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1 The MING cell line derived from in vivo immortalized insulin-secreting pancreatic f cells was used to
study the insulin-releasing capacity and the cellular mode of action of S-21663, a newly synthesized
imadizoline compound known for its antidiabetic effect in vivo and its ability to release insulin from
perfused pancreas.

2 S-21663, at concentrations ranging from 107> M to 10> M was able to release insulin from MING6
cells; its activity peaked at 10™* M, a drop in the stimulant factor being noted between 10~* and 103 M.
Its efficacy, which did not differ whatever the glucose concentration (stimulant or not), was higher than
that of the other secretagogues tested, glucose, sulphonylureas or the peptide tGLP-1.

3 1In contrast to tGLP-1, S-21663 did not change the cyclic AMP content, whereas it increased Ca**
influx via verapamil- and nifedipine-sensitive voltage-dependent calcium channels, the insulin release
being a direct consequence of this Ca®* entry. The S-21663-induced Ca** influx appears to be essentially
the consequence of closure of K™ channels which differ from the ATP-dependent K* (K-ATP) channels
as determined by measurement of %Rb efflux and use of a K-ATP channel opener.

4 Comparison of the effects of S-21663 to that of efaroxan, another imidazoline compound shown to
act on insulin release in a glucose-dependent way via binding sites distinct from the imidazoline I, and I,
sites, suggested that S-21663 acts through a novel site which displays a remarkably stable expression
along the cell culture.

5 It is concluded that S-21663 is a very efficient, glucose-independent insulin secretagogue acting
through a novel imidazoline site, linked to K™ channels, distinct from the I, I, and ‘efaroxan’ binding
sites. In vitro and in vivo features of S-21663 indicate that this compound, or new drugs drived from it,
might be the basis for a new pharmacological approach to the mangement of type II (non insulin-

dependent) diabetes.
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Introduction

Molecules which belong to a new family of imadizoline deri-
vatives, such as compound S-21663, synthesized by Institut de
Recherches Internationales Servier (IRIS), displayed interest-
ing features in a rat model of type II diabetes (Thibault et al.,
1992): S-21663 improved glucose tolerance in vivo and in-
creased insulin secretion in mildly diabetic rats, with a lack of
hypoglycaemic effect (Wang ez al., 1996). Owing to its original
characteristics, this imidazoline derivative may represent a
novel pharmacological basis for the treatment of type II dia-
betes.

The aim of the present study was to analyse the capacity of
S-21663 to release insulin directly from f cells in culture, as
well as to understand the cellular mechanism of action of this
molecule, in comparison with that of other classical secreta-
gogues, such as glucose or sulphonylureas, the mechanisms of
action of which have been extensively studied (Schmid-Anto-
marchi et al., 1987; Ashcroft et al., 1988; Panten et al., 1996).
We also compared the mechanism of action of S-21663 with
that of other compounds known to stimulate insulin release
through an increase in cellular adenosine 3":5'-cyclic mono-
phosphate (cyclic AMP), such as the peptide tGLP-1, consid-
erd as a main physiological incretin (Drucker et al., 1987).
Finally, we compared the biological features of this molecule
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to that of efaroxan, another imidazoline compound which was
shown to stimulate insulin release via a new type of imidazo-
line site (Chan et al., 1991; 1993; 1994) linked to adenosine 5'-
triphosphate (ATP)-sensitive K channels (K-ATP channels)
present in f cells.

Since calcium is known to play a crucial role in the control
of insulin release by many secretagogues (Nelson et al., 1987;
Hughes & Ashcroft, 1988), we analysed the effect of S-21663
on **Ca uptake by B cells in culture. To compare further the
mechanism of action of S-21663 to that of glucose, sulpho-
nylureas and efaroxan, known to inhibit K-ATP channels and,
in turn, to open voltage-sensitive Ca>* channels, we studied
the ¥Rb efflux from f cells in response to S-21663.

In this study we used a f cell line (MING6), obtained by use
of a transgenic approach (Miyazaki et al., 1990; Ishihara et al.,
1993), which displays most of the characteristics of the normal
p cells, in particular a response to glucose within the physio-
logical range.

Methods

Cell culture

MING cells, kindly provided by Dr Ishihara (Third Depart-
ment of Internal Medicine, University of Tokyo, Japan), were
routinely grown as previously described (Ishihara et al., 1993)
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at 37°C in a 5% CO, atmosphere in sterile plastic flasks (T75,
TPP) in Dulbecco’s modified Eagle’s medium (DMEM, Gibco,
U.S.A.) containing 25 mM glucose supplemented with 15%
foetal calf serum (FCS, Gibco), 100 u ml~" penicillin (Gibco),
100 ug ml~' streptomycin (Gibco) and 5 ul 17! p-mercapto-
ethanol (Sigma).

Before each series of studies, cells were seeded five days
before the experiment in 24-well plates (TPP) at a density of
500,000 cells per well. For the studies described, cells were used
between passages 15 and 25.

Studies on insulin release

Eighteen hours before the experiments, the culture medium
was renewed. On the day of the experiment, the cells were
washed twice with Krebs-Ringer bicarbonate (KRB) buffer,
pH 7.5, containing 0.1% BSA (KRB-BSA). The cells were then
preincubated for one hour in KRB-BSA containing 1 mMm
glucose at 37°C, 5% CO, and incubated for two hours in
KRB-BSA containing various concentrations of glucose and/
or other effectors. After incubation, the medium was collected,
centrifuged at 600 g for 5 min and stored at —20°C. Insulin
release was measured by radioimmunoassay with ['**I]-porcine
insulin, rat insulin (Novo, Denmark) as standard and the
guinea-pig anti-porcine insulin antibody 41 previously descri-
bed (Kervran et al., 1976).

Measurement of *Ca’" influx

Twenty four hours before the experiment, the culture medium
was changed. On the day of the experiment, the cells were
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Figure 1 Chemical structure of S-21663.
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Figure 2 Stimulant effect of S-21663 in comparison with that of the
sulphonylurea gliclazide on insulin release from MING6 cells in
culture. Experiments were conducted in KRB containing a non-
stimulating (1 mm) concentration of glucose. Inset: dose-dependence
of effect of glucose on insulin release from MING6 cells. Data are
presented as mean values of 9 experiments; vertical lines show
s.e.mean.

preincubated for 10 min at 37°C in KRB (Pian-Smith ez al.,
1988). The preincubation solution was then replaced with
250 ul KRB containing 8 uCi ml~' **CaCl, (Amersham, U K.,
5-50 mCi mg~' mg~' Ca) and the test agents. The reaction,
developed at 37°C, was stopped by aspiration of the medium.
The cells were rapidly washed four times with ice-cold buffer
(mM: NaCl 135, KCI 5, CaCl, 2.5, LaCl, 1 and HEPES 10).
The cells were then solubilized in 1 ml KRB containing 0.1%
Triton for one hour at room temperature. An aliquot of the
solution was then assayed for *Ca®" content after addition of
a liquid scintillation medium (PCS, Amersham).

Measurement of **Rb™ efflux

Twenty four hours before the experiment, the culture medium
was replaced and *RbCl (Amersham, 0.5-10 mCi mg~' Rb)
was added to the wells (0.1 uCi per well) and the cells were
loaded overnight with the isotope (Nicki et al., 1989). On the

day of the experiment, the culture medium was removed and
the cells were washed twice with KRB and preincubated for

120 -
100 -
80
60 521663

40 tGLP-1

20

Insulin release (% maximim)

o
1

-20 — " " " Y q r .
1019 10° 10 107 10% 10° 10 1073
Concentration (m)

120 4
100 A
tGLP-1
80 -
60 -
40 A

20 -+
$21663

Cyclic AMP (% maximim)

0 A

-20 - . - . . , . n
1010 10° 10® 107 10°% 10° 10%* 1073

Concentration (m)

Figure 3 Comparative stimulant effects of S-21663 and glucagon-
like-peptide-1 (7—36)-amide (tGLP-1) on: (a) insulin release from
MING6 cells. Experiments were conducted in KRB containing a
stimulating concentration (5.5 mm) of glucose. Data are expressed as
percentage of the maximal stimulation observed in the experiment
(induced by 10™* M S-21663) and presented as mean values of 9
experiments. (b) Cyclic AMP accumulation in MIN6 cells in the
presence of an inhibitor of cyclic AMP phosphodieasterase (1 mm
IBMX). Data are expressed as ((stimulated-basal)/basal), as % of
the maximum (induced by 3x10 %M tGLPl) and presented as
mean values of 9 experiments. In (a) and (b) vertical lines show
s.e.mean.
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Figure 4 (a) Kinetics of **Ca influx into MING cells under control
conditions (KRB) or in the presence of 100 um S-21663 with or
without 0.1 mm verapamil, a blocker of L-type Ca®" channels. Data
are expressed as % of the maximal stimulation (observed at 5 min)
with 100 uM S-21663, and presented as mean values of 6 experiments.
(b) A comparison of the effects of S-21663 on insulin release and on
#Ca%" uptake from MING cells on the same passage. Insulin release
and Ca®" uptake were measured in the same medium containing
1 mM glucose after a two hour incubation. Data are expressed as %

20 min at 37°C in KRB containing 0.2 uCi ml~' **RbCl. Oli-
gomycin 1.2 ug ml~! and 1 mM 2-deoxy-D-glucose were added
in order to decrease the ATP pool and thus to open the K-ATP
channels slightly (Nicki et al., 1989). The preincubation med-
ium was then replaced with KRB containing various concen-
trations of the test agents. The incubation was performed at
37°C and the medium was then taken and cells were extracted
with 1 ml 0.1 M NaOH for one hour. The extract and medium
were then counted by use of Cerenkov counting. Efflux was
calculated as percentage of total radioactivity.

Determination of cyclic AMP production

The day before the experiment, the culture medium was
renewed. On the day of the experiment, cells were washed
twice with KRP buffer (mM: NaCl 120, KCl 3, CaCl, 2.6,
MgCl, 0.67, KH,PO, 1.2, glucose 5.2 and HEPES 25, pH
7.4). The incubation was performed in 0.5 ml KRP buffer
containing 2% BSA, 0.5 mM IBMX and the test agents for
15 min at 25°C. Cyclic AMP was then extracted with 60%
perchloric acid, the sample was neutralized with 9 N KOH
and succinylated to increase the sensitivity of the assay
(Delaage et al., 1978). Cyclic AMP was quantified by
radioimmunoassay.

Chemicals

S-21663 (Figure 1) was synthesized by the IRIS chemistry
Department. The other drugs used in this study were as fol-
lows: glibenclamide (Guidotti, Italy), efaroxan (Research
Biochemicals Incorporated, U.S.A.), diazoxide (Sigma,
U.S.A.), nifedipine (Sigma), verapamil (Sigma) and oligomycin
(Sigma). Bovine serum albumin (BSA), fraction V was from
Boehringer, Germany and isobutyl-methyl xanthine (IBMX)
from Sigma.

Statistics

Statistical analysis was performed by use of Student’s 7 test for
unpaired values and results were considered significant when
P<0.05.

Results

We first analysed the capacity of S-21663 to release insulin
directly from the MING cells in culture. As previously observed
(Miyazaki et al., 1990; Ishihara et al., 1993), the response of
these cells to glucose was within the physiological range, with a
half-maximal stimulation at 7.5 mM and a stimulation factor
close to 9 (Figure 2, inset). The capacity of MING6 cells to
behave like normal f cells was further illustrated by the clear-
cut response to the sulphonylurea gliclazide (Figure 2). In the
same set of experiments, carried out at a non-stimulating
glucose concentration (1 mM), compound S-21663 induced a
very pronounced insulin release, with a 14 fold increase and a
half-maximal effect observed at 20—30 uM. At concentrations
higher than 100 uM, a sharp decrease in the stimulation factor
was noted up to 1 mM where stimulation fell to negligible
values (Figure 2).

In view of a possible cyclic AMP pathway involved in the
effect of S-21663, we have compared the effects of S-21663 to
that of glucagon-like peptide (7—36)-amide (tGLP-1), known

of maximal stimulation (observed with 100 um S-21663) and
presented as mean values of 6 experiments. (c) The stimulant effect
of S-21663 on insulin release from MING6 cells in the presence and
absence of 0.1 mM nifedipine. Data are expresed as % of maximal
stimulation (observed with 100 um S-21663) and presented as mean
values of 3 determinations, representative of 3 repeated experiments.
In (a), (b) and (c), vertical lines show s.e.mean.
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to increase cyclic AMP in f§ cells (Drucker et al., 1987). As
shown in Figure 3a, the stimulation factor for insulin release
induced by S-21663 was much higher than that induced by
tGLP-1. Furthermore, as shown in Figure 3b, S-21663 failed to
induce a significant increase in cyclic AMP, in contrast to that
observed for tGLP-1 (Figure 3b). These observations clearly
indicated that S-21663 and tGLP-1 trigger insulin release via
different intracellular pathways.

Many insulin secretagogues are known to induce an in-
crease in the cytosolic calcium concentration of the f cells,
which leads to exocytosis of the insulin secretory granules
(Nelson et al., 1987, Hughes & Ashcroft, 1988). As shown in
Figure 4a, addition of S-21663 to the cells rapidly induced a
marked Ca®* influx followed by a steady state. The drug
augmented by 65% the Ca?"* influx integrated over the first
20 min. This influx was mediated by opening of voltage-de-
pendent Ca®?* channels, as demonstrated by the complete
suppression of the S-21663-induced Ca®* influx by verapamil
(see Figure 4a). Nifedipine, another L type Ca’>" channel
blocker, displayed very similar effects (not shown). When the
S-21663 dose-response curves (Figure 4b) for insulin release
and Ca®* influx were superimposed, it was apparent that the
two phenomena are closely related. It is of particular interest
to note that the decreased stimulating factor at concentrations
of S-21663 over 100 uM paralleled the decreased calcium entry.
A more direct demonstration of the causal relationship be-
tween Ca®" entry and insulin release is shown in Figure 4c:
when S-21663-induced Ca®* entry was suppressed by addition
of nifedipine, the drug was no longer able to induce insulin
release. We conclude that S-21663 triggers insulin release by
opening nifedipine (and verapamil)-sensitive L type voltage-
dependent Ca®" channels present in the f cell plasma mem-
brane.

Since S-21663 is a new imidazoline derivative, it was of
special interest to compare its actions with that of efaroxan,
known to act on insulin-releasing f cell via a new type of
binding site (Chan et al., 1993; 1994). As shown in Figure 5,
both S-21663 and efaroxan dose-dependently stimulated in-
sulin release with a marked stimulation factor in the presence
of a stimulating (7 mM) glucose concentration. However, while
high concentrations of efaroxan still induced a maximal insulin
release, an important drop in this parameter was observed for
S-21663, as previously noted. The most significant difference
observed between the effects of these two molecules was the
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Figure 5 A comparison of the stimulant effects of S-21663 and
efaroxan on insulin release from MING6 cells. Experiments were
conducted at 7 mM glucose. Data are presented as mean values of 9
experiments; vertical lines show s.e.mean. Inset: effect of low (I mm)
or high (7 mm) glucose concentration on the ability of 100 um S-
21663 or 100 um efaroxan to stimulate insulin release from MING6
cells. Data are presented as mean values +s.e.mean of 6 experiments.
***P<0.001 versus 1 mM glucose.

absence of glucose-dependence of the effect of S-21663. The
presence of a stimulating glucose concentration was a prere-
quisite for observing the effect of efaroxan in this (see inset)
and other biological models (Chan & Morgan, 1990; Berdeu et
al., 1994).

The next step in our study was to determine whether S-
21663 acts directly on the Ca”>* channel or indirectly by inhi-
biting K-ATP channels and, in turn, inducing membrane de-
polarization, as observed, for instance, for sulphonylurease
(Schmid-Antomarchi ez al., 1987; Ashcroft et al., 1988; Panten
et al., 1996) or imidazolines (Plant & Henquin, 1990; Chan et
al., 1991). Therefore, we compared the extent of S-21663 with
that of efaroxan at a stimulating glucose concentration, in the
presence and absence of diazoxide, an opener of K-ATP
channels.

As shown in Figure 6a, the effect of maximally active con-
centrations of S-21663 on insulin release was not significantly
modified by diazoxide whereas, as expected, the effect of
efaroxan was dramatically reduced under the same conditions.
When looking at the potassium efflux under the same condi-
tions, it may be seen in Figure 6b that the **Rb efflux (index of
K™ efflux) was reduced in the presence of efaroxan. S-21663
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Figure 6 Comparative effects of S-21663 and efaroxan on: (a)
insulin release from MING6 cells either in the absence (control) or
presence of 250 uM diazoxide. Experiments were conducted at 7 mm
glucose. Data are presented as mean values+s.e.mean of 9
determinations. ***P<0.001 versus the control data. (b) **Rb™"
efflux from MING6 cells. Experiments were conducted at 7 mm
glucose, in the absence or presence (broken line) of 250 um diazoxide
(Diaz). Data are expressed as % of total radioactivity present in the
cells at the beginning of the test.
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Figure 7 Comparative effects of 15 mm glucose, 15 mm KCI and
107*M S-21663 on insulin release at late (24) and earlier (19)
passages. Data are expressed as fold increase over basal. ***P <0.001
versus the data from earlier (19) passages.

also induced an important dose-dependent reduction in 3*Rb
efflux. Nevertheless, the inhibitory effect of efaroxan on *Rb
efflux was strongly decreased in the presence of diazoxide, in
contrast to what was observed with S-21663 (Figure 6b). All
these data strongly suggest that S-21663 acts on insulin release
by closing potassium channels that differ from the K-ATP
channels.

It is also worth noting that, like most insulin-secreting cell
lines, MING6 cells showed a decreased response to most of the
stimuli with increasing number of passages. This was repro-
ducibly observed in our laboratory for most of the stimuli
including glucose (Figure 7); the same batches of cells still
responded to the membrane depolarizing effect of high K™ or
to S-21663 (Figure 7) with a conserved efficiency, confirming
the original mode of action of S-21663.

Finally, the complete absence of interaction of S-21663 with
the sulphonylurea binding site present in MIN6 cell mem-
branes (not shown) indicated that the S-21663 site of action is
distinct from the sulphonylurea receptor. The lack of a sig-
nificant effect of S-21663 in binding studies conducted on
imidazoline sites by use of labelled idazoxan, P-aminocloni-
dine or RX 821002 (Wang et al., 1996), excluded the possibility
that the observed effects of S-21663 may be mediated by one of
the known types of imidazoline sites.

Discussion

While analysing the mode of action of S-21663, a new imida-
zoline derivative which displays an antidiabetic effect in vivo,

References

ASHCROFT, F.M., ASHCROFT, S.J.H. & HARRISON, D.E. (1988).
Properties of single potassium channels modulated by glucose in
rat pancreatic ff-cells. J. Physiol., 400, 501 —527.

BERDEU, D., GROSS, R., LOUBATIERES-MARIANI, M.-M. & BER-
TRAND, G. (1994). Effects of imidazolines and derivates on
insulin secretion and vascular resistance in perfused rat pancreas.
Eur. J. Pharmacol., 254, 119—-125.

CHAN, S.L., BROWN, C.A. & MORGAN, N.G. (1993). Stimulation of
insulin secretion by the imidazoline o2-adrenoceptor antagonist
efaroxan is mediated by a novel, stereoselective, binding site. Eur.
J. Pharmacol., 230, 375-378.

we observed that this compound releases insulin from the
MING f cell line in a dose-dependent manner with a high sti-
mulation factor. At a high concentration (1 mM), we observed
a drop in the stimulation factor which was not related to a
possible toxic effect of the drug since no sign of cell toxicity
was noted during the time of incubation. This type of ‘bell-
shaped’ curve, observed in several in vitro and in vivo biological
models, might be the result of a desensitization or ‘down-reg-
ulation’ process. In contrast to efaroxan, S-21663 stimulated
insulin release whatever the glucose concentration; such non
glucose-dependent secretagogues are often considered as po-
tential inducers of hypoglycaemia. However, the studies car-
ried out in vivo (Wang et al., 1996) indicated that this is not the
case for S-21663. Such a discrepancy might be explained by the
existence in in vivo of a compensatory mode of action of S-
21663 which may not be seen in vitro. Alternatively, the be-
haviour of our cellular model towards S-21663 might differ
from that of normal f cells. Two observations tend to rule out
this hypothesis: (1) such a non-classical behaviour of MIN6
cells was never observed for other secretagogues such as glu-
cose, sulphonylureas, efaroxan or peptides tested in our la-
boratory; (2) this absence of glucose-dependence was also
observed in the perfused pancreas (Wang et al., 1996).

S-21663 clearly uses an intracellular pathway which is en-
tirely dependent upon Ca’>" entry via verapamil- and nifedi-
pine-sensitive L-type channels. This Ca®* entry is not
dependent upon the closure of K-ATP channels, in contrast to
what is well established for many secretagogues, including
sulphonylureas and efaroxan. Since S-21663 decreases very
efficiently the K* output from the cells, we conclude that S-
21663 closes K™ channels which appear to be distinct from K-
ATP channels and consequently induces a membrane depo-
larization which, in turn, opens voltage-sensitive Ca>* chan-
nels. Determining the exact type of K™ channels involved in
this action will be the subject of further investigations.

The binding site through which S-21663 acts also seems to
be original. We know that it is not one of the ‘peripheral’
imidazoline sites I, or I,, confirming previous observations
made with other imidazoline compounds (Olmos et al., 1994);
neither is it the ‘efaroxan site’ in the pancreatic f§ cells (Chan et
al., 1993; 1994) because of the profound discrepancies ob-
served in the mode of action of these two imidazoline mole-
cules. Finally, this novel site as well as its coupling to the
effector systems displays an exceptional stability through the
passages of cells in culture. It appears, therefore, that it is
possible to trigger insulin release from a f§ cell which has lost
totally or partially its sensitivity to physiological and classical
pharmacological secretagogues. Further studies will be neces-
sary to confirm the hypothesis raised by our data, that drugs
designed to recognize specifically this site might be a novel
pharmacological approach for the management of type II
diabetes.

We are highly indebted to Drs Hisamitsu Ishihara (Third
Department of Internal Medicine, University of Tokyo, Japan) for
providing us with several batches of the MING cell line.

CHAN, S.L., BROWN, C.A., SCARPELLO, K.E. & MORGAN, N.G.
(1994). The imidazoline site involved in control of insulin section:
characteristics that distinguish it from I;- and I,-sites. Br. J.
Pharmacol., 112, 1065—-1070.

CHAN, S.L. & MORGAN, N.G. (1990). Stimulation of insulin secretion
by efaroxan may involve interaction with potassium channels.
Eur. J. Pharmacol., 176, 97—101.

CHAN, S.L., DUNNE, M.J., STILLINGS, M.R. & MORGAN, N.G.
(1991). The a«-adrenoceptor antagonist efaroxan modulates
K" otp channels in insulin-secreting cells. Eur. J. Pharmacol.,
204, 41-48.



L. Le Brigand et al

Imidazoline and $ cell 791

DELAAGE, M.A., ROUX, D. & CAILLA, H.L. (1978). Recent advances
in cyclic nucleotides radioimmunoassay. In Molecular Biology
and Pharmacology of Cyclic Nucleotides. ed. Folco, G. & Paoletti,
R. pp. 151-171. North Holland, Amsterdam: Elsevier.

DRUCKER, D., PHILIPPE, J., MOJSOV, S. & CHICK, W.L. (1987).
Glucagon-like peptide I stimulates insulin gene expression and
increases cyclic AMP levels in a rat islet cell line. Proc. Natl.
Acad. Sci. U.S.A., 84, 3434 —3438.

HUGHES, S.H. & ASHCROFT, S.J.H. (1988). Effect of secretagogues
on cytosolic free Ca®* and insulin release in the hamster clonal -
cell line HIT-T15. J. Mol. Endocrinol., 1, 13—17.

ISHIHARA, H., ASANO, T., TSUDUKA, K., KATAGARI, H., INUKAI,
K., ANAL M., KIKUCHI, M., YAZAKI, Y., MIYAZAKI, J.I. & OKA,
Y. (1993). Pancreatic beta cell line Min6 exhibits characteristics
of glucose metabolism and glucose-stimulated insulin secretion
similar to those of normal islets. Diabetologia, 36, 1139 —1145.

KERVRAN, A., RIEUTORT, M. & GUILLAUME, M. (1976). A
simultaneous radioimmunoassay for growth hormone and
insulin in the plasma of rats and rabbits. Diab. Métabol., 2,
67-172.

MIYAZAKI, J.-I., ARAKI, K., YAMATO, E., IKEGAMI, E., ASANO, T.,
SHIBASAKI, Y., OKA, Y. & YAMAMURA, K.I. (1990). Establish-
ment of a pancreatic f# cell line that retains glucose-inducible
insulin secretion: special reference to expression of glucose
transporter isoforms. Endocrinology, 127, 126 —132.

NELSON, T.Y., GAINES, K.L., RAJAN, A.-S., BERG, M. & BOYD, A.-E.
I11. (1987). Increased cytosolic calcium, a signal for sulphonylur-
ea-stimulated insulin release from beta cells. J. Biol. Chem., 262,
2608—-2612.

NIKI, I., KELLY, R.P., ASHCROFT, F.M. & ASHCROFT, S.J.H. (1989).
ATP-sensitive K-channels in HIT-T15 f-cells studied by patch-
clamp methods, 3°Rb efflux and glibenclamide binding. Pfliigers
Arch., 415, 47-55.

OLMOS, G., KULKARNI, R.-N., HAQUE, M. & MACDERMOT, J.
(1994). Imidazolines stimulate release of insulin from RIN-5AH
cells independently from imidazoline I, and I, receptors. Eur. J.
Pharmacol., 262, 41 —48.

PANTEN, U., SCHWANSTECHER, M. & SCHWANSTECHER, C.
(1996). Sulphonylurea receptors and mechanism of sulphonylur-
ea action. Exp. Clin. Endocrinol. Diabetes, 104, 1 -9.

PIAN-SMITH, M.C., YADA, T., YANEY, G.C., ABDEL-EL-MOTAL,
S.M., WIEDENKELLER, D.E. & SHARP, G.W. (1988). Mobilization
of Ca’* from intracellular stores of pancreatic f-cells by the
calcium store blocker TMB-8. Endocrinology, 123, 1984 —1991.

PLANT, T.D. & HENQUIN, J.-C. (1990). Phentolamine and yohimbine
inhibit ATP-sensitive K* channels in mouse pancreatic f cells.
Br. J. Pharmacol., 101, 115-120.

SCHMID-ANTOMARCHI, H., WEILLE, J.-D., FOSSET, M. & LAD-
ZUNSKI, M. (1987). The receptor for antidiabetic sulphonylureas
controls the activity of ATP-modulated K™ channel in insulin
secreting cells. J. Biol. Chem., 262, 15840 —15843.

THIBAULT, C., LAURY, M.-C., BAILBE, D., KTORZA, A. & PORTHA,
B. (1992). Effect of prolonged in vivo glucose infusion on insulin
secretion in rats with previous glucose intolerance. Endocrinol-
ogy, 130, 2521 -2527.

WANG, X., RONDU, F., LAMOURI, A., DOKHAN, R., MARC, S,,
TOUBOUL, E., PFEIFFER, B., MANECHEZ, D., RENARD, P.,
GUARDIOLA-LEMAITRE, B., GODFROID, J.J., KTORZA, A. &
PENICAUD, L. (1996). Effect of S-21663, an imidazoline
derivative on glucose tolerance and insulin secretion in a rat
model of type II diabetes. J. Pharmacol. Exp. Ther., 278, 82—89.

(Received May 8, 1997
Revised July 3, 1997
Accepted July 22, 1997)



