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SUMMARY
Synthetic human pancreatic polypeptide stimulated
pancreatic somatostatin secretion by isolated rat
islets and by the isolated perfused rat pancreas. In
contrast, synthetic bovine pancreatic polypeptide and
the C-terminal hexapeptide had no effect on somatostatin secretion. Synthetic human pancreatic polypeptide had only a mild stimulatory effect on glucagon secretion at the highest concentration of the peptide
used (2.2 x 1O~6 M) and in the presence of 16.7 mM
glUCOSe. DIABETES 31:178-181, 1982.

A

lthough the role of pancreatic polypeptide (PP) is
not fully established, it is known that at physiologic concentrations, it will inhibit pancreatic exocrine secretion in man1 and the dog.2 In mammals, it is found principally in the islets of Langerhans and
the exocrine pancreas.3 In addition, material with immunoreactive properties similar to avian PP has been identified
in central and peripheral neurons.4*5 Since some PP cells in
the pancreas have long cytoplasmic processes that abut on
both neighboring endocrine cells and exocrine cells, it
seems possible that PP may exert some direct control on the
function of other endocrine cells as well as on the exocrine
pancreas.6 An apparent preferential association between
the cytoplasmic processes of the PP cells and the pancreatic D cell may have been due to the relative proximity of PP
and D cells.6
Previous reports have given variable results on the effects
of PP on both insulin7"10 and somatostatin11-12 secretion. The
different results could have been due to differences of species, tissue, or PP preparation. Many preparations of natural
PP contain sufficient somatostatin13 and glucagon (unpublished observation) to affect pancreatic endocrine secretion
independently of any specific PP effect. Therefore, synthetic
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human PP (hPP) and synthetic bovine PP (bPP) were used in
this series of experiments to investigate the effect of PP on
pancreatic somatostatin and glucagon secretion. In addition, the effect of the synthetic C-terminal hexapeptide was
investigated since the C-terminal region of the molecule
common to hPP, bPP, and other mammalian PPs,14 is essential for the biologic activity of PP on the exocrine pancreas.15-16
MATERIALS AND METHODS

Male Wistar rats weighing 180-250 g were used
throughout. Rats were killed between 0830 and 0900 h in the
fed state, and pancreatic islets were isolated by a modification of the collagenase technique.17 Islets were preincubated for 30 min at 37°C in a modified Krebs-Ringer bicarbonate buffer (KRB-Hepes) pH 7.4 and subsequently
incubated for 30 min in groups of 10 islets in 1 ml of KRBHepes buffer containing the test substances, as previously
described in detail.18
Perfused pancreas. Rats used as pancreas donors were
taken in the fed state and were anesthetized with thiopental,
100 mg/kg i.p. The procedure used to isolate and perfuse
the pancreas was that described by Penhos et al.19 with
minor modifications, previously described in detail.20 In
brief, the pancreas was perfused at a rate of 4 ml/min with
modified Krebs-Ringer bicarbonate buffer that contained
4% Dextran, 0.2% human serum albumin, and 400 KILJ/ml
aprotinin. The basal perfusate contained, in addition,
2.8 mM glucose. The equilibration period, during which the
pancreas was perfused with basal perfusate, was 30 min
( - 3 0 to 0 min). The somatostatin18 and glucagon21 assays
used to measure hormone secretion by islets and the perfused pancreas have been described previously.
Source of materials. Aprotinin (Trasylol): Prof. G. L Haberland, Bayer AG, Wuppertal, F.R.G. Synthetic hPP: Dr. C. A.
Meyers, Tulane University School of Medicine, New Orleans, Louisiana. Synthetic bPP: Bachem, Bubendorf, Switzerland. C-terminal hexpeptide of hPP and bPP: U.C.B.,
Brussels, Belgium.
Presentation of results. The various PP preparations were
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TABLE 1
Effect of synthetic hPP, synthetic bPP and the C-terminal hexapeptide on somatostatin secretion by isolated islets in the presence
of 2.8 mM and 16.7 mM glucose, mean ± SEM
Somatostatin secretion* at the various peptide concentrations
Glucose

Peptide

2.2 x 10~11 M

2.2 x 10" 9 M

2.2 x 10-7 M

1.1 x 10"6 M

2.2 x 10"6M

118t ± 6.6
(19)
—

496^: ±19.6
(19)
—

2760* ± 70.7
(7)

5740$ ± 183

116 ± 21

122 ± 23.6

(7)

(7)

1750t- ± 44.2

3560$ ±118

2.8 mM

+

synthetic hPP

2.8 mM

+

synthetic bPP

121f ± 6.9
(18)
—

2.8 mM

+

hexapeptide

—

120 ± 16

16.7 mM

+

synthetic hPP

(16)
165 ± 35.1
(16)
—

150 ± 21
(16)
314* ± 17.5
(17)
—

78.6 ± 10.6
(16)

98.6 ±11.6
(16)

16.7 mM

+

synthetic bPP

101 ± 4.7
(18)
—

16.7 mM

+

hexapeptide

—

(7)

(6)

(7)

111 ± 16.4

138 ± 11.6

(7)
—

(7)
—

* Somatostatin secretion in the presence of the various peptides is expressed as a percent of control for the individual experiments.
Control, somatostatin secretion in absence of PP, for all experiments was: (a) 2.8 mM glucose—24 ± 2pg/10 islets/30 min (45), and
(b) 16.7 mM glucose—41 ± 3pg/10 islets/30 min (46) [(a) vs. (b), P < 0.001].
t P < 0.05 vs. control.
t P < 0.001 vs. control.

studied in separate experiments. For purposes of interexperimental comparison, the effects of hPP, bPP, and the
hexpapetide on hormone secretion have been expressed as
a percentage of control values in each experiment (Tables 1
and 2).
Statistical analyses were carried out using Student's unpaired t test.
RESULTS

Somatostatin secretion. Synthetic hPP caused a marked
stimulation of somatostatin secretion while synthetic bPP
and the C-terminal hexapeptide had no significant effect
(Table 1). In the presence of 2.8 mM glucose, synthetic hPP
caused significant stimulations of somatostatin secretion at
all concentrations tested (range 2.2 x 10~ 11 Mto2.2 x 1O~6
M). Glucose alone (i.e., 16.7 mM vs. 2.8 mM) caused a significant increase in somatostatin secretion (41 ± 3 vs.
24 ± 2 pg/10 islets/30 min, P < 0.001). At 16.7 mM glucose, the stimulatory effect of synthetic hPP on somatostatin
secretion was seen at concentrations of 2.2 x 10~7 M and
above (Table 1). The amount of somatostatin secreted at 2.8

mM glucose in the presence of 1.1 x 10~ 6 Mand2.2 x 10"6
M synthetic hPP was 680 ± 18 (N = 7) and 1420 ± 45
(N = 7) pg/10 islets/30 min, respectively. During perfusion
of the isolated rat pancreas (N = 1) the basal somatostatin
secretion rate in the presence of 2.8 mM glucose was 120
pg/min. Two minutes after the addition of 1.1 x 10~6 M synthetic hPP the secretion rate was increased approximately
40-fold and at 3 min, the secretion rate was increased 60fold. The effects of synthetic hPP on somatostatin secretion
were immediately reversible (Figure 1). Synthetic bPP,
tested at the same concentration in a separate experiment
(N = 1), had no effect on somatostatin secretion from the
isolated perfused rat pancreas (results not shown).
Glucagon secretion. Synthetic hPP had little effect on glucagon secretion. At 16.7 mM glucose and at the highest
concentration of the peptide tested, 2.2 x 1O~6 M, a stimulatory response was noted (Table 2).
DISCUSSION

Our results have shown that synthetic hPP is a potent stimulator of pancreatic somatostatin secretion and the pancre-

TABLE 2
Effect of synthetic hPP on glucagon secretion by isolated islets in the presence of 2.8 mM ang 16.7 mM glucose, mean ± SEM
Glucagon secretion* at the various peptide concentrations
2.2 x 10-

11

M

2.8 mM glucose + synthetic hPP

117 ± 30.5

16.7 mM glucose ± synthetic hPP

(17)
115 ± 19.2
(19)

2.2 x 10" 9 M

2.2 x 10~7 M

1.1 x 10" 6 M

2.2 x 10"6 M

76.7 ± 13.7
(19)
124 ± 21.2
(18)

137 ± 24.6
(19)
129 ± 18.8
(17)

128 ± 18.7
(7)
125 ± 9.6
(6)

102 ± 6.1
(7)
177f ± 18.1
(7)

* Glucagon secretion in the presence of synthetic hPP is expressed as a percent of control for the individual experiments.
Control, glucagon secretion in absence of PP, for all experiments was: (a) 2.8 mM glucose—298 ± 45 pg/10 islets/30 min (23) and
(b) 16.7 mM glucose—272 ± 28 pg/10 islets/30 min (24).
t P < 0.05 vs. control.
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results of the present experiments, be taken as evidence of
opposite effects of hPP on intestinal and pancreatic somatostatin secretion. However, it is also possible that the fall in
plasma somatostatin levels reported after i.v. injection of
hPP may have been due to indirect rather than direct effects
of the peptide on the D cell.
In conclusion, synthetic hPP is a potent stimulator of pancreatic somatostatin secretion in the rat. The absence of
similar effects by synthetic bPP suggests the presence of a
second biologically active site on the hPP molecule outside
the C-terminal hexapeptide region.
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FIGURE 1. Effect of synthetic hPP (1.1 x 1 0 6 M) In the presence of
2.8 mM glucose on somatostatin secretion by the isolated perfused
rat pancreas. Synthetic hPP (1.1 x 1 0 6 M) was infused between 0 and
3.5 min.

atic D cells responded to synthetic hPP in a dose-dependent manner. The pancreas perfusion experiment showed
that the D-cell secretory response to synthetic hPP was immediate and that on withdrawal of the peptide the secretion
rate immediately returned to the prestimulatory level. The
same concentration of hPP elicited a similar fold increase in
somatostatin secretion from the islets as from the perfused
pancreas. At the highest dose of hPP used, approximately
30-40% of islet somatostatin content was secreted in 30
min (somatostatin contents not shown), which is higher than
the maximum obtained by combined stimulation with glucose and cyclic AMP but similar to the percent content of
insulin secreted in the latter condition.20 By contrast, synthetic bPP had no effect on pancreatic somatostatin secretion. Since hPP and bPP carry the same C-terminal hexapeptide, which is considered essential for the biological
effects of PP on the exocrine pancreas,15'16 the failure of bPP
and the C-terminal hexapeptide to affect pancreatic somatostatin secretion suggests that there may be a second biologically active site on the hPP molecule outside the Cterminal region.
Purified natural bPP has also been shown to have no effect on pancreatic D-cell secretion in the dog.22 In contrast
to the lack of effect of bPP on pancreatic somatostatin secretion in the rat, an inhibitory effect of bPP on gastric somatostatin secretion has been reported12 showing that in the
same species the localization of the D cell may modulate its
response to PP. Synthetic hPP (prepared by the same group
as the hPP used in the present experiments) caused a fall in
portal and peripheral plasma somatostatin levels when injected intravenously in the rat.11 As it is presently believed
that gastric and intestinal somatostatin secretions are the
principal contributors to portal and peripheral plasma somatostatin concentrations,23'24 the fall in these concentrations with i.v. injection of synthetic hPP can, along with the
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