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Elevation of cytosolic calcium by imidazolines in mouse islets of
Langerhans: implications for stimulus-response coupling of
insulin release

Ruth M. Shepherd, Molly N. Hashmi, Charlotte Kane, Paul E. Squires & 'Mark J. Dunne

Department of Biomedical Science, University of Sheffield, Alfred Denny Building, Western Bank, Sheffield, S10 2TN

1 Microfluorimetry techniques with fura-2 were used to characterize the effects of efaroxan (200 um),
phentolamine (200—500 uM) and idazoxan (200—500 uM) on the intracellular free Ca?>* concentration
([Ca%*]) in mouse isolated islets of Langerhans.

2 The imidazoline receptor agonists efaroxan and phentolamine consistently elevated cytosolic Ca>* by
mechanisms that were dependent upon Ca?* influx across the plasma membrane; there was no rise in
[Ca?*]; when Ca?* was removed from outside of the islets and diazoxide (100—250 uM) attenuated the
responses.

3 Modulation of cytosolic [Ca?*]; by efaroxan and phentolamine was augmented by glucose (5—
10 mM) which both potentiated the magnitude of the response and reduced the onset time of
imidazoline-induced rises in [Ca2*];.

4 Efaroxan- and phentolamine-evoked increases in [Ca®*]; were unaffected by overnight pretreatment
of islets with the imidazolines. Idazoxan failed to increase [Ca’*]; under any experimental condition
tested.

5 The putative endogenous ligand of imidazoline receptors, agmatine (1 uM—1 mM), blocked Karp
channels in isolated patches of B-cell membrane, but effects upon [Ca®*]; could not be further
investigated since agmatine disrupts fura-2 fluorescence.

6 In conclusion, the present study shows that imidazolines will evoke rises in [Ca®*]; in intact islets, and
this provides an explanation to account for the previously described effects of imidazolines on Karp

channels, the cell membrane potential and insulin secretion in pancreatic f-cells.
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Introduction

The pharmacological manipulation of ATP-sensitive po-
tassium (Karp) channels in insulin-secreting cells has im-
portant implications for our understanding of stimulus-
response coupling events. These channels establish the resting
cell membrane potential in f-cells, and close following glucose
metabolism to initiate a depolarization of the cell, voltage-
gated Ca”" influx and insulin secretion (see Dunne & Petersen,
1991). Ks1p channels are inhibited by sulphonylureas, such as
tolbutamide and glibenclamide, which mimic the effects of
glucose stimulation and initiate insulin secretion (see Ashcroft
& Ashcroft, 1992). Conversely, agonists of K, rp channels such
as diazoxide, inhibit insulin release by hyperpolarizing the
membrane potential and preventing the influx of Ca?* by
voltage-dependent events (Dunne & Petersen, 1991).

Certain imidazoline derivatives such as the I, agonist efar-
oxan and the I,/I, agonist phentolamine are also insulin se-
cretagogues (Ahrén & Lundquist, 1985; Schulz & Hasselblatt,
1989) and inhibitors of ATP-sensitive potassium channels
(Plant & Henquin, 1990; Chan et al., 1991; Dunne, 1991; Jonas
et al., 1992). The underlying mechanisms responsible for the
link(s) between electrical activity and insulin release are in-
completely understood. Indeed, the I, agonist idazoxan in-
hibits Karp channels (Chan ez al., 1991), but does not promote
secretion of insulin (Chan & Morgan, 1990; Chan et al., 1991).
In this study we examined the effects of phentolamine, efar-
oxan, tolbutamide and idazoxan, on cytosolic Ca?* homeo-
stasis in intact glucose-responsive islets of Langerhans of the
mouse.

! Author for correspondence.

Methods

Experimental procedures

Microfluorimetry with fura-2 was wused to monitor
changes in cytosolic Ca?* levels (Grynkiewicz et al., 1985).
Mouse islets were prepared by use of established methods
(Gilon & Henquin, 1992). Briefly, pancreata from five MF1
mice were washed and finely minced with scissors in a Krebs
solution containing (mM): NaCl 120, KCl 4.8, CaCl, 2.5,
MgCl, 1.2, NaHCO; 24, 4-(2-hydroxyethoyl)-1-piper-
azineethane-sulphonic acid (HEPES) 5 and glucose 10. The
medium was gassed for 20 min with 95% 0,/5% CO, and
the pH set to 7.35 with NaOH. Bovine serum albumin was
then added at 1 mg 1 mi~'. Islets were liberated from the
pancreas first by collagenase digestion (7 mg, Serva col-
lagenase, Basle, Switzerland) for 7—-12 min at 37°C and,
then by microdissection to prevent damage of the islet cell
capsule. Whole islets were cultured for between 18 and 72 h
in RPMI 1640 medium (Gibco, UK) supplemented with
10% foetal calf serum, and 100 u/0.1 mg per ml penicillin/
streptomycin, respectively, on poly-D-lysine (50 ug ml~')
treated coverslips. The islets were loaded with 0.5 uM fura-2-
AM (Sigma) in 1 ml of RPMI 1640 medium for 8 min at
37°C. The composition of basic perifusion medium was
(mM): NaCl 137, KCl 5.36, MgSO, 0.81, Na,PO, 0.34,
KH,PO, 0.44, NaHCO; 4.17, HEPES 10 and CaCl, 1.26.
This medium was gassed with air for 20 min, glucose was
added as 2.02mM and pH set to 7.4 with NaOH. For
studies involving the removal of external Ca%*, CaCl, was
omitted and 1 mM ethylenebis-(oxonitrilo) tetraacetate
(EGTA) added (Squires et al., 1994). All experiments were
carried out at 37°C. For electrophysiology and micro-
fluorimetry studies of isolated B-cells, tissue was prepared as
previously described (Findlay et al., 1985). Single Karp



912 R.M. Sheperd et al

[Ca%*]; and imidazolines in p-cells

channel currents were recorded by use of patch-clamp
techniques (Hamill ez al., 1981) at 0 mV voltage-clamp with
the cell-free inside-out patch configuration with a Na™-rich
solution in the pipette; composition (mM): NaCl 140, KCI
4.7, MgCl, 1.13, glucose 2.5, HEPES 10 and CaCl, 2.5 (pH
7.4) and a K*-rich solution in the bath; composition (mMm):
KClI 140, NaCl 10, MgCl, 1.13, glucose 2.5, HEPES 10 and
EGTA 1 (pH 7.2) (Lebrun et al, 1996). For experiments
involving down-regulation of imidazoline receptors, proce-
dures were followed from Chan et al. (1993). All compounds
were added to the medium from dimethylsulphoxide stocks;
tolbutamide 100 uM, thapsigargin 100 mM or from distilled
water stocks of efaroxan 200 mM, idazoxan 500 mM (Sig-
ma). Phentolamine myslate (Rogitine, Ciba, Switzerland)
was added as a saline stock solution.

Quantification of data

Microfluorimetry; (i) an in vitro calibration procedure
(Grynkiewicz et al., 1985) was used to estimate changes in
[Ca®*);, (ii) basal values of [Ca’"]; were estimated in the
presence of 2 mM glucose, (iii) peak changes in cytosolic
Ca®* (A[Ca’*)it) are presented as the difference between
basal [Ca®*]; and the mean rise in [Ca?*];, (jii) ‘fyee’ — time
in seconds from the point of removal of an agonist to the
return to basal Ca®>*, and (iv) ‘1, onset’ — time in seconds
from application of an agonist to the attainment of half the
mean rise in [Ca?*]. Electrophysiology; changes in Karp
channel open-state probability were estimated by published
procedures (Dunne, 1991; Lebrun ez al., 1996).
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Figure 1 Effect of glucose on cytosolic Ca>* levels in mouse islets.
The glucose concentration of the perifusion medium was raised from
2 to 15mM as indicated. The trace is representative of 11 similar
experiments.

Table 1 Agonist induced changes in [Ca?*;

Results

Imidazoline-evoked changes in cytosolic Ca®”*

Islets of Langerhans were isolated on 14 occasions from batches
of Smice. The mean basal cytosolic calcium level was established
to be 57+3 nM (n=92) (mean +s.e.mean). Figures 1, 2 and
Table 1 summarise the responsiveness of isolated islets to a
number of agonists. Glucose (10 mM,n=12and 15 mM, n=11)
typically induced a rise in the free cytosolic Ca®* concentration
([Ca®™);) that was associated with fast oscillations, on top of slow
waves of cytosolic Ca?", superimposed upon a plateau of ele-
vated [Ca®"]; (Figure 1). Quantitatively, in the presence of 2 mM
glucose the responses of the islets to efaroxan (200 uM, n="7)and
tolbutamide (100 uM, n = 6) were similar; both elevated [Ca?*];
in a readily reversible manner and each initiated the appearance
of fast Ca®" oscillations on a number of occasions (Figure 2 and
Table 1). Phentolamine (500 uM, n=35), on the other hand,
produced a rise in [Ca®*]; that was comparable in magnitude
with the other agonists, but the time-course of the response was
markedly different with a long delay in both the onset and re-
versibility times (Figure 2, Table 1). At lower concentrations
efaroxan was also effective (Dunne et al., 1995), but there were
no actions of phentolamine on [Ca?*}; at concentrations
<500 uM (n=6). Idazoxan (200—500 uM) failed to evoke any
significant increase in [Ca2*]; (Figure 2, n="7).

Mechanism of action; Ca’" influx vs. Ca’* mobilization

Several complementary protocols were undertaken to in-
vestigate the mechanisms that underlie Ca?* increases; (i) islets
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Figure 2 Ca™ profiles of an islet stimulated by imidazolines and
insulin secretagogues. The islets were exposed to idazoxan (Idaz)
200 uM, efaroxan (Efarox) 200uM, phentolamine, glucose (Glu)
15SmM and tolbutamide 100uM as indicated. The trace is
representative of 6 similar complete experiments.

AlCa®"Jit
Agonist (nm)
Glucose 15mM 139+14
Glucose 2 mM + efaroxan 88+10
Glucose 2 mM + phentolamine 118+10
Glucose 2mM +idazoxan #
Glucose 2 mM + tolbutamide 143+ 14
Diazoxide + efaroxan 3545
In 6 other islets no A [Ca®™];
Diazoxide + phentolamine 73+7
In 6 other islets no A [Ca®*];
Glucose 5mM + efaroxan 132+21
Glucose 5mM + phentolamine 99+17
Glucose 10 mM + phentolamine 129 +22

tYs onset toasal [CP];
(s) (s) oscillations

199440 467+25 9/9

130+17 316+39 4/15

1078 +90 * 11/12
0/7
21+4 461 +48 4/7
299+ 55 417497 2/5
1542+153 ** 5/6
3346 - 6/6
501+79 *x 5/5
201+82 *x 6/6

Agonist concentrations: phentolamine 500 uM, efaroxan 200 uM, idazoxan 200 uM, tolbutamide 100 uM and diazoxide 100—250 uM. All
values are expressed as mean+s.e.mean. *No recovery over a 10—20min period; **No recovery over a 15—20min period;
response; —not quantifiable.
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were pre-exposed to a Ca?*-free medium and the agonist ad-
ded, (ii) external Ca?* was acutely removed during an agonist-
induced rise in cytosolic Ca%*, (iii) interactions between ago-
nists and the K rp channel activator diazoxide were studied,
and (iv) effects were examined in combination with the in-
tracellular Ca?* ATPase inhibitor thapsigargin.
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Figure 3 Efaroxan and phentolamine require extracellular Ca* to
raise [Ca2 ™. Traces in (a) and (b) are from separate islets and show
the [Ca®*]; profiles for efaroxan and phentolamine, respectively. A
Ca?*-free medium or diazoxide (250 uM) were applied as indicated.
Traces are representative of 5 and 6 islets, respectively.
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Figure 4 Effects of the hyperpolarizing Karp channel agonist
diazoxide on the imidazoline-induced rises in [Ca®*}. Diazoxide
100 uM did not prevent the elevation of [Ca®™]; by phentolamine (a)
or efaroxan (b) on 6/6 and 5/11 occasions, respectively.

Our findings show that in the absence of external Ca**
neither efaroxan (n=4, Figure 3a) nor phentolamine (n=26,
Figure 3b) were able to initiate a rise in [Ca®>*]; and that acute
removal of external Ca’* in the presence of either agonist
completely attenuated the responses (efaroxan (n=35), phen-
tolamine (n=6), Figure 3). The K o1p channel opener diazoxide
was used to investigate the involvement of voltage-dependent
Ca”* influx since it produces a hyperpolarization of the cell
membrane potential and inhibits glucose-induced Ca®* re-
sponses (Dunne et al., 1990). In the presence of 250 uM diaz-
oxide there was little effect of either efaroxan or phentolamine
on [Ca?*]; (n=7/10), and diazoxide attenuated agonist-induced
rises in cytosolic Ca?* (n=9, Figure 3b). However, when the
diazoxide concentration was lowered to 100 uM, both phento-
lamine and efaroxan increased [Ca®*]; (Figure 4), despite the
fact that the responses were generally smaller and the time of
onset considerably slower (Table 1). Finally, the involvement of
Ca?* release from cytoplasmic Ca’" stores was studied by ex-
amining the effects of efarozan in the presence of thapsigargin,
which failed to prevent agonist-evoked increases in [Ca®*];
(n=35, not shown).

Glucose dependency

When the responses of islets to efaroxan and phentolamine
were studied in the presence of 5—10 mM glucose, two pre-
dominant effects were noted; first the magnitude of the imi-
dazoline-induced rise in [Ca%*]; was enhanced, and secondly
there was a marked decrease in the onset time of the cytosolic
Ca?* rise (efaroxan n=6, phentolamine, n=11, Figure 5, Ta-
ble 1). These effects are consistent with glucose causing an
augmentation of the imidazoline-induced rise in [Ca*}.
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Figure 5 Potentiation of the efaroxan-induced rises in [Ca®*]; by
glucose. When efaroxan was applied in the presence of SmM glucose
there was a marked augmentation of the response, and this also
occurred when glucose did not raise [Ca?*J;, n=2/6 islets (a).

Table 2 Ca" responses from a range of agonists following overnight pretreatment of islets with either efaroxan or phentolamine

Efaroxan (50—500 uM) Pretreatment

A[Ca®* )t tYs onset thasal
(nm) (s) (s)
Efaroxan 52+14 225453 266+ 54
Phentolamine 99+ 14 542445 *
Glucose 125422 134434 451432
Tolbutamide 133423 2445 378432
Idazoxan #

=]

[= W= N N oY

Phentolamine (200—500 uM) Pretreatment

A[C32+]iT tYs onset trasal
(nm) (s) (s) n
97423 32+8 385+42 5
91+14 457455 726+ 84 8
86+ 14 159482 507+42 6
91+18 27+5 443439 6
# 6

Agonist concentrations: glucose 15mM, phentolamine 500 uM, efaroxan 200 uM, idazoxan 200 uM and tolbutamide 100 uM. All values
are expressed as meanzs.e.mean. *No recovery over 10—20min period; #No response.
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Receptor down-regulation

The actions of the imidazoline agonists efaroxan and phento-
lamine can be down-regulated by long-term exposure of in-
sulin-secreting cells to the agonists (Chan et al., 1993). Table 2
and Figure 6 show a summary of the findings related to imi-
dazoline receptor down-regulation on [Ca®*]; signalling. Pre-
exposure of islets to either phentolamine or efaroxan for 18 h
at 50 uM, 200 uM and 500 uM did not significantly impair
Ca?* signalling events in response to phentolamine, efaroxan,
tolbutamide or glucose.

Effects of agmatine on ion channels and Ca’” signalling
in p-cells

Agmatine has been suggested to be the endogenous agonist for
imidazoline receptors (Li et al., 1994). As agmatine will pro-
mote insulin release from p-cells (Sener er al., 1989) we in-

a
- Glucose Tolbutamide
g 200- N Phentolamine
- Efaroxan e
T+ -
2%
® O Idazoxan
Eo  100- | |
® o
w 2 FJ /
s 25 - 10 min
(3]
b Phentolamine

Glucose

Tol Efaroxan

Idazoxan
o MMN |

10 min

200 -

Estimated
cytosolic Ca®* (nm)

Figure 6 Pretreatment of islets wnh imidazolines: (a) 50 um efaroxan
and (b) 500 uM phentolamine. Ca®* profiles are shown for glucose
(15mm), tolbutamide (Tol, 100umM), efaroxan (200uM), idazoxan
(200 uM) and phentolamine (500 uM) in islets pretreated for 18 h with
either 50 uM efaroxan (a) or 500 uM phentolamine (b). Both traces are
representative of 6 islets.
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Figure 7 Block of Katp channels by agmatine. Experiments were
carried out with the cell-free inside-out variation of the patch-clamp
technique; see cartoon in (a). (b) Agmatine caused a concentration-
dependent inhibition of Katp channels. Upward deflections represent
outward current events. Trace in (a) is typical of 6 other patches;
average data in (b) obtained from 6 patches. ATP =500 uM
concentration.

vestigated the mechanisms underlying this effect. By use of
patch-clamp techniques we found that agmatine directly in-
hibits Katp channels in a concentration-dependent manner,
and that the effects are sustained and reversible (n=7, Figure
7). However, the actions of agmatine on [Ca?*); homeostasis
could not be fully assessed since in f-cells agmatine interferes
with the fluorescence of fura-2 (n=6) (Figure 8).

Discussion

The purpose of this study was to investigate the effects of
imidazolines on cytosolic Ca®* signalling events in pancreatic
islets of Langerhans. Many of these compounds are insulin
secretagogues that facilitate their action through modulation
of K* channels. However, the subcellular signalling events
involving these compounds are incompletely resolved. We have
previously shown that there is no accumulation of intracellular
adenosine 3":5'-cyclic monophosphate (cyclic AMP) levels re-
sulting from exposure of f-cells to imidazolines (Chan ez al.,
1991), but the involvement of [Ca?*]; homeostasis has not been
thoroughly investigated (Rustenbeck et al., 1995). Overall our
data show that phentolamine and efaroxan elevate cytosolic
Ca?* levels in islets, and that this could explain how the
compounds promote insulin secretion following K* channel
modulation.

In B-cells, glucose-induced insulin secretion is a Ca?* de-
pendent process involving the influx of Ca®* across the plasma
membrane (Wollheim & Sharp, 1981). Calcium-selective ion
channels in S-cells are predominantly voltage-operated, and
open upon a depolarization of the cell membrane potential.
This depolarization is facilitated by closure of Karp channels
which occurs following glucose metabolism and a concomitant
rise in the adenosine 5'-triphosphate:adenosine 5'-diphosphate
(ATP:ADP) ratio (Ashcroft et al., 1984; Dunne & Petersen,
1991). Ksrp channels are also inhibited by the antidiabetic
sulphonylureas which depolarize the cell membrane, elevate
cytosolic Ca?* and promote the release of insulin (Ashcroft &
Ashcroft, 1992). By contrast, rather less is known about the
stimulus-response coupling events involving imidazolines in §-
cells. Efaroxan, phentolamine and idazoxan are blockers of
Kare channels, and whilst efaroxan and phentolamine will
depolarize the f-cell membrane potential (Plant & Henquin,
1990; Dunne, 1991; Dunne & Petersen, 1991) and promote
insulin secretion (Schulz & Hasselblatt, 1989), idazoxan will

ATP 100 um

0.8
ATP 100 pm

0.6 Agmatine
05 1uym 10um 100pm 1mm
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Figure 8 Anomalous effects of agmatine on fura-2 fluorescence in -
cells. Microfluorimetry data show that whxlst ATP, through
stimulation of B-cell purinoceptor elevates [Ca*); (Squires et al.,
1994), agmatine had a deleterious effect on fura-2. Unlike ATP whxch
causes a decrease in 380nm fluorescence and a concomitant rise at
350 nm, agmatine increases the fluorescence at both wavelengths.
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not (Chan & Morgan, 1990). In this study we show that both
phentolamine and efaroxan are able to effect a marked eleva-
tion of [Ca2*]; in intact islets of Langerhans, and that the
subcellular events are critically dependent upon Ca?* influx
and not mobilization of stored Ca?*; (i) in the absence of
external Ca®* there is no increase in intracellular Ca®", (ii)
acute removal of external Ca?* attenuated agonist-evoked
increases in [Ca®"];, (iii) the hyperpolarizing K* channel ago-
nist diazoxide attenuated both efaroxan- and phentolamine-
evoked increases in [Ca%*]; and caused a marked delay in the
onset times of the responses, and (iv) imidazoline-mediated
rises in [Ca®*); were unaffected by the intracellular Ca®*-
ATPase inhibitor thapsigargin. The actions of idazoxan on
[Ca%*}; are also relevant since in contrast to efaroxan and
phentolamine, idazoxan failed to elevate [Ca?*]; (Figure 2)
despite blocking Krp channels at much lower concentrations
(Chan et al., 1991). Since K o1p channel inhibition is associated
with a depolarization of the cell membrane potential and the
opening of voltage-gated Ca®* channels, we investigated
whether this inconsistency could be due to a deleterious effect
of idazoxan on the influx of Ca?*. Voltage-dependent calcium
influx was therefore initiated by exposing islets to high external
KCl, and under these conditions we found that idazoxan at-
tenuated the KCl-induced rises in [Ca®*]; (n= 3, mean block by
18 +1% of the control value) suggesting that the compound
could inhibit the entry of Ca®*.

Interactions between glucose and efaroxan or phentola-
mine, suggest that the imidazolines are able not only to initiate
Ca?* signalling events in B-cells (Figure 2), but that they will
also potentiate the actions of glucose (Figure 5). Our data
show that not only did glucose facilitate faster onset times for
the actions of both phentolamine and efaroxan (Table 1), but
that there was also an increase in the magnitude of the Ca?*
response. These effects were also seen in islets that themselves
did not respond to 5 mM glucose through a rise in [Ca?*);
(Figure 5a). The effects of glucose availability upon phento-
lamine-induced rises in [Ca%*]; were significant. In the presence
of 2 mM glucose the mean time for phentolamine to initiate a
rise in [Ca?*]; was approximately 20 min. This is not related to
the solubility of the compound in aqueous solution, since the
onset time in the presence of 5 mM glucose was 8 min, and
3 min at 10 mM glucose, Table 1. One possible explanation for
these findings is that the actions of the imidazoline are aug-
mented in a metabolically-dependent manner through mod-
ulation of K,tp channels (Dunne et al., 1995).

Efaroxan, idazoxan and phentolamine are all imidazoline
derivatives with differing affinities for the two broad classes of
imidazoline receptors: efaroxan is an I, ligand, idazoxan an I,
agonist and phentolamine will interact with both I, and I,
receptors (Michel & Insel, 1989; Michel & Ernsberger, 1992).
In B-cells the putative imidazoline receptor has many features
in common with the I, and I, receptor subtypes, but has
properties that distinguish it from these receptors (Chan ez al.,
1994; Olmos et al., 1994; for recent review see Morgan et al.,
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1995). Li and colleagues (1994) recently showed that agmatine
is a component of the ‘endogenous ligand’ for imidazoline
receptors. Agmatine is also an insulin secretagogue (Sener et
al., 1989), and in this study we have been able to show that
agmatine, like efaroxan and phentolamine will block Karp
channels (Figure 7). However, any further examination of the
mechanisms of action of agmatine are hindered by the fact that
agmatine disrupts fura-2 fluorescence associated with Ca?*
signalling in pancreatic f-cells (Figure 8). Surprisingly, this
appears specific to f-cells, since agmatine will readily induce a
rise in [Ca?*]; in NTERA2-derived neurones (Squires et al.,
1996), effects that are dependent upon Ca’* influx (Squires &
Dunne, unpublished observations).

The insulinotropic actions of imidazoline receptor agonists
on insulin secretion (Morgan et al., 1995), B-cell electro-
physiology (Dunne et al., 1995) and Ca®* signalling (Figure 2),
exhibit little or no desensitization over relatively short periods
of time. By contrast, however, imidazoline-evoked insulin se-
cretion can be inhibited by long-term exposure of islets to the
compounds. These responses are also selective (Chan et al.,
1993). Thus, pre-incubation of islets to efaroxan or phentola-
mine prevented subsequent responses of cells to either agent,
but not to glucose or diazoxide, whereas islets that were pre-
incubated with idazoxan, responded normally to efaroxan and
phentolamine. In this study we find under the same experi-
mental conditions, that there was no inhibition of imidazoline-
evoked increases in [Ca®*]; (Figure 6, Table 2). This may in-
dicate that imidazolines, like sulphonylureas (Elliasson et al.,
1996) will also evoke insulin secretion through more distal
exocytotic events (see also Westerlund et al., 1996). Such a
mechanism would also help to explain the relative inefficiency
of imidazolines to promote rises in [Ca®>*]; when compared to
the action of the compounds on insulin secretion and ion
channel activity. For example, phentolamine will act as an
insulin secretagogue in perifused intact mouse islets at con-
centrations of approximately 30 uM (Schulz & Hassleblatt,
1988) and block Katp channels with an ICs of <20 uM
(Dunne et al., 1990), yet an effective increase in [Ca2*]; can
only be initiated by 500 uM. Whilst it is possible that this
discrepancy could be due to differences in technical procedures
(primary cultured islets vs. acutely isolated tissue) and the
limitation of microfluorimetry techniques to detect sub-plasma
membrane levels of [Ca?*];, a direct or modulating effect on
exocytosis of insulin-containing granules independent of
[Ca%*]; cannot be ruled out. In summary, our data show that
imidazoline agonists are modulators of [Ca%*]; in pancreatic
islets and we conclude that elevation of [Ca®*]; is pre-
dominately mediated through Ca®* influx.
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