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Abstract. The effects of a cyclic hexapeptide analog of somatostatin, [cyclo(Pro-Phe-D-Trp-
Lys-Thr-Phe)] (cyclo-SS), administered intravenously (iv) or instilled into the duodenum (id)
on the pancreatic response to endogenous (meal and duodenal acidification) and exogenous
(secretin, CCK) stimulants were compared in five dogs with esophageal, gastric, and pancreatic
fistulae. Cyclo-SS given iv in graded doses against a constant background stimulation with
secretin caused a similar and dose-dependent inhibition of pancreatic HCO; and protein
secretion being about twice as potent as somatostatin-14 (SS-14). Cyclo-SS, whether applied
topically to the duodenal mucosa in a dose of | ug/kg or given iv at a dose of 0.5 pg/kg-hr,
resulted in a similar inhibition of pancreatic secretion induced by feeding a meat meal, sham-
feeding, duodenal acidification, or infusion of secretin or CCK. The inhibition of pancreatic
secretion by cyclo-SS was due in part to direct inhibitory action on the exocrine pancreas as
well as to the suppression of the release of secretin, insulin, and pancreatic polypeptide. It is
concluded that cyclo-SS is a more potent inhibitor of pancreatic secretion than SS-14 and that
it is active when administered both parenterally and intraduodenally. © 1985 Society for Experimental

Biology and Medicine.

Previous studies demonstrated that 14-
amino acid somatostatin (SS-14) and some
of its analogs showed a similar spectrum of
biological actions on gastrointestinal secre-
tions (1, 2). These substances were found to
inhibit pancreatic secretion stimulated by
exogenous hormones (secretin, CCK) and by
endogenous stimulants such as feeding due
to the suppression of the release of gut hor-
mones (gastrin, secretin) involved in the
stimulation of the pancreatic secretion (3, 4).
Recently, several analogs were obtained by
replacing 9 of the 14 amino acids of SS-14
with a single proline residue (5, 6). Some of
them were reported to be highly active in the
inhibition of the release of islet hormones
(insulin, glucagon) both after parenteral and
oral administration (5, 6). This study was
designed to compare the effects of SS-14 and
its cyclic hexapeptide analog (cyclo-SS) [cy-
clo(Pro-Phe-D-Trp-Lys-Thr-Phe)], admin-
istered intravenously (iv) or into the gut
lumen, on pancreatic secretion induced by
various exogenous and endogenous stimu-
lants and on the release of gut hormones
involved in the control of pancreatic secre-
tion.
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Methods. Five mongrel dogs weighing 16—
19 kg were prepared surgically with esopha-
geal (EF), gastric (GF), and pancreatic fistulas
(PF) as described previously (7, 8). Secretions
from the GF and PF were collected contin-
uously at 15-min intervals. Hydrogen ion
concentrations in the gastric juice (in the
tests with sham-feeding) and bicarbonate and
protein concentrations in the pancreatic juice
were measured and expressed in 15- or 30-
min outputs as described before (7). Basal
secretion was first collected for 30-60 min,
and then the secretory stimulant for the
pancreatic secretion was administered while
the cyclic hexapeptide of somatostatin (cyclo-
SS) was given intravenously (iv) or intradu-
odenally (id). During each test two infusions
of 0.15 M NaCl were given at 80 ml/hr by a
peristaltic pump through polyethylene tubes
(PE-50), one being inserted into the duo-
denum through the hollow obturator of the
pancreatic cannula and the other into a leg
vein.

Studies were also carried out to compare
the effect of cyclo-SS and SS-14 on pancreatic
secretion induced by a constant background
stimulation with iv secretin (4 U/kg-hr).
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When the pancreatic secretory rate reached
a well-sustained plateau, cyclo-SS or SS-14
was added to iv infusion in graded doses,
each dose being infused for 45 min and then
doubled. After we established that the iv dose
of cyclo-SS which reduces the pancreatic
secretion by 50% was about 0.5 ug/kg-hr,
this standard dose was then used in the next
series of experiments with other stimulants
of pancreatic secretion. For studies with in-
traduodenal administration of cyclo-SS, a
dose of 1 ug/kg-hr was given into the gut
lumen via the hollow obturator of PF. All
solutions of SS-14 and cyclo-SS contained
1% of canine albumin (Sigma Chemical Co.).

To release endogenous gut hormones,
studies with sham-feeding, ordinary feeding,
and duodenal acidification were carried out.
For tests with sham-feeding, the esophagus
was totally obstructed distal to the fistula, so
that the entry of food into the stomach was
compiletely excluded. The sham-feeding pe-
riod lasted 15 min. The food which fell from
EF into the feeding pan was repeatedly re-
consumed (9). Cyclo-SS was administered iv
or id in a constant dose 30 min before,
during, and after sham-feeding. Control ex-
periments consisted of sham-feeding without
cyclo-SS.

In tests with ordinary feeding, a meat meal
consisting of 500 g of cooked beef liver was
fed (with the GF closed) and when the pan-
creatic secretion reached a steady rate, cyclo-
SS was administered iv or id at a constant
dose for 1 hr. In tests with duodenal acidifi-
cation, a solution of 0.1 M HCI was instilled
into the duodenum through the intestinal
Iimb of the pancreatic cannula at a constant
rate (8 mmole/hr) which induced pancreatic
secretion comparable with that obtained with
secretin. Cyclo-SS was given iv or id for | hr
when the secretory response to duodenal acid
reached a sustained level.

Experiments with exogenous CCK were
performed using an iv infusion of CCK (2
U/kg-hr) to induce near maximal pancreatic
protein secretion. Cyclo-SS was administered
iv or id in the second hour of the secretory
response to CCK. In tests with sham-feeding,
ordinary feeding, and duodenal acidification,
blood samples were taken from a peripheral
vein for the determinations of plasma con-
centrations of gastrin (10, 11), secretin (12),

pancreatic polypeptide (9, 13), and insulin
(14) by radioimmunoassays. The results are
presented as means + SEM. Differences in
the means for each 15-min period were com-
pared by unpaired ¢ test, P values of 0.05 or
less being considered as statistically signifi-
cant.

SS-14 as well as cyclo-SS [cyclo(Pro-Phe-
D-Trp-Lys-Thr-Phe)] were synthesized by
solid-phase or classical methods and repuri-
fied. Cyclo-SS was kindly donated by Profes-
sor R. Geiger, Hoechst, A. G., Frankfurt/M,
West Germany. Secretin and CCK were pur-
chased from Kabi Diagnostics, Studsvik,
Sweden.

Results. Comparison of the effects of cyclo-
SS and SS-14 on pancreatic response to se-
cretin and CCK. Cyclo-SS and SS-14 infused
iv in graded doses against a constant back-
ground stimulation with secretin caused a
dose-dependent reduction in pancreatic bi-
carbonate and protein secretion (Fig. 1). The
dose producing about 50% inhibition (IDs)
of bicarbonate secretion was approximately
0.5 ug/kg for cyclo-SS and 1.0 ug/kg-hr for
SS-14. The time-course studies showed that
the inhibition of secretin-induced pancreatic
secretion started after about 15 min of infu-
sion of cyclo-SS and SS-14. These results are
not shown.
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FiG. 1. Effects of graded doses of cyclo-SS and SS-14
on pancreatic bicarbonate and protein responses to se-
cretin. In this and subsequent figures each line is mean
(+SEM) of two tests on each of five dogs. Asterisks
indicate significant decrease P < 0.05 below the control
level.
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After iv infusion of CCK, the pancreatic
protein secretion showed a marked rise but
was significantly suppressed by both iv and
id instillation of cyclo-SS. After the cessation
of cyclo-SS infusion, the pancreatic secretion
quickly returned to the control level (Fig. 2).

Effects of cyclo-SS on pancreatic responses
to endogenous stimulants. Gastric acid and
pancreatic protein secretion in response to
sham-feeding in control tests and in tests
with iv or id administration of cyclo-SS are
presented in Fig. 3. Sham-feeding alone
caused a marked increase both in gastric acid
and pancreatic protein outputs, which reached
about 65% of CCK-induced maximal protein
outputs. After iv infusion of cyclo-SS, the
gastric and pancreatic responses were almost
completely suppressed. Cyclo-SS given id sig-
nificantly reduced the peak acid output by
about 60% and the peak protein output by
about 25%. Plasma PP and insulin levels,
which tended to increase after sham-feeding,
were almost completely suppressed by iv
cyclo-SS and partly reduced by id cyclo-SS.
Gastrin response to sham-feeding declined
after iv and id cyclo-SS but this reduction
was not statistically significant (Fig. 4).

Feeding of a meat meal caused a marked
pancreatic secretion (Fig. 5) accompanied by
a significant increase in serum gastrin, secre-
tin, PP, and insulin concentrations (Fig. 6).
In control tests, the postprandial bicarbonate
secretion reached peak values at the end of
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FI1G. 2. Effects of cyclo-SS given intravenously (iv) or
intraduodenally (id) on pancreatic bicarbonate and protein
responses to CCK.
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FiG. 3. Effects of cyclo-SS given iv or id on sham-
feeding induced gastric acid and pancreatic protein se-
cretion.

the first hour after feeding and then showed
a tendency to decrease. Cyclo-SS given iv or
id caused about 80% reduction in both bi-
carbonate and 70% reduction in protein out-
puts (Fig. 5) accompanied by a significant
suppression of plasma secretin, PP, and in-
sulin levels (Fig. 6). Postprandial gastrin levels
were not significantly affected by cyclo-SS
(Fig. 6).

Duodenal acidification produced a well-
sustained pancreatic bicarbonate and protein
secretion accompanied by a significant in-
crease 1n plasma secretin levels (Figs. 7 and
8). Cyclo-SS infused or given id decreased
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FiG. 4. Plasma gastrin, PP, and insulin levels in tests
as in Fig. 3.
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F1G. 5. Effects of cyclo-SS given iv or id on meal-
induced pancreatic bicarbonate and protein secretion.

pancreatic bicarbonate and protein secretion
and reduced plasma secretin. When infusion
of cyclo-SS was stopped, both pancreatic
secretion and plasma secretin levels tended
to return to control values.

Discussion. This study provides evidence
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FIG. 6. Plasma gastrin, secretin, PP, and insulin levels
in tests as in Fig. 5.
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F1G. 7. Effects of cyclo-SS given iv or id on pancreatic
bicarbonate and protein responses to duodenal acidifi-
cation.

that the cyclic form of mini-somatostatin
analog, obtained by replacing 9 of the 14
amino acids of somatostatin (SS) with a
single proline (5, 6), is a highly active inhibitor
of exocrine and endocrine pancreatic secre-
tion induced by various stimulants.

The cyclo-hexapeptide was found to be at
least twice as potent in inhibiting secretin-
induced pancreatic bicarbonate and enzyme
secretion as compared with SS-14 after an iv
infusion. This high inhibitory potency of
cyclo-SS could be attributed to its reduced
susceptibility to degradation by peptidases.
The relatively high potency and intraduodenal
activity of this analog is supported by our
observation that intraduodenal application
of the analog in a dose only twice as large as
that given intravenously resulted in similar
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Fi1G. 8. Plasma secretin levels in tests as in Fig. 7.
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inhibition of pancreatic secretion induced by
exogenous and endogenous stimulants. Such
an inhibitory action after luminal application
was previously observed with SS-14 but an
intraduodenal dose four to eight times larger
than intravenous was required to elicit this
inhibition (15).

The spectrum of biological action of cyclo-
SS on exocrine pancreatic secretion appears
to be similar to that of SS-14. However, the
cyclo-SS may differ from SS-14 in its action
on the release of certain gastrointestinal hor-
mones. Unlike SS-14, which is a potent
inhibitor of gastrin release induced by various
stimulants (11, 16), cyclo-SS does not cause
significant reduction in gastrin release caused
by powerful physiological stimulants such as
feeding of a meat meal or sham-feeding.
Cyclo-SS resembles SS-14 as a suppressor of
the release of secretin (4), pancreatic poly-
peptide (17), and insulin (18). The influence
of cyclo-SS on the release of hormones that
are directly involved in the control of exocrine
pancreatic secretion explains its profound
inhibitory effect on pancreatic responses to
endogenous stimulants such as sham-feeding,
ordinary feeding, or duodenal acidification.

The present study indicates that cyclo-SS
suppresses pancreatic enzyme secretion in-
duced by direct excitation of acinar cells with
CCK or by a meal stimulus, which probably
acts by both neural and hormonal pathways.
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