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SUMMARY: 1In the presence of 7 mM glucose, dibutyryl cyclic AMP induced electri-
cal activity in otherwise silent mouse pancreatic B cells. This activity was
blocked by cobalt or D600, two inhibitors of Ca?* influx. Under similar condi-
tions, dibutyryl cyclic AMP stimulated “*°Ca2* influx (5-min uptake) in islet
cells; this effect was abolished by cobalt and partially inhibited by D600. The
nucleotide also accelerated 86Rb* efflux from preloaded islets, did not modify
glucose utilization and markedly increased insulin release. Its effects on
release were inhibited by cobalt, but not by D600. These results show that
insulin release can occur without electrical activity in B cells and suggest
that cyclic AMP not only mobilizes intracellular Ca, but also facilitates Ca2*
influx in insulin secreting cells.

There is now almost general agreement (1,2) that cyclic AMP is not the key
mediator in the stimulus-secretion coupling in pancreatic B cells. It rather
seems to play a role of potentiator, i.e. to amplify the release of insulin in
response to a primary stimulus. However, the molecular mechanisms whereby the
nucleotide modulates secretion are only partially defined. Much attention has
been paid to the complex interplay between Ca?* and cyclic AMP. It is currently
thought that the glucose—induced elevation of cyclic AMP levels in islet cells
results from the activation of a calmodulin-sensitive adenylate cyclase by the
rise in cytoplasmic Ca2* brought about by the sugar (3,4). Evidence has also
accumulated suggesting that cyclic AMP contributes to the rise in cytoplasmic

Ca?* by mobilizing intracellular bound Ca or by preventing Ca?* sequestration

Abbreviation: Dibutyryl cyclic AMP : DbcAMP
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in cellular organelles (see ref.5, for a review). On the other hand, it is
widely admitted (5) that cyclic AMP does not influence Ca?* entry in B cells.

In this report, we show that dibutyryl cyclic AMP (DbcAMP) triggers CaZ¥
influx and induces Ca2*-dependent electrical activity in mouse B cells peri-
fused with solutions containing glucose concentrations close to the threshold
foc stimulation of insulin release. It is suggested that cyclic AMP could
also influence the Ca-permeability of the plasma membrane in B cells.

MATERIALS AND METHODS: All experiments were performed with islets of fed female
NMRI mice. The membrane potential of single B cells was continuously recorded
with microelectrodes in partially microdissected islets (6). For the other ex-
periments, islets were isolated after collagenase digestion of the pancreas. The
technique to study insulin release by incubated or perifused islets (7), to
measure *5Ca2% uptake by islet cells (7,8), to monitor the efflux of 86Rb*
from preloaded islets (9) and to evaluate glucose utilization by the production
of tritiated water from [ 5-3H ]-glucose (8,10) have been described in detail.
The solutions used had the following ionic composition (mM): NaCl,118; KC1,
4.8; CaCly,2.5; MgCly,l.2; NaHCO3,25. They were gassed with 0,/C0, (94:6) and
the pH was 7.4. Except for electrophysiological experiments, they were supple-
mented with 5 mg/ml of bovine serum albumin. For uptake experiments, they also
contained 10 mM Hepes. DbcAMP was from Sigma Chemical Co. (St Louis, MO, USA)
and D600 (methoxyverapamil) was a gift of Knoll A.G. (Ludwigshafen, Germany).

RESULTS: B cells were identified by the typical electrical activity (6,11) that
they exhibit in the presence of 10 or 15 mM glucose (Fig.!A). When the medium
contained only 7 mM glucose, the membrane potential was stable in most B cells
and no activity was recorded. Addition of DbcAMP caused a slow depolarization of
3-5 mV, followed by appearance of electrical activity after a delay of 3-6 min
(Fig. 1A and C). This activity consisted of slow waves of the membrane potential
with spikes superimposed on the plateau, and was similar to that induced by a
higher concentration of glucose. It was not affected by 5 uM atropine and pro-
pranolol and slowly disappeared after withdrawal of DbcAMP (not shown). When
electrical activity was already induced by 7 mM glucose alone (in 1 of 6 cells),
DbcAMP markedly increased the frequency and the duration of the slow waves (not
sbown). Cobalt and D600, two inhibitors of Ca®* entry in islet cells (7,12),
blocked the electrical activity induced by DbcAMP; the effect of cobalt was
rapid and reversible (Fig.1B), whereas that of D600 was slightly slower and not
reversible (Fig. D).

Since the effects of DbcAMP on the membrane potential were slightly delayed,

45ca?* influx (5-min uptake) in islet cells was measured 20 min after addition
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Figure 1. Effects of dibutyryl cyclic AMP (DbcAMP) on the membrane potential
of single mouse B cells. Records A, B and records C, D were obtained in two
different cells; records B and D are the direct continuation of records A and
C, respectively. The left part of record A shows the electrical activity
induced by 10 mM glucose, and the right part starts 8.5 min after the con-
centration of glucose was decreased from 10 to 7 mM. DbcAMP, cobalt and D600
were added as indicated. These records are representative of six experiments
(different animals).

of the nucleotide. DbcAMP increased “5Ca?* influx in the presence of 7 or 8 mM
glucose and 1 or 2.5 mM Ca2* (Table 1). The absolute increase in influx was more
marked at 8 than at 7 mM glucose, but was little affected by the concentration
of extracellular Ca?*. Cobalt completely prevented the effect of DbcAMP on “5Ca2*
influx whatever the composition of the medium, whereas the inhibitory effect of
D600 was only partial in the presence of 2.5 mM Ca?* and 7 mM glucose (Table 1).
It should also be noted that cobalt, but not D600, inhibited “*3Ca2% influx in
the absence of DbcAMP.

Thirty min after addition of | mM DbcAMP to a medium containing 7 mM glucose
and 2.5 mM Ca2?*, the fractional efflux rate of 86Rb* from preloaded islets (0.0120
+ 0.0004) was significantly higher (P < 0.001) than in the absence of the nucle-

otide (0.0102 *+ 0.0004; means * SEM, n=6). This acceleration of 85Rb* efflux is
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TABLE 1. Effects of dibutyryl cyclic AMP on %3CaZ?% uptake by incubated mouse islets

Composition of medium (mM) Y5Ca?* yptake (pmol/islet/5 min) Effect of
N

Glucose  Ca?* Test agent Controls + DbcAMP DbeAMP
7 1 - 20 3.46 + 0,12 4.37 + 0137 + 0.86
7 2.5 - 25 5.60 £ 0.17 6.56 + 0.18 1 +0.96
7 2.5 D600 17 5.52 + 0.15 6.12 + 0.16 % + 0.60
7 2.5  Cobalt 17 4.45 + 0.13 4.55 + 0.11 -
8 ! - 25 3.70 + 0.12 5.10 + 0.12 7 + 1.40
8 1 D600 17 3.49 + 0.14 3.69 + 0.12 -
8 1 Cobalt 17 2.57 + 0.09 2.60 + 0.09 -
8 2.5 - 20 6.01 + 0.19 7.32 + 0.19 " + 1.31

Islets were first preincubated for 30 min in a medium containing the same concentra-
tions of glucose and calcium as during the subsequent incubation period. Batches of
seven islets were then incubated for 20 min in 50 pl medium without or with DbcAMP
(1 mM), D600 (25 uM) and cobalt (1 mM). Finally, 50 ul medium of the same composi-
tion, but supplemented with 0.5 mM [ 6,6'] ~sucrose (0.1 Ci/mmol) and 2 uCi “5C3C12,
were added for 5 min. The islets were then separated from the radioactive solution
by centrifugation through the silicone oil on which the incubation medium was
layered. Each experimental condition was tested in at least three separate experi-
ments. Values are means * SEM of N batches of islets.

¥ P <0.05and T P <0.00l for the effect of DbcAMP (unpaired t test).

likely due to activation of Ca-sensitive K channels (13) by the incoming Ca?*t
and/or the mobilization of cellular Ca?*.
Addition of DbcAMP to a medium containing 7 mM glucose and 2.5 mM Ca?t marked-

ly increased insulin release by perifused islets (Fig.2). This increase was again
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Figure 2. Effects of dibutyryl cyclic AMP (DbcAMP) on insulin release by
mouse islets perifused with a medium containing 7 mM glucose (G) and 2.5 mM
calcium. In two series, 25 pM D600 (o) or 1 mM cobalt (A) were also present
during the whole experiment. Values are wmeans * SEM of 4 experiments.
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TABLE 2. Effects of dibutyryl cyclic AMP on insulin release by incubated mouse islets

Composition of medium (mM) Insulin release (ng/islet/60 min) Effect of

Glucose ca?* Test agent Controls + DbcAMP DbeAMP
7 1 - 0.33 £ 0.02 0.98 + 0.06 " + 0.65
7 1 D600 0.28 + 0.02 0.93 2 0.06 + 0.65
7 1 Cobalt 0.24 * 0.02 0.30 ¢+ 0.03 -
7 2.5 - 0.36 + 0.02 1.42 + 0.08 + 1.06
7 2.5 D600 0.34 + 0.03 2.11 + 0.13 7 +1.77
7 2.5  Cobalt 0.32 + 0.02 0.43 + 0.03 ¥ +0.11
8 I -~ 0.41 + 0.03 1.94 + 0.08 +1.53
8 1 D600 0.31 + 0.02 1.45 + 0.08 A
8 1 Cobalt 0.24 + 0.02 0.29 + 0.02 -
8 2.5 - 0.54 + 0.03 4,42 + 0.22 7 +3.88
8 2.5 D600 0.37 + 0.03 4.89 + 0.39 7 + 4,52
8 2.5  Cobalt 0.32 + 0.02 0.53 + 0.03 + 0.22

Islets were first preincubated for 30 min in a medium containing the same concentra-
tions of glucose and calcium as during the subsequent incubation period. Batches of
three islets were then incubated for 60 min, in 1 ml medium without or with DbcAMP
(1 mM), D600 (25 uM) and cobalt (1 mM). Each experimental condition was tested in at
least three separate experiments. Values are means *+ SEM of 24 batches of islets.

¥ p<0.0l and * P < 0,00l for the effect of DbcAMP (unpaired ¢ test).

slightly delayed and slowly reversible; it was completely prevented by cobalt,
but not by D600. As shown in Table 2, DbcAMP augmented insulin release by incuba-
ted islets. The effect of the nucleotide was more important in the presence of
8 than 7 mM glucose and, at each concentration of the sugar, more marked in the
presence of 2.5 than | mM Ca?*. When the medium contained only ! mM Ca?*, cobalt
suppressed the stimulation of release by DbcAMP, whereas D600 had no effect (glu-
cose 7 mM), or reduced it partially (glucose 8 mM). In the presence of 2.5 mM Ca’t,
the releasing effect of DbcAMP was strongly inhibited by cobalt and either not
affected (glucose 8 mM) or paradoxically emhanced (glucose 7 mM) by D600.

After 60 min of incubation in a medium containing 7 mM glucose and 2.5mM Ca?*,
glucose utilization by islet cells was similar without (56.1 = 1.6 pmol/islet)
or with DbcAMP (57.6 + 1.1 pmol/islet). In the presence of 8 mM glucose and | mM
ca?*, glucose utilization amounted to 60.2 + 1.3 and 64.4 + 1.8 pmol/islet (means

+ SEM for 18 batches of 10 islets) without and with the nucleotide, respectively.
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DISCUSSION: This study shows that, in the presence of threshold concentrations

of glucose, DbcAMP increases “5Ca?* influx in islet cells and induces electrical
activity in B cells. This activity is similar to that triggered by stimulatory
concentrations of glucose and, like this latter (14), is suppressed by agents

that block Ca?* entry. These observations suggest that the role of cyclic AMP in
the stimulus-secretion coupling might not be limited to mobilization of intracel-
lvlar calcium (5), but that the nucleotide could also facilitate Ca?* influx in

B cells. However, the data also indicate that the increase in insulin release
brought about by DbcAMP is unlikely to result solely from the acceleration of

Ca?* entry in B cells. Thus, in the absence of cobalt and D600, there was mno
quantitative correlation between both phenomena : the increase in release, but

nct in influx, was much higher in the presence of 2.5 than | mM Ca2?*. The invol-
vement of intracellular calcium pools is also supported by the ability of DbcAMP
tc increase insulin release in the presence of D600, which inhibited, at least
partially, the stimulation of Ca?* influx. Cobalt, on the other hand, almost com-
pletely suppressed all effects of DbcAMP. It is possible that the stronger inhibi-
tion of Ca?* influx by cobalt, already present under control conditions, eventually

czused depletion of the intracellular pool from which DbcAMP derives Ca?*.

The present results (with DbcAMP and D600) and our recent study with methyl-
xanthines (15) also establish that insulin release may occur in the absence of
electrical activity in B cells, if the stimulatory agents are able to mobilize
Ca?* from intracellular stores. It is thus obvious that electrical activity in B

cells is not the mere consequence of exocytosis.

The mechanisms whereby DbcAMP produces its effects are still unclear. Although
the nucleotide did not increase glucose utilization, one may not exclude that
acceleration of metabolic fluxes, e.g. glycogenolysis (16,17), contributes to the
stimulation of Ca?® influx. On the other hand, DbcAMP could modify the ionic per-
meabilities of the plasma membrane more directly, through phosphorylation of cer-
tain proteins (18)., Thus, a cyclic AMP-activated protein kinase and its substrate
are present in the plasma membrane of mouse islet cells (19). Whatever the exact

mechanism, the stimulation of Ca?% influx by DbcAMP does not appear to result
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from a decrease in K permeability of the B cell membrane since it was accompanied
by an acceleration of BBRb* efflux. We rather propose that cyclic AMP could modu-
late the permeability of Ca?* channels in B cells as in heart muscle cells (20-21).
Further experiments will be necessary, however, to assess the importance of such
an effect for the stimulus-secretion coupling. In particular, it will be important
to determine whether cyclic AMP plays a role in the lengthening of the slow waves

of membrane potential that occurs when the concentration of glucose increases (11).
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