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IRON METABOLISM
By J. C. HOUSTON, M.D., M.R.C.P.

Assistant Physician and Sub-Dean of the Medical School, Guy's Hospital; Honorary Assistant Physician, Hospital of
St. John and St. Elizabeth

The total iron contained in the body of an
adult man is about 3 to 5 g. Of this the great
majority (60-70 per cent.) is present in the blood
haemoglobin. The available iron reserves are
probably about I to 1.5 g., present in the form
of ferritin mainly in the liver, but also in the
spleen and bone marrow and perhaps in traces
in other organs. Traces of iron are also an
essential constituent of the vital cytochrome
oxidase enzymes in the mitochondria of every
cell, but in quantities too small to be measurable.

Until nearly 20 years ago it was thought that
iron was absorbed in proportion to the amount
in the diet and that any excess not required for
the metabolic needs of the tissues was excreted by
the colon. This view was first challenged by
McCance and Widdowson (I937), who pointed
out that when a large amount of iron is liberated
by abnormal haemolysis or accumulates because
of a hold-up in erythropoeisis, as in pernicious
anaemia, the excess is not excreted but is deposited
in the tissues. They showed, moreover, that
when iron is given by mouth to experimental
animals it can all be recovered from the faeces,
but when it is given intravenously it can all be
found in the organs. Soon afterwards radio-
active iron became available for tracer studies.
These not only confirmed the hypothesis that
there is no regulated excretion of iron by the
colon; they showed that the daily loss from the
body is only about i mg., contained mainly in
bile and in cells shed from the superficial layers
of the skin and mucosae, and that the amount
excreted does not vary significantly when the iron
stores are either depleted or overloaded.

It became clear therefore that there must be a
mechanism to control iron absorption, since in the
absence of regulated excretion unlimited absorp-
tion would inevitably lead to a progressive accumu-
lation of the metal in the tissues. Studying this
problem in dogs, Hahn and his colleagues (I939)
showed that the percentage absorption of a test
dose of radio-active iron was greatly increased
about a week after the animal was made acutely
anaemic by bleeding, whereas it was significantly

reduced by giving iron by mouth a few hours
before the experiment. From these observations
he postulated that there might be an acceptor
mechanism for iron in the mucosa of the small
intestine. The protein apoferritin, which has the
property of combining reversibly with iron to
form ferritin, might act in this way: when all the
mucosal apoferritin had been converted to the
ferritin form no more iron could be taken up until
the mucosal ferritin had yielded up some of its
iron to the blood. This would explain the block
to iron absorption demonstrable shortly after the
administration of a previous dose by mouth. The
' mucosal block' theory received strong support
from the work of Granick (I946), who demon-
strated that a great increase in the amount of
ferritin in the mucosa of the duodenum could be
demonstrated after the feeding of iron; moreover,
the time of appearance of the ferritin agreed well
with the time of occurrence of the block demon-
strated in the iron absorption experiments.
The mucosal block theory remains the best

explanation of the known facts about iron absorp-
tion, though it is clear that the whole story is not
yet known. The exact mechanism controlling the
release of iron from the mucosal ferritin into the
blood has not been elucidated; it is related in
some way to the state of the body's iron stores,
since the percentage absorption of a test dose of
radio-iron is several times greater in patients with
iron deficiency than in normal people. Further-
more, under certain conditions the mucosal block
fails to prevent the absorption of toxic or even
lethal amounts of iron: this is seen acutely in
children who have taken ferrous sulphate tablets
in mistake for sweets, and chronically in haemo-
chromatosis. In the endogenous form of the
latter disease, as seen in this country, no explana-
tion for the failure of the mucosal block mechanism
is available; in the variety reported to be common
in the Bantu it appears to be related to mal-
nutrition and dietary imbalance.
The iron in food is nearly all in the ferric form;

it can be absorbed, however, only in the ferrous
form. Iron porphyrins, as for example in haemo-
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globin, are split in the gut only to a limited extent
so that comparatively little of their iron is released
for absorption. Organic acids such as citrate,
tartrate and lactate, and particularly the hydro-
chloric acid in the stomach, release ferric ions
from the ferric compounds and make them more
readily reduced to ferrous ions by reducing agents
in the food such as ascorbic acid and cysteine.
It is true that achlorhydria is often found in people
who do not appear to have suffered any failure of
iron absorption. It should be remembered, how-
ever, that in adults and particularly in men, only
minimal quantities of irdn require to be absorbed
to replace the small amount excreted, and this
may easily be achieved even though conditions
for iron absorption are not optimal; thus the diet
contains some 15 mg. of iron, of which only about
i mg. need be absorbed. Furthermore, the
administration of dilute hydrochloric acid to
patients with iron deficiency and achlorhydria
does not seem to improve the clinical response to
oral iron therapy, presumably because the iron
given is already in the ferrous form.

Iron is transported in the plasma in combina-
tion with a specific fraction of the p globulin.
The total iron-binding capacity represents the
total amount of iron which the iron-binding
globulin can take up. Normally this total amount
is about 300 to 350 tL g. per Ioo ml. The normal
plasma iron level is about I00oo g. per o00 ml.
(range 50 to I50oA g.), which therefore represents
approximately one-third saturation of the iron-
binding capacity of the plasma (Rath and Finch,
1949; Houston and Thompson, I952). Most of
the iron in the plasma comes from the catabolism
of red cells, which releases about 20 mg. daily;
approximately I mg. is absorbed from the gut;
and a few milligrammes enter the blood daily
from the tissue iron stores. Some 20 mg. daily
are withdrawn from the plasma by the bone
marrow for haemoglobin synthesis; approximately
i mg. leaves the body daily in the bile and in
epithelial cells shed from the skin and mucosae;
and a few milligrammes are deposited in the tissue
stores. As only about 4 to 5 mg. are present in
the total plasma at a given time it is clear that
there is a complete turn-over every few hours.
Furthermore, it will be appreciated that the
amount of iron absorbed from a dose given by
mouth cannot be deduced from the subsequent
rise which is demonstrable in the serum iron
level, since this level depends not only on the
amount of iron being absorbed but also on the
iron-binding capacity of the plasma, the amount
of iron entering the plasma from red cell cata-
bolism and from tissue stores, and on the speed
with which it is being withdrawn by the bone
marrow and other tissues. The percentage ab-

sorption of iron taken by mouth can be estimated
with accuracy only by the use of radio-active iron:
subtraction of the faecal recovery of the isotope
from the ingested dose gives this information.
Subsequent estimation of the isotope in samples
of blood gives some indication of the available
iron stores of the body, providing there is no
failure of erythropoeisis; in iron deficiency all the
absorbed iron is quickly used for haemoglobin
synthesis and is therefore found in the blood,
whereas in haemochromatosis it is diluted in a
large pool of available iron so that only small
traces of the isotope are synthesized into red cells
(Houston and Nightingale, 1953). Conversely,
when the iron stores are normal, the rate of dis-
appearance from the blood of intravenously ad-
ministered radio-active iron gives an indication
of erythropoeitic activity. Normally the time for
half the labelled iron to disappear from the blood-
stream is about Ioo minutes (T:= oo00 min.).
When there is bone marrow depression, as in
aplastic anaemia, Tj may be as long as 250
minutes, while the increased erythropoeisis accom-
panying polycythaemia or haemolytic anaemia
may reduce it to I5 or 20 min.
A number of factors may alter the level of iron

in the serum. Lowering of the serum iroil may
be the result of decreased absorption of iron from
deficiency in the diet or malabsorption; of de-
pletion of the iron stores by haemorrhage; of
increased deposition of iron in the tissues, as in
the anaemia of chronic sepsis; or of rapid synthesis
of haemoglobin, as in pernicious anaemia under
treatment. Raising of the serum iron level may
be due to overloading of the iron stores of the
body, as in haemochromatosis and transfusion
haemosiderosis; to increased catabolism of haemo-
globin, in haemolytic anaemia; to reduction in
haemoglobin synthesis by factors other than lack
of iron, for example pernicious anaemia in relapse
and aplastic anaemia; or to liver disease, such as
infective hepatitis and cirrhosis, in which the liver
cells either fail to store iron or actually liberate
their iron into the serum by dysruption. For
diagnostic purposes the percentage saturation of
the iron-binding capacity of the serum should
always be considered in addition to the serum
iron level. This is of particular importance in
patients with suspected haemochromatosis, the
only condition (apart from transfusion haemo-
siderosis) in which there is complete or almost
complete saturation of the iron-binding capacity
(Houston and Thompson, I952). This saturation
therefore enables a biochemical distinction to be
made between haemochromatosis and the other
conditions, outlined above, in which a raised
serum iron level may be found.

In women an important influence is exerted on

August 1955 395

copyright.
 on M

ay 17, 2023 by guest. P
rotected by

http://pm
j.bm

j.com
/

P
ostgrad M

ed J: first published as 10.1136/pgm
j.31.358.394 on 1 A

ugust 1955. D
ow

nloaded from
 

http://pmj.bmj.com/


396 POSTGRADUATE MEDICAL JOURNAL August 1955

the metabolism of iron by menstruation and
pregnancy. It has been estimated that the average
loss of blood in a menstrual period is about 30 to
40 ml., containing some 15 to 20 mg. of iron and
that the drain from the maternal stores to the
foetus is about 350 mg. It is clear, therefore,
that during the reproductive period of life a
woman has to absorb almost twice as much iron
as a man in order to remain in normal iron
balance.
The body's reserve stores of iron have been

variously estimated as 600 mg. (Hynes, I949) and
I.5 g. (Granick, I954). Finch and his colleagues
(1950) bled four healthy young men, aged 25
to 30, 500 ml. weekly for seven weeks, and noted
that they rapidly became anaemic with low serum
iron levels. Patients with haemochromatosis,
however, can be bled at this rate for many months
before even slight anaemia develops (Houston,
I953). These observations suggest that the rate
of blood regeneration after haemorrhage is de-
pendant mainly on the available stores of iron,
and that in normal subjects the stores are enough
to replace only some two or three pints of blood.

This conclusion is supported by the fact that
clinical iron deficiency is seen almost exclusively
in patients who have suffered acute or chronic
blood loss. Iron deficiency anaemia is mainly a
disease of women of child-bearing age, and the
important part played by menorrhagia in its pro-
duction is emphasized by the observation of
Fowler and Barer (1936) that the menstrual loss
of iron in anaemic women is several times greater
than normal. Pregnancy and lactation were
estimated by Davidson and Fullerton (1938) to
be responsible for a drain of some 900 mg. from
the mother, which is about double the amount
she would have lost from normal menstruation
during the same time. In both sexes bleeding
from lesions in the gastro-intestinal tract is an
important cause of iron deficiency. It is becoming
recognized that iron deficiency in men, even in
the absence of any evidence of bleeding, is
not quite as rare as used to be thought;
the cause is often obscure, but achlorhydria and
poor diet are among the responsible factors.
Regarding treatment, ferrous sulphate by mouth
remains a cheap and satisfactory way of adminis-
tering iron; if this causes gastro-intestinal upset,
ferrous gluconate in liquid form may be tried.
Ramsay (I953) has suggested that oral iron would
have a better chance of absorption if given with
ascorbic acid and acid fruit juices an hour or so
before meals, but this has still to be proved. The
introduction by Nissim (I947) of saccharated iron
oxide for intravenous administration, suitable for
patients who either cannot tolerate oral prepara-
tions or fail to respond to them, was a major

advance in therapy for which adequate credit has
not been given. On theoretical grounds 25 mg.
of iron will be required to raise the haemoglobin
level of an adult by I per cent., though in practice
rather smaller dosage is often effective. Prepara-
tions of iron are now available too for intra-
muscular injection and are useful when intravenous
administration is either difficult or undesirable;
not infrequently, however, they cause local pain.

In the rare but interesting disease haemo-
chromatosis there is probably an inborn error in
the mucosal block mechanism. In consequence,
a slight excess of iron is absorbed from birth, and
the progressive accumulation of the metal in the
tissues leads, usually about middle age, to the
characteristic pathological changes' of the disease.
A genetic factor may play some part in the
aetiology: Houston and Zilkha (I955) have re-
ported the occurrence of the disease in a woman
and her twin sons, and more recently I have seen
it in fully developed form in two brothers. Of
considerable interest is the observation that women
develop clinical haemochromatosis much less often
and at a later age than do men. Of 512 cases
from the literature only 33 were in women,
and whereas the men were fairly evenly distributed
throughout the years of adult life only three of
the women were under the age of 45 (Houston,
I953). It is probable that the loss of iron through
menstruation and pregnancy, by reducing the
amount being stored in the tissues in women
with the essential metabolic defect of haemo-
chromatosis, is sufficient to delay or prevent the
clinical expression of the disease. The logical
treatment for patients of either sex in whom the
diagnosis is made at a relatively early stage is
regular bleeding. A pint a week can usually be
taken for many months from such patients without
causing anaemia or other ill-effect. The eventual
appearance of haematological signs of iron defi-
ciency presumably indicates that the part of the
excessive iron stores which is physiologically
available has been removed; blood-letting should
then be reduced to the amount, which must be
found by trial and error in the individual patient,
which will just not cause any evidence of iron
deficiency to appear. Bleeding at this level should
be continued indefinitely to prevent further re-
accumulation of iron in the tissues.
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forms and when leakage occurs the differentiation
is doubly difficult. A peritonitis from appendi-
citis, ulcerative colitis or diverticulitis will also
resemble the condition. Stercoral ulcer should
not be confused. Amoebic ulcers will be detected
by discovery of the organisms in the stools.
Tuberculous and syphilitic ulcers will, as a rule, be
accompanied by signs of the disease elsewhere.
In Creuveilhier's atlas, ulcers were described in
both caecum and rectum. It seems likely, how-
ever, that these cases were stercoral and syphilitic
ulcers respectively. Thus, as not often happens,
he established the identity of a disease without
actually seeing a case.

Treatment
Opinions on the best treatment vary. It will

obviously be affected by whether complications
have developed as then they will take prior place.
Subject to this, however, it is best to aim at com-
plete extirpation. As the condition can rarely be
differentiated from carcinoma with complete
certainty, it is advisable to resect as though this
were actually present. Less often, local excision
is safe. Perforations heal quite well with simple
closure. In retrospect, we do not feel that our

treatment of Case i was ideal, as, although events
showed a satisfactory outcome, the risks we were
taking were probably greater than that of resection.

Literature
The literature on this condition has not, on the

whole, proved very rewarding. Cameron gives a
long and almost complete list. Like him, we
found most of the case reports very incomplete
and unreliable. Many were not made first-hand
and a check of the original reports showed that the
case was one of ulcerative colitis, perforation,
obstruction, or other lesion. Papers from the
nineteenth century are especially poor, but an
excellent review was made in I902 by Quenu and
Duval and should be read before consulting the
earlier papers. A number of cases have been
described by Moore since Cameron's paper was
published.
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