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Exocrine pancreatic function in diabetes mellitus
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SUMMARY An investigation of serum immunoreactive trypsin concentration and pancreatic
isoamylase activity in patients with diabetes mellitus has shown that exocrine pancreatic deficit is
maximal in insulin dependent diabetics, intermediate in those controlled with sulphonylureas,
and absent in patients controlled with biguanides or diet or both. A significant correlation
between the serum concentrations of both these pancreatic enzymes and C peptide was found.
Serum pancreatic enzyme concentrations were not related to glycosylated haemoglobin concen-

trations, the dosage of insulin, or the age of onset of diabetes. The concentration of immunoreac-
tive trypsin was found to be low in most of the insulin dependent diabetics in whom this enzyme
was measured at the time of the clinical onset of diabetes. Thus exocrine pancreatic deficit in
diabetes closely parallels the endocrine ,8 cell deficit and occurs concurrently with, or antedates,
the clinical presentation of type I diabetes. It is therefore possible that in type I diabetes similar
mechanisms are entailed in the pathogenesis of impaired endocrine and exocrine pancreatic
function.

Exocrine pancreatic function is impaired in insulin
dependent diabetics. This conclusion is supported by
direct measurement of pancreatic enzyme concen-
trations in duodenal aspirates' and by the finding of
low serum concentrations of immunoreactive tryp-
sin and pancreatic isoamylase activity45 in such
patients. Measurement of these pancreatic enzymes
in the serum also showed diminished exocrine pan-
creatic reserve in diabetics treated with sul-
phonylureas but not in those controlled by
biguanides or diet.24 These results suggested corre-
lation of exocrine and endocrine pancreatic reserve.
The present study confirms such a correlation and

also assesses the pancreatic exocrine deficit in rela-
tion to the clinical onset of insulin dependent dia-
betes. The effect of duration, age of onset, and qual-
ity of control of diabetes on exocrine pancreatic
function was also studied.

Patients, material and methods

Eighty seven diabetic patients were studied: 44 insu-
lin dependent diabetics, 27 patients controlled with
sulphonylureas (with or without biguanides), and 16
patients treated with biguanides or diet alone. Fif-
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teen of the insulin dependent diabetics were investi-
gated at the time of clinical onset of diabetes. Six
patients were studied at a stage when they had
ceased to respond to oral hypoglycaemic agents and
were due for a change in insulin treatment.
Four patients had immunoreactive trypsin con-

centrations measured in samples obtained on admis-
sion to hospital, a week later, and at least six weeks
after an acute episode of diabetic ketoacidosis.
Serum samples were obtained from these patients

between 10.00 and 11.00 am, before their morning
dose of insulin or drugs and breakfast. The samples
were frozen immediately at -40°C until they were
assayed for immunoreactive trypsin and pancreatic
isoamylase. Another sample of heparinised plasma
was also obtained and stored at 4°C until haemo-
globin A, concentration was measured (within
24 h).
Immunoreactive trypsin concentration was

measured in all sera as previously described, using a
radioimmunoassay kit (Hoechst, UK).2 Pancreatic
isoamylase activity was measured in 37 sera by the
electrophoretic separation of amylase isoenzymes.6
C peptide concentration was measured in 33 sera
using a RIA kit (Novo, Denmark).' Haemoglobin
A, concentrations were measured in 37 sera by the
chromatographic separation of haemoglobin A, on
Biorex microcolumns (Isolab) as previously
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described.8
Statistical comparisons were made using Student's

unpaired t tests.

Results

INSULIN DEPENDENT DIABETICS (Fig. 1)
Immunoreactive trypsin concentration was below
the lower reference limit (140,ug/l) in 27 of 44 insu-
lin dependent diabetics. The mean value of this
group was 136 26,g/l (mean ± 1 SD), which was
significantly lower than that found in 96 normal
healthy controls (272 ± 66,ug/l; p < 0.001) and also
significantly lower than that found in diabetic
patients treated with sulphonylureas (199 ± 34,ug/l;
p < 0-001). Pancreatic isoamylase activity was
below normal in nine of 20 (48%) insulin dependent
diabetics, and the mean of this group (79 ± 1.3 U/l)
was significantly lower than that in 97 healthy con-
trols (115 ± 27 U/l; p < 0.01). In 15 patients with
insulin dependent diabetes of recent onset
immunoreactive trypsin concentration was below
normal in 11 (73%), a proportion similar to that
found in the 44 insulin dependent diabetics
described above. Three of six patients in whom sul-
phonylurea treatment had failed and who were
changed to insulin treatment
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Fig. 1 Serum immunoreactive trypsin concentrations in

diabetic patients.
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immunoreactive trypsin concentrations below nor-
mal. The mean concentration in these six patients
(153 + 16,g/l) was not significantly different from
that in patients controlled with sulphonylureas but
was significantly lower than that in controls (p <
0-01).

PATIENTS TREATED WITH SULPHONYLUREAS
Patients controlled with sulphonylureas had a mean
serum immunoreactive trypsin concentration of 199
+ 34 ,ug/l (mean + SD), which was significantly
lower (p < 0.001) than that in controls. Seven of 27
patients (26%) in this group had serum
immunoreactive trypsin concentrations below nor-
mal. Mean pancreatic isoamylase activity in patients
treated with sulphonylureas (72 + 30 U/l) was
significantly lower than that in controls (p < 0.02).
Pancreatic isoamylase activity was lower than nor-
mal in two of 12 patients in this group.

PATIENTS TREATED WITH BIGUANIDES OR DIET
The mean serum immunoreactive trypsin concentra-
tion in patients controlled with biguanides or diet
(233 + 53 ,ug/l) was not significantly different from
that in controls. Only one patient of 16 (6%) in this
group had a serum immunoreactive trypsin concen-
tration lower than normal. This patient also had a
serum pancreatic isoamylase activity below normal.
The mean serum pancreatic isoamylase activity (115
+ 33 U/l) in this group was not significantly different
from that in controls.

EFFECT OF KETOACIDOSIS (Table)
In four patients serum immunoreactive trypsin con-
centration was measured during and after an
episode of diabetic ketoacidosis. In two of these
patients immunoreactive trypsin concentrations
before the episode of ketoacidosis were also avail-
able. Serum immunoreactive trypsin concentration
fell sharply during ketoacidosis but returned to the
basal value six to eight weeks after the stabilisation
of diabetes. The basal serum concentrations of
immunoreactive trypsin in both patients were below
normal.

Serum trypsin concentrations in new diabetics with
ketoacidosis

Patient no Serum trypsin concentration (pg/l)
Before control After control*

1 32 118
2 45 95
3 50 120
4 68 132

*After control serum samples taken six to eight weeks after
stabilisation with insulin.
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Fig. 2 Correlation between serum immunoreactive trypsin
concentration and C peptide concentration in insulin
dependent diabetics.
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C PEPTIDE CONCENTRATIONS
C peptide concentration was lower than normal (less
than 0- 14 nmolI1) in 80% of insulin dependent
diabetics; in one patient it was unexpectedly high.
All patients treated with sulphonylureas had con-
centrations well within the normal reference range
(0.14-0.5 nmolI1). There was a significant correla-
tion (r = 0-54; n = 18; p < 0.01) between serum
immunoreactive trypsin and C peptide concentra-
tion in insulin dependent diabetics (Fig. 2). A corre-
lation between pancreatic isoamylase activity and C
peptide concentration (r = 059; p < 0.01) was also
found (Fig. 3); this correlation was found even when
insulin dependent diabetics and sulphonylurea
treated patients were pooled together (r = 0-6; n =
30; p < 0-01; Fig. 4). The correlation between C
peptide immunoreactive trypsin concentration and
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Fig. 3 Correlation between pancreatic isoamylase activity
and C peptide concentration in insulin dependent diabetics.

Fig. 4 Correlation between pancreatic isoamylase activity
and C peptide concentration in diabetic patients.

pancreatic isoamylase activity in insulin dependent
diabetics did not alter even if the patient with the
unexpectedly high C peptide concentration was
excluded. The high C peptide concentration found
in this patient may be due to the fact that he was not
a true insulin dependent diabetic and that the de-
cision to treat him with insulin was based on some
clinical reasons. The normal C peptide concentra-
tions in some of the other insulin dependent dia-
betics could have been due to interference by proin-
sulin, since no attempt was made to separate proin-
sulin before the radioimmunoassay of C peptide.

GLYCOSYLATED HAEMOGLOBIN A,
Haemoglobin A, concentrations were higher in insu-
lin dependent diabetics (mean 1 1-6 + 1-8%) than in
patients treated with sulphonylureas (9.7 ± 0.9%)
and controls (7.1 ± 0.7%). Mean haemoglobin A,
concentration in the patients treated with biguanides
or diet was unexpectedly high, with a wide scatter
(11-5 ± 3.2%). There was no significant correlation
between haemoglobin Al concentration,
immunoreactive trypsin concentration, or pancreatic
isoamylase activity.

There was no correlation between the age of
onset, the duration of diabetes, or the age of the
patients and immunoreactive trypsin concentration
or pancreatic isoamylase activity in either insulin
dependent or non-insulin dependent diabetics.

Discussion

The data presented here confirm our previous
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finding that immunoreactive trypsin concen-
trations and pancreatic isoamylase activities are
significantly reduced in insulin dependent diabetics
and slightly, but also significantly, reduced in
patients controlled with sulphonylureas.' 2 They are
also consistent with the significantly lower pancrea-
tic lipase activities in sera of diabetic patients when
compared with controls.9 The present study has
shown that there is a significant correlation between
the pancreatic enzyme activities and C peptide con-
centration. There is thus a parallelism between the
reduction in endocrine and exocrine pancreatic Ifunc-
tion, although the decreased endocrine function is
much more pronounced than the decreased exocrine
function. This is the converse of what we have
recently shown in patients with cystic fibrosis'0 '2
and ,8-thalassaemia major with iron overload,'3 14 in
whom the main target of damage is the exocrine
pancreatic tissue and the evidence of endocrine
injury,'5-'7 though present, is less pronounced.
The correlation between the endocrine and exo-

crine function in diabetes mellitus suggested that the
fall in exocrine reserve might be the result of dia-
betes and lack of insulin. Such an interpretation is
supported by the fact that insulin stimulates the se-
cretion of enzymes by pancreatic acinar cells.'8
Although the concentrations of insulin required to
exert this effect are extremely high, it could be
argued that such concentrations probably do exist in
the vicinity of the islets of Langerhans, owing to
local diffusion of hormone from ,3 cells. Further-
more, pancreatic acinar cells have recently been
shown to possess insulin receptors.'9
Most of the insulin dependent diabetics (73%)

investigated at the time of onset of diabetes, how-
ever, had considerably reduced serum immunoreac-
tive trypsin concentrations; it is therefore likely that
the exocrine deficit is not a consequence of lack of
insulin or diabetes, but that a common pathological
process simultaneously affects the endocrine and
exocrine components of the pancreas. Further inves-
tigation of exocrine pancreatic reserve in popula-
tions at risk of developing diabetes will clarify this
point. Our preliminary studies on families which
include two or more diabetics have shown evidence
of exocrine pancreatic injury in the absence of glu-
cose intolerance (unpublished data). If indeed this
observation is confirmed on further investigation of
subjects genetically predisposed to develop dia-
betes, it may imply that a part of the genetic suscep-
tibility manifests itself as a diminution in the active
acinar mass of the pancreas. Clearly, further studies
are required in this direction.
A third possible mechanism which may contribute

to diminished exocrine pancreatic function is auto-
nomic neuropathy, since vagal stimulation facilitates
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the secretion of pancreatic enzymes. In a recent
study on exocrine pancreatic reserve in vagotomised
patients, however, we found only minimal abnor-
malities of pancreatic function.20 Furthermore,
autonomic neuropathy would not account for the
abnormalities found at the time of clinical presen-
tation of diabetes.
Another possible factor which may account for

the diminished exocrine pancreatic function and
hence the low pancreatic enzyme activity in sera of
diabetic patients is human pancreatic polypeptide.
Pancreatic polypeptide concentration is raised in
diabetics (more so in insulin dependent diabetics),2'
and, furthermore, it inhibits pancreatic enzyme se-
cretion.22 A raised human pancreatic polypeptide
concentration, however, does not necessarily lead,
in the long term, to a suppression of pancreatic
enzyme concentrations in serum. In a recent study
on elderly subjects we found a considerable increase
in serum immunoreactive trypsin concentration and
pancreatic lipase activity,23 although they had raised
pancreatic polypeptide concentrations in their
sera.2' Conversely, suppressed pancreatic polypep-
tide concentrations, as in vagotomised patients,24 are
not associated with any alteration in the pattern of
pancreatic enzyme concentrations in serum.20 Thus
there is no consistent relation between serum human
pancreatic polypeptide concentrations and pancrea-
tic enzymes.
Some doubt has recently been expressed regard-

ing the importance of raised immunoreactive trypsin
concentrations since some patients without evidence
of pancreatic dysfunction have increased values.
Low immunoreactive trypsin concentrations, how-
ever, do relate to diminished exocrine pancreatic
reserve.25 Immunoreactive trypsin concentration has
been shown by us previously to be low or absent in
adults with cystic fibrosis.9 We have also found low
immunoreactive trypsin concentrations in older
patients with thalassaemia and iron overload.'0
Furthermore, our previous observations on
immunoreactive trypsin concentrations in insulin
dependent diabetics are similar to those of Frier et al
based on trypsin activity of duodenal aspirates.'
Finally, in three randomly selected insulin depen-
dent diabetics of our own series of patients with low
immunoreactive trypsin concentrations, the
duodenal aspirate tryptic activity was also low. It has
also been shown that pancreatic enzyme activity in
serum parallels enzyme activity in duodenal aspi-
rates.26 Low concentrations of pancreatic enzymes in
serum thus reflect diminished pancreatic reserve.

This study has shown that the quality of glucose
homeostasis, as reflected by haemoglobin A, con-
centrations, did not affect serum immunoreactive
trypsin or pancreatic isoamylase in insulin depen-
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dent diabetics. In this respect, our findings differ
from those of Frier et al, who found a correlation
between tryptic activity in duodenal aspirates and
the quality of diabetic control.' Their criteria for
diabetic control, however, were mainly clinical and
were based on isolated blood glucose measure-
ments; haemoglobin A, measurements were not car-
ried out. These authors also found that a younger
age of onset, a longer duration of diabetes, and an
increasing age independently led to a diminution in
the exocrine pancreatic reserve of insulin dependent
diabetics. We did not find such a correlation and
neither did Adrian et al, who found significantly
lower immunoreactive trypsin concentrations in
young insulin dependent diabetics.3

Diabetic ketoacidosis produced a considerable
temporary reduction in immunoreactive trypsin
concentration. This could be due to a combination
of a general catabolic state and acute lack of insulin,
both of which are reversed after adequate treat-
ment.

In conclusion, the degree of impairment of exo-
crine pancreatic function, as reflected in serum
immunoreactive trypsin concentration and pancre-
atic isoamylase activity, paralleled the reduction in ,/
cell function in diabetics in general and in insulin
dependent diabetics in particular. Since the impair-
ment was also present at the time of clinical onset of
diabetes, it is possible that the mechanisms underly-
ing the injury to the f8 cell-genetic, autoimmune,
and viral-may also be relevant to the impaired
function of the pancreatic acinar cell.
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