volume _of spleen s A CCS
Weight of crucible + spleen * 1S0.2 Orams
Weight of crucible =175  Crams
Therefore weight of spleen Aa $.2 Grams

Spleen raushed and made up to 1Q0 ccs solution
with distilled water. Shaken, and allowved to
stand overnight in refrigerator.
2 ccs solution taken for colorimetry ;
QO = 70 therefore L « _.15%19
From graph this » 1*975 ngns haemoglobin
= amount In 2 ccs solution

Therefore in 100 cos solution amount Ho
mgms % 98.75 mgms Hb
» amount of haemoglobin in wholle spleen.

From (1) above 1 ec blood contains 125 mgm Hb

Therefore volume of blood iIn spleen & 98.75
125

- 0.79 @

/ L X X ]



NUHBSB. 3S ~ continued,

(@ solution containing spleen placed iIn
evaporating dish and dried to constant weight
in air oven at 105°c.

Weight of dish + dried spleen » 176*2 drams

Weight of dish ) * 175  drams
Therefore weight of dried spleen* 1.2 dranm

This was crushed to a fine powder and mixed,
A sample was taken for iron estimation i
Weight of watchglass+ sawple * Grams
Weight of watchglass * 3*°7N CGrams
Therefore weight of spleen
sample * 0.238 Gram
Sample digested and made up to 100 ccs.
2 cos solution taken for colorimetry.
G * 3™ therefore L » .426
Prom graph this * ,0113 agm iron
* amount iIn 2 ccs solution

Therefore in 100 ccs solution amount iron

* (,0113 x 100 )mgm » 0O.565 mgm Pe

* amount In 0.23% Gr*m dried spleen

Therefore iIn 1,2 Gram dried spleen amount iron

* Total 1ron In whole spleen.



Prom (@) above spleen contained
0,79 oc blood

From (?) above 1 ec blood contained
0.65 r@a Iron
Therefore 0.79 00 blood contains

(.79 S .65) ragn 1Iron

« 0.514- rga iron

Therefore aaount iron actually present in
Splenic Tissue « 2.4 - 0,514-) mgn

« 2,326 mgMG i1ron.

/ NUMBER 39 ¢ee



NIH3SR 59 » 3aloae Mofekeng (B.H.H. No.2003)
Full term male. Birth Weight 9 lbs &

Age 12 hours. Died of intracranial hemorrhage.
Mother*s W.R, +.ee

(@) 1 oc blood taken for haemoglobin estim-tlon.
Made up to 5° oca with distilled water. Allowed
t stand overnight in refrigerator.
1 oc solution taken for colorimetry ?

G * 66 therefore L * _1505

From graph this » 2.3 agme haemoglobin_
* amount in 1 cc solution

Therefore i1n 50 ccs solution amount haemoglobin
* (2.3 x 90) nga = 115 Bgns

« amount In 1 cc blood.

(@) 1 oo blood taken for i1ron estimation.

Digested and made up to 100 ccs solution

2 ccs of this solution taken for colorimetry;
»

0 « 36 therefore L » _MU

From graph this » .0115 sign iron * amount in 2
solution

Therefore In 100 ccs solution amount 1ron

» ( .011$% X 100 )rages ™ 0.59 mgm iron

« amount In1 ioc blood.
/ (@) LIVER



(3) him u

i Volume of liver a 11*+ CCS
Weight of cruelole + liver a 3 S8
Weight of crucible » 213*5 Grams
Therefore weight of liver a 120.5 Grams

Liver mushed end made up tO s$oo ocs with
distilled water. Shaken, and allowed to
stand overnight in refrigerator.
1 oo solution taken for colorimetry :
G 3 B therefore L « .3M
Fora graph tills = 16 mgras haemoglobin
» amount in 1 oo solution

Therefore In 50Q ccs solution amount Hb

= (tye X 5°G) r@yss a 2,300 3j'B haemoglobin

a amount of haemoglobin In liver.
Fron (1) above 1 cc blood contains 115 agas Hb
Therefore volume of blood iIn liver = %’ﬁ)g Cca

a 20 CCS.



NtHBm. - continued.
@ Solution containing liver placed In
evaporating dish .ad dried to constait, weight
in air oen, at 105n0.
Weight of dish ¢ dried liver » 733  Grans
Weight of dish ) ) * 213*5 Grams
Therefore weight of dried liver » 4.5 Grams
This was crushed to a fine powder and mixed™
A sample vas taken for iron estimationi
Weight of vrand1¥ase 4 sample * 359 Crams
Weight of watohglass * XG2S Grams
Therefore weight of sample - 0.4275 Grams
Sample digested and made up t 100 ccs,
2 ccs solution taken for colorimetry |

G » 23 therefore L m *553

From graph this * .0147 ngia 1ron i
« amount In ? cce solution

Therefore In 100 ccs solution amount Iron

« amount iIn 0.4275 Gram dried liver

Therefore In 24*5 Grams dried liver amount iron

* Total 1ron in whole liver.



From () above liver contained
20 oca blood

Fron (2) above 1 oc blood contained
0.59 sign 1ron

Therefore 20 cos blood contain
(20 x ,59) mges iron

$ 11*6 mgms i1ron

Therefore amount Iron actually present In
Hepatic Tissue » ("2.12 - 11.6) mgnm

* 30.32 mgns i1ron.



G) m&m-

i Volume of spleen a % CoS
Weight of crucible + spleen * 196.2 Grams
Weight of crucible « 166.2 Grams
Therefore -weigit of spleen * 10 Grams

Spleen mushed and made up to 100 oca with
distilled water. Shaken, and alloned to stand
overmight in refrigerator.
1 oc solution taken for colorimetry !
G a 51 therefore L * .2024
From graph this * 3.675 sages haemoglobin
« amount In 1 cc solution
Therefore In 100 ccs solution amount Ho
e 367.5 ngns haemoglobin.
» amount haemoglobin In spleen.
From (1) above 1 cc blood contains 115 sages Hb

Therefore volume of blood In spleen * 367*5 0CS
TTs

« 3.2 CCs



MUMBSR 59 ~ continued.
(@ Solution containing spleen placed iIn
evaporating dish and dried to constant weight
In air oven at 105 °C.
Weight of dleh + dried spleen « 169 Grams
Weight of dish i » 1S6.2 (ars
Therefore weight of dried spleen* 2,8 Grams
This was crushed to a fine powder and mixed.
A sample was taken for iron estimationi
Weight of watchglaus + sample  * 3*3Grams
Weilght of watchglass * FN715Crams
Therefore weight of sample * 0.2265Cram
Sample digested and made up t 100 cce.
4 cos solution taken for colorimetry:

G * 29 therefore L « .536

From graph this » 0.0143 raya 1ron i
* amount In 4 ccs solution

Therefore In 100 ccs solution amount 1ron

« ( .0143 x 100) 3 ,, 0.3575 ragn Iron
* amount In 0.22S5 Gram dry spleen

Therefore In 2.6 Grams dried spleen amount iron

*(*3BBH* 26 )l = 4.3 rags 1ron
< .sag?-) m — " —————

» Total 1ron iIn spleen.



from <3) above spleen contained
3.2 cos blood

Fron (3) above 1 co blood contained

0.59 ragn 1ron

Therefore 3.2 cos blood contain
(3*2 x .59) apai lron

& 1.gg aga i1ron

Therefore amount Iron actually present iIn

Splenic Tissue a H3 - L1.SS) &g

a&,2.U2 mra 1ron.

/ NUMBER kO



KosBaft 1~.  Eliza Lithuli. (B-M.H.NO.3390)
Female. Stillbirth. Premature (33 * 3~ weeks)
Birth weight Ibs.

@) 1 ce blood taken for haemoglobin estimation.
Diluted to 50 cos with distilled water. Allowed
to stand overmight in refrigerator.
1 cc solution taken for colorimetry s

a « therefore L » .1659

From graph this » 2.1 mgm _haemoglobin _
* amount In 1 oc solution

Therefore iIn 50 ccs solution amount haemoglobin
* (.1 X 50)ragm* 105 mgms haemoglobin

a amount In 1 cc blood.

@) 1 co blood taken for iron estimation.
Digested and made up to 100 ccs solution.
2 ccs solution taken for oolorimetry 1

O g 4~ therefore L 7173

From graph this * .0092 ragn Iron « amount iIn 2 ccs
solution

Therefore In 100 ccs solution amount Iron

» (0092 X 1Q?mp * 0,46 aga iron

* amount In 1 cc blood.

/ G) LIVER -



w mm?>*

i Volume of liver _ s kS ccs
Weight of crucible + liver * 25~-5 drains
Weight of crucible a 201.5 Grams
Therefore weight of liver » 53 Grans

Liver mushed and made up to 500 cos with
distilled water. Shaken, and allowed to stand
overnight in refrigerator,
2 cce solution taken for colorimetry :

G » 67 therefore L » .1739

From graph this =*2.2 mgras Hb * amount_in 2 cos
solution

Therefore iIn 500 ccs solution amount haemoglobin

» amount haemoglobin In liver.
From (1) above 1 cc blood contains 105 sagas Hb

Therefore volume OF blood In liver » 550

* 5.25 CCS

/™



(G) Solution containing liver placed in
evaporating dish and dried to constant
weight iIn alr oven at 105°C.

Weight of dish + dried liver » 211.7 Grams
Weight of dish ) i * 2G1.5 Grams
Therefore weight of dried liver * 9.7 Grama
This dried liver was crushed to a fine powder

and mixed. A sample was taken for iron

estimations

Weight of watohgloas + sample * 3*5" Grams
Weight of watchglass _ % 3.0715 Grams
Therefore weight of liver sample® Grams

Digested and made up to 100 cca solution.
2 ccs solution taken for colorimetry :
G « 55 therefore L * _2537

From graph this » .0063 tags iron i
» amount In 2 ccs solution

Therefore In 100 cca solution ©mount §ron
» ( .0JoS x 100) @™ 0.3 mgm #ron
25

C
« amount In 0.4S65 gram dried liver

Therefore In 9.7 Grama dried liver amount of i1ron

» 3N X 9.7 npaa» 6.75 msS 1ron
f -Is5 3 =

*  Total 1ron in whole Iliver.



From (3) above liver contained

5.25 c¢cs blood

From (2) above 1 cc blood contained

0,26 mga iron

Therefore 5,25 ccs blood contain

{5.25 x .6} mg® iron

- ?J"2 agtas lron

Therefore mount actually present in

Hepatic Tissue « (6.75 - ?e**?) ragnfi

<& N33 mgms iron.

/ @ SPLEEN



(3 SPLEEN,

Volume of spleen » 3

Weight of crucible + spleen » 70,4 Grams
Weight of crucible »xe 66,7 Grams
Therefore weight of spleen *  3*7 Gratao

Spleen mushed and made up to 100 ccs with distilled
water. Shaken, and allowed tostand overnight in
refrigerator.
2 ccs solution taken for colorimetry.
G * 75 therefore L = _.1249
From graph this * 1.6 mgma haemoglobin
=t amount iIn 2 cos solution

Therefore In 100 ccs solution amount Hb
» gl-G X 180 %mgms * 0 rags Hb

a amount of haemoglobin In spleen.
From (1) above 1 cc blood contains 105 ngras Hb

Therefore volume of blood In spleen * SO ccs
105

50.76 CCS

/ @ 1e--



NUMBER 40 - continued.
(4 Solution containing spleen placed in
evaporating dish and dried to oonstant
weight In alr oven at 105°C.
Weight of dish & dried spleen * 67.4 Grams
Weight of dish * 60.7 Grams
Therefore weight of dried spleen* 0,7 Gram
This dried spleen was crushed to a fine powder
and mixed. A cample was taken for iron
estimationt
Weight of watchglass + sample * 3*69" Grams
Weight of watchglass * 3.Qr 15 Grams
Therefore weight of spleen

sample * 0.1979 Gram
Sample was digested and made up to 100 oos.
4 ccs solution taken for colorimetry :

G = k'p therefore L * .359

From graph this a .0096 ragn iron _
* amount In 4 ccs solution

Therefore 1In 100 ccs solution amount iron
* %0096 X 1203 ragn * 0.24 mgm #ron
« amount In .1979 Gram dried spleen

Therefore amount of iron In 0.7 Gram dried

spleen * ( .24 x .7 )mgm a 0,95 mgm #iron
( T575~> e

* Total 1ron In whole spleen.



33~

Fron () above spleen contained :
Q.Jb co blood

Fron (2) above 1 co blood contained
0.46 ngja Iron

Therefore 0,76 co blood contains
(.76 X .46) mgs Iron

5 O»35 AP* 1ron

Therefore amount iron actually present iIn
Splenic Tissue >» (095 - 0.35) mgm

= 0.6 mgm Iron.

/ NUMBER 41 ee-



NUMBER 41 - Maria Nxumalo (B-M.H. No.3458)
Full term male. Birth weight £ lIbs. Lived
5 hours. Died of intracranial haemorrhage.

(D 1 cc blood taken for haemoglobin
estimation. Diluted to 50 cos solution with
distilled water. Allowed to stand ovemight,
In refrigerator.
2 ccs solution taken for colorimetry.

a =56 therefore L * 2%1&

From graph this * 3-175 agoa haemoglaobin
* amount 1In 2 ccs solution

Therefore 1In 50 ccs solution amount Hb
*  (B«N75 X mras » 7 9 mgms Hb

« amount In 1 cc blood.

(@ 1 cc blood taken for iron estimation.
Digested and made up to 100 ccs solution.
2 cce solution taken for colorimetry :

O » 47 therefore L * .32

Fola graph this * Q.GQgg mgn iron
« amount In 2 cc solution

Therefore In 100 ccs solution amount iron
* (.00gg x mgm * 0.44 mgm iron
* amount In 1 oc blood.

/ () LIVER



NUMBER — continued.
3) LI73R.

i Volume of liver = 100 008
Weight of crucible * liver = 377 Grams
Weight of crucible * 2135 Grams
Therefore weight of liver « 113.5 Grams

Liver muehed and made up to $00 ccs solution
with distilled water. Shaken, and allowed to
stand overnight In refrigerator.
1 oo solution taken for colorimetry !
G * 53 therefore L * .2/
From graph this * 3*\75 mgras haemoglobin
= amount In 1 cc solution

Therefore In 500 cca solution amount Hb

- (8.H75 * s500)nmpeea 1737.5 Mgt Hb
a amount haemoglobin in liver.
Fron (1) above 1 cc blood contains 79* mgms Hb

Therefore volume of blood In liver * 1737*5
79_/\

= 20.& ccs.



(@ Solution containing liver placed in
evaporating dish and dried to constant weight
In air oven at loso G.
Weight of dish + dried liver *334 dramns
Weight of dish ) i * 2135 Grams
Therefore weight of dried liver * 30.3 Grams
Dried liver was crushed to a fine powder and
mixed. A sample was taken for i1ron estimation:
Weight of vatohglaee u sample *J.J&bb Grams
Weight of watohglass *J.QJIb CGrans
Therefore weight of liver

sample « 0.315 Gram
Sample was digested and made up to 100 ccs
solution. 2 cos solution taken for colorimetry:

G » 33 therefore L * .433

From graph this * .0133 mgm #ron i
= amount In 2 ocs solution

Therefore iIn 100 cos solution amount iron
= (.0133 x 100) mgm * 0.64 mgm @ron
* amount in 0.3215) Gram dried liver

Therefore iIn 30.3 CGramns dried liver amount

iron « (64 x 30.5) mgms = 41.7 ks 1ron

* Total 1ron in whole liver.

/ From



From (3) above liver contained 20.6 ccs blood

From (2) above 1 co blood contained 0.44 mgm Fe

Therefore 20.6 coS blood contain i

(20.6 x .44) mgjas iron

* 9.17 Jagnts Iron

Therefore amount Iron actually in

Hepatic Tissue « (41.7 - 9*17)

» 32.53 mgms iron.

/ (3} SPLEEN



(3 SPLEEN.

Volume of spleen 4 ccs
Weilght of crucible ¢ spleen 205.9 Orsme
Weight of crucible 201.5 Gratee
Therefore weight of spleen 4.4 Grams

Spleen mushed and made up to 100 cos with

distilled water. Shaken, and allowed to

stand overnight in refrigerator.

4 ccs solution taken for colorimetry s

o - W therefore L « <«G3°3*

From graph this ® 3.675 ragms haemoglobin
a amount in 4 ccs solution

Therefore In 100 ccs solution amount Hb

*Ir.llllll
w amount of haemoglobin iIn spleen.

From (1) above 1 cc blood contains 79 mgms Hb

Therefore volume of blood In spleen » 91*"75ccs
TN

*(3*&75 * A0 * 91.275 Hb

a 1.16 ccs*

/ (> e--



NUMBER 41 - continued.
(4 Solution containing spleen placed In
evaporating dish and dried to constant weight
In air oven at 105° C.
Weight of dish + driedspleen » 202.2Crams
Weight of dish *  201,5Grams
Weight of dried spleen * 0.7 Oranm
Dri-d spleen was crushed to a fine powder and
mixed, k sample was taken for iron estimation:
Weight of watchglé&ss + sample * 3*239 Grams
Weight of watohglass * 3.0716 Grams
Therefore weight of spleen

sample * 0.2174Gram
Sample was digested and made up to 100cce
solution. 1.25 cos solution taken for colorimetry:

G >» 37 therefore L * 43R

From graph this a 0.0l15 sgn iron )
* amount iIn 1.25 ccs solution

Therefore In 100 cco solution amount Iron

= E0-0"S X %ogggmgms >0.92 mgns iron
* amount iIn O-2i74 Gram dried spleen.
Therefore in 0.7 Gram dried spleen amount iron

To«IN)mgms «  2.96 nmgras 1ron

« Total lron In spleen.
/ From e_.



From (3) above spleen contained i
1.16 ccs blood

Fron (2) above 1 cc blood contained
0.44 ngja 1ron

Therefore 1.16 ccs blood contain
(1.16 x 0.44) aya i1ron

* 0.51 ragn Iron.

Therefore amount iron actually in

Splenic Tissue = {2.96 - 0.51)

s 2.45 mgms iron

/ NUMBER 4?



NtifBgh kg - Ke&¥sim, Matabane (B,M,K.No.3k6Q)
Male. Stillbirth. Premature (27 - 26 weeks)

First twin (binowular) Birth weight 2 Ibs k ozs.

(O 1 cc blood taken for haemoglobin estimation
Diluted to 50 ccs vith distilled water. Allowed

to stand ovemight iIn refrigerator.
2 ccs solution taken for colorimetry :
G * 53~ therefore L » .2696

From graph this » 3.k mgms haemoglobin _
* amount In 2 oca solution

Therefore In 50 ccs solution amount Hb

« amount In 1 oc blood.

(? 1 cc blood taken for 1ron estimation.
Digested and made up to 100 ccs solution.
2 cce solution taken for colorimetry:

From graph this » .007 mgm iron
grap » amounT:g in 2 ccs solution

Therefore In 100 ccs solution amount Iron

* amount In 1 oc blood

/ () LIVER

¢



(3> 1livia.

i Volume _of liver 3 cce
Weight of crucible + liver 25 <5 Grams
Weight of crucible 219  Grams
therefore weight of liver 375 Grams

Liver mushed and made up to 500 ccs with
distilled water. Shaken, and allowed to stand
overmight In refrigerator,
2 ccs solution taken for colorimetry 1
G a 62a therefore L = _20Hi
From graph this * 2.375 ®gms Hb
« amount In 2 ccs solution

therefore in 500 ccs solution amount haemoglobin

« (2.575 X rmgras * 6H3.75 mgnis Hb
» amount haemoglobin in liver.
From (1) above 1 cc blood contained 63 mgras Hb

therefore volume of blood in liver « 6H3.75
“?25

a (.6 ccs,

/ (H) L X X J



ysi
NUMSTK K2 - continued.
(}3) Solution containing liver placed in
evaporating dish and dried to constant weight

in air oven at 10%$°0.

Weight of dish & dried liver * 225.9 Grama
Weight of dish * 219 Grams
Therefore weight of dried liver a 6.9 Grams

Dried liver crushed to a fine powder and mixed,
A sample was taken for iron estimation:

Weight of watishglass ¢ sample « 3«395& Grams
Weight of watohglass » 3.0716 Grams
Therefore weight of liver samples 0.3~ Gram

Sample digested and made up to 100 cos.

2 ocs taken for colorimetry:

G » 50 therefore L « .2366

From graph this & .0063 mg.! Iron i
amount in 2 cos solution

Therefore In 100 cos solution amount iron

Therefore In 6.9 Grams dried liver amount

iron » ( .315 X ) ngflis * 6.5 mgms Fe.

« Total i1ron iIn whole liver.

/ From ._.



yjb.

Fron (@) above liver contained :
7.6 ace blood

Fron (2) above 1 cc blood contained *
0.35 ro® Iron

Therefore ~[b aeg blood contains :
(76 x .35 aya lron

» 2.66 raon 1ron.

Therefore actual amount 1ron iIn
mHepatic Tissue = (6.5 - 2.66) mEms

* 3k2& nmpjas 1ron.

/ (3 SPLEEN



@ air.Au

i Volume of spleen a»2 ccs
Weight of crucible * spleen « 177.2 Grams
Weight of crucible #1732 Grams
Therefore weight of spleen » 2 Grams

Spleen mushed, and made up to 100 ccs solution
with distilled water. Allowed to stand overnight
In refrigerator, after shaking.
~ ccs solution taken for colorimetry :
0 3 63 therefore L = .2007
From graph this » 2 .52% mgms haemoglobin
« amount In k ccs solution

Therefore In 100 ccs solution amount Hb

X 1005
_ g".55 T ragree 03»1 mgma Ho
= amount of haemoglobin in spleen
From (1) above 1 ec blood contained 8 mp*8 Hb
Therefore volume of blood in soleen * 67.1 CCg

~ W

a 0,7 .



(4 Solution containing spleen placed iIn
evaporating dish and dried to constant weight
in air oven at 1G5 “G.
Weight of dish+dried spleen * 17545 Crams
Weight of diah ) * 1K.<? Grams
Therefore weight of dried spleen* 0.25 Gram
Dried spleen crushed to a fine powder and mixed.
A sample was taken for iron estimation.
t
Weight of watchglass ¢ sample * 3*78 Grams
Weight of watchglass *3.0716 Crams
Therefore weight of spleen

sample =0.0964 Gram
Sample digested and made up to 100 cCcs.
5 ccs solution taken for colorimetry }

G » 63 therefore L * _2007

From graph this * _.0053 mgm #ron i
* amount 1IN 5 °GS solution

Therefore In 100 ccs solution amount iron

* (.0053 X 100)mgm * 0.106 mgm iron

* amount In 0.0964 Gram dried spleen
Therefore iIn 0.25 Gara dried spleen amount

iron = (_.106 x .25 mgm * 0,275 ngm Fe
O Y

a Total 1ron In spleen.

/ From *e



From () above spleen contained
0. 7 cc blood

Fron (2) above 1 cc blood contained

0-35 ngm lron

Therefore 0.74 cc blood contained

(.7 x .35 ) mgm lron

* 0.259 rm| lron

Therefore actual amount of Iron In
Splenic Tissue * (0.275 - 0.259) nign

= 0.016 mgm lIron

/ NUMBER 43



NUMBER 43 - Hermlna Mata—bane (B*M.H.No.3465)
Male. Stillbirth. Premature (27 - 2& weeks)
Second twin, (binowulsr) Birth weight : 2 lbs.

(O 1 cc blood taken for haemoglobin estimat-
ion. Dilluted to 50 ocs with distilled water.
Alloned to stand overnight iIn refrigerator !
2 ccs solution taken for colorimetry s

O » 43" therefore L * .34

Prom graph this « 4.6 rayas haemoglobin
« amount In 2 ccs solution

Therefore i1in 5 ccs solution amount haemoglobin
- (46 x Bo)rgas ™ 113 mgns haemoglobin

« amount In 1 cc blood.

(@ 1 oo blood taken for iron estimation.
Digested and made up to 100 ccs solution.
2 ccs solution taken for colorimetry s

G a 47 therefore L = .32s

From graph this * ,00SS rgya 1ron i
» amount In 2 ccs solution.

Therefore In 10G ccs solution amount iron
ss {(-oogg X iQFQ%rrga« 0.44 ngra iron
amount In 1 cc blood.

/ () LIVER «ee



NUMBER 43 - continued.

3 LIVER.

) Volurme of liver * 32 ccs
Weight of crucible + liver » 221.2 Grams
Weight of crucible $15.2 Grams
Therefore weight of liver * 35 Grams

Liver mushed and made up to 500 ccs with
distilled water. Shaken, and allowed to
stand overnight in refrigerator.
2 cca solution taken for colorimetry :
G = 4g2 therefore L » 314
From graph this * 3.95 mgms haemoglobin
» amount In 2 ccs solution

Therefore In 50 ccs solution amount Hb
(3*95 x ”"22) mgras * 987*5 mgrae Hb

a amount haemoglobin in liver.
From (1) above 1 cc blood contained 115 mgms Hb

Therefore volume of blood In liver * 9&7*5
115

a #£,6 CCS.

/ (4) X X



360

(4 Solution containing liver placed in
evaporating dish and dried to constant

weight iIn ailr oven at 1Q5°C.

Weight of dish + dried liver » 1P M- Grams
Weight of dish «156.2 Grams
therefore weight of dried liver » 6.2 Grans
Dried liver crushed to a fine powder and mixed.
A sample was taken for iron estimation :
Weight of watchglass ¢ sample  «3*"24 drams
Weight of watchglass _ «”",0716 CGrams
Therefore weight of liver

sample * Q.33 Gram
Sample digested and made up t 100 ccs.
2 ccs taken for colorimetry :

G * 502 therefore L * .297

From graph this « .0079 ®m iron )
* amount 1n 2 ccs solution

Therefore In 100 ccs solution amount i1ron

* amount iron_in 0.330S Gram -
dry liver.

Therefore In 6.2 Grams dried liver amount

= Total 1ron In whole liver

/ From eee



Host (3) above liver contained
S.6 ccs blood

From (2) above 1 oc blood contained

0.44 mgm iron

Therefore ™ ccs blood contains
(g6 X .44 ragn iron

& 3.7 mgms i1ron

Therefore amount iron actually present
In Hepatic Tissue * (7*39 - 3*7%) sigs

« 3*kI mgms #ron.

/ (@ SPLEEN



3 spl£sa.

i Volume _of spleen « - 1.5 ccs
Weight of crucible + spleen * 68.2 Grams
Weight of crucible a 66.7 Grams
Therefore weight of spleen « 1,5 Grams.

Spleen mushed and made up to 100 ccs with
distilled water. Shaken, and allowed to stand
overmight In refrigerator.
k cca solution taken for colorimetry !
G * 63™ therefore L * .1956
Prom graph this * 2.~75 mgras haemoglobin
« amount in d ccs solution
Therefore iIn 100 ccs solution amount Hb
* 82*’\75 X 19‘03’ « 61,875 rigaiHb
= amount of haemoglobin In spleen.
Prom (1) above 1 cc blood contained 115 xagvs Hb

Therefore volume of blood In spleen * 61.875 no
115

* 0.5" oc.

/ w eem



NUMBER H% - continued. N3*
(4 Solution containing spleen placed In
evaporating dish and dried to constant weight

In air oven at 1050 cC.

Weight of dish + driedspleen *66.95 drains
Weight of dish i »66.7 drams
Therefore weight of dried spleen* Q.25 dram

Dried spleen crushed to a fine powder and
mixed. A sample was taken for I»on estimation:
Weight of watohglass + sample  *3,172” drams

Weight of watchglass *J.0JIG drams
Therefore weight of spleen sa-aple=0.1Q0g dram

Sample digested and made up to 100 ccs solution
5 ccs solution taken for colorimetry :
O * 65 therefore L * .1871

From graph this * .001*Q iron
* amountrmlm1 5 3-s solution

Therefore in 100 ccs solution amount of Iron
* % «QVH9 X 190))jaga« ,09s ngm lron

* amount iIn 0.1008 dried spleen
Therefore In Q.25 Gram dried spleen amount

Iron « ( 09s X .25 ( . 0.2113 sim Fe
< 7Too2) “e* —— ——

» Total 1ron iIn spleen



Fron (J) above spleen contained :
0,54 cc blood

Fron (2} above 1 cc blood contained :
0.44 mgm 1ron

Therefore 0.54 coc blood, contains

(4 x .44 mgm iron
* 0.2376 mgm lIron

Therefore amount iron actually present In
Splenic Tissue » (0.243 - 0.2376) aya

a 0.0054 mgm iron.

/ NWBER 44



Nmagl W - Hetobl Moaisekeng (C.H.No.JSJO®)

Full term. Male. Birth weight 7 lIbs & ozs.
Age:10 days. Was a forceps delivery.

(@) 1 cc blood taken for haemoglobin

estimation. Diluted to $0 ccs with distilled

water. Allowed to stand overmnight iIn refriger-

ator. 2 ccs solution taken for colorimetry :
G *42 therefore L * .369

From graph this » *+.65 agms haemoglobin_
- amount In 2 ccs solution

Therefore In "0 co® solution amount Hb
3 ] X N0) * 116.25 mgms Ho

« amount In 1 oc blood.

@) 1 cc blood taken for Iron estimation.
Digested and made up to 100 ccs solution.
2 ccs solution taken for colorimetry

G *34 therefore L * .469

Fron graph this * .0124 mga Iron i
» amount mron In 2 ccs solution

Therefore 1n 100 ccs solution amount iron
- < -M2¥ * We> asm = 0.62 agm iron
* amount In 1 cc blood.

/ (G)LIVER -



? LIVER,

i Volume of liver w 100 CCS
Weight of crucible + liver * 255 Grams
Weight of crucible * 175,2 Grams
Therefore weight of liver = 109,& Grams

Liver mushed and made up to 500 cos with
distilled water. Shaken, and allowed t© stand
overnight iIn refrigerator.
2 ccs solution taken for colorimetry;
G a 3B therefore L * _UR
From graph this * 6.025 mgms haemoglobin
» amount iIn 2 ccs solution

Therefore In 500 ccs solution amount of Hb

* amount haemoglobin in liver.

From (1) above 1 cc blood contained 116.25 mga Hb

Therefore volume of blood In liver * 1506.25 ocs8
1755

a 12,9 CCS

I (4) ===



3/ .

(@ Solution containing liver placed In
evaporating dish and dried to constant

weight iIn air oven at 105°C.

Weight of dish + driedliver *197* Grama
Weight of dish ) i »175*2  Grams
Therefore weight of dried liver « 22.2 Grams
Dried liver crushed to a fine powder ad

mixed. A sample was taken for iron estimation s
Weight of watchglass + sample * 3B0S"N Grams
Weight of wfrtohglass *3»°75  Grams

Therefore weight of liver
sample = 0.~334 Grams

Sample digested and made up to 100 cos solution
1 cc solution taken for colorimetry :

G « 35 therefore L * .456

From graph this » 0.0121 mgm iron i
> amount In 1 coc solution

Therefore In 100 ccs solution amount iron
* (.0121 X 100) mgm « 1.21 mgm iron
*t anount In .4334 Gram dried liver

Therefore In 22.2 Grams dried liver amount of

irona (1.21 X 222 ms = 61.9 rags 1ron
E 743’\)) m% ———————————

* Total 1ron In whole liver.



Fromn () above liver contained
IE. 9 cca blood

Fron (2) above 1 cc blood contained

0.62 nmga iron

Therefore 12.9 cca blood contain
(2.9 X ™2) ran 1ron

g &agas iron

Therefore ailaouit lron actually in
Hepatic Tissue - (61.9 - &) ragsa

*  53»9 agms iron.



(3) SPLEEN.

i Volume of spleen % 12 0Ocs
Weight of crucible + spleen » 61.5 Grams
Weight of crucible » 66,7 Grams
Therefore weight of spleen * 14.S CGrams

Spleen mushed, and made up to 100 ccs with
distilled water. Shaken, and allowed to stand
overnight iIn refrigerator.
1 cc solution taken for colorimetry :
G » Jo therefore L » _.W4
From graph this * 5.6 tagus haemoglobin
> amount In 1 cc solution

Therefore In 100 ccs solution amount Hb

a 560 rys
* amount haemoglobin iIn spleen

From (1) above 1 cc blood contained 116.25 Ega Hb

Therefore volume of blood In soleen * 660

~N.6 CCS

/ 10 .-



HUMBER 44 - continued.

(@ Solution containing spleen placed

In evaporating dish end dried to constant
weight In air oven at 105<C,

Weight of dish + dried3pleen *69.7 Grams

Weight of dish i *66.7 Grams
Therefore weight of dried spleen* 3 CGrama

Dried spleen was crushed to a fine powder and
mixed. A sample was taken for iron estimations
Weight of watchglass + sample * 3218 Grams

Weight of watchglass * N75 Grams
Therefore weight of sample * 0.141 Granm

Sample digested and made up to 100 ccs.
2 ccs solution taken for colorimetry t

G * 50 therefore L * 301

From graph this * _.Q0S mgm #ron i
s anount In 2 ccs solution

Therefore In 100 ccs solution amount lron

b r] NSO * °*u msn
* amount iron_in 0.141 Gram
dried spleen

Therefore iIn 3 grams dried spleen amount iron

% Total 1ron iIn spleen.



Fromn (3) above spleen contained
H.g cc3 blood

From (2) above 1 oo blood contained
0.62 mgm 1ron
Therefore 4.g ocs blood contain

{4.S x .62) ragn iron

D 2.976 mgm iron

Therefore amount of iron actually present

In Splenic Tissue = (~.51 - 2.976) mgm

35 553 mgms iron.

/ NUMBER 45 eeo



NUMBER 45. - Kitty. (B-M.H. No.3244} Full
term. Female. Birth weight 7 Its. Age IS days.

Died of broncho-pneumonia.

@) 1 cc blood taken for haemoglobin estimat-
ion. Diluted to 50 ccs with distilled water.
Alloved to stand overnight In refrigerator.
2 cca of this solution taken for colorimetry;

a * 39 therefore L = .409

From graph this « 5.15 ragegs haemoglobin_
* amount 1n 2 ces solution.

Therefore i1n 50 ccs solution amount haemoglobin

* (6.15 * X&) nmgmrs * 128.75 mgns haemoglobin

* &a&idJLIalLfi&J&2M™*
@) 1 cc blood taken for i1ron estimation.
Digested and made up to 100 ccs solution.
2 ccs solution taken for colorimetry;
< « 3%? therefore L * 516

From graph this » 013S regp 1ron i
» amount In 2 ccs solution

Therefore In 100 ccs solution amount iron
* ] .0138 x 100) mpas * 0.69 ngras Iron

» amount In 1 co blood.

gnC .



3) LIVER.

i Volume of liver * 90 Ccs
Weight of crucible + liver * 302.h Grams
Weight of crucible *201.7 Grams
Therefore weight of liver » 100.7 Grams

Liver mushed and made up to 50Q ccs with
distilled water. Shaken, and allowed to stand
overmight in refrigerator.
1 oc solution taken for colorimetry:
G * 50 therefore L * .301
From graph this « 3.3 ngras haemoglobin
a amount In 1 cc (solution
Therefore iIn 500 ccs solution amount Hb
= (3.3 x 500) mgms
* 1,9G0 mg,ms haemoglobin
» amount of Ho In liver

From (1) above 1 cc blood contained 123.75 »gas
haemoglobin

Therefore volume of blood In liver a 1ooo

s 1775 CC3



NIIRABR 45 ~ continued.
(4 Solution containing liver placed in
evaporating dish and dried to constant
weight iIn air oven at 105°C.
Weight of dish + driedliver « Grams
Weight of dish i i * 201.7 Grams
Therefore weight of dried liver » 22.1 Grams.
Dried liver crushed to a fine powder and mixed.
A sample was taken for iron estimation.
Weilght of watchglass + sample *3«373™ Grams
Weight of watchglass «3*°75  Grams
Therefore weight of sample *(0.2086 Gram
Sample digested and made up to 100 cos solution.
1 oc solution taken for colorimetry:

G * 39* therefore L * _406

From graph this » 0.0108 mgra 1ron i
« amount In 1 cc solution

Therefore In 100 cos solution amount Iron
= ( .0108 x 100} mgm » 1.08 ragp iron
— amount iIn 0.2986 Gram dry liver.
Therefore In 22_.1 CGrams dried liver amount of

ironzgl-OS X | gns * go mgms iron

Total i1ron in whole liver.



From (3) above liver contained
14.75 ccs blood

From (2) above 1 oc blood contained

0.69 mga Iron
Therefore 14.75 coe blood contain
(14.75 x .69) sgps 1ron
« 10.2 ngras dron.
Therefore amount iron actually present
In Hepatic Tissue = (0 ~ 10.2} aga*

* 69 .£ nigns 1ron.



KfoiBSK k~} - continued
(G) srmi.
Weilght of crtl/gggrpg co)rfsp égﬁn x
Weight of crucible * 1S6.2 drams
Therefore weight of spleen a
Spleen mushed, and made up to 100 cos with
distilled water. Shaken, and allowed to
stand overnight in refrigerator,
2 ccs of this solution taken for colorimetryi
d » 56 therefore L ® ,2518
Prom graph this = 3*3-/5 agms haemoglobin
> amount In 2 ccs solution

Therefore In 100 ace solution amount Hb

* 23*3—75 X 1%0 3mgme * 158.75 Kb
® amount haemoglobin In spleen.
From (1) above 1 cc blood contained 128.75 Kb

Therefore volume of blood iIn spleen = I5S.75 nntt
126.75

a 1.73 ccs.

/ @



(h) Solution containing spleen placed in
evapo;ating dish ad dried to constant

weight iIn air oven at 10”™° 0.

ekt of gt - criedptesn 2 17 Serng
Weight of dried spleen » 1.3 Gatt
Dried spleen crushed to s fins powder and
mixed. A sample was taken for i1ron estimation.
Weight of watchglaas +sample » 3.201Grams

Weight of watch 1? = FN75Grams
fherefore weight of sample » Q,120 Gram

Sample digested end ns.ce up to 100 oca.
2 cos solution taken for colorimetry:
G = H therefore L => .325

Pitra graph this = .0087 mgra lron
= amount 1IN 2 ccs solution

Therefore In 100 cos solution amount iron

” f .0007 X100}nRl a 0.U35 ragn iron

= amount 1ron In 0.126 Gram dried
spleen

Therefore amount iron In 1.3 Grams dried spleen

* Total iron In spleen.



Fron (3) above spleen contained :
1.23 ocs blood

Fron (2) above 1 cc blood contained
0.69 ragn 1ron

Therefore 1,23 oca blood contaln
(123 X .69)dga iron

* 0.5 ragn 1ron

Therefore sraot iron actually present iIn
Splenic Tissue * (U.U3 - G.&5) ragn

T 3«&3 agas 1ron.

/ NUMBER 76 eef



NUMBER 46, Agnes (B.M.H. No. 3562) Full

tara. Male. Birth weight 7 1b® 11 ozs.

Aged 7 days.

U) 1 oo blood taken for haemoglobin

estimation. Diluted to $0 cos with distilled

water. Allowed to stand overmight iIn refriger-

ator. 2 ocs solution taken for colorimetry s
a 3*T therefore L * .hb2

From graph this s 5,2 mgms haemoglobin
* amount In 2 oca solution

Therefore i1n 5a ocs solution amount haemoglobin

* (59 x )rone ® 1725 mg® haemoglobin
* amount In 1 cc blood.

@) 1 cc blood taken for iron estimation.
Digested and made up to 100 coo solution
2 ccs solution taken for colorimetry:

G * 302 therefore L * 516

From graph this « .Q13& mgm lron i
» amount In 2 ocs solution

Therefore In 100 ccs solution amount Iron

a ( .013s x 100) agn a 0.63 mgm Iron

* amount In 1 oc blood.

}
/ (@ LIVER ...



(3 LIVER.

Volume of liver at S

5 CCS
Weight of crucible + liver * 313.5 Grans
Weight of crucible * 219.2 Grams
Therefore weight of liver & HA.3 Gramns

Liver mushed and made up to 500 ccs with
distilled water. Shaken, and allowed to stand

overnight in refrigerator.

1 cc solution taken for oolorimetry:
G * 57 therefore L * _21H%
From graph this » 3.075 mgms haemoglobin
= amount -in 1 cc solution
Therefore In 5QQ ccs solution amount Hb
* (@3.075 x 500) mgms * 1537.5 agaa Hb
» amount haemoglobin In Inver.

From (1) above 1 cc blood contained 1”5 mgms Hb

Therefore volume of blood In liver * 1537.5 ccs
145

* 10,6 cCS



(4 Solution containing liver placed In
evaporating dish and dried to constant

weight In alr oven at 10Q5°C*

Weight of dish * dried liver *  243*5 Gran#
Weight of dish i i * 219.2 Grams
Therefore weight of dried liver * 23,3 Oresta

Dried liver crushed to a fine powder and mixed.
A sample waa taken for Iron estimation:

i 33" Grams
Weight of watchgiass

1 i 3*075 Iranis
Therefore weight of liver
sample % Q.561 Gram

Weight of watohglasa + sample

Sample digested and made up to 100 ccs.
2 ccs solution taken for colorimetry :
G .* 35 therefore L * 417

From graph this & 0.0111 mgm #ron i
« amount In 2 ccs solution

Therefore In 100 ccs solution amount iron
* (.0111 zglgi mgm » O -55 Eign iron
‘ a amount In 0.361 Gram dried liver
Therefore iIn 24,3 Gramns dried liver amount

iron « (.5h5 x 24.2 aps 37*36 »£°* fle
(" - m.151 3

* Total 1ron in whole liver.



Prom (3) above liver contained i
1Q0.6 ccs blood

Fron (2) above 1 cc blood contained

0.69 ragn Iron
Therefore 10.6 ccs blood contain :
(to.6 X .69) ragn Iron

a 731 mgme 1ron

Therefore amount iron actually present in

Hepatic Tissue = (@7.36 - 7*31) rags

s 30.046 wnoEss 1ron.

/ () SPLEEN ---



(3 SPLEEN.

) Volume of spleen a0 - 3 ccs
height of crucible + spleen = 1£9*7 Grams
Weight of crucible a 186,2 Grams
Therefore weight of spleen a 3»5 Grams

Spleen mushed# and made up to 100 ccs with
distilled water. Shaken, and allowed to stand
overnight in refrigerator.
4 cco solution taken for colorimetry:
G * 67* therefore L * .1724
From graph this » 2.175 mgms haemoglobin
» amount In 4 oca solution

Therefore In 100 ccs solution amount Hb

“q2,175 X nrimpna“ EI1L1,y. Jd2
* amount haemoglobin in spleen

From (I) above 1 cc blood contained 145 mgms Hb

Therefore volume of blood in spleen « 54.4 co
““155

* 0.375 cc



From (3) above spleen contained :
0.375 «c blood

Fron (2) above 1 cc blood contained
0.69 ragn iron

Therefore 0.375 cc blood, contains :

(*375 x *69) 11,00

« 0 .25S ngra 1ron

Therefore amount iron eetually present

in Splenic Tissue * (.32 - 0.255) ngras

= 3.062 mgms iron

/ NWB  Kkj t*-



NUMBER JEZL. Siinah Hokozo. (B-M.H. No. 3770)
Female. Stillbirth. Premature (28 - 29 weeks)
Birth weight 21bs 8 ozs.

(@) 1 cc blood taken for haemoglobin

estimation. Diluted to 50 ccb with distilled

water. Allowed to stand overmight iIn

refrigerator. 2 cos solution taken for colorimetry
O * 50 therefore L = .2777

From graph this « 3.5 ragas haemoglobin
= amount in 2 ccs solution

Therefore iIn 5° °08 solution amount Hb

* (3.5 X 50)ngm8 » JL”"ssaada

» amount In 1 00 blood.

() 1 oc blood taken for i1ron estimation.
Digested and made up to 100 ccs solution.
2 ccs solution taken for colorimetry |

0o * 412 therefore L * .33

From graph this » .0101 regn iron i
» amount In P ccs solution

Therefore iIn 100 ccs solution amount Iron

* (.0101 X 100)rgn * 0.505 mgm iron

* amount In 1 co blood.

/ (3) LIVEP.



NUMBER 47 - continued.

(3 LIVER,

Volume of liver 35 ccs
Weight of crucible + liver 253.5 drams
Weight of crucible 213.7 drams
Therefore weight of liver 396 drams.

Liver mushed and made up to 50 ccs with
distilled water. Shaken, and allowed to
stand overnight in refrigerator.
2 ccs solution taken for colorimetry:
G » 62 therefore L * .2076
From graph this » 2.625 mgms haemoglobin
* amount In 2 ccs solution

Therefore In 500 ccs solution amount Iib

" {2625 x mpc m
» amount haemoglobin in liver.
From (1) above 1 cc blood contained 8J$% mgm3 Hb
Therefore volume of blood In liver * 656.25
S7-5

CCS

« 7.5 ccs.



N7/MBER 47 - continued.

(4 Solution containing liver placed In
evaporating dish and dried to constant

veight In ailr oven at 105°c.

Weight of dish + driedliver »221 Grams
Weight of dish ) ) *213.7 Crams
Therefore weight of dried liver * 7.3 CGrams
Dried liver crushed to a fine powder and mixed.
A sample was taken for i1ron estimation.

Weight of watchgless+ sample *3.407S Grams
Weight of watohglass *3.075 CGrams

Therefore weight of liver
sample = (Q.332S Gram

Sample digested and made up t 100 ccs,
2 ccs solution taken for colorimetry:
G * 4 therefore L * .357

From graph this » 0.0095 mg® iron )
* amount iIn 2 ccs solution

Therefore In 100 ccs solution amount iron
~ E 0095 x 1803 mgm *0."75 iron
* amount In 0.332S Gram dried liver

Therefore In 7*3 Gram dried liver amount i1ron

YR * . 73 mgns > 10.4 myEs iron

* Total 1ron In whole liver.

/ From tee



From (@) above liver contained 7»5 ccs blood

From (2) above 1 cc blood contained .505 mg iron

Therefore 7.$ ocs blood contain 1
(»5 X 75°5) nmras Iron

* 3*778 nmga 1ron

Therefore amount iron aotually iIn
Hepatic Tissue » (10.k » 3.7S) mgas

a 6.62 mgas iron.

/ () SPLEEN it



NUMBER - continued,

(3@ SPLEEN.

i Volume of spleen & 1 0C +
Weight of crucible + spleen » 6S.5 Grams
Weight of crucible * 66.7 Grams
Therefore weight of spleen * b.g Grams

Spleen mushed and made up to 100 ccs with
distilled water. Shaken, and allowed to stand
overnight In refrigerator.
5 ccs solution taken for colorimetry :
O w 73 therefore L « .1079
From graph this * 1.375 agras haemoglobin
a amount In 5 cos solution

Therefore 1In 100 ccs solution amount Hb

B €1*375 X loo) ragee & 27*5° Ho
5) @ @ —————————

® amount haemoglobin in spleen

From (1) above 1 cc blood contained 67*5 ngais Hb

Therefore volume of blood in spleen » 27.5 ccs
57.5

» 0.31 CC



NUMBER 47 - continued.
(@ Solution containing spleen placed In
evaporating dish and dried to constant
weight In ailr oven at 105 “G.
Weight of dish ¢ dried spleen g67.1 Grams
Weight of dish ) =60.7 Grams
Therefore weight of dried spleen= 0,4 Gram
Dried spleen crushed to a fine powder and mixed.
A sample was taken for iron estimation 1
Weight of watchglasa + sample »3.132 Grams
Weight of watchglasa *3 .075 Grams
Therefore weight of spleen

sample * 0.107 Gram
Sample digested and made up to 100 ces.
4 ccs solution taken for colorimetry :

G « 6l therefore L * .2147

From graph this * .GO37 ragn iron i
« amount 1n 4 ccs solution

Therefore 1n 100 cce solution amount #ron

* 1 *Gv51l x 100) mas * 0.0142p mgm iron
* amount in 0,107 grara dried spleen

Therefore 1n 0.4 Gram dried spleen amount

iron * g , 1425 x4 )mga & 0.533 g~ 1ron
107 ) mmmme——— — —

a& Total i1ron In whole spleen

/ From eeft



NUMBER oI, ~ continued.,

From (3> above spleen contained

0.31 cc blood

From (2) above 1 cc blood contained

0.3Cs ragn iron
Therefore 0*31 cc blood contains
{.31 x .505) npa lron

» .1566 ngra iron

Therefore anount lran actually 1iIn

Splenic Tissue * («333 - .15&&) ®g®

a 0.376 sapi Iron.

/ NUMBER 4g e



NUMBER 4g - Violet Honi (B-M.H. No.3557)
Full tara. Female. Age :- 10 daye. Birth
Weight 3 Ibs 4 ozo, Haemolytic dIneaee of th®
Newbormn. Child pale and jaundiced,

(D 1 oc blood taken for haemoglobin estimation.
Diluted to 50 cos vith distilled water. Allowed
to stand ovemight iIn refrigerator.
2 cos solution taken for colorimetry:

O » 72 therefore L * _1427

From graph this **1.3 mgms haemoglobin _
* amount In 2 ces solution

Therefore i1n 50 cos solution amount haemoglobin

=*(1.3 X « 45 mgns haemoglobin

2 )
* amount '.n 1 co blood.

@ 1 cc blood taken for lron estimation.

Digested and made up to 100 oca solution.

? ccs solution taken for colorimetry :

G =421 therefore L = 374
From graph this » .01 rign iron *=amount In 2 ccs
solution

Therefore In 100 ccs solution amount 1ron

~ * IoD. m = 0.5 ra 1ron
( Py L
» amount In 1 oo blood.

/ B LIR



@) msia.

i Volume of liver > 120 0OCS
Weight of crucible + liver » 341.5 Orguae
Weight of crucible &« 201*7 QOrone
Therefore weight of liver » 139*8 Grams

Liver mushed and made up tO 500 ccs with
distilled water. Shaken, and allowed to
stand overnight in refrigerator,
1 coc solution taken for colorimetry :

G = 6S therefore L » *1675
From graph this » 2.125 ragas haemoglobin

* amount In 1 cc solution

Therefore iIn 5°~ oca solution amount Hb

» (2.125 x 500) mps * 1062.5 mgms Hb

» amount haemoglobin in liver

Fron (1) above 1 cc blood contained 45 ngms Hb

a 23.7 OCR

/ @ ...



(4 Solution containing liver placed In
evaporating dish isd dried to constant weight
In air oven at 105°C.

Weight of dish ¢ dried liver » 22  Grams
Weight of dish « 201.7 Grams
Therefore weight of dried liver * 30.3 CGrama
Dried liver crushed to a fine powder and mixed.
A sample was taken for Iron estimation.

Weight of watchgl&ao + sample ** 3*3"26 Grams

Weight of watchglass » Grams
Therefore weight of sample =0.2676 Grams

Sample digested and made up to 100 cos
2 ccs solution taken for colorimetry:
G a 33 therefore L * /2

From graph this * .0129 mgm iron )
* amount 1n 2 ccs solution

Therefore in 100 ccs solution amount iron
*C .0129 x 1]Q)mgm * o0.6*15 mga Iron
* amount In 0.2676 Gram dry liver
Therefore i1n 30,3 Grams dried liver amount

iron * ( 675 X ro. nigras = 73 iron
?2r*

Total Iron In whole liver.

/ From



Prom (3) above liver contained !
23.7 ccs blood

From (2) above 1 cc blood contained

0.5 ra| 1ron
Therefore 23.7 cos blood contains :

(23.7 X *5) sp 1ron

a 11.25 lag®* 1ron

Therefore amount iron actually present
In Hepatic Tissue * (73 - 11.25) mSia

» 61.15 mgms iron.

/ (3 SPLEEN



(3 SPLEEN.

i Volume of spleen ss 6.5 CCS
Weight of crucible * spleen = 1S2.7 Or&mfi
Weight of crucible f 175*2 Grams
Therefore weight of spleen 7.5 Grams

Spleen mushed, and made up to 100 ccs with
distilled water. Shaken, and allowed to stand
ovemight In refrigerator.
2 ccs solution taken for colorimetry!

O * 61 therefore L » .2147

From graph this & 2.7 agas haemoglobin _
anount In 2 cca solution

Therefore In 100 ccs solution amount Hb

= amount haemoglobin iIn spleen.
From (1) above 1 cc blood contained "5 2igras Hb

Therefore volume of blood In spleen »

& 3 000



39S
NUMBS! Ki - continued,
(K) Solution containing spleen placed iIn
evaporating dish and dried to constant
weight iIn ailr oven at 1G5°C.
Weight of dish + dried spleen » 177 Grams

Weight of dish ) * 175*2 Grams
Therefore weight of dried spleen* 1.S Gram

Dried spleen crushed to & fine powder and mixed.
A sample was taken for iron estimation.
Weight of la.es + sample  * 3**97 Grams
Sample digested and made up to 100 ccs
1 coc solution taken for colorimetry i

G * 39 therefore L * 19

From graph this * _OI0OS mgm iron
arap * amountm%n 1 cc solution

Therefore iIn 100 ccs solution amount Iron

* 1*0% mgm #ron * amount in 0.122 Gram dried
spleen

Therefore iIn 1.6 Gram dried spleen amount

iron * (1*0$ x ,,-l1] ) mgms » 15.9 mgns Fe

» Total 1ron In snleen.
/ From e*e



From (3) above spleen contained :
3 cas blood

Fron (2) above 1 cc blood contained

0.5 mgm ron
"Therefore 3 ccs blood contain (3 X .5) mgm Iron

* 1.5 agta iron

Therefore amount iron actually present

in Splenic Tissue * (@5.9 - 1.5)tgn

« 1NN rEycs iron.

/ NUMBER



Uoo.
NUMBER k9. Fransclna. (C.H. No.—)
Xk/S/kS, Wards 5 & 6. Full term. Female child.
Aged 3 days. Birth weight 7 P®* Died of
Haemorrhagic disease of the newbom. Haemoglobin
value Just before death =*6.5 Grama per 100 ccs
blood.
() 1 cc blood taken for haemoglobin estimation.
Diluted to 5° with distilled water. Allowed
t stand ovemight In refrigerator.
2 ccs solution taken for colorimetry:

G *65 therefore L * _1S3S

Fron graph this « 2.325 mgms haemoglobin
» amount In 2 ccs solution

Therefore 1n 50 ccs solution amount haemoglobin
* {2.325 xjg(/)\)» rageo a 58.25 mgras Hb
w amount in 1 o0 blood.
() 1 co blood taken for iron estimation.
Digested and made up to 100 ccs solution,
k cos solution taken for colorimetry:
G *'4& therefore L « ,330

From graph this » .0088 mgm iron « amount iIn 4ocs
solution.

Therefore 1n 100 ccs solution amount 1ron
* ( .Q0gS x | mras > 0.22 npm iron
* aaount In 1 ca blood.

/ @ LIVER o*



hoi.

(3 LIVER.

Volume of liver * P> 038
Weight of crucible + liver *JI1,2 Grams
Weight of crucible w 201.7 Grams
Therefore weight of liver « 109.5 Grams

Liver mushed and made up to 500 ccs with
distilled water. Shaken, and allowed to
stand overnight in refrigerator.
2 ccs solution taken for colorimetry:

G a 50 therefore L « .301

From graph this » 3.3 rags haemoglobin
a amount In 2 ccs solution

Therefore iIn 700 ccs amount haemoglobin
> ( 3*3 x 500 ) rags * 950 ngits Hb
= amount haemoglobin iIn liver.
From (1) above 1 oc blood contained 55.25 rag® Hb

Therefore volume of blood In liver * 950

575 ©¢°

» 16,3 CCS.



uo2
NUMBER 49 - continued.
(@ Solution containing liver placed iIn
evaporating dish and dried to constant
weight iIn air oven at 105°c,

Weight of crucible + dried liver * 225.4 Grams
Weight of crucible ) ) * 201.7 Grams
Therefore weight of dried liver *  23*7 Grams

Dried liver crushed to a fine powder and mixed.
A sample was taken for 1ron estimation:

Weight of watchglas3 + sample * 3.300Q Grams
Weight of watchglass « 3.0746 Crams
Therefore weight of sample » 0.2254 Granm

Sample digested and made up to 100 ccs.
2 ccs solution taken for colorimetry:
G « 61 therefore L « .2164

From graph this *» .00575 Iron
» amount In 2 ccs solution

Therefore In 100 ccs solution amount iron

* 8*00575 X 100 2 mgm a 0.2675 ragi Iron
2

* amount In 0.225b Oram dried liver
Therefore In2J.7 Gram dried liver amount Iron

» £ .2875 X 23./J moats - 30.2 ngms Iron
( .225Db)

aTotal Iron In whole liver.

/ From



From (3) above liver contained :
16.3 cos blood

Fron (2) above 1 cc blood contains {

0.22 mgm 1ron
Therefore 16.3 ccs blood contain
(6,3 X .22) mgm Iron

m  3.59 mgm Iron.

Therefore amount iron actually present

In Hepatic Tissue * (@B0.2 - 3.59) ages

* 26.61 ra@yas 1ron.

/ (B SPLSKN eee



(?) 3RLEEN.

i Volume of spleen a 7 COS
Weight of crucible + spleen * A-.5 Grams
Weight of crucible * d6.7 Grams
Therefore weight of spleen = Grams

Spleen mushed, and made up to 1QQ0 ccs with
distilled water. Shaken, and allonwed to
stand overnight iIn refrigerator.
2 ccs solution taken for colorimetry;

G » 63 therefore L * .2007

From graph this * 2.55 mgme haemoglobin
* amount iIn 2 cos solution

Therefore iIn 100 ccs solution amount Hb

* amount haemoglobin in spleen
From (1) above 1 cc blood contained 5S.25 mgms Hb

Therefore volume of blood In spleen « 127.5 ecs
5S.25

= 2.2 CCsS



NUMBER 9 - continued,

(4 Solution containing spleen placed In
evaporating dish and dried to constant

weight iIn ailr oven at 1Q5°G.

Weight of cruoible edriedspleen « 6.5 Grans
Weight of crucible i «66.7 drams
Therefore weight of dried spleen * 1.S Gram
Dried spleen crushed to a fine powder and mixed.

A sample was taken for iron estimations

Weight of wstchglassesample =322~ Grams
Weight of watchglass >3 0776 Grams
Therefore weight of sample *Q.137& Gram

Sample digested and made up to 100 cos
2 ccs taken for colorimetry 1
G * 59 therefore L « .2291

From graph this = .0061 agm lIron i
» amount In 2 ccs solution

Therefore iIn 100 ccs solution amount #ron
m ( .0061 x 100§ mgn * 0.305 ngra 1ron
« amount in O.137S Gram dried spleen

Therefore In I.g gram dried spleen amount

« Total Iron In whole snleen.

/ From eee



From (G ) above spleen contained
2.2 ccs blood

Fron (2) above 1 cc blood contained
0.22 mpts Iron

Therefore 2.2 ccs blood contains
Q.2 x .22) mgk 1ron

a 0.465 sxgn 1ron
Therefore aaount iron actually present
in Splenic Tissue « (@.98 - 0.465) mgs

« 3.495 dgas 1ron.
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