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SUMMARY

The similarity between cobalt and iron suggesis that
the two metals might share at least part of a common
intestinal transport pathway. This hypothesis nhas,
however, never been tested in the human subject not even

in disorders of iron mectabolism,

The intestinal absorption of cobalt and iron was
determined in 18 control subjects without disease of the
alimentary system, 21 patients with portal cirrhosis of the
liver, 6 patients with alcohol induced fatty infiltration
and degeneration of the liver, 4 patients with idiopathic
haemochromatosis and 2 patients with refractory anaemia and
oxogenous iron overload from multiple blood transfusions and
iron medication. The subjects investigated were further
subclassified on the basis of their tissue iron stores into

fron normal, iron deficient and iron loaded subgroups.

The intestinal absorption of both metals was measured
by a fsecal recovery method. A technique employing non
absorbable markers Cr“u‘l3 and camine red was devised to
ensure completencss of faecal collections, With this
technique it was also possible to separate into three
components, the process of absorption of the crally
administerod test dose; namely the initial uptake by the

mucosal cell, the sequestration by the ccll and the final
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transfer to the body or net absorption.

Four test doses of cobalt cach containing 20 4 moles of

57

CDCIZ tagged with CO™" and 4 test doses of iron each

containing 20 u moles of FeCl, tagged with Fegg were
consecutively administered orally to cach patient over a

four day period. The non absorbable markers were given orally
as follows, Cr“Clz with the 8th dosc, and carmine red two

capsules (2 grams) two hours after the 8th dose.

Body retention of cobalt,measured as the percentage of
the administercd dose not recovered in the faeces and urine
in ten days, was determined in 13 patients with normal iron
stores (5 controls and 8 patients with liver discase), 5 iron
doficient subjects (3 controls and 2 patients with liver

disease) and in J patients with idiopathic haemochromatosis.

In 12 control subjccts with nommal iron stores the
intestinal uptake of cobalt was greater than of iron being
45,6 per cent and 36.2 per cent respectively. The delayed
excretion of cobalt was less (cobalt 2 per ceng, iron 8.0
per cent), but its net absorption was greater than that of
iron (Co. 43.6 per cent, Fe. 27.5 per cent). The results in
the patients with portal cirrhosis of the liver and in those
with alcohe! 1nduced fatty infiltration and degeneration of

the liver but with normal iron stores were similar to those

in control subjects.
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Iron deficiency enhanced the intestinal upi=ke and net
absorption of both cobalt and iron to 2 similar level in
control subjects without liver disease and in patients with
portal cirrhosis. The delayed excretion of i1ron was reduced
in 1ron deficiency but that of cobalt was unatffected. The
significance of the delayed excretion in regulating the

intestinal absorption of the two metals is discussed,

A direct correlation was found between the intestinal
absorption of cobalt and iron over the range of values where
iron absorption is normal or incressed. This observation
demonstrates that cobalt and iron share at least part of a
common absorptive pathway. However, in the two patients with
exogenous iron overload, the intestinal absorption of iron
wns reduced whereas that of cobalt was unaffected. The

oxplanation for this discrepancy is discussed,

In a total of 27 subfocts a direct relationship was
present between intestinal absorption and urinary oxcretion
of cobalt, As a vosult of this, no difference was observed
in the average body retention of this metal in the iron
normal, iron deticient or iron loaded groups. Also, a direct
relationship wus tfound between the intestinal absorption of

iron and urinary cobalt excretion in 18 subjects.
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Iron deficiency enhanced the intestinal upt=ke and net
absorption of both cobalt and iron to a similar ievel in
control subjects without liver disease and in patients with
portal cirrhosis. The delayed excretion of iron was reduced
in iron deficiency but that of cobalt was unafiected. The
significance of the delayed excretion in regulating the

intestinal absorption of the two metals is discussed,

A direct correlation was found between the intestinal
absorption of cobalt and iron over the range of values where
iron obsorption is nommal or increased, This observation
demonstrates that cobalt and iron share at least part of a
common absorptive pathway. However, in the two patients with
exogenous iron overload, the intestinal absorption of iron
wns reduced whercas that of Cobalt was unaffected. The

explanation for this discrepancy 1is discussed,

In a total of 27 subjects a direct relationship was
present betwoen intestinal absorption and urinary excretion
of cobalt. As a result of this, no difference was observed
in the average body retention of this metal in the iron
normal, iron deficient or iron loaded groups. Also, a direct
relationship was found between the intestinal absorption of

fron and urinary cobalt excretion in 18 subjects,
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INTRODUCTION

HISTORICAL BACKGROUND

Cobalt has been used to colour glass and pottery for
centuries. The blue of Ming China and Venetian glass owe
their brilliance to cobalt salts. Cobalt has also found
wide application in modern technology; alloys of the metal
are used in the manufacturc of jet cngines, rocket noziles,
gas turbines and permanent magnets ftor high-fidelity loud

speakers (1).

However, it is only in the last four decades that the
biological importance of cobalt, especially in animal
husbandry, has been recognisced. In 1934, in Southern
Australia, the cxperimentual investigation of Coast Disease,
a malady affocting sheep and cattle grazed on certain
restricted pastures, revealed that these animals were
suffering from dietary cobalt deficiency. The nmalady was
characterised by annemia, loss of appetite and sevore weipght
loss. Interestingly, it did not affect non-ruminant animals
like the horse (2). The response of the affected animals to
orally adninistered cobalt was dramatic; the anaemin was
corrected, appetite improved and therc was weight gain.
However, the administration of cobalt by injection was
without eifect even though blood and tissue levels were up

to ten times the levels in normal sheep (3) (4).
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The noxt major landmark in the olucidation of the

-
~ biclogical importance of cobalt in aninal and human

physiology was the discovery iu 1948 (S) (6) that ta.
anti-pernicious anavmia factor in liver cxtracts (7) was
Vitumin B,,, which was latcr shown to contuin a cobalt
atom in its molocule (8). Subscquunt investigations
demonstratod that the nutritional cobalt duficicency in
rgninants was duc to Vitamin BIZ deficioncy (9). Tho
Vitamin is synthesizod in the runmen from dictary cobalt by
intestinal bacteria (10). Thus came the oxplanation for
the carly obscrvation (3) (5) that parcnteral cobalt
administration was ireffoctive in correcting the anavmia
of Coast Disvasu,

All nttomputs to prnddcu manifostations of cobalt
doficiency by dietary deprivation of inorganic ccbalt in
small laboratory animals suci as the rat and the rabbit have
been unsuccessful (11) (12) (13). These animals, as well as
non-runinants, requirc Vitonin BIZ directly in their diots
and, provided this is availpble, a dictary deficicncy of
inorganic cobalt docs not produce symptoms. Thue main sourcos
of naturally occurring Vitanin le arc nicro-orpganisms (14)
and the rat and rabbit largely mect their nceeds by corprophagy.

Following the discovery that cobalt was a potent

‘erythropoietic agent in laboratory animals and in man, (see
i

nt and Root (15) for o complote review) attempt \were made
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to treat anacmias associated with infections, burms,

kidney disease and refractory anaemias of adults with
large doses of cobaltous chloride (16). Berk et «l. (17),
found that 300 mg. daily doses of orally administered
cobaltous chloride produced a reticulocyte response and

an increase in the red cell count in normal subjects and
in occasional cases of refractory anacmia, Holly (18) also
found that supplementing a daily dose of 0.8 to 1.2 gm. of
an iron salt with 60 to 90 mg, of cobaltous chloride
prevented a reduction of mean haemcglobin and packed cell
volum¢ in some pregnant women; but the administration of
/0 to 100 mg. of cobalt nlone to another group of pregnant
women failed to prevent a decrease in hoemoglobin and
haematocrit, Thus it appeared that the erythropoetic

potency of orally administered cobalt y.s linke. with iron

administration.

The andministration ot large doscs of cobalt salts to
humans has been associated with toxic side effects such
as goitre and depression of thyroid function (19),
peripheral ncuropathy, and renal tubular damage similar to
Wilson's diseasc due to copper poisoning (20), The addition

of smoll quantities of cobalt salts to draft beer to improve

the stability of the foam led to the development of a form of

Cardiomyopathy in Quebec, Cziadz (21), the United States (22)

i AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



. anaemias associated with infections, burns,

ﬁiﬁhﬁy disease and refractory anaemias of adults with
large doses of cobaltous chloride (16). Berk ot al. (17),
found that 300 mg. daily doses of orally administered
cobaltous chloride produced 2 reticulocyte response and

an increase in the red cell count in normal subjects and

in occasional cases of refractory anaemia. Holly (18) also
found that supplementing a daily dose of 0.8 to 1.2 gm. of
an iron salt with 60 to 90 mg. of cobaltous chloride
prevented a reduction of mean heemoglobin and packed cell
volume in some pregnant women; but the administration of

70 to 100 mg. of cobalt alonc to another group of pregnant
women failed to provent a decrease in haemoglobin and
haematocrit, Thus it appearcd that the erythropoetic
potengy of orally administered cobalt wus linke. with iron

administration.

The administration of large doscs of cobalt salts to
humans has been assocjiated with toxic side effects such

8% goitre and depression of thyroid function (19),

peripheral neuropathy, and renal tubular damage similar to
Wilson's disensc due to copper poisoning (20). The addition
of small quintaties of cobalt salts to draft beer to improve
the stability of the foam lod to the development of a form of

cardiomyopathy in Quebec, Caieda (21), the United States (22)
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(23) and in Belgium (24)., Thus, the high incidence of
toxicity with therapeutic doses of cobalt led tc 2 discontinuation

in the use of cobalt salts in the treatment of anacmia,

HUMAN REQUIREMENTS FOR COBALT AND VITAMIN B

12
A human rcquirement for cobalt as such i: unproven as

1s the need for cobalt in non-ruminant animals (25).

tlarp and Scoular (26) reported that the total daily
cobalt intake, from composite foods and milk, in self-selected
diets of 23 school girls ranged from 5.63 to 7.79 ng.
A similar range of cobalt intake was reported by Cartwright
(27) and by Hubbard et al. (28). Engel et al. (29) rcported
a daily cobalt intoke of 17.4 to 42,8 pug., and recommended o
daily allowance of 15 pg. to maintain the body in positive

cobalt balance.

Schroeder et al, (!} employed both emission and otomic
absorption spectrophotometry to determine the cobalt content

in the diets in a hospitul and from an institution, They

reported a range of 140 to 580 ug. of cobalt per day per
diet. The higher values in this study as compared to the
others may be due (o the different technique of cobalt
determination. Thedr Beasurcments were by colorimetric

methods which are known to give lower values.

The cobalt content of common food stuffs have boun given

by Schroeder et al. (1). Sea foods are very rich in

[ . AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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cobalt whereas vegetables, fresh and canned fruts, dairy

products, meats and alcoholic beverages contain very

little cobalt, Intermediate amounts are present 1in

cereals, nuts and spices., But i1t 15 ot interest to note

that the recommended dietary sources of Vitamin B,,, such

a5 liver and meats arc not food items rich in cobalt,

Herbert (30) has proposed O.1 pg. of Vitamin By, as
the minimal daily requirement necessary to prevent

deficiency of the vitamin in the adult male. Haematological

improvement has been reported following the administration

nf as little as 1 pg. of Vitamin BLZ to patients with

pernicious anaemia (31) (32).

Since cobalt constitutes only 4.5V by weight of the
vitamin Hll molecule (33), and since it has been shown
that cobalt is firmly bound in the molecule and does not
exchange with inorganic cobalt (34), it is evident that

the daily intake of the element is far in excess of the

requirements for vitamin nll‘ Engel et al. (29) have

éstimated that of the total daily intake of cobalt, the

amount that can bhe accounted for in vitamin ull is less
than 1%,
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%%E llSﬂHFTIUH,LEIERETIDH AND TISSUE DISTRIBUTIUN OF
: MALS:

Studies with radicactive cobalt have demonstrated in
the rat (35) (36) (37) (38), in rabbits, swine and young
calves (39), in cattle (36), and in dogs (40), that orally

administered cobalt is readily absorbed and excreted mainly

in the urine. When administered parenterally, the main path

of cobalt excretion is also the urinec although a small

gmount is excreted in the faeces. That bile is the main

vehicle of cobalt excretion intoc the gastro-intestinal tract

has been demonstrated in rats by Grecnberg et al. (37), and

in dogs by Lee and Wolternick (40). In these studies, the

site of maximum cobalt absorption was not detemmined
although Lee and Wolternick had previously reported 504
absorption after directly injecting cobalt into the lumen

of the second loop of the duodenum in the dog (41).

Following oral or parcenteral administration, cobalt is

widely distributed in the tissues, The highest concentrations

are found in the liver and kidneys und lesser amounts are

found in the pancreas, the spleen and other organs (36) (37)

(41) (42) (43}, The explanation for the lLigh concentrations

of cobalt in the liver and the kidneys might be that they

fpruvidu the main pathways for its excretion by way of the
‘bile and urine respectively.

B d
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B HIEQHPTIDHE EXCRETION AND TISSUE DISTRIBUTION OF COBALT

Early investigations of cobalt absorption in man were
directed towards establishing the amount required to

maintain the body in positive balance by the ucasurcaent

of the cobalt content of diets and daily excreta. Kent and

McCance (44) reported a total excretiun of cobalt in the

faeces ond urine of 1,25 mg. in one week by a patient on a
hospital diet, This was increascd to 4,14 mg. during the
following weck, after 13 mg. of cobalt had been given by
intravenous injection, Seventy-four per cent of the total
cobalt excretion was in the urine, Cartwright (27) found
that normal adults on a self-selected diet containing about
5 to 8 pg., of cobalt per day absorbed 73 to 77%, and 67%

of the absorbed cobalt was excreted in the urine. Other
cobalt balance studies in man are those of Schroeder et al,
(1), Hubbard et al. (28) ond Engel ot al. (29). The results
of these studies all indicate a high faecal and urinary
excretion of cobalt but they do not make definite commionts

in the nature of the intestinal absorption of cobalt in man.

Using cobelt tagged with a radioactive isotope, Parley
gt al., (45) reported that 10V of an orally administered
dose of 1 mg, of cobalt was absorbed and excretion of the

isotope was chiefly by the kidneys.
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The site of maximum cobalt absorption in man is

unknown, and it has not yet been demonstrated whethor

cobalt is excreted in the bile, as in experimental

animals, or secreted directly into the gastro-intestinal
tract.

Analysis of human tissues for cobalt indicate that

the element is present in almost every organ, Yamagata

et al., (46), employing a spectrophotometric method, estimated

from 46 accident cases that the total cobalt content in the

human body was 1.1 mg. The highest concentrations were

found in the liver, bone with marrow and in skeletal

muscle, Parr and Taylor (47), employing neutron activation

analysis technique, also found the highest cobalt

concentration in the liver, S0% of which was cstimated to

be present in Vitamin B,,. The livers of newborn infants

have significantly lower cobalt content than those of adults,

Hubbord et al. (28), using a spoctrophotometric method,

were unable to detect any cobalt in cither whole blood or

in serum but Thiers et al. (48) with a similar technique

reported cobslt concentrations ranging from 0,083 to

0,29 pg. per kg. whole blood. Parr and Taylor (45) reported

serum concentrations ranging from 0,08 to 0.58 ug. per litre,
and estipnted that only S to 10% of scrum cobalt is in

Vitamin B,,. The blood cobalt concentrations reported by

L AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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~ Koch et al. (49) were higher than thosc previously reported
but they showed that washed red blood cells contained more
cobalt than either whole blood or plasma, What ail these -

studies showed was that blood cobalt was sienificantly

much lower than the levels in tissues; nainly
kidney.

liver anc

Cobalt is transported in the albumin fraction of

blood plasma by non-specific binding (30). A similar

non specific binding of the cobaltous ion to plasma

transferrin has been described (51).

|
LS

THE RELATIONSHIP BETWEEN COBALT AND IRON

Cobalt and iron belong to the first series of the

transition clements in the periodic table. The transition

clements have been defined as thosc, which as elements

have partially filled "d" or "f" shells in their orbital

electron configuration (52). The physical and chemical

properties of the transition clements are adequately
described in standord texts (52) (53): but within the
group of transiticn elements, a closer similarity in
physical and cliemical properties cxists particularly
between cobalt, iron, and mangancse than between them
and the other members of the group, nomely scandium,

titanium, vanadium, chromium, nickel, copper and zinc.

A comparison of the physical propertics of cobalt and iron

i
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| Bﬁlblr of electrons (3d)
~ in two outer shells (4s)

~ Covalent Radii
I
F Ionic Radii M** (a)

Y (a)

Atomic Volume

Specific Gravity [ZuﬂC]
Common Valencies

Solubility of Chloride Salt
_{ll- litre at 409¢)

:Hﬂlting Point 760 mm. Mg,

.Iﬁilinu Point 760 ea, ilp,

Hodgman (54),

410
1495°¢
2900°¢
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7.1
1.85 - 7,88
2,3 and o

407
1535%
3000°¢C

» *Data taken frow Heslop and Robinson (53) and from
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is given in Table 1 (page 21).

One characteristic of great biological importance
which is common to both cobalt and iron is the tendency of
both metals to co-ordinate with 6 ligands to fora complexes.

Ferrous iron forms a large number of complexcs, most of them

octahedral. One of the most important of all 1ts complexcs

is the porphyrin complex, haem, which c¢xists associated with

a globular protein in haemoglobin (52). Other iron

co-ordination compounds of biological importance are the cnzymes

cytrochrome ¢, the catalases and the peroxidases (55) which

catalyse oxidution reduction reactions,

An important cobaltic complex which occurs in nature

is Vitamin BIE' The central portion of the vitamin B

12
molecule consists of four reduced and substituted pyrrole

rings surrounding a single cobalt atom., This central

structure, known as a "corrin" ring system, is similar to
the haemoporphyrins with the difference that two of the

pyrrole rings (I and IV) are joined directly rather than

through a single mecthane carbon (56). Other co-ordinate

cobalt compounds have been described (57) but their

physiologicnl importance is as yet uncertain,

THE SPECIFICITY OF TIE INTESTINAL TRANSPORT SYSTEM FOR IRON

Pollack et al. (58) have demonstrated that rats rendered
gjﬁp deficient cither by bleeding or by a deficient diet

n. AFRICAN DIGITAL HEALTH REPOSITORY PROJECT




———— i
= -

' ol
- 23 -

‘absorbed increasced anounts of both cobalt and irer. lhis

observation suggests that the intestinal transpert
nechanisa for iron night not be specific and could be

shared by sinilar elenents including cobalt. Toere have

been no previous studies of cobalt obSorption in iron
deficiency states in nan, and the significance of the

findings of Pollack and co-workers has not been fully
explored,

ﬁETERHTlﬂHE IN COBALT ABSORPTION 1.l DISORDERS OF I1RON
1

| G

lginputhic Haenochronatos is

Althoupgh the results of iron absorption studies in
idiopathic haenmochronatosis appear contradictory, it is

generally accepted that the excessive deposition of iron

in the tissues is o direct conscquence of inappropriate
absorption from the gut.

of Pollzack et al. (58) that cobalt and ivon share

1f oneo accepts the postulate

a
comion absorptive pothway, one night anticipate increased

cobalt absorption in idiopathic hacnochropnutosis. llowever,

thero hiave been nu studies of cobalt absorption in

idiopathic hoeoochronatosis. In the studies of Butt et al.

(Rq;, walch used o spectrochenical nethod, cobalt was not

detocted in livers of 10 pationts with idiopathic

m:h_rmmtn:h, althougn the iron contents wero very high,

e
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2., Portal Cirrhosis

Although increcased absorption of iron has been reported
in 30 to 100% of patients with portal cirrhosis 50 - 66)
increased deposition of iron in the liver and otier tissues

has been found infrequently (67) (68). A review of the

English literature reveals that only 11 authentic cases of

haemochromatosis secondary to portal cirrhiosis have been

reported (69 - 77). A summary of thesc case reports 1s

given in Table 11 (page 25).

The discrepancy between the reported increase in iron
absorption and the rarity of iron overload complicating
portal cirrhosis mipht be explained by the failure to
exclude iron deficiency by definitive tests such as bone
marrow aspiration for stninable iron in many of the studies.

Cobalt absorption has not been previously investigated

in portal cirrhosis but wmeasurcments have been made of cobalt

concentrations in the liver. Hunt et al, (78), by neutron

activation analysis technique, found significantly lower

cobalt concentraticns in the livers of cirrhotic patients

than in control accident victims. Worwood et al. (79),

using the samc method, found no significant difference in

Iiver cobalt concentration between biliary and other types

of liver cirrhosis. Their studies did not however commont

on the comparison with normals.,

-
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STATEMENT OF THE PROBLEMS INVESTIGATEU.

AIMS AND OBJECTIVES

It has been postulated that cobalt and iron, on account
of their structural and chemical similarity, might share a

common intestinal absorptive pathway, Support for this

hypothesis has becen provided by Pollack et al. (58) who

showed that iron deficiency in rats enhanced the absorption

of both cobalt and iron. The sienificance of this

observation to the human subject hes not been fully explored,
There have been no studies in man of cobalt absorption in

conditions in which iron absorption is cither increased or

decraased. It is also not known whether increased cobalt

absorption is complicated by incrcased body retention
of cobalt,

The aims and objectives of the studies to be reported

in this thesis are as follows:-

I. To compare¢ the intestinal absorption of cobalt

and iron in subjects with normal iron stores.

I1.

To investipate whether alterations in cobalt

absorpiion occur in conditions in which iron

absorption is incroased or decreased,

(a) To dotermine whether liver cirrhosis per so

alters the intestinal absorption of cobalt as
has been reported for iron.

o | AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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(c) To du;umim whether cobalt is retained in

'thn?«huﬂ}f'---in conditions --_in Hh;‘;h _it_:.-_

absorption is increascd,
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MATERIALS AND METHODS

1. TECHNICAL METHODS

1%

3.

4.

S.

Haemoglobin was cstimated by a cyanomethaemoglobin
method (80). The normal range of values are 12-10

gn./100 ml, for females and 14-18 gm./100 ml,

for males.

Packed cell volume (Hacmatoucrit) was measured by a

microhaematocrit method (81). The normal range of

values are 30-47% for females and 40-54% for males.

Red cell count was measured by an electronic
Coulter counter (82). The normal range of values
are 4.2 - 5.4 million red cells per cu.am. for
females and 4.0 - 0,2 million per cu.mm. for males.

Reticulocyte count The method employed was as
described by Miale (83).
is 0.5y - 1.0%.

Normal range of values

Serum protein und elcctrophoresis The total serum
protein wns determined by the Biuret recaction (84)

and o standard electrophorotic technique was employed
tec astimate the albumin and gamma globulin

fractions (85). The range of normal values

- total serum protein 6-8 gm,/100 ml.; serum

in 3.5 - 5,5 gn./100 nl, and pamma globuling
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0,8 - 1.2 gn/100 ml.

6. Serum bilirubin This was deterninc! by a

modification of the method of Evelym und

Malloy (86). The range of normai values is from
0.1 to 0.8 mg./100 ml.

Serum alkaline phosphatuse This wus measured by

the method of Bodansky (87). The normal range of

valucs are 1.5 to 4.0 Bodonsky units/100 ml.

8. S.G.0.T. This was determined by the method of

Reitman and Frankel (88). The normal range of

values are 4 - 40 units/ 100 ml.

0., Bromsulphthalein retention This was detemmined

by the mothod of Seligson et al. (90). The normal

rectention of the dye in the plasma at 45 minutes
is less than 6% of the injected dose .

10. Serum iron and unsaturated iron binding capacity

Measurements were made by the method describod by
Schade (?1). The normal mean value for serum iron

is 100 yig./100 ml. with a range of 55 - 185 pg./100al,:
for unsaturated iron binding capacity 250 ug./100ml,

with a ranpe of 185 - 335 up./100 ml.

I1. CLINJCAL LVALUATION OF IRON STURES

1. Introduction

The usofulness and the limitations of available
“! methods for the clinical evaluation of iron stores
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have been adequately reviewed (91) (a2} (93).
The absence of stainable iron on histnlogical
¢xanination of the bone marrow has Luenlciaimcd
the best method at present for the dJdiagnosis of

iron deficiency (94) (95) (96) (97). Subjects
with normal iron stores have steinable iron in

the bone marrow. The haemoglobin concentration,

packed cell volume, blocd smear, serum iron and
unsaturated iron binding capacity may be within

normal limits even though the body iron stores arc

depleted (98).

Attempts have been made to compare the iron
stores in different individuals by grading the

stainable iron present in the bone marrow (99)

(100) (101). There is a considerable overlap

between nomnal subjects and those with increased

iron storcs as asscssed from histological grading

of bone marrow iron (102); furthermore, in anacmius

other than Llron deficiency there is a shift of iron

from the red cells to tissue Jron stores which is

refiected in increased marrow hacmeosiderin (103).

Haskins et al. (104) claim that the most

accurate method of determining increased body iron

stores is by the measurement of ironm in blood
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removed by multiple venesections however, this 1s not

always practicable and cannot be justified :in the

presence of anaemia. In this situation, estimation of

the stainable iron in a Lone aurrey asr.raleis nore

satisfactory and presents no great practical problem.

In this study, iron deficiency was cstablished by the

absence of stainable iron in the bone marrow, A diagnosis

of iron overload was made by the finding of excessive

stainable iron in a liver biopsy specimen or storage iron

in excess of two grums by phlcbotomy., According to

Haskins et al. (104) 1 ml. of packed erythrocytes contains

l.1 mg. of elemental iron. Removal of 500 ml, of blood

with a packed cell volume of 45% results in depletion of

total body iron by 1.1 x 225 mp. of iron. The normal aduit

male has 1.2 to 1.5 prams mobilisable iron.

2. Technical details

(a) Bone marrcw

was aspirated from the ilium and
smears from the aspirate were stained for iron with the

Prussian blue reaction (93). The Llue staining

haemosiderin granules in the reticulum cells were examined

by light micicscopy and graded according to the following

criteria: O, absent; 1+, 1-25 per cent of high power

fields (500 times magnification) contained stainable iron:
2+, 26-75\V of high power ficlds;

3+, 76-100% of fields
had granules in them;

.

and 4+, definite blue staining
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visible upon naked eye inspection of slides due to

large clumps of haemosiderin in reticulum ccils and in

extracellular foci, This classification condenses that

of previous workers who graded stainable iyon 1 to 6 and

also showed a corrclation between chemical estimation of

iron and histolopgical staining (101).

(b) Liver biopsies were taken

with a Vim-Silverman

needle, lHistologicel sections stained for haemosiderin with

the Prussian blue reaction were examined under a light

microscope and praded on an increusing 0 - 4+ scalc using

criteria similar to those of Balcerzak et al. (99). A 4+

stainable iron in the liver biopsy wos considered an

abnormal increase.

111, SELECTION AND CLASSIFICATION OF PATIENTS

The subjects were selected from patients referrcd
to the Division of Gastroenterolopgy at the Kingston

General Hospital., All investigations were carried out i

the Special Investigation Unit of the hospital. Details of

the criteria for the selection and classification of the

patients are as follows:

l. Control subjccts with normal iron stores

Twelve patients whe had no previous history of

Gxcessive aicohol intake and were not suffering from

disease of the liver, pancreas, the gastro~intestinal tract

e
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or the haemopoietic systerm served as normal control

subjects. There was no history of blood loss or

medication with iron or blood transfusions during the

preceding two years, There were five fumales, all post

menopausal, and seven males. The subfccts ranged in age

from 29 to B3 years. The blood counts, serum iron and

unsaturated iron binding capacity and liver function
tests were within nomal limits (Appendix 1, page 114)

All the patients had stainable iron in their bone t arrow

aspirates within the rdpge 1+ to 4+ reported in nommal
subjects (100),

2. Control subjects with depleted iron storus

Iron depletion was established on the basis of

nbsent stainable iron in bone marrow aspirates (94) (95)

(96) (97). In othew respects, the criteria for selecting

the patients in this proup were similar to those for the

normal control proup. There were six patients, three

females and three males, aged from 35 to 72 years, none

0f whom was bleeding at the tinme of study. Tho results of

the blood counts, scrum iron and iron binding capacity and
liver function tcsts are given in Appendix Il (page 115)

Overt anacmin was present in two patients and in the othors

the haemoglobin concentration was normal. One patient

(M.A.) had o slipght increase in BSP retontion presumably

- on account of the congestive cardiac failure present in the

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT



- ke

time of study. Another patient (G.H.) had an unexplained

decrease in scrum slbumin concentration.
Liver biopsies were not taken from subjects either in

this group or in the preceding control group.

3. Patients with alcohol induced fatty imfiltration and

depeneration of the liver

The six patients in this group were all males aged

45 to 67 years. A history of excessive alcohol intake was

obtainced from all of them but !iver histology revealed only

fatty infiltration and degencration without cirrhotic

changes. The alcohol intake was mainly distilled spirits

and beer and there was no cviuvunce of wine consumption in

excoessive amounts. Alcohol had been withdrawn from the

patients at least five days before absorption studics

were carried out. The stainable iron in the bone marrow,

in each patient was 3+, and in the liver it ranged O to 2+

for the whole group. Thu results of blood counts, soruum

iron nand unsaturated iron binding capacity, and liver
function tests are given in Appendix III (page 116)

4. Patients vwith portal cirrhosis of the liver

The ‘lfagnosis of portal cirrhosis was established in
each case by histological examination of liver biopsy

specimens for tho characteristic changes in portal
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cirrhosis (105). Therc was clinical evidence of portal

cirrhosis, such as ascites, hepatosplenonegely, pulmar

erythema und jaundice in most of the patieats, The total

nunber of 21 patients were subclassified into three groups

according to their estimated iron stores, Patients who

presented with portal cirrhosis but who were actively

bleceding were excluded from the study.

(a) Portal cirrhosis with normal iron stores

The nine patients in this group consisted of eight

males and one females. They ranged in age from 48 to 67

years., Chronic alcoholism was responsible for the cirrhosis

in the ecight male patients, but in the female subject the

actiolopy of the disense was unknown. The pattern of

alcohol sonsumption did not differ from that of the patients
with fatty infiltration ond degencration of the liver

described in the previous group.

The stainable iron in the bone marrow aspirate, grades

1+ to 3+, was within the range obtained in the control

subjects with normal iron storss, In the liver biupsy

specimens, the ascunt of stainable iron ranged from O to 2+.
The patients who had no stainable iron in the liver had
adequate amcunts in the bone marrow, and in none of the

patients was ancreascd iron, 4+, found in the liver. Two

patients (M.M. and N.S.) had had portocaval shunts 24 months

and 6 monthis respectively bofore the study was undertaken.
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..Eﬁﬁﬂl of the patients had been treated with iron medication

in the preceding two years. Occult blood was absent from

the stools at the time of study in all the potlents. The
results of the blood counts, serum iron and unsaturated

iron binding capacity and liver function tests are shown

in Appendix IV (page 117).

(b) Portal cirrhosis with depletcd iron stores

Iron deficiency was established in each case by

the absence of stainable iron in the bone marrow aspirates.

In addition, none of the patients had stainable iron in the

liver biopsy. There were eipght patients in this group,

six males and two females, whose ages ranged from 40 to

67 years. In seven of the patients chronic alcoholisn was

responsible for the cirrhosis; in one of them, the
actiolopgy was unknown.
Two patients (P.E. and J.M.) had had porto-caval

anostomoscs, 18 months and 6 months respectively, for

bleeding varices buforce study. The results of the blood

counts, sorum ircn, and unsatureted iron binding capacity

and liver function tests are given in Appendix V (page 116)

(¢) Portal cirrhosis with increased iron stores

The four patients in this group were sclected on the
basis that both portal cirrhosis and iron over load were

present during the course of their discase,

Portal
rrhosis was established by the usual criteria (105) and

-
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~ iron ovverload by the finding of increased stainable

iron, 4+, in the liver biopsy specimen, In tiiree patients,

V.D., J.S., and R.B,, iron overload was confirmed by
storage iron in excess of 2 grams by phlebotomy. The

values obtained were 2.2, 18,5 and 15.0 pgrams of iron

respectively. The fourth patient, R.%., {ied four weeks

after study and at necropsy extensive doposits of iron

were present in body tissues.

Iron overload was preceded by portal cirrhosis in two

patients (R.W, and V.D.) and in the other two (R.B. and J.S5.)

the sequence of cvents was not known. The case histories

of the four paticnts with portal cirrhosis and iron overloud

arc briefly summurised.

R.W., born in 1910, began drinking mainly becr and

spirits at the age of 20, Portal cirrhosis of the liver

was established by open biopsy in 1947 but the histology

did not show increascd amounts of stoinable iron in the

liver. An end to side porto-caval anastomosis was performed

in 1964 to control blecding oesophagenl varices: liver

histology showed u worscning of the cirrhotic process bLut

the stainuble iron in the liver was not incroased. The

patient divd three years later in 1967 in hepatic coma

following an acute bout of alcoholism, At necropsy, increascu

::L_ﬁégggggtinn_nf iron was prosent in the liver, spleen, kidneys,
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adrenals, pancreas and the testes.

V.D., a chronic alcoholic, had liver cirrhosis
established by percutaneous liver biopsy in 19061,
A portocaval anastomosis was performed in 1964 to control
bleeding from oesophageal varices. Liver bicpsies taken

in 1961 and 1964 showed only norma! amcunts of stainable

iron. In 1966 the serum iron had increased 197 pg/l00el.,

with full transferrin saturation and increased amounts

of stainable iron were present in the liver biopsy.
A course of venesections were started to treat her iron

overload, and 2.2 gm. of eXxcess 1ron were removed sSiX

months before present investigations were carried out,

J.S5., a chronic alcocholic, had portal cirrhosis and

iron overload diagnoscd at emergency portocaval shunt surgery

for blecding ocsophugeal varices in 1963, Gross examination

of the abdominal orpgans during the opuration showed

brownish discolouration of the pancreas and the liver,

Histology lator confirmed portal cirrhosis with increased

deposition of iron in the liver, A totul of 18.5 gm, of iron

had been removed by venesections from his body iron stores
but the sequence of ovents between the portal cirrhosis and

increased iron storves remained uncertain.

R.B, has been abstemious all his life. IPortal cirrhosis

yiih increased iron stores was diagnosed at laparotomy for
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cholecystoctony in 1968, Increased stainable iron, 4+,
‘wWas present in the liver biopsy and although il g, of
iron had been removed from thc body before absorption

studies were carricd out, it renocined uncertzi

whether
the portal cirrhosis was the preceding cvent,

e Patients with idiopathnic pucuUoCnTONatUSis

The four paticents in this group consisted of throce

nales and onc female. They ranged in age froa SE€ to

66 years. The assunption that iron overload was tae

prinary cvent was bascd on the finding of extensive iron

doposits out of proportion to tuv degree of liver danage
in all of then. One of then, M.R, had a positive fanily
history of iron overload, Twenty-five and 32 grans of iron

were renoved from V.C, and LE.G, roespectively, and histological

changos choracteristic of haenochromatosis were present in

J.W, at necropsy despite the fact that € gu. of iron had

beon renoved from his stores during life,
6.

Pationts with iron ovorload duc to CXOgCNOous
iTon adainistration

Iron overload in tie two paticents in this group was
due to the adninistration of orzl iron and blood

transfusions. 1he stainable iron in tie liver in botn

patients was increoascd, i+, D.M,, a 61 year old nale witn

portal cirrihosis duc to alcoholisn also had a refractory
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'-;-': which had Iié"ﬁmfn;l‘w:lﬂ oral iron zud bloo
trans sk ’_E.I.; for eight months before study. The :'-;{uqq@:
;Eﬂ'#wﬁ, H?ﬂ@(ritﬁ? year old female had rcceived oral iron

and a total of 94 pints of blood over the preceding years

h

‘5;§hg;npinitiqﬁannanin. The liver biopsy showcd on histology |
only mild fibrosis around the portal tracts but increased

r- amounts of stainable iron were present in the Kuppfer cells

- and the liver parenchyma.

The blood counts, and liver function tests of the

|.
“

patients with increased iron stores are shown in

Appendix VI (page 119),




~ IV. MEASUREMENT OF IRON AND COBALT ASSORPTIO "

Introduction
Crosby nas reviewed the various techniques for the

measurement of iron absorption in cxperimental animals

and in man (106). Three nethods utilizing radioisotopes

of iron, at present in common use, are the whole body

counting technique (107) (103) (109), the double 1isotope
red cell uptake method (110) (111), and the faccal

recovery method (112). The results of iron alsorption

studies with the three techniques have not been too

divergent although Lunn et al. (113) reported a discrepancy
between the results obtained by the faecal recovery

technigue and the other two. Uiscrepancies between the

faecal recovery method and the double isotope technique
have been reported by Vitcher et al. (111) and ocetween
the faecal recovery method and the whole boly counting

technique by Callender ot al., (10Y9)., The main source of

error in the faccal recovery method arises from .ncomplute
faecal collections cspeciolly when absorption studios are

carried out in general hospital wards., It should,

lhiowever, be pointed out that the double isotope method

assumes that vie radio_iron adaministered orally is handled

i
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Ways va.
;idﬁiﬁkiﬁﬁ-riiﬁlfs, has been demonstrated in studies
showing that when the plasme transferrin is fully
‘saturated, or ncarly so, most of the newly absorbed
iron from the gut is deposited in the liver at its
first passage (114) (115) (116).

The faecal recovery mathod has been employed in
this study to measure the intestinol ebsorption of both
diron and cobalt. This method 1s valid only 1if the
element under investigetion is not ro-excreted into the
gastrointestinal tract after absorption.

This nas boen
shown to be valid for iron (117) (118).

To establish whother cobolt 15 re-excreted from
the body into the gastrointestinal tract, 10 puoles of
cobaltous chloride (CoCI,. buzn] taggod with 1 pc, of

Cuﬁﬂ in 5 ml. was injected intramuscularly intoc the right

thigh in six control subjects, Surface counting with a

S inch Nal crystal (Huclear Chicago Co.) demonstrated
that 80% of the injected cobalt was absorbed from the
injection site within six hours and 90\ within 24 hours.
In five days an averago of 4.4% of the injected dose
appeared in tic faeces and in 10 days the average faecal
e The average urinary percentage cobalt
pxcretion in five days and ten duys wns 52 and S&)

The small percontage faecal excretion in
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_days provided proof that re-excretion o: cobalt into
the gastrointestinal tract was small and the faecal
recovery method was a valid technique for measuring

. the intestinal absorption of cobalt in man.

2, Preparation of test sclutions

The test solution of iron contained 20 ymoles

(nhnut l mg.,) of iron, in the form of F.-.-IZI;Lr 4 1,0

dissolved in 125 ml. of 0.01N.ICI prepared fro=

concentrated (ICI and ion-free distilled water. The pH

of the solution was 2.

With 1 pc. Fe Cly (S.A. 20-25 uc./ug. t 1/2 45 days)

The test solution was labelled

obtained from the Huclear Chemical Engincering Company,

Cambridge, Massachusctts, U.5.A. An excess of ascorbic

acid, 200 umoles (aobout 14 mg.) was ndded to the tost

solution to keep the iron in solution (119).

The test solution of cobalt also contained 20 umoles
(sbout 1 mg.) of cobalt in the form of CoCl,6il,0

dissolved in 125 mi. of 0.0IN HCI, . The test solution

was labellod with 0.5 upc. of Cu”clz (S.A. 6,2 pc./ug.
~t 1/2 267 doys) obtained from the same source as the

ﬁfﬁi&f}ﬂfﬁh“ mixture to keep the cobalt in solution.
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After thorough mixing, & standard was prepared B
fron each test dose. Five al. of tie 125 ml., solution
was withdrawn into a litre size plastic container and
‘made up to 100 ml. with ion free distillcd water. The
remaining 120 ml. of the test solution was adoinistered
to the patient,

The diluted standard was counted for radiocacrivity
in a well type gamma scintillation counter and the

rndionctivity aduinistered to the patient was calculated
as follows:-
counts per minute in standard (5 mi. of
original solution) = x,
Total counts per winute in one 120 ml.

dose = 120x
5

The standards were counted at the same tine gs the
freces in order to correct for losses of rudiocactivity

dug to naturai decuay of the isotopes.

Measurenants of iron absorption in individual
patients following oral ndministration of single test
doses, are subject to day to day physiological

ariations cuning to changes in motility and secretions
gastro intestinal tract. Ths results ovtained
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revents the precipitation of both cobalt and izca
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ith increasing pil. | |

- After thorough mixing, a standard was prepared

fron ~each test dose. Five al. of tie 125 ml. solution

Was ;-H_hikduwn into a litre size plastic container and

%
~ made up to 100 ml. with ion free distilied water, The

Iﬁmi‘!iﬂl 120 ml, of the test solution was adainistered
ji to the patient,
I The diluted standard was counted for radiocactivity
'. in o well type gommao scintillation counter and the
radioactivity adninistered to the patient was calculated
as follows:-

counts per minute in standard (5 mi. of

original solution) = x,

Total counts peér ninute in one 120 al.

dose = 120X
=145

f The standards vwere counted at the same tiue as the

i!!pu; in order tc correct for losses of rudionctivity

ﬂyﬁ.gq-nnturnl decay of the isotopes,

Peasurenents of iron absorption in individual




efore, not be reproducible when iron

K :,ig;;gpuﬂ;ndfat a later date. Asoug sdihrhi?

| 33

ﬂﬂﬁﬁﬁﬁi.ﬁnﬂpnrisan of results. To correct for these
7E§1i;t3ng:, 3risc and Hallberg (121) introduced the
multiple dosc technique in which 5 doses each of Be’®

- and FeS5 were administered to a group of patients

| OVEr o 3 day period., by this tecanique the absorption
. 0f each isotope was from tests done on three separate
days. Their results showed that thc day to day
variation in iron absorption could be reduced by more
than half,
| However, Kuhn et al. (122), later showed that

the variability observed in iron absorption from
| multiple doses was similar to that with single test doses.

The multiple tost dose technique had been started

upon before Kuhn et al. reported their work. There are

A0 previous studies on the variability in absorption of

;qrqi test doses of cobalt,

3. Adninistration of the test dose to the patient

* Four test doses of the elenent under investigotion,
each as 120 ml. of solution, were thicrefore, administered
er o periou of two doys. After an overnignt fast, the

first dose was administered at ? a.m, and fasting
until ¥ a.m. when breakfast was served,
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_, A . .
; é"‘“b m:l at noon; and after a further two uour fasi:‘
n;iﬁiﬁéﬁ:ﬂﬂﬁﬂg-ruutinn vas resumed.

This procedurs vas
‘repeated on the second day for the remaining tuwo doses.
Two grams of carmine red were given 2 hours after the

- last test dose. The significance of camine red 1is

‘ discussed in a subsequent section, Lach test dose was
well rinsed with distilled water and counting for
‘radicactivity showed very little unadaministercd

residue.

4, Collection of faeces

Each stool specimen was collected ain o litre size
plastic containcr of the same size that was used to
prepare the standards, The patients were carefully
%nltru;tud to avold contamincting their stools witn
urine. Stool collection was continued until & 24 hour

‘collection contained less then 0.2V of the total

radioactivity ingested. This usunlly occurred Letween

ﬁh! 10th and 15th daoy of study. The individual stool

iﬁh:llunl were counted soparately at cach counting

?ﬁl!lnn together with the standards.
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crystals, each seasuring 5 inches in diasaeter, pllnl&L_4

El
]

nd to end with 6 inch space between them for

o
é&#!ﬁiﬁiﬂg the stool containers. By adjustiug the -
pulse height on the scaler it wes possible to count

: two ﬁif{hxunt isotopes at the same time. Ease of

‘separate counting of the isotopes was enhanced by the

I different radiation energies of Fusg, nEv (Y 1.0);
57

ICo7%, s mEV (Y'1.36); Cr°l, mEv (Y.0.32), respoctively.

Counting was continucd long enouph as to ensure

counting error of less than 3\, Corrections for
l differences in geonctry due to different voluumes of
the stools were made by diluting the stancards to

volumes that corresponded to those of the stools being

6. Calculation of results

| The intestinal absorption of iron involves three
stages (Fig. 1, poge 46). Initially wore iron is taken
up by the nucossl cell than is required by tue body: a

proportion is transferred to the body and the iron that

A5 not tran:ferred is temporarily seoucstered in the

-I
- cell and subsequently lost with normal exfoliation of
~ the intestinsl epitheliun (123). It is not known

whether a sinilar 3 stape process is involved in the
ntestinal absorption of cobalt,
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DELAYED EXCRETION
0R
SEQUESTRATION

*MEASURED AS NET ASSORPTION

INTESTINAL ABSORPTION OF IRON .
(Adapted from Conrad and Crosby (123)).
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the delayed excretion of boti iron E

an unabsorbable marker, camsine red, was

g§¥hnrtn the pntiant after the last test dosc. The

di:qpuhlrln:e of the uarker from the facces, assessed

by visusl inspection, was used to mark tie point at whici

loss of radioactivity due to desquamation of the
epitheliun counenced. The efficacy of the methou 1s
based on two assunptions: firstly, there is no significant
separation of the radioactivity and the marker as they
passed down the gastro-intestinal tract, and secondly,
the disappearance of camine red identifies tlic point
at which delnyed excretion of the element duo to
desquanation of the cpitheliun commenced. The validity
of thuso ossumptions was tesSted with the unsbsorbable
substance chromic chloride. A solution containing 1.4
. usoles of CrClq ond 1 uc. of Cr51E13 (S.A. 13-15 uc./ug;
t 1/2 27 days) dissoclved in 125 ml. of 0.0ld uCl was
given by mouth in 4 test doses followed 2 hours later

by a carmine red marker. In 10 subjocts, the majority

of whom had at lecast one bowel motion a day, the narker

appeared in an average of 3 days (1 to 6 days range) and
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verage Qf”?.il (0.2 o 5. 7%) of the
.j';'-l‘.E . ﬁ,-ﬁjtf?-'.ﬂlsl excreted in the faeces after the I
= e e e e e LW e . . ,

‘marker disppeared, indicating that visuasl inspection

of the stool was adequate for identifying the point

|
at which the narksr disapoeared.
The total radicactivity in the adoinisterce test
h ﬂﬁ!ps'uls'tnknn as 100%, The percentage of the test

dose transferred to the body, or the net absorption,

| was calculated as 100 - total radioactivity exXcreted

-ih the stool speciuens, The delayed excroetion was

|

i ‘the porcentage of the test dose excretod after the
disappearance of the marker froa the facces, The
intestinal uptake was conmputed as 100 - the percentage
of the test dose excreted prior to the disappenrance
of the marker from the fuacces, It is apparent from

Fig. 1 that the intestinal uptake is the sua . of the

delayed excretion and the percentage transfer

(net absorption). "Absorption' is used to cover =il

3 three stages involved in the process although reports

- in the litersture use the term to describe wanot is

"7€§!§§rrud to as "net absorption' in this tnesis.

?F?ﬁ'fiiiﬂﬂt' in whou recovery of the Cr51 Elz vias L}
1g5:n 98% indicating coupletoness of faecal
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SASUREMENT OF BODY RETENTION OF COBALT
-

I_';:_ﬂl"_ ‘-i?'i-ﬂl

4 The most direct method of neasuring bouy retention

}fiﬁﬁﬁ#ilzi;,th use a whole body counter to determine

! the porcentage of an oral test dose retained in the

[Iﬁﬁﬁﬂgth:n given time. Whole body counting equipaent

\ f@iﬁiﬁht available at the time these investigations

| wWere conducted.

1 As has been pointed out in the review of the
literature, the main excretory routes for cobalt are
the urine and the facces. To determine body retention
-uf cobalt therefore, 24 hour urines werc collocted

‘separately for 10 days at the sane time as the

l faeces were boing collected for cobalt absorption
studies.
An aliquot of tho test solution was diluted to
S00 1, to prepare a stundard ancd 500 ml, saaples
fi ‘frou a 24 hour urine collection were counted for

:jgﬂipnqtiyltr in the gamma scintillation counter,

The adninistered cobalt was taken as 100%, and
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VI. STATISTICAL METHODS

TE éSﬁl’ﬂ!ﬂt‘i:ﬂt’,ni’t’: (124) was used to evaluate

fli'@fifhjhn:e between results., The cquaiity of

the variances was tested by the F test (124) and

whenever a significant difference wus tound
Eﬁﬁtﬁguﬁ,tht variances the Cox Cochitane correction

|r ‘was applied (125). In the study of the relationship
' "Eﬁnﬂann iron and cobalt absorption the F distribution
test was carried out to determine whether the

i regression was suificiently linear to enable a valid
estimate to be made (124). When the coaputed

F -distribution was statistically significant the

‘ coefficient of correlation was Enlculntcd.
|

L

The crude data worc transferred to punch

‘cards and were processed by an I8N Model 360 Conputer.
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; CESULTS
- ﬂﬁﬂ"lﬂﬁ-
 COBALT AND 1RON ABSORPTION

S e :
- PATIENTS WITH NORMAL IRON STORES

b

r.

(a) Control subjccts |

The averape intestinal cobalt uptake was 45.0 percent
lgith'n range of 33.7 to 60.3 per cent. The average delaysd
excretion of cobalt was 2 per cent (range 0.0 to 4.2

‘per cent) and the mean net absorption was 45.¢ percent

with u range of 31.4 to 56.2 percent. (Tablep]] page 5« ).

| The average intestinal iron uptake was 36.2 percent

with a range of 31.4 to 41.3 percent. The acan delayed
excretion of iron was 8.0 percent (range 4.5 to 15.6 percent)
and the average net absorption was 27.5 percent with a

(- range of 16,9 to 36.% percent (Table IV page 55 ).

I The indivicduaml results for the control subjects with

normal iron stores are given in Appendix 1 (page 114) one

patient, I1,D., did not participate in the cobalt
sbsorption studics.

The averape intestinal uptake of cobalt, 45,6 percenc,
wns significantly greuter then that of iron,. 30,2 purtunbﬁ.

(p - 0.00i), but tne scan deloyed excretion, 2 percent,

as signiilicantly lower thun that of iron .0 percent

_ﬂﬁﬂﬁ}l@ Thg average not avsorption of FF!F@;}
|
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S5, 5
(29 - B3)

13,5 1.3

pashe : 12.3 ¢ 10, 214

(61.1 <81, 2)

5. 4 12,34 1.8 1.3 107

{40 - 4T}

(83,4 - B1,8)

o ‘mormal iron stores La not statistically
p'I.. os

H-lu:nn- value for this group smd mean value
roup with sermal iron stores statistically significan: .
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L8, 5 . 45 &+ II-T
(29 - 83) (33.7-60.3)

53,3 41+ 0.9 39.Ts L3
(42 - &7) (36,8 - 42. 4)

&, 3 . S2.94+ 9.5
(40 = b7) (38, 5 - 61.0)

LETED :l-.mi STORES

"
pie e

et ral 48, 2 2te)
onty ol 2 TZ, 34 10, 2"
a {38 - 12) (61.1 - 87, 2)
534 12.3 4+ 1.8 T3 4 Iﬂ-.'l{.}
(40 - 67) (53. 4 - 81, 8)

!2 li*'—t given as & superscript, the diffarence betweoen the
in ihis group and the comparable mean valise for the
: T.llﬁ- H‘Iﬂ-‘:l-ml irom stores is not statistically
Fl.n.ﬂ

* batwean mean valus (or this group and mean value
I!I‘t_irl- normal irem stores statisticslly signilic sne,
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b0, 0 362+ T.H
(29-83) (31.4 < 41.3)
53.3 4.3« 0.9 33,5+ 7.4
(45-67) T u: 1{'-::3..':1".'_

4.3 1.8+ 1.) l RAAN
* 4 M. be T.0 - d.E ALE
(48-47) (29.6 -s29) | Il{}'-':.':"r'_‘i"lé"'-'r;"';
J .

av. I

| )
48, 3 3 1 l
(35-67) 6. 84+ 1L s R

155, 4
> _-I.'..ﬁ_h'l'hﬂ'lil 53, 4 ol
(40-67) 1.1 4+ 17. %

42,1 < 86 6)

:1 il.-ll 'IE_I I-ltl Are nol
NI (DY, S { Ot given as suparacripte, the dilferancs
_* ﬂ:bl:lﬂ::'llh- o this group amd the comparable mean value

rn‘Pl.-l!_'!.r wilth normal lron stores ls not statistically
- . T

b} and (c) Ditferance betwaen mean valus for this

e .._.|Ir == Aroup and
Lenk IIIE control group with narmal Lron stores slatistically
Micamt, (a) = p<0.00L, (b) = p<0, 0), and (¢) = peo, 05,
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_iron absorption of 27.5 percent

The results are graphically representec in
Fig. 2 (page §7). The delayed excreticn of iron /
amounted to an average of 23.5 percent of it uptake
whilst the delayed excretion of ccbull was only
4,4 percent of uptake. This demonstrates thect in
control subjects with nomal iron stores the intestinal
pucosa sequestrates a greater proportion of iron taken
| up from the luwen than it does for cobult., The
| sienificance of this is discussed later.
1 The results of the absorption studies in this
| group of pationts also dononstrate that when
| -nﬁuilulunulur auounts ol cobalt and iron are
h adninistered to control subjects with nornal iron
: stores sienificantly more cobalt than iron is taken
| up hr the mucosal cell; less is temporarily stored

in the cell; and as a result, the net absorption of
fﬂﬂhlil-il grenter.
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FIGURE 2. COBALT AND IRON ABSORPTION SHOVING INTESTINAL

UPTAKE, DELAYED EXCRETION AND NET ABSORPTION,

KEY: llatched areas: Net Absorption of Iron

Stipled arcas: Net Absorption of Cobalt,

Open spaces above cach column show delayed
excretion of the metal,

Precaded by Portal Cirrliesis

*= Sequence of Lvents Uncertain,
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Et!i ui‘th llcnhul induﬂﬂd fntl:;
Infiltrn:iun nd Degeneration of the liver

The average intestinal uptake of cobalt weus 39.7
percent (range 36,8 to 42.4 percent), the tean delayed
excretion was 2.3 percent (range 1.5 to 3.0 rercent) and
the average net cobalt absorption was 37.4 percent

(range 34.1 to 39.6 percent). (Table I1II page 54§ Yo

The averape intestinal uptake of iron was 33.5 percent
(range 26.4 to 42.0 percent), the averape delayed excretion -
was 9.7 percent (range 3.8 to 19.1 percent) and the
average net iron sbsorption was 25.8 percent (range
20.5 to 26.4 percent). Table IV page 55 ).

The individual results on each patient are given in
Appendix II1 (page 11¢), one patient, WS, did not
participate in the cobait absorption studies. The mean

intestinal cobialt uptake, 39.7 percent, was significantly
higher than the mecan iron uptake of 33.5 percent (p< 00.5).

The delayed excretion of cobalt, 2.3 percent, was

sipnificantly lower than of iron, 9.7 percent (p <. 0.001).
The net sbsorption of cobalt (wean 357.4 nercent) was

significantly greater than that of iron (wean 23.8 percent)

(p < 0.001).

As in the control group with normal iron stores, the

=t

yed excretion of iron in the subjects in this group

ited 8 higher proportion of the intestinal uptake J
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than the delayed excretion of cobalt, 25.9 psrcent as
iunpnrud to 5.6 percent (See Fig. 2, page 57 ].
All orf the findings are similar to those clserved

in the control subjects,

(c) Portal Cirrhosis

The average cobalt uptake was 52.9 percent
(range 36.5 to 61.0 percent), the avercpge delayed
gxcretion was 1.2 percent (range 0.4 to 1.0 percent) and
the nean net zbsorption was 51.8 porcent (ranpe 35.9 to

00.1 percent). (Table I11, page 5§ ).

The average intestinal iron uptike was 30.06 percent
(ranpe 29.6 to 52.9 percent), the average delayed excretion
was 7.8 percent (range 2.5 to 13.4 percent) and the uean net
iron absorption was 28.4 percent (range 10.9 to

37.9 percent). (Table 1V, poge 55 ).

The average intcstinal cobalt uptake was significantly
greater than the nean iron uptake (p< 0.001), the delayed
gxcrotion of cobalt was less than of iron (p < 0.001),
and the net colalt anbsorption waos greater than tiat of

i‘l‘ﬂ'n [p r’: ﬂ-mlj.

The individual results sre given in Appendix 1V
(page 117) and for the whole group they are gruphically
shown in Fig. 2 (page 57). Three patients (JH, CS, and uS)
414 not take vart in the cobalt absnrption studies,
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The delayed excretion of cobalt amounted to only
2,2 percent of the intestinal uptake whilst tic
delayed excretion of iron was 21.C percent of its
uptake.

The results in this proup were similar to those
in control subjects and patients with alcohol induced
fatty infiltration and depgeneration ot the liver. They
indicate that in patients with noruanl iron stores,
associated liver discasc does not directly influence the

handling of either cobalt or iron by tlie intestinal

aucosa.

2, PATIENTS WITH DEPLETED IROHN STOURES

(n) Control Subjects

The average intestinal cobalt uptake 72.3 percent
(range 61.1 to 87.2 percent) (Table III, page 54 ) was
similar to the avernge intestinal iron uptake 65,6 percent
(range 55.4 to 87,0 percent) (Table IV, page 55 ).

The average delauyed excretion of cobalt 2,2 percent
(range 1.0 to 3.9 poercent (Table III, page g4 ) was
sinilar to tiic averape delayed excretion of iron,

3.9 nercent (ranpge 1.0 to 7.0 percautJETahlﬂ 1V, page 55).

The ayvorape net sbsorstion of cobalt 70,1 percent

(reange GO.* o 86.2 percent) was similar to that of iron

.#1!g'ppr:un: (range 49.0 to 84,2 percent),
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T ‘1ﬁscunpnrisnn with the results in the control

group with nommal iron stores, the intestinal uptake
and net absorption of both cobalt and iron were
significantly increesed (p< 0,001 in cach case).,
The delayed excretion of iron was signilicantly
reduced (p *~ 0.05) but the delanyed excretion of
cobalt was similar to that in controls with normal
ATONn stores.,

The individual results are given in Appendix Il
(page 115), and are praphically presonted for the whole
group in Fig & (page 57 ).

These findings demonstrate tihiat in iron deficiency
the uptake of both cobalt and 1ron arc increassd, lie
increase in iron uptake is accompanied by a disunition
in i*s delayed excrotion ond the result 1s an increase
in the net nbsorption of iron, In comstrast, the increasc
in cobalt uptake Is not accompanied by a decrosse in its
de layed oxcretion, and the net absorption tends to
approximate. Lo the uptzke just as in the control

subjects with nornal iron stores.

(b) Port:l cirriosis
The average intestinal uptake of cobalt
71.3 percext (ranpe 53.4 to 61,6 percent (Table 111,
! ptgl 54 ) was sisilar to the average Intestinal iron
| UHL.I percantitange 42.1 to B6.6 percent)
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(Table IV, page 55 ).

The delayed excretion of cobalt, mean O.s percent
(range 0.2 to 2.5 percent) was also similar to that of
iron, mean 3.7 percent (range 1.4 to 7.6 percent).

The average net cobalt absorption 70,1 percent
(range 52.4 to BO.7 percent) was similar to that of iron
mean 57.5% (range 40.0 to B84.1 percent),

In comparison with the results in the control group
with normal iron stores, the intestinal uptake and net
absorption of both cobalt and iron were significantly
increascd, the delayed excretion of iron was reduced but
that of cobalt was similar. The results were similar to
those in iron deficient control subjects, but they show
increased absorption when compared with cirrhotics with
normal 1ron Sstores.

Individual results are shown in Appendix V (page 11&

The results thus show that in paticnts with depleted
fron stores there iz an increase in tho intestinal
absorption not only of iron but of cobalt as well. The
degree of increasc in the absorption of both elements is
gimilar in control subjects and those with portal
cirrhosis (see Fig. 2, page 57 ). Liver disease in
the iron depleted subjoct seems not to affect the

s@chanisa regulating the intestinal absorption of these

two elements,
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PATIENTS WITH INCREASED IPON STORES

- (a) Idiopathic Haemochromatosis

The average intestinal cobalt uptoke was

85.7 percent (range 79.9 to 92.4 percent), the average
delayed excrotion was 0,8 percent (range ¢.2 to 2.0
percent) and the average net cobalt absorption was
84,9 percent (range 79.4 to 92.1 percent),

In comparison with the results in the control subjects
with normal iron stores, both the intestinal uptake and
net sbsorption of cobalt werc significantly increased
(n <= 0.001 in cach case) but the delayed excretion was
similar.

The average intestinal uptake of 1ron was
73.7 percent (range 58.2 to 90.3 percent), the average
delayed excretion was B.9 percent (range 2.5 to 20.5
percent) and the avcrage net iron sbsorption was
64.8 porcent (range 37.7 to 84.8 percent).

In comparison with the results in the control group
with normal iron stores, tie average intestinal uptake
and net absorption of iron were Loth significantly
increased fr _ J.001 in both cases). The average
delayed excretion of iron was similar to that in conirols,
hewever, 1 two patients who had been treated oy

yeresections (V.C. & L.G,) the values, 3.8 percent and
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- The individual results are given in Appeadax VI
(page 119 ) and graphically for the whole proup in
Fiﬁ. 2,. iu-)ﬂlgﬂ 57 }.

(b) Iron Overload Secondery to Ports! Cirrhosis

| The intestinal uptake of cobail in the two patients -

were 90,2 and 71,0 percent respectively, the delayed
excretion 0.2 and 0.1 percent respectively, and tae
net cobalt absorption were Y0.0 and 70.9 percent
respectively.

The intestinal uptake of iron were 77.8 and
49.0 percent respectively, the delayed excrution
2.6 and 1.4 percent respectively and net absorption
75.2 and 47.6 porcent respectively.

The values for the intestinal uptake and net

abhsorption of both notals were incressed in coaparison

with corresponding values in control subjects with nommal
iron stores antd were similar to those with iron

deficiency or idiopathic hacnochronatosis,

The results show tiat an inappropriate incrense
fn intestinal absorption of iron has occurred in these
Batients because their iron storos woro ot diminishods

11
These findings suggest that there is an abnormality in
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f&u‘n 1plit‘£it'ﬂl:i.n The fact t

diseas s¢ hﬂ- hun shown in the previous groups 'p'f:

b atients to be without direct effect on tie Eechanisas

Tegulating the intestinal absorption of cobalt and iron
indicates that the disorder of iron metaboliss may
reside in the intestinal mucosa. The cirrhotic process

seens to exert no influence on this.

(c) Portal Cirrhosis and Iron Overload
‘I lSegutn:ﬂ 0f cvents uncertain)

The intestinal uptake of cobalt in the two patients

were 85,4 nnd 65.1 percent respectivoly; delayed
excretion, 0,2 and 0.5 percent respectively, and net
nbsorption £5.2 and 64.6 percent respectively,

| The intestinel uptske of iron in the two patients
were BO.2 and 74.S percent respectively, delayed
excretion 2.9 and 2.0 percent respectively and net

absorption 77.3 and 71.9 percent respectively.

In comparison with the results in the control
subjects with normal iron Stores the intestinal uptoke |
and net absorption of both cobalt and iron were 1

significantly incressed. The delnyed excrotion of

cobalt was similar to tho velues obtained in the controls

with normal iron stores but the velayed excretion of iron
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deficient subjects. Sl =

- When these two patients were investigotes the
..

1y
s

Ton stores werc increased. One of them J,5. uhose
ﬁ‘nll stores had been denleted Ly 16.5 graas of iron

| r'ifill had increased amounts of iron in Liis liver

biopsy (4 + deposition). The cther pationt, R.dé., who
had not been treated at the time absorption studies i

were carried out subsequently had 15 graas. of irom

renoved from his Lody stores.

The results in these patisnts deoonstrate in
appropriate increase in ircn abserption wialch 1s closely

| reflected by increased cobalt apsorption. The pattern

of absorption points to a disordar in the intestinal

pechanism regulating the absorption of tnese oetals,

It is suggosted tnat liver cirrhosis is not likely to

be responsible for this. |

(d) Exopenous lron overload
In B.M,, tho results for the intestinal uptake,

delayed escrotion and not abscrption of cobalt were

60,4, 1.3 and 59.1 porcent respectively. The corresponding
bt I | . :

values for iron .h;ﬁrptinn results were 2b.4, 7.4 and

21,0 porcent respectivelys
i - th the results in the coutrol
o it1 norsal iron stores, the values for the cobalt
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: uptake, 45.6 percent, deisyed
excretion 2.0 percent, net absorption 43.6 perceat).

==l o e o i, P

ontrols:- cobalt

=

The 1ron absorption results in ¥.il, were witlin tue

- lower range of values observed in control subjects with
‘nornal iron stores.
In M,D., the results for the intestinal uptake,

- delayed excretion and net absorption of cobait were
22,2, 0.2 and 22.0 percent respectively. The
corresponding values for the iron absorption results

| were 9.0, 4.4 and 4,0 percent respectively,

In comparison with the results in the control

- proup with normal iron stores the uptake and nct

| absorption of both metals in t-nu;b—kt%m patienty

was dimi%hed,

The results in these two patients indicate a '
lowering in the intestinal absorption of both cetals

when body iron stores are oxogenously increasud in

contrast to rosults obtained in patients with incroased |

stores fron endogenous causes. Iron absorption is

lowered to a greater degrec than cobalt absorption.
1;!3_ seoms likaly that Lody iron stores ﬁhun artificially
ll'!l{'d excrt @ greater control over the uechanisus
"h, ating the intestinsl absorption of ircn than
e 4

|
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leG out on a total of ten pltiunt:uuxnh
ﬁEﬁP”Jiidstrnn-stnrus. In two of the patierts, tie

increase in body iron storos was a result of iron being :
‘introduced into the body in the foru of bloor transfusion

| and iron medication. The intestinal absorption of iron

was roduced in the two patients, Cobalt absorption was
normal in one and lowered in the other,

In the remaining eight patients consisting of
& cases of idiopathic hacriochroustosis and 4 cases of
iron overload and portal cirrhosis, cobalt absorption
was increased in all of them. Ilron absorption was
increased in seven out of the eight patients. The
~ observation of s consistently raiscd cobalt absorption

will be comuented on later.

CORRELATIONS BETWEEH THE INTESTINAL ABSOUPTION
OF COBALT AND IRON

l. Intestinnl Upntake

A highly significant direct correlation was

present hetween the intestinal uptake of cobalt and

iron in the control subjocts with nommal iron stores and

ﬁ&ﬁﬁ?.#.Flutiuﬂ (p =~ 0.001). The correlation coefficient

was 0,83 with the intercept on the cobalt axis at
O percent (see Fig. 3, page 09 ).
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FIGURE 3, CORRELATION OF INTESTINAL UPTAKL OF COBALT
= - /AND. IRON IN CONTROL SUBJECTS,
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A similar direct correlation was observed betwess
the ﬁtiitilfll upmnuf cuhnl.t and iron in the patients

iﬁﬁﬁ-ﬂﬁiﬁﬁ?.iﬁfiitiﬁtiﬂﬂ and degeneration of the liver
and portal cirrhosis (p -~ 0,001). The ecrreiztion

‘coefficient was 0,72 with the intercept on Lthe cobalt
qiil'lt 27.6 percent (see Fig. 4, page 71 J. This
represents no significant difference in the regression
coefficient and intercept betwcen tho patients with
1ivur-disunﬁu and the control subjects,

The repression line for the coubined results in the

contrcl subjects, pationts with liver discase and

"id'bpathi: haemochromatosis is given in (Fig. 5, page 72 ).

The relationship between the intestinal uptake of cobalt
‘and iron in all the patients was higily significant
(p £ p.001). The corrclation coefficient was 0.77 and
the intercept on the cobalt axis was at 20,0 percent.

These results dononstrate the existunce of a
direct relationship between the uptaks of cobalt and
iron an¢ indicate that these clements sSNaTe part of a
common uptake stop in the intestinal @ucosa. Liver disease

ﬁfirﬂﬁt-lppenr to affect this relationship.

-E"E mﬁﬁfﬂtiﬂ'ﬂ I'I

|..ﬂuﬁijﬁly'llgn1£1:unt direct correlation was presunt

n the net absorption of cobalt and iron dn the

I AFRICAN DIGITAL HEALTH REPOSITORY PROJECT
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control subjocts with normal iron storcs and iron
~ depletion (p <.0.001). The correlation coufficient
was 0,25 with the intercept on tho cobalt axis at

‘25,4 percent. (See Pig. 6, page 74).

A similar direct correlation was observed

between the net absorption of cobalt and iron in tie
paticnts with fatty infiltration and degeneration of
the liver and portal cirrhosis (p < 0.001). The
corrclation coefficiunt was 0,76 with tho intercept on

the cobalt axis at 31.7 percont (sec Fig. 7, page 73).

An analysis of the combincd results in the coatrol ]
subjncts, patients with liver discase and idiopathic
hacnochromotosis reveuls sinilar results, the correlation

cocfficient was 0,83 with the intercept on tho cobalt

axis at 29,4 percent (Fig. 8, page 76).
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FIGURE 6. CORRELATION OF NET ABSORPTION OF COBALT
~ \iD IRON IN CONTROL SUBJLCTS.
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~ III. BODY RETENTION OF COBALT

A dircct correlation was present between the '
net percentage of the test dose of cobalt that was
absorbed and thie percentage excreted in the urine of
subjects with nornal iron stores, iron deficiency or
endogenous iron over lead, (See Fig. 9, page 7B).

An average of 20 percent of the radio activity was
retained in the body 10 days after adainistration of
the labelled teost dose, and no significant difference
was obscrvod between the results in subjects with

L normal iron stores and those with eitner iron

depletion or iron overload, (Sve Fig., 10, page 79).

In addition, it was found tiaat there was no

significant difference betweon tac body reteation
| of radicactivity in control subjects and those with

| cirrhosis.,

In sunmary, tao results indicate no differences

j in the rolationship betweon cobalt and iron absorption

in control subjects without liver discase and in

patients with liver discases and idiopathic

‘haenochronatosis.
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~ When equimolscular arounts of inorganic cobalt
and iron vere orally admiristered to subjects wath

nor=al iron stores significantly ncrs colalt was taken
‘up from the intestinal lumen, Very little of the

I'ﬁnhilt taken up was sequestrated in the intestinal
mucosal cell. As a rtesult of this and the greater |
untake of cobelt fron the lumen, the net elsorption
~ of cobalt was significantly grester than that of iron
i ~ (Fig. 2, page 57 ). The reason for this is not clear.

" One possibiility liowever, is that vhereas tue nechanisn
for iron shsorotion is most efficient in the

duodenum, t! -t for cobalt atsorntion is sfficient in

the Auodenum ns vell as in the lover snall intestine,

whehy (126), by comparing percentage iTon

alsorption from an orally administersd test dose with

absorntion from chosen cites in tie sumall sowel,

demonstrated that iron was alsorhLac through out the

length of the small bowel. The mechanism for irom

absorption was nost cfficient in the duodenun but whean

L?&un was di actly

its absorniion vas T¢ | |
o studies of ccbalt atsorption similar to tiose

=l

instillad into the proximal jejunum

duced Ly 50 percent.

y hava boen carried out in min; however,
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ﬁfi'thj Tat, that cobalt anc iron are equalily Hth'

!Ft ~nd in the duodenum, but in eddition, cobait

ﬁf ntptiun 1s greater tlian thst of iron in tic lower

i."l'l..l

11 intestine, It is likely that in the hunan subject
éh! meéchanisn regulating the intestinal avscorption of
both metals is sinilar to that in the rat, The greater
 intestinal uptake of cobalt than iron in man could,
. therefore, be a result of afficient absorntion cver a
© greater anatonical area of the snall intestine,
The sipnificance of nucosal cell sequestration in
" the regulation of the intestinal absorntion of cobalt
and ivon is not fully understocd, Conrad and Crosby
(123) from autu-radiographic studies in the rat
| pronosed n model for the mucosal machanisns regulating
L tle intostinal absorntion of iron., According to this
i rodel iron absorption is repulated primarily thiTough
‘ the columnar epitheliuva of the small intestine. In

norsal, iron renlete subjects the mucosal cells may

P contain a varial le amount of iron supplied from the

body stors, Tie deposit repulates - within limits -

at can onte¥y the cell from

the quantity of iron th

the intestinsl lumen. After the iron las entered the

‘;:Jﬂ-it may orocsed into th
-’

Tequi renent, Alternatively,

s Lody to fulfilla

p portion ol the iron may
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‘e in the epithel imﬂ!u;fnplntu,n_ b6 lost t
Eéii is siuu;hld &t the end of its 1ifs span,

Ir j. -f#fiﬁ_,t#nt suljects there sppears to be iattle

pr

Theg,

hﬁﬁhﬂmﬁ&thiﬂisn to inliibit sntrance of iron or ic

uaﬁﬁiﬂ'ltzhhu villous epithelial cells. Tius cietary

iron readily proceeds into the Lody., In iron loaded

aﬁbjucts a significant amount of tie body irvon 1s
=
incornorated in the villous epithelial cells, whicl is

aventually lost with sloughing; but during the life

span of the cells its nresence inkilits the entrance

of iron into the cells.

The tesults of the iron at=orntion studies in this

tkesis are larpely in apreement with this concart. In

h norpal iron stores Lie averago

—— [ — . -

control natients wit

. _ b -
| dﬂll}"ﬂ"! axcretion of iron vas pbout ¥ nercent oI the

orally adninistered doseé ANc approxinately one quarter

of the uptoke frop the lumen., The Tesults in patients

with alcohol induced fatty infiltration of the liver

and portal cirrhosis with normal iron

stOoros wore

sinflar to those of control subjects. This neans that

out of evsry 4 ~arts of iven taken up from the lumen by

| the nucosal cell, ono part 1s SEJUASTIRLECRACILEEES

parts aro tyansferred tO the body.
. - ostinnl untale of iron was increased

The avernge int

10 65,8 percent in iron def
{ron deficient :lrrhuticl. The delayed

{cient controls and to

‘parcent in
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tion was however reduced from a mean of about

percent in subjscts with normal iron stores to l
~approximately 4 percaent in iron deficiency. The

delayed excretion of iron in iron deficiency

tharefore amounted to pbout 7 percent of the initial

uptale from the lumen as comparsd to 75 percent in

subjects with normal iron stores. Tiicse observations
:unfirn Conrad and Crosby's hypothesis that in iron
deficiency thare is little or no nechanisn in the cell

to inhibit antrance of iron into the villous epithelial
cells or to retain it (123). However, the fact that
dimunition in iron scauestration in the mucosa 1n iron
deficisncy accounts for only & small promortion of the
inc¥u;;u in net iron absprntion supgosts that sequestration
of iron is not a prine factor in the control of iron

absorption.

Furtlismmore, in exogenous iron overlood, the reduction
¥

in intastinal uptela vas the main factor responsible for
- i

M¥he reduction in drom ahsorption becauss the delayed

excretion was wathin the range observed in normal subjocts.

This observation is & departurc frou the model of

layed excretion of iron

‘Conrad and Croshy because the de

E!_put increased.
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In idionathic haemochromatosis, an¢ in patients
ifﬁﬂﬁ iron overload associated with portal cirrhos::,

the intestinal uptake of iron was increased in ald

‘the patients. The delayed excretion of iron however,
ffhhhind g vide ranpe., In two treated patienis with
iﬂiuntthic hasnochromatosis, it was similer to that in

J {ton deficiency and in the untreated patitnts it was

| within the ranpe observed in control suljects viti

noranl iron stores (Appsndix VI, puge 119). The delayed
excretion was slsp similar to taat in iron deficiency

in the 4 natients with portal cirrhosis associated

. yariation in
with: iron overload. The reason for thu

. the sequestration of iron in tho nucosa of the

subjects with iron overload from cndogenous Causos, is

not clear. The similarity -f the results in 3 patients

; ) - nt to those in
(P, VD and J5) with rorto caval shu

' ! disease Lut not
(PH) with a connaral:le degree of liver di

LynaYtension suppests that the

evidence of portal
shuntinr of bhloou nround

firect hearing On the pnount of iron
reduction in delesysd excretion in tae

the liver <oes not have a

sequestrated 1o

the nucosc. e

‘Lreatod petieni” Jends support to i.e hypothesis, that

the degroe of spquestration ©
uagnitude of the iron storves. Pethaps

£ iron in tlue mucoss is

lated to the

o

yariation in the {ntestinal uptaie and sequestration
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‘the intestinal unptake of iron was incroased in all =
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idionathic haemochromatosis, and in patients

|
R B

‘the patients. The delayed excretion of iron however,

covered o vide ranpe. In two treated patients. with
idiopatiic hasnochromatosis, it was simile7r Lo that in
i{ron deficiency and in the untreated patients it was

within the ranpe observed in control suLjncts with

noraal iron stores (Appsndix VI, puge 119). The delayed

axcretion was alsc similar to taat in iron deficioncy

in the 4 natients with portal cirrhosis associsted

~ , variation in
wit!: iron overload. Tihe Teason for thu

the sequestration of iron ii the mucosa of the

subjocts with iron overload from endopgonous causcs, is

ant clear. The similarity ~f the results in 3 patients

| : : - unt to those in
(P4, VD and JS) with rorte caval sh

(P1) with a comnaralle depree of liver disease but not

evidencs 9€ portal liynertension supgests that the

shuntine of hlood around ths
.« auount of iron secuestrated in

liver <oes not have a

firect bearinr on ti

‘the mucosez. The reduction in deleysd excretion in tie

treatod patient- lends support O tie hypothesis, thut
tha degree of 524
slated to the magnit

variation in the intest

uestration of {ron in the mucosa is
ude of the iron stores. Perhaps

{nal uptaie and sequustration
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‘excretion is reduced; in the ot,er group the

intestinal uptake is increased whilst delayed excretion
js within norral limits. Further studies involving
greatey nunbur of patients are required to elucidate

this apnarent difference,

Tha reason for the failure of the intestinal mocusa
to sequestrate a sipnificant pronortion of cobalt takan
up fron tue lumen in hunaw subjazcts is not known. Schade
et al. (128) mede o siniler observation in t.e Trat,

They clearly demonstrated i incorporation of a

proportion of orally adninistered iron into t.e

ferritin in the intestinal mucosa but none of cobalt,
It is possible that cobalt once taken up by the cell

rapidly diffuses througl it into the Llooc stream but

there is no oxperimental evidence for this at present,

The studies of Schade and co-workers (128) also showod

that the comnon nalhVBsy for the intestinal ahsurptiun

of robalt and iron 18 not ferritin which seons to Le

Blaying a role only in temporary sequostration of iron

Tather thon irn nrimary repulation of its absorption,

The alsence of cnrralation Letween net iron ubsorption

4 the delayed excretion in tuis study lends support
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T increase in net aslsorption of iron in subjects

fﬁﬁ,f’d#plut!d iron stores is in Yeoping witl pravious ﬁ
5’TH}fi'hf fothvell et al. (129) and Pirzic-isiroli et al, ”
j'?j}ﬁﬁ. In iron deficiency this study las s.ovn that t.e
intestinal epithelial cells are in soas unknown manner
Ii!dﬂ to alter the handling of iron. The mecasnism involved
leads to increase in the muccsal uptuke and transfer of
diron to the body whilst less iron is sequestrated in the
Aucosa, This mechanism also leads to enlinnced cobalt
absorption which has bezen shown to be directly proportional
to iron absorption (Fig. %. page 76 ). This supgests that
cobalt and iron share at least part of a conmon absorptive
pathuay and that accelsration of their transport is
- nrobably povernnd by the same mechanisn.
Iron absorption wes regulated by body iron stores in

& reciprocal manner in most of the patients with liver
disense and in tha centrol subjects tiat were studisd

(sps Pig. 11, page g7 )+ flowaver, there vere four patients
with inappropriate increase in absorption inspite of an

N Sehise L Lody iron stores (4 ¢ stainable iron in liver
‘biepsy), 1, tuo of the patients V.D. and R,H, the liver
1'ff!llll ante- dated iron overload whereas in J.S5, and K,H,,

Mio presented in the late stages of their disease, it was
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ral reports which tended to suggest tuat liver
'I.‘.'!:_':

nucosa to increase iron absorption in sorc cases of

sease per se directly influenced the intc:tinal ‘

;r_ttll cirrhosis. Murray and Stein (131) hove revieved
~ the mechanisms through vhich liver cirrhosis might ernhance
intestinal iron absorntion. Among these ares, liver
damage, nancreatic insuvfficiency, hrenolysis as reflected
by an increase in nlasna iron turn over rate, Yitamin Hu
deficiency and folic acid deficiency. Dalcerzak et al.
(132), Charlton et al. (133) have shown that in tae
phisence of iron defiency, pancreatic insufficiency had
no influence on iron abserption. Also, liver damage such
853 in infective hepatitis las been shown nol to affect
iron absorntion in the absence of iron deficiency, (134).
| This report, end the lack of correlation between ironm

~ absorption and indices of liver function such as SGOT and
'BSD yetention in the study, ‘presented in tiils thesis

indicate that liver damage by itself does not directly

influence the intestinal tandling of iron., The offects

of liver Aiseass folic acid deficiency, vitanin 3.

f:flniun:y and ths plaspa iron turn over rate on iron

y sorntio; in cortrol suhjects and patients anc patients

41 liver discase have heen previously studied Ly
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Olatuntosun et al. (135). It was shown that i~ese
Ef”iﬁii.ﬁiﬂiﬁﬁ3dift:t influence on iron absoiption.

. _ '
It still remains unclear what mechanism was responsible

for the inappropriate increase in iron absorption in
:Eﬁn four patients with iron overload associeted with
portal cirrhosis but it is unlikely to bLe due to liver
disenase ner se. This is also supported by the increase
1n cobalt absorption in these patient:, There is no
Known mechanisn repulating cobzlt metabolism in the human
body since there iz no requiremsnt for it a&s a2 metsl.
The “iph correlation between t.= absorption of cobalt
and iron in vatients with liver discase, anc also in
control subjects indicates that the increased cobalt
absorption is a reflection of an alteration in iron
mstabiolism and not to Jiver disease. It also lends
support to the thesis that tie mechnanisas regulating

the intestinal absorption of these metals are related,

Jotwithstandinp the small number studied, the

consistently obsarved increase in cobalt abksorption in

'hlm:hrunntq;ig indicates tinat cobalt absorption test

BAY likely nrove to be a useful tost for the study of

the undorlyine asbnomnality in {ntestinnl absorption

40 this disease, Cobalt absorption was sbnormal dn

-%{*ﬁhfmgltitntl studied 2
i

nd in J.M. L P.B, tests
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Olatunbosun st al. (135). It was shown that ¢-ese

.-y, T -
factors had no direct influence on iron ebsoiption,

Ir.' o
It still remains unclear what mechanism was responsible

fiizthn inappropriate increase in iron absorption in
the four patients with iron overload associsted with
portal cirrhosis but it is unlikely to be duec to liver
disease nor se. This is also supported by the increase
in cobalt absorption in these patients, There is no
known mechanisn repulating cobalt metabolism in the human
hody since there iz no requirement for it es a metal,
The 4ipY correlation between t.= absorntion of cobalt
and iron in natiants with livar discase, and also in
control suljects indicates that the increasod cobalt
absorption is a reflection of an alteration in 1ron
motabolism and not to liver disease. It also lends
support to the theris that the mechanisms rogulating
the intestinal absorntion of these metals are related.

Uotwithstanding the small number studied, the

consistently obssrved increase in cobalt absorption in

hlﬂn;hrnmatu;is indicates tliat cobalt absorption test

BAvy likely nrove to be s useful test for the study of

the underlyine abnornality in intestinal alsorption

4n this dismase. Cobalt absorption was sbnormal in y

Bl ot catiints studied and.dn OoHo BiR.B: eSS
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tuntosun et al, (135). It vas shown that tuese

factors had no direct influence on iren abserniaon.

It still remains unclear what mechanism was responsible
for the inappronriate increase in iron abscrption in
~ the four patisnts with iron overload associzted with
*gpn:tll cirrhosis but it is unlikely to Lo due to liver
. disease ner se. This is also supported by the increase
in cobalt absorption in these patients, Theres is no
known mechanisn repulating cobalr metgbolise in the human
hudr since there it no requirement for it es a metsl.
Ihe hiph correlation between t.= absorption of cobalt
and iron in oatients with liver discase, and also in
control suliects indicates that the increased cobalt
absorption is a reflection of an alteration in 1iron
‘motabolism and not to liver discase. It also lends
support to the thesis that tie mechsnisns repgulating
the intestinal absorntion of these metals are related.
5 Motwithstanding the smsll number studied, the
consistently obsarved increase in cobalt absorption in
haemochromatosis indicates that cobalt absorption test
ney likely prove to be a useful test for tie study of

tha under!vins abnornality in intostinal absorption

e

in thic tisensn. Cobalt absorption was abnormal in

1] four matisnts studied and in J.M. L P.U, tests
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ted Juring the followinp 12 months showed a
eTsistont increase. The finding here of a rather

1£ﬁ7nlrc&nr&rb'nf increass in iron stsormtion in

‘hasrochromatosis s in contrast with reports by other
‘autiors vwho have shown that iron absorntion =ay be
‘nornal in idiopathic haemochromatosis (13t)., Thus a
study of iron absorption alons may not be enough in
rovsaling the nature of the sbnormality in intestinal
‘absorption in haemochromatosis. {ie confirnation of

this probability must await further studies in increased

nunber of patients.
This study has shown a parallelisa betwoen the

intestinal absorption of cobalt and its gxcretion in

the urine (Fip. 9) whicl explains Why incressed

‘ absorption 122;:tnnvnniﬂﬂ by incressod body retention

of cobnlt. MHunt et ul. (78) were unable to retect

i increase liver cobnit concentration
¢ ri{rrhosis, ASs comparod to accident

s in somn patients

with various types ©

victine without liver diseasc. Hovever, a few of the

pationts studied by lunt et nl. had abnormally high liver

T™is was tiaougit to be due to

Eﬂﬁllt concentrationd.

ministration. Thus the measurement

is nust Le bosed on a :tudg.
n this study that

balt in clinical diagnos
[t has been showm 1

ts sbscrption.
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:?thhrualed Lody iron stores not due to exogenous
%;ﬁsus and in controls and cirrhotics with depleted
iron stores.
In conclusion there are two cliniczl applications
of the results presented in this thesis, Farstly, even
L though the number of cases of idiopathic liacmochromatosis
| available for study was smzll, tie result suggest tlat
|‘ measurement of cobalt absorption might provide a more
sensitive index than iron of the intestinal mucosal
abnomplity in this disorder, since a number of these

patients may be cxpected to have normal iron absorption,

Sncﬂnﬁly n purullulism oxists between iron absorption
¥

and cobalt excretion in tie urine (Fig. 12 page g2 )

which suggests that the measurement of cobalt in tue

urine following 4n oral test dose might provide a

simple technique for detecting conditions in which iron

1 ¢ iron deficiency and
absorption is increascd, such as

idinpﬂthi; huemur_nt’ﬂ-ﬂﬂlﬂiiﬁ. It takes a minizun of ten

days to carry out an sjron absorption test but & cobalt

an be completed within 24 hours. Most
y Ci

f excretion stud

| of the cbsorbed cobalt 18 uxcreted within 6 lours
C

iﬂllﬂﬁing oral nd-inistrntiu
s by Valberg,
gd that this may be so.

n of the test dose.

- die platunbosun, Ludwig
‘eliminary Stu

d Corbett (137) revesl
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ADDENDUM

EFFLOCT OF ALTERATIONS 1k IRON HETASOLIS:

Ol TUE INTESTINAL ADSORPTION OF

HALGANESE IHN AN

The work reported in this addendum describes

studies of interrelationships between the
intestinal absorption of Manganese and Iron.

The threc metals cobalt Manganese and Iron are

chemically related.
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SUMMARY

An intestinal perfusion technique
neasure the rate of

51
™" from the duodenun and proximal jejunum, In B

congrol

Was used to

absorption of nanganese teggped with

subjects with normal iron stores an average

‘0 27V of the infused dose was taken up from one ml, of
the infusate per min. The rate of uptako, 674, was
’iﬂﬂifi:nntly increascd in 6 patioents with iron
Ceficiency. Incrcascd uptake was also found in 3
Patients with endogenous iron overload who were iron
deficient at the tine of study wherves the rate was normal
in one patient who hud re-developed iron overload
fﬂliuuing previous) venesoctions, In 4 patients the
Wdition nf‘:ui&:i;;; to the infusate led to a prompt
decline in manganesc uptake, Although the intestinal
Uptake of nangancse was increased in irom deficiency
the proportion of an oral test doso retained in the
%bﬂﬁr 10 days aftor adninistration was similar to normal

5tﬂnt151,_ It was also normal in pationts with iron

%t_l-und. and noither portal cirrhosis or fatty liver

« Tho Tesultrs
in effect on th“ﬁ :5"?}:3? ?5 }:grgf::ﬂ manganese absorption

o that i; nan increascd iron nhsnrptiunknnd they lund abls e

Support to the ¢ ory that nanganese and iron
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Frﬁrut least part of the sane intestinal absorption '

pathway. The absence of increasod body rotention of o

—_:.-l

t dose of radioactive manganese suggests that

increased climination of manganese effcctively.

wapensates for the increascd absorption.
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LUTRODUCT 104

vy = .
metabolisn., Iron deficiency in the rat enuances the

‘ntestinel absorption of nanganese and iron overload
depresscs it,l'z' The total body half-life of radio-
mangancse is reduced in iror dufi:iun::.f,""‘3 and a study
of the proportionality between thu absorption of iron and
Banganese in man suggests that tho absorption of these
Aetals is linkud,ﬁ‘ Because manganesc is cxcreted mainly
f by Way of the bile into the irtu5t;uu5 investigation of its
ﬂhiﬂrptiun is dif{ficult and dircct measurements of the rate

. of intestinal absorption have not buen reported proviously

in man,

The present study was carrivd out to investigate the |
effect of altcrations in body iron stores on the intestinal

-ﬂ"“thiun and body rctention of manganesc.

METHODS AND MATERIALS

UEASURENENT OF I(ALGANESE AUSORPTION

An intestinnl perfusion technique
te of manganese

0 ysing a double lunen

be was enploycd to measure tiue Ta

:ﬁ‘tptiun from a 35 cm. 5Eﬂﬂlﬂ1t of the duodenun and

n overnight fast, the patient

i'-?"‘-‘:-"" jejupum, After a
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a
e double lumen Polyvinyl tube to whic. was
attached a mercury bag

A balloon was incorperated

 the tube as described by Phillips and .

sumnerskill

1pruvunt reflux of fiuid pProxinmal to the infusion site,

e Eﬂllu:tlng devise on the distal end of the tube was

?nrfurntﬂd With nultiple small lioles and it was vented to

the outside by a polyethylene tube ]

to facilitate drainage

Under fluoroscopic control, the tube was positioned in
the duodcnun and proxinal jejunum so that the inflated
balloon occluded the first part of the duodenum. A sccond
tube was passcd into the stomach through whicu gastric
S6Cretions drained. The position of tne tubes wus
Constantly cheched during tuc study by fluoruscopy and in
one of ¢ studios was there appreciablu novoment of the
tube, 1In a11 excupt one subjoct nogligible anounts of
F‘diﬂzctivity were recovered from the stomach, indicating
"that the balloon of fectivuly prevented the spread of the
!Ffusntu in a proximal direction in these patients,

i?h‘ results in the patient in whon appreciable roflux

J I 11 n
ﬂ“mwrnd wore discarded,

Each 1000 ml. of infusatc contained 9.1 pnoles of

and 9.1 pmules of chronium

4
iinusn lobelled with Hn5 )
10,11,

TE-J with Cr°’ as a poorly absorbable marker

* iven in Table I.
ﬂ'f'ct composition of the infusate 15 g

':-“ﬁf tlie infusatoc was 0.4 tO 6.5

and tnat of the
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d a double lunen polyvinyl tube to whici was L
i
*1_ a nercury Img?r A balloon was LncorpoTLied ‘

"'1 I’-'I !'l

ie tube as described by Phillips ang Susaerskinn®

Mnt reflux of fluig proxinal to tie infusion site.

(he r‘l:ullm:tmp dovise on the distal end ot the tube was

erforatoed with multiple small lioles and it was vented to
8 outside by a polye

l.

the thylene tube to focilitate drninugug

er fluoroscopic control

L]

o the tube was positioned in

the duodenun and proximal jejunum so that the inflated
balloon occluded the first part of th¢e duodenum, A second
;?.' ¥as passod into the stomach through waica gastric
SEeTetions drained. The position of the tubes wus

F"ltnntly clicched during the study by fluorescopy and in
Bong of tho

tube,

studies was there appreciublo povement of thoe

In all excopt one subject negligible anounts of

¥ -‘-'“““"itr were rocovered from the stomach, indicating
f 't the balloon cffectively preventud the spread of the

=ate in a proxinal direction in these patients.

€ Tesules in the patient in whon appreciable raflux
pes

-

.‘.,:'?_:4 '. "ﬂru digcnrdﬁdi
l .1 n
Eaci 1000 n1, of infusate contained 9.3 pn fun
ron
BMGse 1abo11ed with Mn°", and 9.1 pmoles of <

B lﬂ,llt
_ :fillh L noorly absorbable marker
< ste is given in Table 1.

les of

MA8ct composition of the infus

] f the
of the infusate was 6.4 1O i .Mﬂt“t :
5 it #
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The test solution, warmed to 57°C, was puaped with
‘Harvard infusion pusp at s constant rate i.io tuw .
duodenun just beyond the balloon At a rate vi 7.2 nl,

' oY min. To estublisl a steady state, pesiision was

;ifﬁrtud and continued for 35 min. Lefore sanples were

-nﬁtninud by siphonage and occasional gentle suction.

The effluent was continuously collected in 15 min,

samples, for onc to two hours.

dscorbic acid, 36.4 pmolus per litre, was added

to the infusate to mininmizo precipitation and delay the

formation of insoluble conpleXes +f gither manganese oOr

chroniun in an alkalinc mediun, The solubility of

nangancse and chropium in the infusate and cffluent was

lons? e pli of the
Studied by lhigh speed centrifugation The ph o

L - Wl
infusate was adjusted to &, . 6 and 0 witii vitaer i

h] L ] 5 I -
or NaOi. lio alteration 1% solubility of eiticr Rangluess
- ] i

ti nctals
or chromiun occurrod Over this pH range and votd

Centrifugation of tue effluent

Temained in solutiomn.
following perfusion of the

5!"ﬂtpitnti; nf cither actal.

by
Te estabiish the validity of € |
with variations 1in iron

in patients
B : cr0, tagged with cro! was

unt of sodiun ascurhats

duodenun procuced no
oniun as a posrly

QFLT
s atins, 20 l.mlli of H.;

ant
orally witih an uquirllaﬂt
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t0 2 subjects with normal iren stores, one ircu deficient

ient, and 3 patients with endogenous iron overload.

aetween I5 and 100 per cent of the radioactivaty was

irecovered from tiie feces in 10 days and nepligible amounts
Iof the administered dose were found in the urine in 5 days.,
To exclude the possibility that the labelied Dangaucsy
absorbed from the intestine re-cntered tic duodenun

during the perfusion period, the infusate without tue

chironiun marker was given intravencusly to one subject ot

54

the sane rate as the !in was absorbed fron tue intesting

in a previous study, At the same tine, the duodenud was
Porfused with nornal saline. There was no detectable

Tldiun:tivi;y in the fluid recovered fron tie duodenun
in 2 hours.

Radioactivity in the sanples and asppropriate

Standards of cquivelent volune was neasurcd by differeatisl

sﬁa"“tiﬂﬂ in n well-type scintillation counter. Samplos

IN8Y8 countod for o nininun of 10,000 counts. fne intestinal
Uptake of (in5% was colculated froa the d:ffurnn:c in
jlﬂﬂctiv1ty Lotween the {nfusatu and ¢ffluent’ and
i“ns:nd ss & percentage of the infusatc as shown in tuc

-
-
&
L

E}lﬂﬂlnu fornula:
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.54 51
take.per ml. = 100 x ( CPl 1in°? por - (CPA 427" x CFJ~C; PO AR
BRFusito Enl. infusate prr al. = Eiat‘
kR0 CEE vk Chl Cr " pir o
ST min, E (s iuent effluent
E CPY #in™" per ml. infusate

The values for the individual 15 min. periods were
ifflltd SO the results given represent o0 ain, continucus
[llection tines for each study. Tle results were
:1lti?uly uniform over this period und analysis of the

iy I
individual periods led to sinilar conclusions,

ASURBIENT OF BODY !IANGANESE RETLNTION

A fecal rocovery method sinilor to tiat previously

-

3% 13 i _
?Fﬂrbﬂd for ncasurcnent of ironm absorption vas employcd

£ noasure manpgancse rotention, In brief, 4 test doses ol

-:,IIIHEEn weroe ﬂdni“iﬁtél“-"d to @ uyationt ovur a 2 '.1-;1}' ::Cl'lﬂdq-

BNOse containod 20 wiolos of MnCI,4d,0 tagged with 1 uc

it For cooparison

EIZ and 200 pioies of ascorbic acid.

1': 'ﬂtn“tlnn Was UEuEurﬂd in n hinll:}r WaY. IIJLII' TOSE

.59 .
fﬁﬂf 10 FﬂUlLS of Fnﬂlzqdzﬂ vith 1 Pc of Fe EII and

Ascorbi
L"i Hﬁr%:{ivun gver 2 days.

t in succession and tuo

The nanganese and

:luﬁiu; wore carried ou

=t1v1tr in the feces was neasuro
t standards propared fron the test

d by differential

I el

40 of tho isotopes.

f uringe and foces wore counted with
D

® any Specinens
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pmparable geonmctry., The retention of manganese and

¥on was calculated fron the difference between tie

gainistered radioactivity and that excreted in the

.
L Tl
o

8984 Urinary c¢xcretion of both radioisctopes was
'fl_i;ihln. In 5 control subjccts and one patient witu
endogenous iron overload the percentagce rutention of a
g#le dosc of 20 pnoles of manganous ciloride was

3 : K
seasured with a wiole body cuunterl *

SELECTION OF PATILNTS AND ASSESSUENT OF IRON STORES

The nethod of assessing iron stores by histological

krading of the stainable iron in the bLone narrow and ii

Rs. . 15,
4Ver biopsies has boen described in dotail previously

.- - i
itients with iron doficiency wore selected on tae basas
9€ an absenco of stpinable iron in the bone narrow

Li Eif“ﬂ. and those witn ircn overlead on the basis of

h Stainable iron in the liver biopsy. Pationts with

E'.-:. iron stores had El';dus 1+ to 4+ stoinable iron in
K. .

!"L' l.l"rn".

Statistical methods were similar to these doscrived

Previousyy 3.
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RESULTS

BUESTIMAL UPTAKE OF HANCANESE

5fﬁii controls: In € control subjects with noraazl

PSR
I0n stores an average of 27V of tie infused dose was
\taken up from 1 nl. of infusate per nin. by tio

intestinal nucosa (Table 2).

f¥?hn deficient subjects: The average rate of uptake of

pmangancse from thie infusate, 67% per mi. c¢f infusate per
nin. was significantly higher than in controls (p< 0.001)
* (Fig. 1 and Table 2). The rate manpancse uptake was
increused in the 2 patients with sortal cirrhosis and |
lron overload, who as a reosult of previous venesections

‘¥ere iron doficient at the time of study.

'EEFECT OF IRON OH THE RATI OF WMANGANLSE UPTAAE

To investigate the effoct of iron on mangancse uptake,

i pnoles of ferrous chloride (Fe
a 1000 nl. of infusate,

EI Jﬂ 0) and 182 pnoles ﬂ

Of sodiun ascorbate were added t

. 3 L | t
In cach of the 4 patients studied this lec to a promp

uptake (Fig. ). \hen

decling in the rate of manganesc

: iron=froc
N8 infusato wns changed back to the original iron

jpinal
Solution the sanganese uptake TOSC towards its origina

'Ii1§+
- To oxclude the P”"ihi]

ke an artefact d

Mgancse uptake was
nithur'ﬂﬂ“ﬂ“"“'“

fgﬂhln conplexes with

fjty that the decline 1in
ye to iron forming

or chroniun,
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ac 'Eld-

The effcct of incressing body irun stures on
;iﬁhﬂﬂnESE uptake was studied in an ivon Jeficient patient.
The rate of uptake; 87V of the infuscd dosc per min.,

declined to $7% two wecks after treatnent with 1.2 gn.

of parenteral iron (Inferon, Benger Laboratories, Toronto). |

MANCANESE RETENTION

In 8 control subjects on averaget of 0% with a range

0f 4 to 13% of the orally administered manganese was

rotained in the body in 10 days after tho test dose,

: ! hnique
(Table 3). With thc whole hody cowiting technique,

was 9% with

; rol
the average retonticon in anotaer 5 cont

A Sipnilar range. Tho aecan value for iron retention 1i
the control subjects Was 20% with a TORES of 22 to 3?‘-
In both iron deficiency and iron everload the rutention
D Of thio test dosc of manganesd was within the range

(Table 3), despito tlhe

ob . control proup
Puserved in the con Liver discaso

n varied widoly.

::-E!“ t bt iron retentio :
§iltration or porta

Lgi the forn of eit er fatty in

n the rotontion of the tost dosu.
0

Cirehosis had no cffoct
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DISCussion

A double lumen perfusion Systea was caployed to

ure manganese uptake in the duodenun, whic.. is the
nﬁjﬁr site of iron absorption. Decause the infusate
Ll known to spread in a proximal directicn with this
iﬂthniquﬂlﬁ an inflated balloon was uscd to ccclude
the first pert of the duodenun, The absence of
radionctivity from the gastric aspirate indicated that
reflux of the infusate was negligible in tae patients

included in the study.

Tho results show that in pan increased iron

abSorption is associated with increased manganese

absorption. The inhibitory cffect of iron on the rate |

; I
of nanganese absorption suggests that nanganese and |

iron compete for a comnon phsorptive patawvay in the

135

intestinal mucosa, Cobalt also inhibits irom cbsorption

and irnnII mangancsc and cobalt probably sharo at least

PATt of the sanc pathvay.

Although manganesc absorption Was olevated in

ﬁﬂl‘l deficiency, the body rotention of an oral dosu ”

This is prnbnbly explained by the

not incicansed.
| body in

of radiomanganesc from the

Creasced elinination |
satos for tie increased

dﬂfl:lnncy,z'3 whicn compon

Urption,
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iUn was nnt studied in exogenous iron overload,

rtheless the normal retention of the ora! Jose in

8 patient with this disorder Suggests thet eatler

absorption from the gastrointestinal tract a5 a whole

=

il not impaired, or it is reduced and thore is a
compensatory dininution in the elimination of

Tadiomanganosc from the body similar to that observed

_1n the rat witli iron uvarlnndz

The interpretation of the increased nmanganese

absorption in cndogenous iron overiond is complicated,

by venesections and it is not possiblo to discern
Wiether the increoascd nangancse uptake was duc to iran

deficioncy or to thoe underlying disorder in iron

.lhinrptinn. In one paticnt, B.G., vho had rodeveloped

iron overload following discontinuatich of venesections

..3' “lrﬁ prﬁvinusl}ii thu rate uf nﬂn:mﬂ"ﬂ Ih!nrptiun

¥A5 nornal. Tie sxplanation of this finding 1s unxnown

L : . gignificance can be
ﬁﬂﬂ it requircs confirmation before sign

tachod 1o it. Tho failure to find increased

- : atients with increased
.Ilnn:uE‘ retention in the pa

Sorption i« probably gxplained 5
I"h' test dosc from tie body sinilar L0 that observe

by increascd excretion
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- Butt and :n-uurkdrsl7-nni Alstatr et al,*¥ soune

in averags of spproxinately 0,4 ag, per 100 go. dry
yeipht of mangaucse in the liver of patients witu
fﬁ?qpnfhic henochromatosis. The former atiriduted no
s$ignificance to this because sinilar levels were present
i:ﬁ-putiunts With various othur discases including
‘cirrhosis, tlowever, thu latter considired tue lovels
‘gbnornal bucaus. only onc half as nuch manganesc was

» found in the livers of a control group of petients

dying of myocardial infarction. In compirison to

Aron levels, the differonce botween mangancsc in the .
tWo groups is smell, and unlikely to be of any clinical

Ainportance,

X ‘ investigations
The results of this study and provious imnvoestiy

B Eoth nants 13, 15 gnd eho Tat’r o 19, 22 jndicate that

3 1 ,ast part of a similar
‘Aron, cobalt and mangancsv share ot le ¥

’thurptivu sathway in tho upper small intestine. HoWever,

the rogulation of body levels and qode of cxcretivn ITON

# 2 " t_
the body is quitc differunt. The capacity to excrote

'fhh is negligible and iron 1s aaintained wWitiin narroy
&1 in the Lody by tho control of intestinal

sxcrotion plays a npjor

a 9 21 . st
‘SYSorption Ir. contrast,
el IP i luvulﬁ- TJE

1 s
Part §n ti. control of body nangant :
| ' tory route

fat tinal lumen constitutes ¢he nain excretory
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tissue levels are kept constant prinarily bLy

control of cxcretion of mansansse in the hile~-
;ﬂﬁ“#?ﬂf. the rate at which manganese can Lo excretad
fron the body is limited apd nanganese polisoning hLas
been reported in miners exposcd for long periods to

74 A

nanganese dust The kidnoy 1s tLuc nmajor route for

the c¢limination of :ubu1t15 but snall anounts arc

GXCreted by way of the gastrointustinal tracti

Unlike both iron and nmanganesc, neither ionic or
lovsely-bound inorganic cobalt appears to bC Tequired
in the bﬂdy23 and it is doubtful whother the level in

tiec body is recpulated by the control of eather

absorption or excretion.
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ATION IN COBALT ABSORPT]
ALTERATION IN C ON IN PATIE
TTH | DERS OF IRON METABOLISM oH
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[
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L& Vumse MDD, MSc. FRO
D Oiarissons, M H RS s

qumm and Speeial Investipation Ung Kingsron (G rmeral

Moapi "
- m.:dl.ﬁl Department of Medicine bueen's Lnusemas: Kimgmeon,

(CAans, J. Lutre v axn

~In l"." norm al control subjects Kiven four oral doses of 20 smoles
of radioactive ferrous chloride or an equimolar amount of radicactive
ﬂﬂlll.nm Ehlnnqt' followed by an unabsorbable marker, the average
excretion of radioactivity in the feces prior to disspnenrance of the
marker wnas 64 and 5%, respectively, An average of 9% of the iron
Il‘ld E'I'} l'r '.hf" -I."I'I!u"lil[ WAk h’.t tn I'..."' feces alter th‘!‘ marker _—
passed. The average absorption of iron, 27, was significantly les
“““? the absorption of cobalt, 44% . The results suggest that the in
testinal mucemal uptake of cobalt in slightly greater than that of
i’?"‘- and cobalt, unlike bron, is not sequestered in the mucosa and
subsequently lost with desquamation of the intestinal epithelium
In 6 patients wirs iron deticiency, the average absorption of iron and
ﬂﬂhﬂlt, 680 and 7] reepectively, was signilicantly incressed. A di
rect correlation we oleserved between the absorption of iron and
:_ﬁhh in the oontrnl and tron-deficient subjecis. In § patients with
EXogenous iron cacrload, the avernge percentage absorption of iren
105, was marked!. reduced whereas the absorption of coball was
within the rangs oi=erved in control subjecta. The average almorp
tion of both iroci #n1 cobalt was incressed in 2 patients with cirrhosks
asociated v serioad and in 4 patients with tdiopathic hemo
chromatosis | mults demonstrate that cobalt absorption s re
mh'l' Lo Lhe phy njogical meoechan sms thal enhance iron absorp

lhllbut ot 1 thowe that inhibat

are similar and both tend 1o co-ordinate
with six ligands to formn octahedral com
plexes, It has heen shown recently thai
the intestinal absorplion ol r.’l.‘l.h'llll I in
crnased in rais rendered iron deficient by

hals ey 'mﬁmmllm'n rf tron and
:'-'-"'l‘ % d‘_"- Each eliraent has
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within the range ob=emved in control subjects
s enohalt was increased in 2 patients with cirrhosis

Rmocialed with iom overload and in 4 patients with (diopathic hemo-
cesults demonstrate that cobalt absorption s re
sponsive to the phyv:inlogical mechanisms that enhance iron alsorp
tion but not t thy«e that inhibit it.

FRCp (Canana), J, Lowew ANTS

oy ard Speeiol Investipadjon | W hir pston { rmered
T of Medicine, Quewn's [

Kinguton,

_ nirol subjects given jour oml doses of 2

of radioactive ferrous chloride or an equimolar amount of rnrjh:-un:f::
; followed by an unabsorbable marker, the average
#xcretion of radioactivity in the feces prior to disappearance of the
respectively
and 2% of the cobalt was lost in the feces after the marker was
passed. The average absorption of iron, 277%,
than the absorption of cobalt, 44
testinal mucosal uptake of cobalt i slightly greater than that of
tron, and cobalt, unlike lron

An average of 9% of the iron

was significantly less
The resulls sU g oeat that the in

is not sequestered in the muowa and

st with desquamation of the intestinal epithelium
In 6 Fﬂlil‘mh with iran deticiency, the avernge absorption of iron and
reepectively, was signilicantly increased. A di
olaerved between the absorption of fron and
cobalt in the control and iron-deficient subjects, In 5 patients with
the avernge percentage absorption of iron,
rediuced whereas the absorption of cobalt was

The average alworp

are similar and both tend to co-ordinate
with six ligannds to form octahedral com
plexés. It has been shown recently that
the Intestinal absorption of cobalt i in
creased in rats rendered iron deficient tny
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~ven days 6 and 0 in both

rn-deficient subjects. A
werved with radioactive
but i iron-replete sub
ued and in many there
redse Lo levels of | 1o 3%
it 9. The mdicactive

sprevimens then declined 18
Between days 10 and 14.

The l].'l'l"ﬂ'lh‘-r durdies were carried out in

the Special Invistip:
Leneral Hospital
ol eollections. To
i of feces the
urinate prior ta d,
syned . commode o

R difficult for then
urine into the fecal o
Medsurem ent ol

radioactivity i

tim Unit of the Kinpion
10 nwure completeness of

avosd urmary coniamns

jalienle were nd\r"“d L
(ecation and specially de-

were used that made
madvertently pasa

il aihers

activity in feces, The

lusl  stond ‘I[H"ﬂﬂ

well type scintilla:

Abed  previously,' In
e of imon and o

the elements were

] counting in a large
II--|:|‘l ‘-'I”'l two E'

was measured |
tion  detector 4
studies in which 1.
WEre Even simulvar
dﬂlmm“} by ditfer:
volume detector
sodium jodide cryst s
Espression f resul In the studies em-
P"-'?!I"II'II: ne lest dise, the resulls are grven =
the Percenlage of Lhe oral dime eacreted in
fecem. In the compreheriaive test which lﬂl;r
were administered with carmine red | :
resulta are expresecd as follows: (al the F':'
centage of the oral dose excreled prior 10 ‘*
duappearance of the marker from the l-'"'ﬂ'
thi the percentage of the dose excreted .fl
the marker and, (¢} the percentage of !
rnrlimrlivily recovered in Lhe focm. ah
The proportion of jron and cobalt bt e
desquamation of the intestinal epithelium
Stimated from the radioactivity lost h'l"hl
fecom after dsappearance of the markef. ot
etimation s hased on thrve mf:“h'
first, there was no significant separat oo
radioactivity and the marker as they F.ih'
thown 1he Ensiromntestinal  (raed; W":! (he
dbsppearance of carmine red identl
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(ths peniod. The validity of the fir
pions. was evaluated with the un.
; chromic ehloside A
14 nmoles of '+, and

- ': A sk (SA 13 10 15 pC e L4 dis-
whed i 100 ml of 0.01 8 HCl wie v on by
£h ﬁht-l. doses followed = b later

$ & amine red marker. In 10 00 <0 the
- _-'_‘ﬂ_lhlﬂ.ll least oo & el mo-
Ty the marker appeared o rrrage

day range) and d..« penred
oy days (4 to 9 duy . An aver-
e ol 8% (91 1o 102%) of the rad inactivity
9 pamed in the feces with the marker dem.
e “’ﬂ- there was no signilicant separa-
ioactivity and the marker as
¥ g ' _ the gastrowniestinal Lract.
S verage of 2.4% (0.2 10 5.770) of the radio-

" excreied in the (fecon dlier the
e . .. Indicatiny that vesual
et of the stool was adequaie for identi
B the point at which the marker disap-

L4

.'.I :

Bai
Mhinfirm and ooha't

thatl wos

- h th lﬂlﬂlmd § LS wad e
- St ma follows: 100 minus ! rreTilage
I.r Mi\’h}‘ excreted in the o ponr Lo
& rance of the marker.

Uy won of the test o caleu-
- hth 1 way: 100 mo e e
o ol total Iﬂhﬂ]‘ﬂly recoces ol o the

m of normal subjec:. ¢+ control
s Wlhfnﬂwi.nl eriiees o vl
e of disease of the hematoioy 1, hepalic,

i b o gastrotmtestinal sysien:, OF nC-
ilh n other organs; her Jogiobin, he-
1__ _M “‘ﬂ eell eount. anl B o amear
"'?"I' S orwrrnal range; DOormmal SImime (8 il siatn-
E‘ — 0 8 bone marrow ospirate, serum
. ™ wrwaturated oo binding capacity
e e pormal rangs, and normal pastric
; ; The serum irvn and unsaturated
Bing capacit; were messured by 8
Previously deecrod’
0 of iron-deji~ient ssbyects. lron de-
SEME wan mutablished o) the banis of an ab
o M sainabls o a8 bone marrow 28
'-"a'#h patients the etyology of the
Ceticieney _—hn-nudhthﬂhﬂ

-
=
e,

-
ol "
v

ALTERATION IN COBALT ABSORPTION

243

it waa on the basis of blood Joms. N
5,;,";,’" bleeding at the ﬁm. ofifhe
‘on of patients ith exogenous iron
w- Eight palients were studied, 5 with
ron  overload secondary 1w the treatment of
reftactory anemia with iron (herapy and blood
transfusion and 3 wiih a previous history of
anemia which had been treated with excesive
amounts of oral and parcoteral iron. A marked
mmn-h:ﬂum“mthlh
bane marrow aspirate in the i patients where
this examination was carried out and a marked
tncrease in slalnable iron in the liver biopay
was present in the 5 patients with refmctory
AnEmin,

Selection of patients with endogenous iron
overioad. Yron overload was established by
the finding of & marked increase in stainable
iron in both parenchymal and Kupifer cells
in histological sectiona of a liver biopsy and
by the subwequent removal of excess iron by
vencsection, Two of the patients developed
wron overload after a portacaval shunt was
carried] out for repeated bleeding from esoph.
ageal varices and in both of these portal cir-
rhrwis preceded the iron overioad

Four patients were classified as idiopathic
hemochromatosis on the basis that they had
had respectively 18, 32, 14, and 9 g of iron
cemoved by venesection over the preceding
2 to 156 years, Two of them had drunk hﬂr and
spirits excessively prior to the diagnosis of
iron overload but in the other two there was
no previous history of alcohnlic _ncﬂh. I.K
patient was lron depleted ot the time that |
ahmorption test was carried out,

Excretion of Cobait info the
Gastrointestinal Tracl

cobalt from the body
ot inal tract was studied

* Surface counting

&% of the cobalt was
:I;::m{:::irn;;dmlﬁ: injection sile :mh in 6
;Ir and N, was taken up within 24 hrr:;
5 days an average of 0.44 pmoles llpp::! 5
;n the feces and 5.2 umoles nppm:' i
he urne (table 1), In 10 days n tola :
¢ oles was found in the feces an
“:ﬂ r:ﬂn were present in the urine. The
:nd:ni of 4.4% ol the in_H:ﬁcd dee In

llﬂ'lﬂ‘d with |
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Tatal (1-10)

-
mmabey "% inberted doss
52.0 0L DS 0 ) LA
57 014 00 14
5T 0,58 (0,414 5K

a1 R e
o T, L T T
El

N , |
‘Effect of Ascorbic Acid on Iron and
Bffect of dcorbic Acid on

~Two successive Lests employing one test

dose ‘umﬂ-dm.;:ﬂh iron m:d?ﬁ‘
in - subjects patients :

d ‘and endogenous iron overioad.

, 200 ymoles, was randomly

of the iron and one of the

s a t will be seen in figure 1
. that ascorbic acid consistently redured
the amount of iron excreted i the leces,

In the control subjects the wicrage ex-
cretion was 85% with ascorlie acd and

52 without it. Ascorbic ecid hud no ap-
preciable effect on the feca! excretion of
cobalt; the average excroiion . the con-
trol subjects was 50° with and 46° with.
out the addition of the vitarin

Reproducibility of Iron and Cobalt ¢
Which (ne Orgi isms Vas Giumm

calculated from the o
duplicates’ was 8.6°. [or 1ron and 4.4% for
cobalt The agreement between the dy-
plicates wns good except in 2 patients in
whom the results for ron excretion dif-
fered by 14 and 18',, respect ively.,

Jorence  between

Feeal Exeretion of Iron und Cobalt
Following Four Oral Doses Guen
with an Unabsorbab!: Marker

Normal controls, In 12 o ntrols subjects
the average excretions of - and rﬂb:li
with the carmine marker woro 54 and 647,

respectively, and 9.0 of (e iron com:
pared to 2.0% of the cob as excreted
after the dye disappearc m the leces
(P < 0.01) (table 2). Th: . agnitude of
the delayed excretion of o 1, 2.0% wns
similar 1o the average va! [ 2.4% ob-
tained with the unabs 4 element.
chromic chloride. The avi -+ « absorption
of iron, 27%, was signific 'y less than
the average a Lion caobalt, %

(P < 0.01). :
fmmdrﬁciml I-Hbjrrh In :-umpﬂrlt*ﬂ'
with the controls, the # :r.*n-dtﬁﬂf—ﬂt‘
subjects excreted with the marker an AvS
erage of 7% of the iron (/* < 0.01) and
Z7% of the cobalt (P < 0.01) and the AV
ernge excretion following the marker wias
3.0° of the iron and 1.8, of the ¢
{table 2), The average absorption of wref
and cobalt, 60 and 717, respectively. *""
significantly increased (P < 001). The
difference between the mean absorptict
of iron and cobalt was fust statistically
significant (P < 0.05). ,
Exogenous iron overloaded ﬂtb!"::i
The average percentage of iron excrel
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T 1 Bt of macorbic
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-ty
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e
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Vi

5

e
!
-

b with Falge ned atardard deviathon, Where b, ¢ ol

‘: -:‘.' :
D > 18

- F<on
--':"‘;I"_'b‘l.' .'- i

fetlls marker in mormal irirm

Tt

Troes
Caba
Chirs
brisi

I

".. nt.ll.’.'

h.- e mean valoo [ (i groujy anid the rompa
letween the nw 1o valiw for

.- twtwrey, s valiee [or ilos gri
: - 'H“I;‘ — < ".'.ﬁ-_l" = ,l £ -Ilﬂ. e
ity valie for lron abd cobmlt n phis groj

£2. wus markedly in-
the 5§ suipects (P < 0.01),

v ves percentage excreted shmorpt
.T-w—nl- 74%, was ﬂmmyumdmf 0.01),

uhserved in the

: | -r:hlmrmlu.m.mdimuﬂnhnfﬂhu;.m;hmn-tdm
e Mmm and abserplinn |

bovim o ol f Ifﬂiw'»:' rimg fﬂll" ﬂﬂ-l‘l J-.qr- giren -."* an waab

|
l"un-u” el o 7w el "n.l.ﬂuh“ntj' i Lbe legaw

Wi ruarbee R T T
ol & 7.7 0.0 & 4.4
(&1 -06)) (820
L& 7.0 1 2.0 & 1.
Gl ) i0.3-4.0)
L d.4 & 1.7
‘)=l (n.2-3.7)
T ok N 1.0 = 2.0¢
-1 i1.0-7.0]
= )1.%¢ | .8 = V55
{13-39) i1.0-3.4)
3T 7.4 % 1.9
(K7 ) (5.0-10.0)
M4 TA }.3 & 056
(44-02) 0.4-2.7)

proem anil o
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| 0= K> WD 4 8
{24 ) { (31-71}
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a0 =+ 5.0r 10 + 3.0
(=50 =07
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4.« are not given as superseriple
rable mean valoe {or the esntrml

group are ool statistirally

wipmal Lron repletion!

is simtintienlly signifiesnt f =

reentage of excretion of

(table 2. Ty e fier the marker was
cobal m;“;ﬂ:i'; the control sub-

jom of iron,
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“1 < 0.01). The intercept of the least squares
llh“lm-tﬁ"imthumhﬂt axis (fig. 3),

balt. ‘The dota on the patients with

B T

~and cobalt in ‘was similar up un-
til th marker disappeared on
the 6th dqr. but the excretion of iron, un
continued for another 6 d-y-
iron-overlonded subject, B5°, of
iron lnd 40°, of the cobalt were ex.
the marker and there was o
excretion of 9 and 0% of the iror
and cobalt, respectively.

Relationship between mucosal uptake f
iron and cobalt. In 10 control subjects and
6 iron-deficient patients in whom botl iron
and cobalt absorplion lests were mnnd
out with four test doses, a linear ceintion
ship was observed between the mucosal
uptake of iron and cobalt, r = 74 (P

oMW CONTECY

N
“1 Ii
q}L—:TLI
¥ o O

vy

EXOgenous
iron overload did :~t follow this relation-
ship.

'Hfhll'ﬂruhip berween absorption of iron
and cobalt. In the 10 control subjects and
6 iron-deficieny suyjects, a lincar relation.
ship was also obse~ved between the absorp.
tion of iron and cobalt r = 0.853 (P <
0.01). The intercept o the least squares

line was at 1.". on the cobalt axis, The
results in palients willh erogenous  tron
overload aid not follow tho relationship.
Fecal Excretion of I+ Cobalt
Fallowing a Single (rral Dose
Normal controls., In 12 subjects the

amount of unabsorbed irom in the feces
renged from 26 to 82°, with @ mean of 56%
and the amount of cobalt ranged from 32
1w T2% with a mean of 517, (table 1), The
average duration of fecal collection for the

won and cobalt tests was similar, 7.0 and
6.5 dayw, respectively. The shorter dura-
tion of fecal collections in this ~tudy failed
to pick up the delayed excrevion of iron
and this masked the significant ditference
between iron and cobalt a's rption ob-

o CPaCENUY iPOw OviRLbes

—
-
.*-

I m—— N |

S0

™ [wemin )

(1=

@ B 4 & 8 ® I 4 "
Lo v

Fe & F-ldH_ﬂﬂ-d-M-thhnhlwﬂnmdmhﬁl.-ndnpl!'""“h
ermguanm wrm o erhad | dioweg rel tost Swe groem etk unateorbabie marher
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BALT ABSORPT]

ORPTION
- edfd )

10

0 = W -0 = h
J COBALT (%)
mumm-dmuhdmm chalt o normal Ton repletion and Inm de

Y P
I Fownl coeralion of 1qom an !l ctell fuleming & singls wral dise im narmal trom repletran. (rum

Wld i i | o 3 g . Il ] H""NJ'
[ | pl ] B . o
% . i . 2 Enarminm bn g ol Farirwlige ougFilees ol
—— e, w— B il o 7 i redipativaty Ln Dean

7.0 N} B - IS 1-RD]
13 - 1) h& LA-N) 5 &4 11 (13-72)
e R LR l'h - 'I [¥a- Tl
banld M ENET T3 4 0.0 116440
i frew 7.8 a1 0% 4= | 0¢-* M]-1IN
4 voali T .0 (510} A% 1 0.8 (H-R1)
:-'-.IE..“ ﬂ_ ,-.‘l_h rl““ . .1 > 1..li FL) 1 A PR !-. W -ll.l.l e BIT Dl YT Y . ;‘r'l"l-J-'rlri'Iu
| " H‘lﬂ. the men : . Loem grvene mawed dlee o smparalle mess valoe Lig b gy Ll
; ‘; ‘h“m‘*llﬂmn (b raan walue for lham sl eyelsall i Lhis grsarp are st s1)mleslly
Sl P > 005
. -I:|_‘I::1 . - h'm [—— ‘l'l foir d."- FLLL L ._._....] pramamry o Dol e LT | r||.|-l'|,1'.4l L Fiam |-|.I| § oy
LTy o i = I* « 00
:-I:F:!" ; .hh' ¥ : ul ;|: o av] onleali im thim grostj e slallstisally siguificant o =
s m-"l""ﬂ A VR ir " L

LT T
I = 0.01) but the

o patients (P <
Jh'm (tabic 2 in which feces feces of the & Pﬂ;:ﬂmt EE o Sty

§
= ._r-m .h' lﬂ'l.ﬂ i1 dana. :;:ﬁe gm’::nu“ o the absorption in

1 h ™ ‘E;nﬂdm “m:;:d armal controls (table 3).
-- Imiﬁ mily re- Eﬁmﬂmrfﬁﬂlmlhrfﬁﬂf

nhhn-m-cu,nn (Lable J).
.-ut,L . |I_i.'rn The effect of B0 smoles of ron on the
lmm . . hlﬁrlﬂnﬁ‘l-'d_“rm

‘ . aver-  [ecal excret
- Tafm-m-*;rm e 4
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m | ﬂm avernge absorption of iron
and cobalt was signiticuntly increased (P
< 001 and P < N71, iespectively), but
the individual values [o¢ iron fell within

‘the upper limits < % normal range in
2 of the subjects.

: 1 s R 1r? 4—'|.||""l : ||-’#"- Diﬂ'u.llﬂn

?.‘I -'nga m l.hmwu a signif- Toxic eflects “ave been reported from

iron excretion in 6 iron.
mﬁh subjects, P < 0,01
lw increase in excretion,
ﬂ.llﬂllr to lhl-l. observed when

the admini=tration of large therapeutic
doses of cobrlt chloride for the treatment
of anemi=" and there had been speculstion
that recent Jeaths due 10 cardiohepatic
failure i beer drinkers may have been
due to the addition of cobult to beer.™ *
The tracer doses of cobalt employed in
this study were miniscule compared with
the umounts ingested by these patients
ana .0 untoward effects were encountered.
‘ihe enhancing effect of nscorbic acid on

‘and cobalt wis m iron absorption has been ascribed to the

ETFECY OF COoR Wt EFFECT OF [(AOM
ON |BON [ECREY ON On CORBALT [XCRLTION
™ot Fi™ e rmact COYALONE CO™ wmd INON
100
‘ A
80 /;:'/
a0 /
-
10 i - --"'_
&0
50
MACINT /'
[xCEs 10w | #
&L
L
0| *
({e] oA oM Oy,
imAw DEYCs WY
O

Fe I.Hiﬂnhti-—iﬂnﬂﬂthhdmnim--fummﬂu-mrnlhﬂmlnriﬂl"
wesd tnt e
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B ¥ —
. L | Cotimit
TN . 2 & 6.3 M43) i o= 33 2-)
i ikl g B1* (4875 | A< g1-e0)
W Mbemce hrermatiosie L 6t = 210 ar-si) B+ 2 (-5

- —

" __-,' e wiih w mud standatd dewiation. Where B, 0 are nel g Ten se aspersenipis, the dil.

- 3 'Ihn_u value for th cvonp stvl Ahe eomparahle mean value ior the rootrol group,
- uis : _'hllmn Ahe s subie S arsot and ooball b thim Krosip are nol statistically signif-
P> om |

. : _‘-t‘ﬂllﬂ'ﬂlﬂ whlur Lo Lhee group amd mean valur far euntrol s statistically wsignifi
Be P e, e = "< G}

1 & vitamin in delaying the forma- The increase in fecal excretion of cobalt
: + M.IHI trivalent irom complexes observed when carrier iron was given with
e of the upper small intes- cobalt and a similar increase n the excre-
S in contrast to iron, is more tion of iron when carrier coball was ad-
% in the divalent state'” and the fail.  ministered with iron (fig. 4) suggest that
; acld to enhance its absorp-  iron and cobalt might compete for IIHH'II'

B sy be explicable on the hosis that lar uptake pathway in the intestind "“‘-t:'
Ereducing agent is not needed 1o maintain  cosa! cell, The mutual interference o ;lh
B o I 8 solublo form in the gas- mfptl';:nnh {mﬂﬁ:?nt:“:‘n' .T:-P:tr::tilpi::lim
SELEsL LN 2. mig ¢ . . -
i mm‘fﬂ? :ﬁn:::r‘:mlu] of G4, of the but this seoms unlikely with the low con

, ed and the
di%e of iron 'and BA% of cobali excroted cenirations that were employed |

' . : Y volume of gastrom:
f feces of the control subjccts prior  comparativ ey hm?ﬂ which the elements

» arance of the carmine marker testinal I:rﬂr;?m::j after administration.

A \d |
7 :ﬂﬂlm that lppm:mmttl_‘«- 36% “'_m" salts are less likely
¥ the fron and 465 of the cobalt were :}:-;;h;r;ﬂ:;— ,frf:,fi'me S the pH in'the
Mim , add sy - '
e e o s sl 0, T e it
oy uEkesta that the miﬂ:::ﬂ SR . of absorption otwerved mlhn: 2o
h"--l"i-nf'l':"““ ul“"“ vz 1;,_1 in  menta wak nimilu;dbﬂl:f“ gy
I o0 (he amumption that the radio- sults were obeentC B, the addition
¥ transferred Trmn the mt;-nmm o worken' in the s

Lron test dose of 5
oy - trfo th . of 40 pmoles of iron 10 © increase in
. "h‘m “Tuhciuir_ﬂ:lfhﬁ umoles of cobalt produced an i

'_“,E]' '. an i-ﬁ"’ il

amoun ™ ta
¢ cobalt excretion [rom
T aam S:: : ;?..- ‘::r:l:ilhrr this study nor the present
i that thisx =ssum y

gh to tax
' the test dose large '-'"““ .
Fhe il irom."’ The finding of an aver- ::::!“::r'mmciw the absorptive sywiem in
Eﬂ‘ of a parent:rully sdministered

ek
Lt

Yo
b= "

K
i,
L
]

Therefore, one cannot con:

-y - mucosl : ; results

cubalt in the feces within 10 days '?ﬂdc with certainty from rtrlr“:hr rame

‘Inc that anly small amounts  EUEE s and iron compete inted

Bt ‘ intes- [t has heen pointed

SSalt are excreted inio the gastron ransport pathway. lie absorptive
Aenct. If this i takon into considera: :ml clsewhere' that to tax t“irn ey
 Miggests (1t the average mucosal ystemn o capacity walg T'ITI‘I'IWM be of
of ¢ - was underestimated t:: liﬂlﬂ'll‘ﬂ" doses and the resu

by 6" .nﬂ, it mﬂ::‘;_ b du%:ﬂdﬂlu!- cicretion of an average of

| | -
.I'_ﬁ_‘;l -
“ayy

E
P o
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nt work'' indicates
r -~.3',- tu: hinding sites for
rans n and it is posible
thl' mucosa Lo retain co-
_ Ju the absence of specific
l'w cobalt on intracellular

t may be in a valence state
' rudily bind to intracellular

:mtml subjects the net effect of
»r mucosal uptake of iron and
delnyved excretion was that the
.lhﬁmﬂm l:ll'u:rm. 27 wns sig-
sificantly less than the average absorp-
tion of cobalt, 44% (table 2), The fnil-
ure to observe a difference belween the
amount of unabsorbed iron and coba't o
the control subjects given a singl: test
[ ‘dose (table 4) is due to the shorter dura-
. tion of the stool collections. The fecad
- collections in these patients were termi.
nated before delayed excretion of iron in
iron-replete patients was taken fuily into
miﬂmum.

In iron deficiency the (ntestinal epi-
thlli’ll cells are instructed in some un.
known manner to modify icie handling
of iron, and the mucosal uptake and trans-
fer of iron from the lumen to the plasma
is enhanced. ‘ It is clear [rom the pres-
ent study that this also icads to enhanced
cobalt absorption (tablcs 2 and 3). This

suggests that iron ond cobalt share at
least part of the . me Lransport pathway
and acceleration of transport of both ele
ia governicd by the same mecha
niam. Alternat. = exglanations for the re.
alts in iron deficincy are less attractive,
First. cobalt . teht jollow a different p-lh
iron and its tranafer might be

hosci mh} s mechanwm in the mucosal

E

ag;i

i

is also activated by iron defici-

:

ency oe.
oecur in
and this
hanced
seCms

cobalt deficiency might
association with iron deficiency
I be rr<oomsible for the en-

absorps. . The latter
bec we cobalt deficiency
is unlikely to arise frow. blood loss in view
of the fact that o contains less than
0.03 sg of cobalt poe liter. ™ Furthermore,
tssue levels of iron and cobalt are unlikely

E

E%

=3

to parallel ecach ther becarsc cobalt,
unlike iron, is excreied 0 the unine

The abcence of a red  cobalt
absorption n  patients ngenous
iron overload (tables 2 ar Adicates
that the insiruction given L intesti-
nal mucosal cells to reduce iron bearption
does not inhibit cobalt uptake or transfer
to the plasma, The finding of an average

of 82'¢ of the iron excreted with the marker
in exogenous iron overload (table 1 sug-
gests that the reduction in wron abworption
18 Wwrgely due to a diminution in the mu-

cosa! uptake. Despite the reduction n
mucosal uptake under conditions of iron
overload, the loss of iron after tho marker
wis approximately the same m v h nor-
mal and iron-overloaded patiens  There
fore, il is unlikely that a [ilo: e -
quester cobalt in the mucosa, as oo Llenced
by the absence of significant delvood ex-
cretion of the sotope, explains the lailure
of iron overload to inhibit coball o sorp-
tion.

The results suggest that the intestinal
muctsal transport of lrom and cobalt in-
volves a common transport pathway, but
the possibility that each clement » also

transported by a  specific independent
mechanism has not been completely ex-
cluded. If a single transport system is in-
volved, one might postulate that in s state
of normal iron repletion both elements nre
predominately nbsorbed in the proximal
inteatine, but cobalt, which is lesa apl
than iron to form Insoluble Mmp!ﬂﬂ n
n neutral or alkaline medium, " n ab-
sorbed in the more distal intestine as well.
In a state of iron deficiency, the abworp-
tion of both elementa from the proximal
and more distal intestine is inc

whereas in exogenous iron overload llmrl.l-'
tion of both iron and cobalt in the proxi-
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re are '.""; ht binding sites for
.--,t'-::}- n and it is possible
the Ia ‘the mucosa Lo retain co-
to the absence of specific
Enr cobalt on intracellular
cobalt may be in a valence state
ot readily bind to intracellular
:mtrﬁl subjects the net elfect of
lllrr mucosal uptake of iron and
delayed excretion was that the
lhmrp'lim of iron, 27°. was sig-
nificantly less than the average absorp.
| "j"'_:nf'-mhlll. 447 (wable 2), The fail-
ure 1o observe n difference between the
‘amount of unabsorbed iron and cobull i
?llll control subjects given o single test
dose (table 3) is due to the shortes fura.
tion of the stool collections. The fecal
collections in these patients werv termi.
nated before delaved excretion of iron in
fron-replete patients was takea fully into

consideration.

In iron deficiency the mnuestinal epl
thelinl cells are instructed in some un.
known manner to modify wicie handling
of tron, and the mucosal up'ake and trans.
fer of iron from the lumen ¢ the plasma
is enhanced.'" " It is clear from the pres-
ent study that this also (~ads to enhanced

absorption (alicc 2 and 3), This
suggests that iron snd cobalt share ot
least part of the . me Lransport pathway
and acceleration of r=.nsport of both ele.
mefits Is govericd by the same mecha.
m\m explanationa for the re
deficyv ncy are less attroctive.
anight follow a dilferent path-
and ita tranafer might be
mechanism in the mucosal
iﬁn activated by iron defici

|

i

jEIEEgE
%ah

]
£

ahworp. 0. The latter
be. use cobalt deficiency
unlikely to urise froic blood loss in view
fact that owu contains less than
g of cobalt por liter.” Furthermore,
liﬂul lﬁlh of wun and cobalt are unlikely

to parallel each other becaine cobalt,
unlike iron, i excr ted in 1he urine

The abecrice of & reduc 1 cobalt
ahsorption . patients 1 OZENOUN
wron overload (tables 2 a indicates
that the insiruction given (o the intesti-
nal mucosal cells 1o reduce 1000 absorption
does not inhibit cobalt uptake or transfer
Lo the plasma. The finding ol a0 sverage

of 82% of the iron excreted with (he marker
it exogenous iron overload (table 2) sug-
wests that the reduction in iron absorption
4 dirgely due to a diminution in the mu-
cosal uptake. Despite the reduction n
mucosal uptake under conditions of ron

overload, the loss of iron after the marker
was approximately the same in  nor-
mal and iron.overloaded patiens  There-
fore, it s unlikely that a fallore 10 se-
guester cobalt in the mucosa, a ieneed
by the absence of significant delvied ex-
cretion of the sotope, explain: th lallure
of iron overload to inhibit coball (bsorp-
Lion,

The results suggest that the (niestinal
mucosal transport of fron and o« ball -
volves a common transport patlisay, but
the possibility that each element is also

transported by a specific  independent
mechanism has not been completely ex
cluded. If a single transport system is in-
volved, one might postulate that in a state
of normal iron repletion both elements are
predominately absorbed in the proximal
intestine, but cobalt, which is loss apt
than iron (o form inm!uhl:- complexen N
n neutral or alkaline medium.'’ is ab-
sorbed in the more distal intestine as well.
In a state of iron deficiency. the alsorp-
tion of both elements from the proximal
and more distal intestine s increased,
whereas in exogenous iron overload absorp-
tion of both iron and cobalt In the prosi:
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"f:'"-,:'::_'» of cobalt absorption in
C'ﬂiﬁij EE L‘Hlupdhh hemechromatosis

'-lr
NI ‘H’u }l. 1 CORNETT, J. LUDWIG, and

qr 'l:u- tagged with Coi1 and Fesd, roapectively, wers gives by
patients, snd the absorptics and body retestion of the doss were
“l‘l’ﬁ?i'l‘l‘;l‘ ot I’Hlﬂlﬂﬂlj in tha urine and feeon. Tn 5 patients with
s of the lver and 7 with porial cirrhosls assoclated with normal fron
versgo  absarpilon of eolalt was similar to the sbwarption in 11 control
_54, ‘mormal irom stores. In esmtrast, coball sbsorption was increase! is 6
i'- ﬁmdﬁhﬂn complienicd Ly iron deficloney and in 6 control subjects

leficiency. It was also inereased in 4 patienis with portal cirthosis sssociated
doge rem pvetload sxA in 4 with Lliopathis hemmehmmatosis. A direst
on was peesent batween 1k sbeorption of iren and eobuit la both the conirsl
pli-l-n with fiver disense. Unlike Irou, colalt was everetad in the urine,
retentlon of the test dose of rolmlt was not Inereassd in pathents with
Mu’n_ The reeslis fadiente that cobalt almarption is (serosssd ia
W' and portal cirrhosls complicatsd by elther ron defclenry
mous fron overlond, The increass in colall absorpilon in patients with liver
l“-n to ba & and=ry to & disturbasee in iron wetabolism

-\ lﬂﬂdlh hove shown that iron deficioncy enhaneces the absorption of
*In nh.mﬂn iroa defieiency, Pollack and nssociates* found the alsorption

(8 _"'“_*Tu WRA !nnmml, and Valberg and co-workers' made o similar
i.lau in lh“tﬂl‘-l with iron deficiency. The relevance of this finding 10
al Mﬂ- an which iron almorption is inereasesd has not been fully ex-

This siody was earried out to determine whether the intestinal absorp:
1  coball was inereased in htlr infilteation and degeneration of the liver,
ﬁ' rﬂ-m uui idiopathie hemoehromatosis and to establish whether eobalt
1 In the lﬂﬂy in eonditions in whicl ity alsorption is ineroased.

i B R Tt ot Maskisia, 3t Dow et o el
e Kb Madbeal “hmﬂm
- Nav, :ll. 18y
N l'I!. e

'*.l-l- Valbare, Hiharington Hall, gueen's University, Kingsion, Owiaris
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{ e ,_'.I Elr"'-t'ﬂlum ""“-Pi"ﬂﬂ B he. sovemmant 2t Hva
LR ey A teat, protein  elestrophormls, prothrombin iiow, s
= -'.- o 55 serum glalamis exnloncetle trao laan't “_'L

SRERENT. OF TGN STORES 1% FONE MARROW. Done martow was asgiraled from ihe

. ;:_;:!; o _.ﬁ:ﬁlﬁ:]l‘lmln wers stalaesd for lram with the PProsian Nlue reaciiin,

2 . :..iﬁ# — *_'l‘l granules in the reticulam cells were exsinl el ty. Tight salaremenpy

e ; vl H lh felloming rrltering 0, ahawnt} 1s, 1 to 23 yer ront of the high
AN magnificationg contalpal iroay B, granules In 2 fo 78 per cend wf
--.-:?1 “ the fields had graniles -h.. Wlae siain evident ufan ankesd

.:.-- iﬁflﬂw ennt wi
—tion of iﬂ. ided doe o large clamps of hemosiderin In retientom solls und [ extra

-

T OF ImOx sToses (v e uves, Tistelogheal seetions of & Uver bopay speel
o Wil for bemoslderin with 11« Prusmiss blus reaction wore cosmined umler s light
e "I-LII'IH on an incroariang O lo de stabe by eriteria desaribed by Talersak and
ihmq Nystecn, i+ |y consilerad abierwal
BEMENY OF INTEATINAL ADcomlTION OF OURALT ANH BON, The techaique for e
L lh'ﬂh of trem and cvimli was the mme ne ths foen] revesery mmalbes|
SR prevlmaty d In Wrief, 4 oot dosen of sither sclali o lrvm wers adminlstorsd to @
BN Sver & 2 day peried. Fad dose containsl 20 smales of sither CoCl, or Feld, taggel
__1? X IF B POl wr Cost(l, respuetively, anil 200 pmoles of asworlibe seid. The
= Aad aetalt siadien wese cnrrird mul I shttvwiit ever 8 § day perhed, und 1he
Ry In e Taens wan inessared by diferential conatiag A smasdan) prejare] from 1has
Ppeitmens sf urins asl focos was eomilel wilk sssparsbls gremeiry. Tha RO
“ e and eolali war determize] frem ibe difforemen belmewn Lha railieastivily
- , tivity mvereta] in (e stoed.
Hl::‘:'l ::r:lt'n-m oF coeatt. Te detvrmine (ke peresalige of ihe mdmia

h' walmli that waa retained In ‘&o pely, (e Wiina WA gnllertng ga well Iu ke
- . y Marml ia .
L o the subjerts Tie radlpetivily in tha wrise Wwis m=a

[ hr.“h ‘-mr‘-r -r. T'H::':lﬂ'l-ri all scbalt in Uss lasly was mbenlnied from the

hetuwey (he rafimsctivsty sdmianio ol amd ks radiaactivily eapreind §u the arine

spvars The base fur the selortion of 1he il
The pmawmsl of stalmabls irem s ihe loms

e L
‘I‘I:l- L] r-:nﬂ-l awse mieeted en tha lans of an

rate Liver (oarti=a peaty wers ®llkin et mnl
: e .~ 'I'H-II‘ a TR LITIA ANPE WAL M
kel faily Hvers bet sa evilesss of

- — Tt prempn. The T patrxtis i3 this prosp =ore

et sad had » Fﬂ.-'lﬂl shant. The Jageesee af

2k ”..__h“ s Bewr fomciion and Teatmres riar

tiver banger ..'.-_ gute! et ike
i Th A weEE =l =a

o= wagtruis and the plesssw of reerrnaed st s

a bislary wl ssert
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¢ fuding of ; " I, 4, stlma.~ T8 (n e iver blopay |
s from | ,.'_ e liw }"' an o ﬂ'ihﬂ- ipj' b rewsars of exoemsiie nowunte

vl iu ke other, I W, e ren & vow e wnte found in Uk liver

r:‘% F" ' The & faie "t (A gromp bad mirked
r el | ‘.EFI 'HI!I'- |1| nn- af 20 Om. Mrom 3 ul ll- :
o ‘wf froa Ll Yiver st olber tlanes Bl

W h\“lﬂ by the preceding year, The s
(U Wlrthosin was M me Wb Baling b e nitial

m*“ uf prapan d te the t'll"lh of liver damage,
0 Mieililiom 18 A ¢ (bovy and a pesilive famlly Wistary of

b lewt "Il ] be veigate the differmee Lotween resulia
ﬂim h‘ e o' % guld whoreved 8 wigaif ol 1ifferrnse
; gha Cas Owilirabe sntrection was bpplidl? In the aiidy
btw IIHI modd ssbalt o) @rrdion, thy 1 disiribaiien teet was carrbel out

| whs swteiruly linesr 1o enable & wnlil odtioite to be
P distribatien was oOstivtieally sigwifieant, the eooffobens of mir

Lin patienls with fatly infllration and deigeneration of
of # per vont of the test dise of cobalt and 27 per crnt of
in the 11 = mtrol suljects with normal lron stores [Tahle
wan found in the alworption of either eahalt or iron
mnhhh andd patients with fatty infilteation of the loer with
The aversge alworption of eobalt was significantly greater
rptiom of irom.
m T p*enls wilh portal cirrhasis. The average intostinal
ﬂmﬂh“ wul ron in 5 patients with portal eirrhosis and normal
shownd no ~eniant deviation from the average results in the control
F ) (Table 1), {6 © 2 pationts with portacayal shunt, cobalt ol rption

*ﬁﬁ g nurlhlh of mormal in ane, N, M, and definitely inereased
N Fa nhnn trom abtsarption foll within ‘the nermal range
‘kmi tw dow , abmarption of both cobalt gid fron in the patients with
foom defieienery Wam <~ aiflenntly ineresssd in comparison with the rewlts in sob-
s, (ret steres. The resuite T the 2 patients with portacaval shunts
Cf— el (Table 1),

whei mﬂﬂhhﬂ'ﬂm“ﬂﬁnm

) . G, LAEN WITH ABCUSDANY EXNINGESOUS Bo% ovextoin The intestinal
gt —* gl svbull sl irwe wus ineressed in . W, (Talle 111, Alsarp-
pressps "‘h_ﬂﬁ-hn—l In V. D, when she was stodied in 1967

i te 201 and (ron stores were
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irther veneseetions and intermittent bleeding from a duodenal uleer
1 miﬂ::nmmunhmn

R B. the alsorption of both metals was inereased prior to treatment and
peutie veneseetions,

Oﬁﬁﬂrpﬂﬂn in fdizpathic hemochromatons, There was increasd ab-
ﬁf m iron and cobnit in 3 out of the 4 patients (Table 11). Tu the

4'.“ the abse jition of cobalt was raised, but iron absorption was within
'I lﬁlﬂl.
Relationship beties<r cobalt and fron sbsorption. A highly significant direet
l n was prasoiit betwoen the intestinal absorption of jron and cobalt in
the eontrol sibjec(s with normal iron stores and iron dopletion (p < 0.0G1). The
eorrelation

coefMclent was 0,545, and the intereept was 25 per eont on the cobalt

L A_M‘I‘ dirvet eorrelation was observidl betweon the abmorption of iron
ﬁ!ﬂﬂiﬂu paiients with fatty infiltration and degeneration of the liver and
w. The correlation eoefllelint was 0755, and interoept was 32 per

‘the eulialt axis. Tha regression line for the combined results in the eon-

Q}ﬂf‘hm pationts with liver disease is glven in Fig. 1.

Illﬂk m“lﬂh "'liﬂl iron overload, the reanlts, with one ¢ exeeplion, J. Wa

‘Pﬂ"" l"ﬂ ‘f '-h'l w “lll! l'mlml i the control sbjects

]

fﬂhﬁw 1 lhr.:: ‘ F ‘_ nﬂ Illﬂuhmlr linear for valid estimate of re-
|*‘ﬂ"r -:rr?i g Hm ill infestinal uhqr];u'“ and wrinary excretion of co-
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RS weevniary 10 2 moditieation i irn st aboles. The ranlis
- b ¥ wnggent 141 1) ! '

S e 14 = eloments share at host part of the same
P g Pathway aod that from defleisney, whick leads to an
e 1 . Blwo o1l anees eohaly abworption.

L oy tha :mlnhrr of vases minilisd 1o date ke Hﬁlilﬂi the consistent in-

- ot L almorption in patients with sndogenoas loon overlosd sugpests

"":ﬂ;'-ét'. My bo more peeind than iron ahwarpticn lor (the detection of 1he
. ‘Mﬂhr in intestins) absorption. Cobelt .]mﬂ[hn was ahnormal
e LOUr patietits whervas (oo alsorption was normal in one of them, J, W,
4 _}11)!1}.-, beems reportod previousiy® * that tron absorption msy be por-
I'_':-'tl-' Miapathie hesmoel oo prior ta teeatment, and, therefore, the
T W of an inerease in iron o prption in J. W, may be doe to inhibitien of
]I' bf the markedly csparded bron dires. The differenes between the
"',‘1"11-’"‘ e of tron and cobalt 11 This patient may be explained by the almence of
.'-.'1 * mﬂhﬂllﬂn far the inlobition of sobaii nlmrptiuu. This is supported
8T U almarvation that colalt alworption was not diminkshed in pationts with
e I‘n"ll' brom stores die Lo Blood pranmalusions.?
4 '1m'.'l-|.“m“ﬂlhm af an increase in cobwlt alworption in hliﬂ-:ll?hie_ Larino-
.. IUI.' Ihm“ thoit the abnormalits In irifestinal almarption in this Jiseder
= ML sonfined 1o lpon, The repart of aalight inerease in manganose o sipaspeminsshe
Bonin 1 Ilh"fll' of patients with bdiopathie hegnoehiroanatosis'® and an ineras: nf
2 - " ta
SSSHRANese nlworpition in the experimental animal with iren df-l'lr-hnr_j_ m'rn'-;t
AL almariition of this element may be inervasal as “.'"" brut sdeflnitive studles
oy, ganese alworption liave not beern reported in iliopathie lu-mhrhnm:tmlu._
F’E:m : i the estimation of eobalt reteniion Gy
N 0 owith all isotope 1o hniquees,

wnilidiity
e ' ot i " fails to lake Inlo secount the possi 1
o Wessuremont of the exervtion of Co" fa 4 (ke 1010 RalE. T the firssnt

Xehanige ltween tho alworbed [sotope and large in vamparism Lo the poal

| t-hﬂ“ Risvistael. vost fose, 5 s L millligram.* Therefore, it
of this vxehange

l‘-rf "I' wnous eobalt wlieh i only of the ornler of one

Ahat thore was sodlleint yariantion in the magnitude

ERtas that | <ulis (Pig. 3).
S RTOU Of patients studied to invalidate ki li:nu deflciney and endog:

. Lty ith
il At alwsorption in patienis w Halt
g E’{oulwmﬂmqrr unli'liml? to Joadl to eolwit ovirlond l-rr:;-:r ;:r:“r:ﬂ &
ey 14 ; | varspe daily Intake 0f; cobalt
" SAerutdd in the urine nad the ® lasly retention of the test

in
il N niee of an inereaso Ay
Yo of p:rli:l.?[’::l:nl:: ::-::';1 inereased ccolall alworption (Fig. 3) an .

i howt
Tport o normal eobolt Jevels in the lver of patients with portal eirrhosis
o furt e Wiy vt 10 Lhis view. .
The disesrvwry 1hat colialt absorption is U
s ovorload and that cobalt balance

peastd In lron deflcieney and
“1. eontrolled iy the exeretion nl
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Increased {ron sbeorstion i !
B e owEralaardhd dhm} 55 éen) a irequet (inding m portal cir-

'-j-"-.!ﬁ;ﬁl" - u‘.’ lm* I Deies .1”‘.1 , L nf & COnimon Cause uf
iy 'ﬁ m.m Lo quost «todiis iton wlires have not been ade-
quately mssesend and oo defloien = o 0

quate . Oty excluded as a cose
i | '
the incressed (ron absortrien  The preessi Nvestigalion, was de-

i ]:Ii'hnlrlhr O ‘mssass (he Lnponance of (run deficiency and the

N
F._ ¥ of i s 1N the perodiietion of e saedd] (e ﬂblﬂl'pﬁm n
lron slopes were msised by both bane marcow sspiration

;

i _i hﬂl[ﬂ?. The llh--'rp! oA test dose of inorganic iron in 9
I ] mﬂ with pﬁﬂ-ll cirthosn and 6 with aleoholie fatty liver asso-
I cisted with normal iron stores was similar 10 the alsorption in 12 con.

trol ml:rjm with comparnble lron stores. A appropriate increase in
iron absorption was found i 8 patients with ecirrhosis sseciated with
depleted iron stores and an appropriste decrease was prosent in & pa-
ﬂmt with cirrthosis and incressed (ron stores due 1o blood (ranafu-
sions, In contrast ap inapproprinte increase in absorption was de
tected in 2 patients with portal cirthosian complicated by iron cverload
and in 2 patients with cirrhosia in whom it was not clear whether the
liver disease or the iron overload was the primary event. No relation
ship was found between the level of lron absarption und the rate of
e : X olesls, th= concentration of either sermim folale orF serum v
tamin B the severily of the liver disease, or the presetice or dbwence
of a Wﬂ.m woriacaval shunt. The results indicate thal increased (ron abwarp
tion in porte! cirrlicsis b5 usaally the resull of decreosed iron stores
which in some patients-is only evident upon cxamination of the bow
marrow, In o anall number of cirthotic patients with. normal ve in
Creased from Mozes the normal system for excluding unwanted iron
Breaks (fiwt and ar inappropriste incresse in iron ahsorption accums,

h:ll. lfﬂ CELEE ! Lt PEFILaA LY IS ol vcure

Jucsntion of woa iron deficiency. which = a eunmon ﬁ_ml-
;—1 ey UM of pa-  ing 0 porial cirrhoals, may b I'l:-s-}umﬂllie
o .. wised  for the increased iron absorption in many
At rnlﬂhhr Lk s = ] ; - L ;

S bhe [iver ond other of the patiente. This is difficull 1o assoss
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~ Materials and Methods
._ﬂwr..nn_i_- of Patienis

< -ﬁmf.l e !E wcts mﬂ_ﬁn_.- normed wronm wirry
..__Lm...u._w__ .a_—hi !g were -_l__._...-n.._ LN &
el i Teda.
___.._.—»..ﬂ.h._". iﬂ_——_
-. AlNAD |+ tron in the bone marrow ks
.i.%r..,_—#ﬂ _ﬂui a.!-.l H....T to 4+ .-..:.._.__._ ¢ By

.H.__.”“.._..

mbjects were selecicd from patients in the
| _J-.L. .1__. T'r “g E. r.m.‘ il ar 7..“4;.1. WO O alEnn
E iron in the bone marros

l _H. = lesin were within normal L
: 4 .ﬁ?.__l__r:.i wis hleeding at the 10

gy,
?ﬁ- with  aleoholic fatty liver and nos

e fatty infiltration and alcoholic deg:n

“ rﬁ.-”u- prior to the study, Iren was pros
Sspurate, but ringed aideroblasts were o0
'L Stainable iron in the liver bipe, -

T IH..T-:

....-.r.r - _&_-_n- E__.—r..-._ clrrhimis W i oo met
o] -ul.._.l._ clrrhamds i the 1 palients

B L diabtiatied om (he bl o 11

P Eaght of them had aloc' |
S n the other the etiolog: of

. .;___-
. .|...".4.- .+. ... l.n_i.ﬂl.._—iu -.i...n..-._., .-.f._._..l
4...... ” aF ._HI_ liir-__.-_..._._r_:..q._ u-_._.._
...ﬂ .. ,_ . rEi Lhe Bperial liyasiigainm
N _.,_:. .... i r _.w.-r.“l_lg. to day ware of the pa
e P asagys ¢ u_l._li_uti_____q_i!qw”
= L . ] -.r TRt ey il
Ml Drpartmaon o Moo lomira

A i ital I.-.ﬂ.-u..—ﬂ-v.mﬂn E S g -L_ _..,
hed previoualy, " The amount

wubjectn with ron deplition.  Nisz

nspirale. Liver

h&if either wine or spinita (n Frcosive

_mv.hb! sMores. The O patients in this group
e h—.‘ a_-.:.ﬂ. WirsRrN, —t..f.‘..q —.._._..._.l....__ i eseh

¥ _... i s—. no ﬂ:’i-. Alcihnl han
e withdrawn on admission 10 hospitel

E-ﬁ cells in the Isne marrmw

Patients with portal cirrhosis and iron ocer-
lead. The 5 patients who were selected for this
group had both portal cirrhosia and iron over.
loadd present during the course of their disease.
Portal cirthosis was established by the usual
criteria’’ and iron overload by the finding of an
increased (4-+) stainable iron in the liver biopsy
specimen, In 4 out of 5 patients. iron overfoad
was confirmed by the removwsl of excomive
amiamts of iron by venesectiom, and in he

T other, R, W, e1tensive iron deposits were
; found in the liver and other organs st autopsy.

The patlents fell into three groups. The M
consisied of £ patients, R, W, and V, D., with
chromile  alcoholivm whoe developed  increased
ey #lores  (ollowung Htr.#_lnﬂ_._ﬂ_ shunt for the
control of bleeding from  esophageal vances
The stainable iron in the biver biopey speci.
mene obtained st operstion was not increased,
bt subsequently increased amounts of stain-
able iron were found In percutancoas biopsy
specimens. The second group consisied of 2
patients, 4, S. and R B, who presenied in the
late stages of their disesise with both advanced
portal cirrhosis and fron overluad. It was pol
clear whether the liver discass came before ar
after the lrun overload. J. 5. had been &
chronic aleoholic but . B, denisd dnnking
cxcesaively, The 1 patient, B. M., in .r._.. third
gronip had portal cirrthosis due to chronic alen
holisen, Eight months before the study he had
bheen givm iron orally and 2000 ml of blood for
thi trestment of anemia of unknown angin

Patients wath idiopathic ..___.i_._._...___!._n.__:ﬁ____:..-
The 4 patients in this group had a._-._rﬂ ._.___!
overload as evidenced hy the yemma ....._“._
the ther, J. W by extmsive deposition of
liver and other lissties ““_ H.n-lﬂq.n..

though A g had been remaved
Efﬁniinu‘ﬁ In 3 of them portal
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Measurement of Iron Absorption

”hﬂﬂpﬂdﬂﬂﬂmmhﬂ“
WA giv llﬂmlnd-ll'ﬂmﬂmcﬂ-nidlp
ns desc 2" The absorption of
the test dose was calculated from the radioac
ivity excreted in the feces.

Other Methods

Serum iron and unsaturated iron.bindine
'w were measured by the metbod de
scribed by Schade." The plasma irn rlur-
‘ance rate (PICR) and the plasma iron tusn
rate {PFITR) were determined by the 'nllhndnl.’

al.” Serum folate was micsured
by 8 microbiological assay, using Laor® bacullis
casse: a8 described by Haker ot ol
z (R

?

The nor-

ng per ml Folule con-
contrations between 3.1 and 4 0 n g per ml were
considersd barderline, whary & vuues of 3.0 ng
or less were definitely low. Secom vitamin By,
was by the mi obiological method
described by Hosa'' Stardard procedures were
for the sssesmun® ©f liver function

the brssosalphaleis. test, pritein electro-
i ties and serum biliru-
M.. and glutamic oxal

E.
iif
:

Val. 59, No. 2

1o the following criteria: 0, absent; 14

'Tlftﬁmqlhlﬂcmﬂfuﬂ:lkm con-
] .t:h-:lmi:.hh

iron; < - 26 to 6% of high
~ power fields; 3+, 7610 1 of ﬁtldlhld gran-
ules in them; 4+, delinite blue staining visible
i:pm naked eye inspectwn of slides due o
clumps of hemoderin in reticulum n:l]-
(1 t‘.l.l.nlntlhl.u foet.

Liver. Histolugicol sections ol a liver biopsy
specimen were staived for hemociderin with
the Prussian bhio= reaction and --~r1nl on an
increaning N ta 44 seale wning critera similar o
those descrihed by Hﬂl::t‘r;tu ¢! al In this
aystemn, 4+ s considered abnormn

siobistical Method

Student + ftest'® was used 1

ivalunte the
difference hetween rosults. Th

uality of the
veriances was tested by the Fiioot " and when.
ever & significant difference wos (ound between
the variances the Cox Cochrane correction was
sophcd,'*
Results
fron Absarption
Patients with aleoholic fatty liver and
normal iron stores, The average 1ron ab-
sorption in the control subjects was 28%,
with a range of 17 to 355 . No sigmificant
difference was found between e average
absorption in patients with fat:y liver and
the control group (table 1)
Patients with portal cirrhi and nor-
mal tron stores. The mean iron absorption

in the patients with portal cirrhosis and
normal iron stores was similar to that in
the control group with comparable iron
stores (table 1), The results in the 2 pl
tients with a portacaval shunt were within
the range in the control subjects

Palients with portal cirrfross and de-
pleted iron stores, In comparison with the
results in the control ﬂ.ﬂjjrl ts wilh l'lﬂl"l'ﬂll
iron stores, the average absorption of iron
was increased in both the controls with
iron deficiency and the patients with cir-
thosia complicated by jron  deficiency
(table 1). The increase was equal in hoth
groups. Absorption in the 2 patients wil.h
portacaval shunt was higher than in

controls but within the lower part of lhi'
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Suboviy il normal et slores,
was rov rgnd et dilfesencs between (he
averrer UTTH in the comtrol subjects amd
patierits ~ih sither cirrhosis or faity liver
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ﬁ;mtml selected from pa
it tuhmullhemum rnhtemhw

in 5 and serum vitan ' B: decreased in 2,
but no abnormna'it., was present in the
'niﬁrphbluw of the brme marrow. In 2 of

the patients with 'm» serum folate and

liver disease, hyporsegmented polymorphs

and giant mrtamyelocytes were found in

‘the marrow, bu! frank megaloblastosis

was absent.

Subjects with depleted iron stores. The
average corum vitamin B, wod folate ac-
tivity were similar to the values in the

AFRICAN DIGITAL HEALTH REPOSITORY PROJECT

([ controls with normal iron . (table 5),
© s Serum vitamin By; wns geeater than 1300
E? m!'m H“ """i Folate Levels pg per ml in 2 uncompensated cirrholics,
Sub with normal iron stores. There presumahly due to the relece of vitamin

WS N ﬁ’pﬂl‘lﬂni, difference in either the Bi: from necrotic liver cells

Ave: ] \ril..mm B,; or serum folate Subjects with ron overlond, The serum

pls 1““ control subjects and pa- vitamin By level was within the normal

with cirthosis or fatty liver (table 5. onge in 6 subjects, reduced in 2. nnd

Tamz & Serum milnmm B, ond folate otivity in control subyrets and patients wuh 1o Jovase
1 et i dn Lo At v ammn 11, roas Tute
ii— — bl Ll = g =
o=
I Normal range of vabies A0 00 | "
Controls 12 400 {100-1017) LR s | oo 800
Portal cirrhoss 3 3A4 (300-7 000 N 187
Fatty infiltration of tbe Iiver 3 8 T4 | AT - | .
ﬂl“ e itotes
Contrvds [ 330 19510040 V4 o+ 0-7.00
Partal crrones G 630 (2022230 A 10-7.0
ke onerrad
Pertal crvhemes with s 0da:  adogeoesss. VD 1067 2%
- amerimed ' | o
R W 17 2400 .
Prrtal corthrma smrl mdegEnom T ey J. 8., 1T 146 L0
bmdd; sergaence f by “epment uhreriain 1w 8.1
M H. s - .
R L0
Portal cvirrissiie -t magemees rom o B M 0 157 r.5
Lot
Mdoguets bem et mat me V. C.10; o 1] 3.5
E G 1987 2is ' 113
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Po. 1. Relationdhip of seram date sty t
rom abmomticn

lll‘hl'lﬂj’ Iﬂt‘ﬂ.’mﬂ in | ptieni wilh de-
compensated cirrhosis (tahle B Serum
folate activity was variable and o bore no
fli_ll]ﬂI,m the level of iron atwOrplion,
Hﬂhﬁﬂﬂl"liﬂ brl'll femn  serum flh"lfl";
serum vitamin B, . and irom abaorption in
Pllifﬂll I.trflh noarmaol or ih'f'-".'l.”_‘ Y
stores. Patient: were diveded mio two
Eroups, one with normal ron stores and
the other with iren depletion (fig. 11 kach

Eroup was sibdivided it oo o t W
W“h’ [‘U’L'Ill‘ deficient on the basia ol

serum folate less than 3 ne |
‘which was folate sufficient wi! .
concentration preates than 4 ng pers
ml. No relationship w» e
tween the serum folate leve, snd The per-
Ceninge of iron absorlied 11 patients with

a1 Lo

=TV ‘i

mmﬂdm:ﬂ 11 1' | t""-"H

N‘ “h“'ﬂlﬂhip woea [cand belween
rum vitamin B, conooutoaion artl Lrom
b poce Fom b

m bul th rr s .
m iﬁ plli\"th with bow iaeds (0

determine whethe r viee ~iin Ho defiviency
&ffected iron absorp. 0

i N
e (L .-r-q‘_.-'_,-..‘_ L 1;- T
ARON ABSORP !! :

-

tstudy indicate

that iron deficiency i+ s common cause of
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increased iror  aboorption in cirthosis.
This probably cvplaing the discrepancy
between the common finding of increased
iran absorpiion 10 this disorder' ' and the
u}fnql.{:r.u.t_ﬁrmrmnm or iron overload in
cirthonis.” * In come of our patients the
ron deiimency was occult and only be-
came evido it when iron stores in the bone
MArM & were nssesied,

Although iran absorption was regulated
in a pavsiological manner by the size of
body i stores in most. of the palients
with portal cirthosis that were studied,
vhere were 4 patients with an insppropri.
ate incrense in absorption (table 3). ‘The
resuits of serum wron, unsaturated (ron.
banding capacity, PITR, and iron absorp-

Wwon in these palients were indistin-
ruishable from those in patients with
idiopathic  hemochromatosis.  The  only

difference (ound between the two condi.
was the compamtively small in
in iron absorption in 1| of the pa
V. I).. with secondary iron overload
frequency of iron overload second
portsl cirrhosts s uncerfain, butl a
review of the lilerature suggests that it is
LR CUn NG itable 6) There appear (o e
nnly 11 patients reporied in the English
liternture” " in whom portal cirrhisis was
nroved 1o antedate the development of
iran overload and in 3 of these coases the
admintstration of iron and. blood transfu-
sions makes it ditficult to assess the im-
portance of increased iron absorption in
the development of the candition. In
many of the reports = of iron over.
load cormplicating cirrhosis, it i ot possi.
hie to determine whether the liver disease
or the iron overload was the initial disor-
der because the sequence of events is not

lenr.
tra:;lhm:h the results of this study do

not provide s definitive explanation Tor
the (nappropriate increase [n iron abworp-
thon that occurs in some patients with cir-
rhosis, they do help to exclude a number

Liorss
CToame:
Lisnils,

The

ary L
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nduced fatty infil-
avation of (he liver my
Fr, o L e
Hy liver are impoctant. This is “T:i'
ported by the reexnt obwervation of Lund.
vall and oo worker"" that the iron store
naloohol abisc were not increased
compared il controls,

Liver daroage il dows not appear 1o
have a imoatant effeer @ iron
tioms.  Normal iron alsorption  has  been
foundd 1 wute liver disease™ ™ and ab
sorpies: wos normal in our patisnts with
eirrhosis or falty liver sssowcisted with
tv emal len sones

T e tinding of nermal iron abworption in
o war pathents with poctaceval shunt
cemlirms lwu previous studies”  in which
s O Herence i ron absorption was fisund
bt oy cirrhatic patients with snd with.
ot abeents. These ohwervations and the
abwamen of eressed (ron  alworplion in
dege with eaperimenial  portacayval
Jrmts saggest that the shunt per w does
i eeihance irom Alworption, However, il
might comiribute 1o the development of
o owwehad indirectly by diminishing
bi el b and mgihening the life span of
et emts with enhsnced iron  absorption
Jan leo ~AhaT CEREES.

It hss boem proposed that pancreats
ot ety AT b the cmsative Lactow
= ioeremsed irem absorption i lives
oy — st reovent e o L
| et —_H’ m m MR e
cigted with Dcveased ivon slmonds " .
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