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INTRODUCTION

Hemochromotosis was first described by Trousseaul in 1865,
and sinece that time has continued to be an entity of constant in-
vestigation. The classicdl triad of pigmented skin, diabetes
mellitus and hepatic disease was first described by Hanof and
Chauffard® in 1882, Von Recklinghausen gave the disease its name
in 1889, Sheldon” in 1927 postulated that hemochremotosis may be
a genetic disease due to an inborn error of metabelism, and in
1935 Sheldon® in a classical study, summarized the clinical and
pathologlcal features of the dlsease,

McCance and Widdowsen® in 1937 noted that excretion of iron
was negligible and nelther ingestion of massive doses of iron or
many transfusions increased the excreiion of iron in urine, but
excess iron was stored in the reticulo-~endothelial system and
parenchymal cells, Hahn6 in 1943 showed there wa: an increase
in absorption of Fésg in iron deficient humans and postulated that
a "mucosal block" prevented exceselve absorption of iron in normal
subjects., Conrad and Crosbj6 in 1963 demonstrated the.absonption
of F659 into newly formed epithellial cells of the duodenal-jejunal
Sunction; the migration of these cells from the crypts to the area
of sloughing at the tips of the villl and the effect of the iron
depletion and lron repletion upon absortion of F659 inte the mucosal
cell. Crosbg§ i 1963 proposed that any idiopathic inocrease in
storage iron may represent anl inborn error ¥n metabolism with

inability of the cell to form ferritin. He theorized that the



intrinsiec iron incorporated with apoferritin to form ferritin in
the young eplithellal eell 18 not present as a stage of absorption
but 1s permanently retalned in the cell to prevent further absorp-
tion of 1iron,

MacDonald’ in 1963 proposed that hemochromotosis is mcquired
and previous theories, i.e. "mucosal block", genetic, ete. are not
necessarily walid. He stated that hemochromotosis is acquired,
and thérefore preventable. It i1s a variant of portal cirrhosis
and is really a result of two co-existing sltuations; one ocausing
cirrhosis, and the other, excesslve tissue iron. The fact remains,
however, that hemochromotosls exlsts and 18 seen ih approximately
1:449 autopsies and 1:20,000 hospital admissionsl®, admittedly

rare, but one that must be dlagnosed and treated.

FERROKINETICS

The currently accepted concept 0f normal iron metabolism is
thus. Total body iron is approximately 4.5 gm., the majority of
which 1s contained in the circulating erythrocyte (2.5 gms.),.
Approximately 600mgm. 1s present in the labile pool and marrow
red cellslt., muscle myoglobin contains 140 mgm., and very small
amounts are present in the plasma iron pool and in the warious iron
containing enzymes. The remainder, (approximately * to 1.5 gms.),
is stored in the tlssues In the form of ferriiin or hemosiderin,
the major site of storage being theé liver. Losé of iron upder
normal conditions has bheen estimated io be 0.5 to 1.5 mgm., dally
in the adult male. Once irom has erossed the intestinal barrier

it remains within the body except a very small amount, usually



less than 1 mgm. daily which is lost in urine, feces and desguama-
ted skin-<,

IRON ABSORPTION AND TRANSPORT

The average dally diet contains 10 to 15 mgm, of iromn and of
this amount, between 5 and 10 per cent is absorbed. The per cent
of absorption in growing children and menstruating women is slightly
higher. Many methods have been used to determine this figure; the
most physiologlc one 1s the method of Moor912 in which the labeling
of foods by Fe59 1s used. From these experiments much has been
learned of the factors that affect iron absorptionlﬁ. Smith and

Pannaciullil?

showed that as the dose of iron was raised, the total
amount increased steadily, although the percentage absorption
decreased when doses over 100 mgm., were glven, no further increase
in amount absorbed occurred, The presence of phosphnates and phytate:
which form inscéluble iron salts tend to depress salt absorption,
while additlion of ascorbic acid increases ahsorption of food iron

as well as inorganlc iron saltslg.

Iron 18 believed to be absorbed from the dusdenum, but patients
with partial gastrectomy and duodenal bypass can absorb inorganic
iron salts, but show a defect in food iron absorption. Moore12
found that hydrochloric acid did not increase absorptian of iron
in subjects with achlorhydria, and Btggsls found this to be true
of normal gastrilc Juice when tested with iren in the form of
labelled hemorlobtlin. The exact meehanism of transport of iron

across the intestinal mucosa is s8till a subject of investigation.

Grzs’.n:!.cl'r:"-6 found that iron feeding led to increased synthesis of



apoferritin in the mucosal cell, which is capable of combining with

ferric iron to form ferritin, and that accumulation of ferritin
in the cell inhibited further abscorption of iron. However,
WOhler17 demonstrated that the presence of large amounts of ferritin
in mucésal cells does not inhibit iron absorption in animals. It
has been shown that iron deficlency causes increased iron absorption
and a single vhlebotomy wlll cause increased lron absorption 7-10
days »fter e bleedinsls. This suggests that erythropcesls, rather
than iron loss is the stimulus for increased abeorptionlg.

After absorption, ferric iron circulates in plasma bound to
the specific iron-carrying protein, transferrin., The level of
transferrin in serum is usually measured in terms of iron bindirng
capacity and is usually 250-400 meg,./100 ml. The serum iron level
is usually around 100 meg./100 ml., therefore the SIBC is usually
about 30 & saturated. The regulation of SIBC, like iron absorption,
is poorly understood. High levels are found in pregnaney and all
type8 of uncomplicated iron-defliciency anemia. Low levels are found
in infection and conditions involving impaired protein synthesls,

and conditions in which body lron stores are increased.

FERROKINETICS IN HEMOCHROMCTOSIS

In hemochromotesis the SIBC tends to be fully saturated at
a level between 200-250 mcg./100 ml. The mechanism of iron turhover
has been extensively studied. Injected Fe59 is rapidly removed
from plasmé in the first four to eight hours then more slowly and
constantly In the next 48 hours. Polygrove and Mortimer ' calcu-
lated that 37 mgm. of irom ileaves the plasma daily for the marrow,



of which 23 mgm. are utilized for hemoglobin synthesls by red cell
precursors, while 14 mgm. returns te the plasma. Approximately

1 mgm, is exchanged daily between plasma and iron steores. Surface
counting reveals that the major site of radloiron deposition 1s
the marrow and that radioiron entering marrow is incorporated into
maturing erythrocytes. Aftsr 24 hours they begin to appear in
peripheral bleod. The radiocactivity of circulating cells rises
rapldly, and by the tenth day after injection, 80-90% of the dose
can be found 1n the peripheral red cell mass.

A number of factors may affect the typlcal pattern of radioiion
clearance and turnover, Increased erytihropoesis leads to rapild
removal of the isotope from plasma and the percent:=ge utilization
of the 4isotope for hémoglobin synthesls approaches 100§, How-
ever, 1f the patient has increased iron stores, the ttern is
quite different. 8Since a greater amount of iron 1s present in the
pla ma and labile iron pool, the adminlstered radioiron is diluted
and the rate of transfer to red cell precursors in the marrow is
reduced and plasma clearance prolonged. The slow uptake by the
marrow 8llows a greater percentage to enter the iron stéres, namely
the ltverll. This change in distribution causes a reduction in
the per cent appearing in clrculating cells, In spilte of the slow
plasma clearance, ihe total amount of iron leav¥ing the plasma for
the marrow and iron stores is increased to some 50 mgm./ﬁay.

This chronic lmbalance eventually prdduces signs and symptome of
hemochromotosis, the end-point of the process. Normal iron metabe
olism 1s schemgtlically 1llustrated in Table II,



DEFINITION AND ETIOLOGY OF HEMOCHROMOTOSIS

Hemochromotosis is a clihical and patholosical syndrome.
Clinlcally, the common findings are pigmentation of the skin, cirrho
sis of the liver, diabetes mellitus, endocrine dysfunction and
heart failure. MacDonald and Malloryzo contend (vigorously denled
by others) that the diagnosis can orily be made with certainty at
the autopsy table and set forth their criteria for making the
diagnosis. (1.) Cirrhosis of the liver of the "portal" type.

(2.) Excessive iron deposits in hepatic parenchymal cells, in
connective tissue and in bile duct epithelium. (3,) Pancreatic
fibrosis and hemosiderosis, (4.) Parenchymal iron deposits in
other organs of the body. In their analysis of 211 cases they
found the average age of death to be 57 years; 91% affected were
caucasian with 10:1 ratio of male to female; and there was no appar-
ent connection with occupation. Of this group, 85% were heavy
drinkers, 30: were affected with dilabetes, 50% were asymptomatic

and presented with pneumonia, neoplasm or heart failure. The most
common cause of death was infectious disease. From these findings,
they have suggested an entirely different pathogenesis 21’22’23’24.
They believe that this disease is simply a variant of nutritional
cirrtiosis in which abnormal absorption and deposition of iron 1is
caused by the same dietary facitors that lead to cirrhosis.
MacDonald25 has produced hemosiderosis in rats by feeding a choline
deficient diet with increased iron.

The majority of investigators, however, look upon hemochromo-
tosis as a genetic defect, inherited as an intermeédiate cliaracter=

istic and i1ts presence therefore depends on the presence of two



abnormal genes. Whether this defect manifests 1tself as a defect
in the intestinal mucosa or as a result of increased tissue avidity
for iron has not been determined. The contrasting theories are
schematically represented in Table II. The fact that increased
lron stores have been found in relatives of affected individuals
is uncontested and fits nlcely into the genetic theory.
Hemochromotosis is the result of gradual accumulation of
storage iron in the range of 20-60 gm. The kinetics of normal and
abnormal metabolism have been retviewed and are represented sche-~

matically on Tables III and ivzﬁ.

DIAGNOSIS OF HEMOCHROMOTOSIS

The dlagnosis rests upon the clinical findings plus determina-
tion of the SI, SIBC, bone marrow and liver blopsy. The Rous Test27
for hemosiderurlia within epilthelial cells is helpful. A more rapid
test using intramuscular injection of 500 mgm. of Desferrioxamlne
has beeh used28. In thls test, the urinary excretion of iron 1is
measured six hours before and after injection, A4 40-100 fold
increase after injection of Desferrioxamine 1s indicative of iron

overload,

TREATMENT OF HEMOCHROMOTOSIS

In ordéer to control iron storage disease, a method of reducing
total Body iron must be instituted. If treatment to reduce iron
storage 18 not emplpyed, the resulting iron-induced fibrosis will

cause progressive malfunctlon of the involved organs. Four
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