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Summary. The aim of the present investigation was
to determine in patients with idiopathic hae-
mochromatosis whether diabetes is of the primary
type or secondary to pancreatic injury due to iron
deposition. For this purpose, plasma glucagon con-
centrations were determined following arginine infu-
sion or an oral glucose load in eight patients with
diabetes and idiopathic haemochromatosis. The en-
hanced glucagon response to arginine and the non-
suppressibility of glucagon secretion by oral glucose
found in these patients were similar to the results
found in the same tests performed in our previous
series of patients with “idiopathic” diabetes and at
variance with those reported by others in patients
with chronic pancreatitis.
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Diabetes is common in the course of idiopathic hae-
mochromatosis (I. H.). It has long been stated that
glucose intolerance in patients with I. H. is due to
the pancreatic lesions resulting from the pancreatic
iron overload; therefore diabetes is usually consid-
ered as secondary to pancreatic pathology [1-4].
However some recent data suggest that pancreas
iron overload is not the main cause of glucose
intolerance, that diabetes may be regarded as relat-
ed to the inherited type and that iron overload may
only favour its onset [5-7].

It has been shown that glucagon secretion is in-
creased in idiopathic diabetes [8, 9] and reduced in
chronic pancreatitis [10—12] and after pancreatecto-
my in the human [13, 14]; the determination of al-

pha cell function may thus provide a useful means of
distinguishing idiopathic diabetes from the glucose
intolerance resulting from acquired pancreatic injury
[12]. It has also been shown that no reduction in
plasma glucagon level occurs in hyperglycaemia fol-
lowing an oral glucose load in idiopathic diabetes
[15], while a decreased plasma glucagon response
following insulin hypoglycaemia is observed in sub-
jects with chronic pancreatitis [16]. The aim of this
study was therefore to determine the plasma gluca-
gon response to IV arginine and an oral glucose load
in diabetic patients with I. H.

Material and Methods

A) Patients

Eight male diabetic patients with I.H., of average
age 53 *+ 4 years and mean weight 103 * 4% of
ideal body weight (mean + SEM), were selected.
Clinical features are recorded in Table 1.

The diagnosis of 1. H. was based on: 1) clinical
manifestations including hyperpigmentation, liver
enlargement and diabetes; 2) raised serum iron level
over 190 ug/100 ml with over 80% saturation of se-
rum total iron-binding capacity; 3) evidence of iron
overload estimated in liver biopsy specimens, 4) po-
sitive data for haemochromatosis among family
members, or absence of any possible non-familial
origin of iron overload, that is severe alcoholism,
haematological abnormalities or anaemia even after
long-term phlebotomy. In this selection, patients for
whom the diagnosis of 1. H. was doubtful and pa-
tients with normal glucose tolerance were discarded.

These patients were treated by phlebotomy, but
they still had heavy iron overload at the time of the
study. One of them (case n°6) also had radiological



510

Table 1. Clinical features

Subjects Sex Age Weight Clinical Treatment of
(yrs) in % duration  diabetes
of I.B.W.2 of diabetes
(yrs)
1 M 49 103 8 Insulin
2 M 44 104 9 Insulin
3 M 38 103 2 Insulin
4 M 68 130 14 Insulin
5 M 55 101 15 Metformin
6 M 62 96 24 Insulin
7 M 60 106 14 Chlorpropamide
8 M 52 91 1 Diet
Mean 53 £4103 + 4

@ LB.W.. According to Metropolitan Life Insurance Tables
1959

evidence of pancreatic calcification. None of them
had recently recovered from hypoglycaemia or from
ketonuria. Informed consent was obtained from all
of them for the procedures carried out in this study.

B) Methods

Tests were performed in the morning at 8 a.m., after
twelve hours resting and fasting. Oral hypogly-
caemic drugs were withdrawn twenty-four hours be-
fore the test; long acting insulin (Novo lente zinc
insulin) was withdrawn twenty-four hours before the
test and intermediate-acting insulin (Rapitard Novo
insulin) was withdrawn twelve hours before the test.

Arginine stimulation test was carried out as fol-
lows: after a twenty minute control period, 1-argi-
nine monochloride (100 g/1) was infused at a steady
rate (11.7 mg/kg/min) for forty minutes using an In-
fusomat pump (Braun Melsungen). Blood samples
were taken from an antecubital vein through a Tef-
lon catheter at —20, —10, 0, 5, 10, 20, 30, 40, 55,
70 and 90 minutes, time O corresponding to the be-
ginning of the infusion.

The oral glucose tolerance test was carried out
using a 100 g glucose load dissolved in 400 ml of
water. Blood samples were taken fasting and at in-
tervals of thirty minutes for five hours after ingest-
ing the load.

C) Determinations

Blood glucose was determined by the orthotoluidine
method [17] adapted to the Technicon Auto Analy-
ser, and non esterified fatty acids (NEFA) by the
microtitrimetric method of Dole and Meinertz [18].
Glucagon was measured by a specific radioimmuno-
assay procedure developed by Luyckx [19] using 30
K anti-serum kindly provided by Dr. Unger. All de-
terminations were made in duplicate,
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Liver function was evaluated by prothrombin-
test, total bilirubin, total protein, albumin, alkaline
phosphatase, serum glutamic oxaloacetic transami-
nase and the bromsulphtalein test, and kidney func-
tion by plasma creatinine level, using conventional
methods.

Results

Results of the arginine stimulation test are shown in
Figure 1. Fasting blood glucose level was 137 = 17
mg/100 ml (mean of the three preinfusion determi-
nations) and increased slowly, reaching its maximum
value fifteen minutes after the end of the infusion.
The mean basal plasma NEFA level was 540 + 85
umol/l and declined progressively, falling to 419
+ 53 pmol/I after the end of the infusion. The mean
fasting plasma glucagon level was 128 + 38 pg/ml;
it rose to a maximum leve] (549 + 64 pg/ml) at the
end of the infusion period and began to fall when
the infusion was stopped. Total glucagon secretion,
evaluated by summing the increases in plasma gluca-
gon observed during the arginine infusion was 1553
+ 134 pg/ml.

Results of the glucose tolerance test are illus-
trated in Figures 2 and 3. Fasting blood glucose was
168 + 26 mg/100 ml and rose to a maximum level
of 386 * 43 mg/100 ml two hours after the in-
gestion of the glucose load; afterwards it decreased
progressively. Fasting plasma NEFA level was 497
+ 80 wmol/l and declined to a minimum value of
250 £ 25 pmol/1 at the 150th minute after the ad-
ministration of the glucose load; it increased after-
wards. The effect of the oral glucose load upon
plasma glucagon level was not similar in the eight
patients, as shown in Figure 3 where individual val-
ues are recorded; in six patients out of the eight no
systematic variation was observed; in the two re-
maining patients a transient increase in plasma glu-
cagon level was observed at the 30th or 60th minute
(cases 1 and 6).

In the eight patients all liver-function tests yield-
ed normal results; bromsulphtalein retention was
below 4 per cent at the 45th minute and plasma
creatinine level was below 10 mg/l.

Discussion

In the eight patients with 1. H. in this series an in-
crease in plasma glucagon level was observed in re-
sponse to arginine infusion and no decrease was not-
ed following 100 g oral glucose load.

In patients with cirrhosis an abnormally high
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Fig. 3. Plasma glucagon level following oral glucose load in eight
diabetic patients with I. H.
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plasma glucagon rise after arginine or alanine infu-
sion has been reported [20, 21]; however, in the pa-
tients of this study, despite the liver enlargement
which is usual in haemochromatosis, no impairment
of liver function was noticeable using conventional
liver function tests.

In this series of patients with diabetes and 1. H.,
the basal plasma glucagon concentration was higher
than that found in normal subjects and in cases of
idiopathic diabetes; however, the difference was not
statistically significant. As illustrated by Table 2, the
arginine-induced glucagon rise was of similar magni-
tude when compared with the data obtained in
eleven patients with idiopathic diabetes and signifi-
cantly higher than the response of normal controls
[22]. In both types of patients, the excessive gluca-
gon responses could be secondary to insulin lack
[11, 14]. These results are at variance from those
reported in diabetes secondary to pancreatic injury.
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Table 2. Comparison of the glucagon response to arginine infu-
sion in normal subjects?, in patients with “idiopathic diabetes’
and in patients with diabetes and I. H.

Normal Patients with Patients with
controls  idiopathic idiopathic
diabetes haemochromatosis
n==6 = 11 =8
Age (yrs) 35+5 59 + 4 53+£4
(23 -55) 33-76) (38 - 68)
Weight (% ideal 105 +2 133 %8 103 £ 4
body weight) (97 - 108) 94 - 173) (91 — 130)
Basal plasma 5813 82+%14 129 + 38
glucagon level
pg/mi
Peak glucagon value 356 + 56 569 + 136  549° + 65

after 40 min
arginine infusion
pg/ml

Results are expressed as mean = SEM (range)

* These results are taken from a previous work done in identical
conditions (see ref. 22)

®  Value significantly higher (p < 0.05) versus that found in con-
trols and similar to that found in the group with “idiopathic dia-
betes”

In pancreatectomised patients [13, 14], in patients
having undergone partial pancreatectomy [10] and
patients with chronic pancreatitis [10, 12] a decreas-
ed plasma glucagon response to amino acids (argi-
nine and alanine) has been found. However, it must
be mentioned that in the series of 14 patients with
chronic pancreatitis reported by Kalk et al. [11], six
subjects exhibited a normal (or only slightly re-
duced) response to arginine, a finding attributed by
these authors to an almost complete insulin deficien-
cy, while the eight others had both moderately de-
creased glucagon and insulin responses.

In 11 patients with I. H., Assan and Tiengo [10]
reported that the arginine-induced glucagon rise was
similar to the one observed in normal subjects, but
slightly less than the one found in patients with idio-
pathic diabetes. It has to be mentioned, however,
that these data were obtained using an antiserum
cross-reacting with enteroglucagon and, therefore,
may not reflect true changes in a, cell function. On
the contrary, the other studies mentioned above
[11-14] were obtained using either antiserum 3 OK
[12, 13] or other pancreatic GLI-specific antibodies
[11, 14] and can therefore be directly compared
with our results.

The absence of reduction in plasma glucagon
level following the oral glucose load in the patients
of this study was similar to that previously reported
by one of us in patients with idiopathic diabetes,
using an identical glucose load in the same condi-
tions [15], and to that observed by Heding and Ras-
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mussen [25]. In two out of the eight patients of this
serics a paradoxical rise in plasma glucagon level
was noted at the 30th or 60th minute of the test;
such a rise has already been reported in severe insu-
lin-dependent diabetics [15]. In one of the patients
of this series with evidence of pancreatic calcifica-
tion (case n° 6), a remarkably high basal plasma glu-
cagon level (384 pg/ml) was observed.

Glucose intolerance and overt diabetes in 1. H.
are usually considered as secondary to pancreatic fi-
brosis due to iron deposits. Evidence supporting this
concept is: 1) the high incidence of glucose intol-
erance or overt diabetes in I. H. [3, 7]; 2) the de-
crease in insulin requirements in some patients fol-
lowing iron removal by phlebotomy [26]; 3) some
special features unusual in idiopathic diabetes that is
insulin-resistant [1, 7] and less predisposition to
development of macro- and microangiopathy [27,
28].

This concept has been challenged in recent years
[5] because of: 1) a high incidence of diabetes in
family members of patients with I.H. with normal
iron stores, 2) a poor correlation between the de-
gree of iron overload and the presence of diabetes,
3) the variable effect of iron removal on glucose
tolerance in family members with iron excess and
diabetes, 4) the later appearance of glucose intoler-
ance in otherwise normal family members depleted
of the iron excess, and 5) the not infrequent de-
velopment of microangiopathy [29-31].

Glucagon hypersecretion observed in the pa-
tients of this study in response to arginine infusion
or to an oral glucose load support the view that dia-
betes occurring in I. H. is in this respect similar to
the usual inherited type. However these results can-
not fully support the view that diabetes occurring in
I.H. is similar to the usual inherited type for it has
been shown that in haemochromatotic pancreases
nearly every beta cell contains iron pigment, while
no pigment is demonstrable in a single recognizable
alpha cell [32].
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