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The effect of pancreatectomy and other agents on iron absorption and storage in the rat

induced liver and pancreatic damage was signi-
ficantly greater than in the control groups of animals
(p<0-001). With the addition of 1 and 4% pan-
creatin to the diet of the animals with ethionine-
induced liver and pancreatic injury (groups V and
VI—table III), there appeared to be a decrease in
the liver iron content, but this was not statistically
significant (analysis of variance p > 0-05). It was seen
that ethionine-induced liver and pancreaticinjury was
associated with increased liver iron concentration,
an effect that was enhanced by dietary iron supple-
mentation. Dietary iron supplementation did not
significantly increase liver iron concentration in
control animals. The red cell compartment iron was
excluded as all the livers were perfused with N saline
before the liver iron contents were determined.

Fig. 4
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HEPATIC STORAGE IRON IN THE RAT

Histological changes in liver and pancreas

The control animals showed a normal hepatic
architecture, and the parenchymal cells contained
noirononPerls’s haemosiderinstaining. The pancreas
and other organs showed no pathological changes.
After 10 doses of CCl, given over a period of 30
days, there was a moderate to marked degree of
fatty change, with fibrosis of the liver parenchyma
(fig. 4). The fibrous septa intersected the liver
parenchyma to show the features of a monolobular
cirrhosis. There was mild bile duct proliferation,
with a moderate degree of lymphocytic and mono-
cytic infiltration. The pancreas (fig. 5) and other

Fig. 5

Fig. 4 Rat liver. After 10 doses of carbon tetrachloride over 30 days, there is advanced hepatic fibrosis with a
monolobular type of cirrhosis. The fibrous septa are well formed with proliferating fibroblasts and abundant fibre
JSormation. There is a moderate degree of fatty change and Iymphocytic infiltration (H & E x 160).

Fig. 5 Rat pancreas. After 10 doses of CCl, over 30 days, the pancreas does not show any significant changes

(H & E x 160).
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organs showed no evidence of histological damage,
unlike the marked changes seen in dl-ethionine-
treated rats.

Deposition of iron in the liver

The control animals showed no stainable iron by
Perls’s method, while the CCl,-treated animals had
grade +1 iron. On chemical analysis, the liver iron
content in the control rats was 7-85 + 4-06 mg/100 g
wet weight liver, and in the CCl,-treated animals
with liver cirrhosis 8-58 + 1-41 mg/100 g wet weight
liver. There was no significant change in the liver
iron content between these two groups of animals
(0-70>p>060). As in the previous experiments,
all the livers were perfused with N saline before the
liver iron contents were determined to exclude the
red-cell-compartment iron.

Discussion

Taylor et al (1931) observed that after pancreatec-
tomy in cats, large quantities of iron were present
in the livers. They then ligated the pancreatic ducts
of cats (1935) and concluded that iron was absorbed
in large quantities because of damage to the
epithelium of the duodenum, which they attributed
to lack of vitamin A. However, Kinney, Finch,
Kaufman, Hegsted, and Partington (1950) observed
that iron was absorbed more readily in dogs when
the pancreatic ducts were ligated, with an intact
duodenal mucosa.

. The studies of Davis (1961), Callender and Malpas
(1963), and other workers suggested that decreased
pancreatic function led to increased iron absorption
and storage. Murray, Delaney, and Stein (1964)
used the isolated subcutaneous jejunal loop of the
dog with external counting over the loop. They could
find no inhibition of the uptake of iron *°Fe, either
with pancreatic juice from other dogs or by pan-
creatic extract (Viokase). They could find no
binding of 5°Fe by water-soluble extracts of Viokase.
In 1967 Murray and Stein could not demonstrate
that pancreatic duct ligation led to increased ab-
‘sorption of *°Fe.

The studies reported in this paper showed in-
creased radioiron absorption after pancreatectomy,
but this appeared to be due to the operative pro-
cedure as there was a similar increased absorption
in the rats which had sham operations performed.
The increased radioiron absorption may be ex-
plained by a decreased total body iron due to blood
loss and removal of tissue. To make good this loss,
there was increased iron absorption, and the role of
the pancreas appeared doubtful in regulating iron
uptake from the gastrointestinal tract. Most of the
published experimental studies had been un-
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physiological in that the animals had been subjected
to extensive surgical procedures. In the present
paper, the rats in the experiments tabulated in
table II were not subjected to surgical trauma, and
the radioiron with the pancreatic enzymes was
administered by gastric intubation with a polythene
tube. There was no significant change or decrease in
the radioiron absorption with the administration of
0-05 g pancreatic enzymes or extract. However,
when the concentration of crude pancreatic extract
was increased to 0-10 and 0-25 g and the pancreatin
to 0-20 g, there was a significant increase in radioiron
absorption from the control group of animals
(table II). We could not demonstrate any inhibitory
effect on radioiron absorption by pancreatic extract
or enzymes. But with increased doses of pancreatic
extract, above the usual doses, the amount of radio-
iron absorption was greatly enhanced. This may be
due to changes in the intestinal milieu and an
increase in amino acids derived from the crushed
pancreatic extract, which make available a greater
number of chelating sites for binding luminal iron.
Thus, there appeared to be no certain evidence that
pancreatic extract had a specific inhibitory effect on
the absorption of iron.

In the present study, the animals administered
dl-ethionine (table III) showed extensive damage
and atrophy of the pancreas. There was also con-
siderable necrosis and regenerative activity in the
liver. Dl-ethionine also caused damage to other
intracellular processes, eg, small bowel. The
ethionine-induced liver and pancreatic injuries were
associated with increased liver iron concentration,
an effect that was enhanced by dietary iron supple-
mentation. Dietary iron supplementation did not
significantly increase liver iron concentration in
control animals. Though there was decreased liver
mass in the ethionine-treated animals; there was an
absolute rise in total iron content. This increase
was far in excess proportionately to the decreased
liver mass. As the red cell compartment iron was
excluded it is suggested that the absolute increase in
liver iron content must be due to increased absorp-
tion and storage, though no absorption studies were
done in these series of experiments. With the ad-
ministration of 4% pancreatin to ethionine-treated
animals there was a decrease in liver iron content.
There was a tendency (not statistically significant)
for pancreatin administration to lessen iron ac-
cumulation, but the meaning of this is hard to
evaluate.

In animals with CCl,-induced liver injury without
any histological evidence of pancreatic damage, the
liver iron concentration was not increased. It was
seen that with ethionine-induced liver and pan-
creatic damage there was an absolute increase in
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the liver iron content, which was not found with
CCl,-induced liver injury alone. It is difficult to
explain the finding of increased liver iron content
in the animals with ethionine-induced liver and
pancreatic injury. Mendel (1964) measured iron
absorption in the mouse during the period of rapid
liver regeneration that follows partial hepatectomy,
and found it to be strikingly and transiently
increased. This increase in iron absorption was not
related to the reduction in hepatic iron stores
produced by the hepatectomy. These results sug-
gested that the increase in iron absorption seen after
partial hepatectomy was related to the resulting
cellular proliferation. Iron absorption was increased
in idiopathic haemochromatosis (Sinniah and Bell,
1968), hepatic cirrhosis (Conrad, Berman, and
Crosby, 1962), and in rats with experimentally
produced fatty liver (Murray and Stein, 1967). Liver
regeneration is a prominent feature of idiopathic
haemochromatosis, Laennec’s cirrhosis, and in the
livers of ethionine-treated animals (present study).
It is suggestive that the increased iron absorption
and liver storage iron seen in these conditions may
be related to the cellular proliferation. However, in
the rats with CCl-induced liver cirrhosis, where
there was evidence of a fatty change with cellular
proliferation, there was no increase in the liver iron
content. The explanation therefore may be more
complex than mere cellular proliferation.

There was a high degree of associated pancreatic
fibrosis with liver cirrhosis (MacDonald and
Mallory, 1960) and idiopathic haemochromatosis.
There was increased iron absorption and liver
storage iron in these conditions, and in rats with
ethionine-induced liver and pancreatic damage as
demonstrated in the present study. It is suggested
that the increased liver iron content in these states
may be due to the cellular proliferation, but this can
occur only when there is concomitant pancreatic
injury with dysfunction. This explanation is support-
ed by the present study with CCl,-induced liver
cirrhosis with regenerative activity in rats without
any demonstrable pancreatic injury. These animals
showed no increased liver iron content compared
with the controls. The relationship of liver injury
with cellular proliferation and pancreatic damage to
increased liver iron content needs further study.
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