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Stimulation of exocrine pancreatic secretion
by met-enkephalin
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SUMMARY The effect of met-enkephalin on pure exocrine pancreatic secretion was studied in five
subjects with external transduodenal drainage of the main pancreatic duct carried out
after biliary tract surgery. Intravenous infusion of a low dose of met-enkephalin (0.15 ,ug/kg/h)
during submaximal pancreatic stimulation with secretin (25 ng/kg/h) and cerulein (10 ng/kg/h)
significantly increased pancreatic outputs. Bicarbonate secretion increased 500/o above control
values, a more marked effect than the increase in enzyme secretion (maximal rise averaged
22%). The effect of the peptide was rapid, persisted for the duration of met-enkephalin infusion
and then tended gradually to diminish.

Available information concerning the effects of
opioid drugs and peptides on human exocrine
pancreatic secretion is limited. In a recent study,'
we showed that the administration of a small dose of
morphine during pancreatic stimulation with secre-
tin and cholecystokinin caused a marked increase in
both pancreatic juice flow and bicarbonate secre-
tion, and a slight decrease in enzyme secretion. The
addition of naloxone to morphine infusion pre-
vented in part the effects of the opioid drug,
suggesting that specific opiate receptors might be
involved. The present study was designed to ex-
amine the effect of the naturally occurring opioid
peptide, met-enkephalin, on human exocrine pan-
creatic secretion. As in the previous study with
morphine, the effect of met-enkephalin was assessed
directly by analysing pure pancreatic juice collected
by external transduodenal drainage of the main
pancreatic duct.

Methods

SUBJECTS
Five subjects, four men and one woman (mean age
59 years, range 46-70), free from pancreatic disease,
were studied. Written informed consent was
obtained from all subjects. The method for collect-
ing pure pancreatic juice has been described in
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previous publications.1 2 The patients had a trans-
duodenal drainage of the main pancreatic duct
carried out after papillotomy and sphincteroplasty
for common bile duct stones. The appearance of the
pancreas at operation was normal in all patients.
The drainage of the main pancreatic duct was not
carried out specifically for the purpose of this study,
but as a part of the therapeutic programme to
prevent postoperative acute pancreatitis.3 The
polyethylene tubes used to drain pancreatic juice
were inserted into Wirsung's canal to a depth of
about 3 cm, and were tied to the duodenal wall by a
stitch of catgut. They were provided with some
additional holes in the intraductal portion and their
diameter accurately selected in each patient accord-
ing to the calibre of the main pancreatic duct.
Studies were started six or seven days after the
operation and were carried out in the morning after
an overnight fast. The effect of met-enkephalin on
pancreatic secretion was evaluated during a constant
intravenous infusion of secretin, 25 ng/kg/h, plus
cerulein, 10 ng/kg/h. These doses of secretin and
cerulein have been shown to mimic the normal post-
prandial secretion.4 Secretin was obtained from
Kabi Diagnostica, Sweden, and cerulein from
Farmitalia, Milan, Italy. Continuous aspiration of
gastric contents was designed to prevent entry of
acid into the duodenum. In addition, 200 mg
cimetidine were administered before each study.
Pancreatic juice was collected into ice chilled grad-
uated tubes at 10 minute intervals. After six 10
minute periods from the beginning of secretin-
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cerulein infusion - that is, when the rate of flow was
stable, met-enkephalin (Peninsula Laboratories,
Belmont, California), dissolved in physiological
saline containing 0-3% human serum albumin, was
infused for 40 minutes at a dose of 0( 15 tg/kg/h. The
secretin-cerulein infusion was then continued for a
further 30 minutes. The study was repeated on a
separate day using the same procedure, except that
physiological saline was given instead of met-
enkephalin. The dose of met-enkephalin used in this
study was based upon studies of Skov Olsen et a!5 of
the effect of met-enkephalin on human gastric
secretion. These investigators found that met-
enkephalin at the dose of 0 1 tg/kg/h stimulated
gastric acid secretion, whereas at 1 Ftg/kg/h it had no
effect.
Each 10 minute sample of pancreatic juice was

analysed for volume, bicarbonate, and total protein
as a measure of enzyme secretion. Bicarbonate
concentration was determined by the method of Van
Slyke and Neil,6 and protein concentration by the
absorbance at 280 nm.7

Results are presented as means±SEM. Statistical
significance was assessed by Student's t test for
paired data.

Results

Figure 1 shows the effect of met-enkephalin infusion
on pancreatic juice flow and bicarbonate concentra-
tion and output. The administration of the peptide
caused in all subjects a significant increase in volume
and bicarbonate secretion. The effect appeared
immediately, and persisted for the duration of
met-enkephalin infusion. At the end of the study-
that is, 30 minutes after stopping met-enkephalin
administration, volume and bicarbonate output
were still higher than the control values, but the
difference was not significant. It is evident from
Figure 1 that the increase in bicarbonate output was
caused by the increase in both volume and bicarbon-
ate concentration. Compared with control values,
the maximal rise in bicarbonate output averaged
50%.

Figure 2 shows the effect of met-enkephalin on
protein concentration and output. Met-enkephalin
caused a slight but significant increase in protein
output. The increase, which reached 22% of the
control values, was exclusively caused by the
increase in volume, as protein concentration was not
significantly affected by met-enkephalin.
The administration of met-enkephalin caused no

symptoms in any of the patients.

Discussion

The aim of this study was to determine the effect of

met-enkephalin on human exocrine pancreatic
secretion. In order to avoid possible interferences of
bile or other gastrointestinal secretions, as well as of
the activity of the sphincter of Oddi, the study was
carried out directly on pure pancreatic juice col-
lected by drainage of the main pancreatic duct.
Pancreatic secretion was stimulated by secretin and
cerulein in doses which mimic the normal postpran-
dial stimulation.4 The results showed that, under
these conditions, the administration of a very low
dose of met-enkephalin causes a prompt and marked
rise in bicarbonate output, and a less pronounced
increase in enzyme output. The effect of met-
enkephalin on pancreatic juice flow and bicarbonate
secretion seen in this study is similar to the effect of
morphine shown in our previous study.' The results
of the two studies, however, do not completely
agree as far as the effect of the two opioids on
enzyme secretion is concerned. Morphine, in fact,
caused an initial, rapid increase in enzyme secretion,
followed by a slight and more prolonged decrease.
This decrease was caused by a marked reduction in
enzyme concentration, which became manifest 10
minutes after the beginning of morphine infusion. In
the present study, enzyme concentration was not
affected by met-enkephalin. The reason for the
discrepancy is not clear. One possible explanation is
the involvement of different classes of opiate recep-
tors by morphine and met-enkephalin. Indeed it is
known that morphine is addressed preferentially to
mu receptors, whereas met-enkephalin has greater
affinity for delta receptors.X Another possibility is
that morphine may have actions other than stimula-
tion of opiate receptors on pancreatic acinar cells.
For example, the drug has been shown to inhibit
acetylcholine release from cholinergic nerves,9 and
this anticholinergic action might account for its
depressing effect on pancreatic enzyme secretion.
Finally, morphine was given at a dose of 40 [tg/kg/h,
which is considerably greater than that of met-
enkephalin. It is possible that low concentrations of
opioids might play a facilitatory role in enzyme
secretion, whereas higher doses might inhibit it.
To our knowledge, the effect of enkephalin on

human pancreatic secretion had been investigated
only in a study by Konturek et all" who reported that
the administration of the enkephalin analogue
(ala-enk) inhibited pancreatic secretion induced
by secretin or vagal stimulation. Several method-
ological differences between Konturek's and our
own study may explain the different results obtained.
First, Konturek et all" evaluated the effect of a
met-enkephalin analogue not on the pure pancreatic
juice, but on the duodenal contents. The signifi-
cance of their results is open to question because
opioids are known to both inhibit biliary secretion,"
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pancreatic secretion by met-enkephalin
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and contract the sphincter of Oddi.'2 Thus, these study the effect of enkephalin was assessed during
drugs can greatly reduce the secretory outputs into pancreatic stimulation with a maximal dose of
the duodenum simply as a consequence of these secretin, whereas we used a much lower secretin
other actions. Second, a large, pharmacological dose.
dose of enkephalin was used in the Konturek's Met-enkephalin has been reported to inhibit
study, whereas we used a low dose. Third, in their pancreatic secretion in some experimental
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Fig.2 Effectofmet-enkephalinonpancreaticproteinconcentrationandoutput. Means±SEM. *p<O0OI, **p<O OC
when compared with controlstudies.

animals. 14 '- Species as well as methodological
differences may well explain the discrepancy with
the results in man.

Met-enkephalin is widely distributed in the gas-
trointestinal tract,16 but its physiological role is still
unknown. In previous studies we'7 and others'8 have
shown that sham feeding produces a rise not only in
pancreatic enzyme secretion, but also in water and
bicarbonate secretion. These observations taken in
conjunction with evidence for non-cholinergic fibres
in the va us which stimulate pancreatic bicarbonate
secretion 9 and the distribution of met-enkephalin in
the pancreas'6 and vagus,19 suggest the possibility
that met-enkephalin might be involved in a non-
cholinergic mechanism which stimulates water and
electrolyte secretion during the cephalic phase of
pancreatic secretion. This hypothesis is further
supported by the present work which shows that

met-enkephalin is able to stimulate bicarbonate
output by the pancreas.

Recent studies have shown that met-enkephalin
circulates in the human plasma, and that a signifi-
cant portion of the circulating peptide may originate
from sources other than the adrenal gland, including
the gastrointestinal tract.20-22 The functional role of
plasma enkephalin is uncertain and whether it has
any physiological importance for pancreatic secre-
tion remains to be elucidated.
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