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Summary. The tricyclic compound cyproheptadine
(Periactinol®, Nuran®) inhibited glucose-induced in-
sulin release from the perfused rat pancreas. Tol-
butamide-stimulated insulin release was significantly
reduced in the presence and completely suppressed in
the absence of a substimulatory glucose concentration
(5 mM). Arginine produced a slow rise of insulin
release, which was completely abolished by cyprohep-
tadine. Furthermore the biphasic glucagon release
due to the stimulus was inhibited. Oxidation of C-
glucose in isolated islets was unaltered in the presence
of cyproheptadine, and pyruvate added to the perfu-
sion medium failed to reverse the inhibitory effect on
glucose induced insulin release, indicating that im-
paired glucose metabolism is not responsible for the
inhibition. In addition, the inhibition remained un-
changed when phentolamine was present, suggesting
that the effect is not mediated by inhibitory adrenergic
alpha receptors. Theophylline, in contrast, partly
overcame the inhibition. When the calcium concen-
tration of the medium was enhanced, the inhibitory
effect of cyproheptadine was still visible, although the
relative inhibition had become smaller. The results
suggest that cyproheptadine blocks insulin release by
affecting a fundamental step of the stimulus-secretion
coupling common to peptide hormones. A participa-
tion of a calcium-antagonizing effect in the inhibition
is discussed.

Key words: Insulin release, glucagon release, cyp-
roheptadine, tolbutamide, arginine, theophylline, cal-
cium, perfused rat pancreas.

*  The results were presented in part at the 11" Annual Meeting of
the European Association for the Study of Diabetes, Munich, Sep-
tember 1975.

The antihistaminic-antiserotonin compound cyp-
roheptadine [1] has been reported to produce selec-
tive B-cell abnormalities, glucose intolerance, and de-
pletion of pancreatic insulin in rats [2, 3, 4] when
chronically administered. Acute hyperglycemia after
single injections of cyproheptadine, accompanied by a
decrease of plasma insulin, was observed in the rat 5]
and in the Syrian hamster [6]. In addition, in vitro
experiments using the perfused rat pancreas [5], iso-
lated islets {7, 8], and pieces of Syrian hamster pan-
creas [6] revealed the inhibitory effect of cyprohep-
tadine on insulin release.

To gain further insight into this inhibition we in-
vestigated the effects of cyproheptadine on insulin
release as caused by various stimulators and effectors.

Cyproheptadine has also been reported to inhibit
growth hormone (HGH) secretion [9, 10] and cortisol
release [11], suggesting that cyproheptadine has a
general inhibitory effect on hormone release. Thus we
studied the effects of cyproheptadine on the arginine-
induced glucagon release by the perfused rat pan-
creas.

Materials and Methods

Chemicals

Cyproheptadine-hydrochloride (Sharp and Dohme,
Miinchen), Trasylol® (Farbwerke Bayer AG, Wup-
pertal-Elberfeld), tolbutamide (Hoechst AG, Frank-
furt) and dextran (Knoll AG, Ludwigshafen) were
obtained as gifts. Bovine albumin, pentobarbital and
arginine were purchased from Serva, Heidelberg,
Phentolamine (Regitin® ampoules) from Ciba AG,
I-125 labelled insulin and glucagon (50-60% im-
munoreactive glucagon) from Farbwerke Hoechst
AG, Frankfurt. U-*C-glucose was obtained from
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Fig. 1. Left panel: Effects of various
cyproheptadine concentrations on
glucose-induced (20 mM) insulin re-
lease. Means + SEM of a number of
experiments shown in brackets. Dif-
ferences from control are significant
for 10 and 100 uM (p<0.001) as
tested by analysis of variance (Dun-
can’s test). Right panel: Effects of
100 uM cyproheptadine (CPH) on
tolbutamide-induced (20 mg/100 ml)
insulin release in the presence of glu-
cose (5 mM). Means = SEM of a
number of experiments shown in
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Amersham-Buchler, Braunschweig, Insta-Gel from
Packard, Frankfurt. All other reagents (analytical
grade) were from Merck AG, Darmstadt.

Perfusion Experiments

Male albino Wistar rats (Winkelmann, Kirchborchen)
weighing 180-250 g were starved for 18—24 hours and
anaesthetized by an intraperitoneal injection of pen-
tobarbital (45 mg/kg body weight). Pancreas, spleen,
stomach and proximal part of the duodenum were
removed according to the method of Grodsky et al.
[12] and perfused through the cannulated abdominal
aorta. The integrity of the preparation had been con-
firmed by light microscopy [13]. The perfusion fluids
consisted of Krebs-Henseleit buffer containing dex-
tran (4%, average mol. weight 60000) and glucose (5
mM), unless higher glucose concentrations were in-
fused as indicated. In control experiments we had
ensured that lack of albumin in the medium did not
reduce the secretory function. The constant flow rate
(5 ml/min) provided a perfusion pressure of 80-100
mm Hg. When the media were changed during the
perfusion, with the aid of a valve without dead space, it
took about 10 s until the new medium had reached the
pancreas, and another 20 s until the perfusate was
equilibrated. Immediately after collecting the per-
fusate in 1 or 5 minute fractions, the samples were
diluted with tris-buffer (pH 7.4) containing 0.1% al-
bumin (fraction V, bovine albumin).

In the perfusion experiments designed to investi-
gate glucagon release, 0.05 ml tris-buffer containing
albumin (2% ) and Trasylol® (400 Units/ml) were ad-
ded to 1 ml of the perfusate and the samples were
immediately frozen.

Glucose Oxidation

The oxidation of U-"*C-glucose was determined by a
modification of the method of Ashcroft et al. [14].
Batches of 10 islets, isolated by collagenase digestion
of mouse pancreas, were incubated for 60 minutes in
120 pl Krebs-bicarbonate-buffer containing 3 mg/ml
glucose (specific radioactivity: 0.25-0.75 mCi/mM).
The U-'*C-glucose had been purified from carbonate-
like-activities by ion exchange chromatography.
14C0, was trapped in 1 ml 0.1 M NaOH and counted
in 9 ml Insta-Gel. After subtraction of blanks ob-
tained by incubations without islets the results were
calculated as pmol glucose per islet per h.

Insulin and Glucagon Determinations

Insulin and glucagon were measured radioim-
munologically [15] using antibodies prepared in our
laboratory. Glucagon-antisera were obtained from
rabbits according to the method of Frohman et al.
[16]. The buffers used throughout the glucagon assay
contained Trasylol® (200 Units/ml) in order to pre-
vent the breakdown of glucagon during the incubation
period. Separation of the bound and free fraction was
achieved with cellulose according to Zaharko and
Beck [15].

Calculations

The results are calculated as means = SEM and differ-
ences of the release rates at each time interval were
tested for statistical significance with the U-test of
Wilcoxon, Mann and Whitney. As stated, pooled data
were compared by analysis of variance (Duncan’s
test).
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Fig. 2. Effects of 10 pM cyproheptadine on arginine-induced (20
mM) insulin and glucagon release. The media contained no basal
glucose. Means + SEM. Differences from controls are significant
from 15-35 min (p<0.01) for insulin, from 10-35 min (p <0.025)
for glucagon (U-test)

Results

Cyproheptadine infused 5 min prior to the stimulus
significantly inhibited the typical biphasic secretory
response to a high-glucose load (Fig. 1, left panel).
Even the very small concentration of 1 uM produced a
weak inhibition, whereas 100 pM cyproheptadine
completely abolished both phases. In the presence of
10 uM cyproheptadine the initial peak was less af-
fected than the late phase.

Tolbutamide elicited a single peak of insulin re-
lease even in the absence of glucose. This stimulatory
effect was inhibited by cyproheptadine when the per-
fusion media contained 5 mM glucose (Fig. 1, right
panel), and completely abolished in the absence of
glucose (data not shown).

Arginine is known to produce a different secretion
pattern from that of glucose and tolbutamide [17]. In
our experiments cyproheptadine completely blocked
this slowly ascending insulin release (Fig. 2). Simul-
taneously the release of immunoreactive glucagon
(IRG) was inhibited (Fig. 2).

10 uM cyproheptadine inhibited the second phase
of the biphasic IRG-release produced by arginine (20
mM), while the initial peak remained unaffected. The
tenfold concentration (100 pM), however, reduced
the glucagon output during the immediate secretory
response (data not shown).
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Fig. 3. Failure of pyruvate (10 mM) to alter the inhibitory effect of
cyproheptadine. Means = SEM

Glucose-oxidation by incubated islets was in-
creased fivefold in the presence of the high glucose
stimulus compared to basal conditions. Cyprohep-
tadine did not affect glucose oxidation when high glu-
cose was present: islets oxidized 25.6 * 3 pmol glu-
cose per islet per hour (control) vs. 26.6 + 4 and 26.3
+ 4 pmol in the presence of 100 and 10 uM cyprohep-
tadine, respectively.

Pyruvate (10 mM) infused together with the high
glucose load did not alter the inhibitory effect of cyp-
roheptadine (Fig. 3). Furthermore, phentolamine
(0.02 mM) apparently did not reverse the inhibition
(Fig. 4).

Theophylline (10 mM), in contrast, enhanced the
insulin release of the pancreas exposed to both cyp-
roheptadine and glucose (Fig. 5). The inhibitory effect
of cyproheptadine, however, was not completely re-
versed, although the first phase appeared to be largely
restored.

Table 1 gives the results obtained in the presence
of various calcium concentrations. When the media
contained 10 uM cyproheptadine, in the presence of 5
and 7.5 mM calcium more insulin was released than at
normal (2.5 mM) or reduced (1 mM) calcium levels.
The inhibitory effect of cyproheptadine was still sig-
nificant, however, as compared to the corresponding
controls, and although the relative inhibition was
smaller, the differences have not been reduced by high
calcium.
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Fig. 4. Failure of phentolamine (20 puM) to reverse the inhibitory
effect of cyproheptadine on insulin release. Means + SEM. Differ-
ences are significant (p<0.01) from 5-30 min (U-test)

Discussion

The inhibitory effect of cyproheptadine on insulin
release in vivo after prolonged treatment [2, 3] or
single injections [5], and in vitro [5, 6, 7, 8] has been
well established. Our results confirm that cyprohep-
tadine is a very potent inhibitor of glucose-induced
insulin release, since the low concentration of 1 uM
was still effective.

The inhibitory effect is not restricted to the
glucose-induced secretory response but includes tol-
butamide- and arginine-stimulated secretion. Since
the three stimulators produce different secretion pat-
terns, they are supposed to trigger insulin release via
different mechanisms. In addition, Rickert and
Fischer [18] previously reported that the stimulatory
effect of tolbutamide, leucine, dibutyryl-cyclic-AMP,
and glucagon on incubated pieces of rat pancreas was
reduced, when the animals had been pretreated with
cyproheptadine. These results concerning different
stimuli suggest that cyproheptadine blocks a basic link
in the secretion process. The hypothesis is supported
by the finding that cyproheptadine reduced arginine-
induced glucagon release. In addition, cyprohep-
tadine is known to diminish the secretion of human
growth hormone and cortisol [9, 10, 11]. Thus a gen-
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Fig. 5. Effects of a theophylline-infusion (10 mM) on the inhibitory
action of cyproheptadine (10 pM). Means + SEM. The differences
are significant (p <0.01) as tested by analysis of variance (Duncan’s
test)

eral property to inhibit hormone release may be attri-
buted to the agent.

A prominent effect of cyproheptadine is its an-
tagonism of serotonin. Insulin release is controlled by
serotonin, if at all, not in a stimulatory but in an
inhibitory way [19]. Thus it is unlikely that insulin
release is reduced by cyproheptadine via the
serotonin-antagonizing effect of the agent.

Phentolamine was infused, together with cyp-
roheptadine, in order to elucidate whether cyprohep-
tadine acts via adrenergic alpha receptors, but this
agent failed to reduce the inhibitory effect of cyp-
roheptadine. Feldman et al. [6] observed that the en-
zyme monoamine oxidase was inhibited by cyprohep-
tadine and attributed the inhibition of insulin release
to this effect. In view of our experiments it is unlikely
that direct or indirect effects of cyproheptadine on
adrenergic alpha receptors at the B-cell cause the
inhibition of insulin release. If cyproheptadine in-
creased the serotonin, one would expect that the agent
itself antagonized the elevated levels.

The inhibitory effects of iodoacetate [20] and
thyroxine treatment [21] on insulin release can almost
completely be reversed by pyruvate. Since pyruvate
may serve as a source of metabolic energy which is
utilized independently from glycolysis, these findings
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Table 1. Inhibitory effect of cyproheptadine (10 uM) on glucose-in-
duced (20 mM) insulin release from the perfused rat pancreas in the
presence of various calcium concentrations. After a 15 min infusion
of glucose, cyproheptadine was added for another 25 min. The
insulin released within the last 15 min of this period was summed up
and calculated as means = SEM. N = 4. Differences to control
experiments are significant (P <0.025, U-test)

Calcium (mM)’ Insulin release (ng/15 min)

Cyproheptadine Control
1 30+ 7 208 = 50
2.5 84+ 9 357 + 69
5 300 £ 50 708 + 30
7.5 320 + 33 523+ 50

were supposed to reflect a specific interference with
glucose metabolism [21]. Infused together with glu-
cose and cyproheptadine, pyruvate failed to restore
the normal secretory response. Glucose metabolism,
as estimated from the production of *CO,, was not
affected by cyproheptadine. These results indicate
that a specific block of glucose utilization is not re-
sponsible for the observed inhibition.

Although cyclic AMP probably does not mediate
glucose induced insulin release [22], it is widely ac-
cepted that the nucleotide potentiates the effects of
glucose and other stimulators [23]. Thus the poten-
tiating effect of theophylline on glucose-induced insu-
lin release may be mediated by an increase of the
intraceltular cyclic AMP [24], which in turn was sup-
posed to translocate calcium from organelle-bound
pools to the cytoplasm [25]. In addition, theophylline
has recently been reported to produce a rise of cyclic
AMP levels and a short increase of insulin release
independently from extracellular calcium [26]. The
xanthine derivative may, however, also have effects in
addition to inhibition of the phosphodiesterase, par-
ticularly if concentrations as high as 10 mM are ap-
plied. In our experiments theophylline (10 mM) partly
reversed the inhibitory effect of cyproheptadine. Thus
the islet is not refractory to every stimulus and insulin
is apparently still available. If one assumes that
theophylline increases the cytosol calcium concentra-
tion — mediated by cyclic AMP or independently
from cyclic AMP — this increase affected the inhibi-
tion but did not completely reverse it.

Calcium ions are an essential requirement for in-
sulin release [27]. It has been suggested, therefore,
that the cytosol calcium concentration initially triggers
the secretory process [28], and, more precisely, that
exocytosis of the negatively charged granules is facili-
tated by calcium [29]. Our recent finding that cyp-
roheptadine reduced the accumulation of calcium-45
in incubated mouse islets [30] prompted experiments
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with enhanced calcium concentration of the medium
in order to reverse the inhibition. Consistent with the
recently reported results of Hellman [31], calcium
enhanced the secretory response to glucose, and, at
still higher concentration, decreased it. Because of
these complex effects of calcium the interpretation of
the data obtained in the presence of cyproheptadine is
difficult. The results suggest that the inhibitory action
of cyproheptadine is affected by calcium, although not
in a competitive manner, since the secretion was not
fully restored to normal. Provided that the observed
inhibition results from a disturbed calcium metabol-
ism of the B-cell [30], the antagonism between
cyproheptadine and calcium is non-competitive.
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