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1. Introduction

It is established that the adenyl cyclase—cyclic 3',5'-
monophosphate (cyclic AMP) system plays an impor-
tant role in the release of hormones from a number of
endocrine glands [1—3]. Indirect evidence has accumu-
lated during recent years, indicating that cyclic AMP is
important also for the release of insulin from the pan-
creatic beta cells [4, 5], although the precise manner
in which this nucleotide participates in insulin secre-
tion is obscure.

On the basis of in vivo studies on insulin secretion
in man, we postulated that glucose acts on the beta
cell by stimulating the formation of cyclic AMP which,
in its turn, initiates the release of the hormone [6].
The present experiments give direct evidence that glu-
cose stimulates adenyl cyclase in isolated islets of
Langerhans.

2. Materials and methods

Male Sprague-Dawley rats, weighing 200—250 g
were fed ad libitum until decapitation. The pancre-
ases of 8 rats were quickly removed, trimmed free
from fat, minced with scissors and incubated in
Krebs—Henseleit bicarbonate buffer (KHB) contain-
ing 0.6 mg/ml of glucose, 20 mg/ml of bovine albumin,
and 4—6 mg/ml of collagenase during 5—10 min with
vigorous shaking. After complete digestion of the exo-
crine tissue, the islets were centrifuged and the pellet
obtained was suspended in 4 ml of KHB containing
25% Ficoll above which 2 ml each of 23, 20.5 and
11% Ficoll were layered. After centrifugation at 800
g for 20 min the islets were removed, washed twice
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and transferred to a tube containing 10 ml of KHB
with 2 mg/m} of bovine albumin, 0.6 mg/ml of glu-
cose and 100 uCi/ml of [*H]adenine. The islets were
incubated for 60 min at 37°C under continuous gasing
with CO, :0, (5:95), washed 4 times, and collected
with a finely drawn Pasteur pipette under a stereo-
microscope. Groups of 25 islets were transferred to
test tubes containing KHB with 2 mg/ml of bovine
albumin, the incubations being started after addition
of the substances to be tested (final volume 1.0 ml).
The incubation was stopped by boiling for 3 min af-
ter 200 ug of cyclic AMP had been added to each tube
for later determination of recovery by Aj¢o measure-
ment. The contents were subsequently subjected to
sonification for 15 sec and kept at —20°C until the
purification procedure was started.

The separation of [®H]cyclic AMP from other ra-
dioactive substances was performed by ion-exchange
chromatography and barium sulfate precipitation as
described by Krishna [7]. The eventual presence of
radioactive impurities were checked by subjecting
incubates to i) paper chromatography followed by
ii) phosphodiesterase treatment and iii) again paper
chromatography, whereafter the spot coinciding with
5'-AMP was eluted and counted for radioactivity as
described [8]. This method of purification yielded
identical results as compared to the above described
procedure routinely used.

In experiments where insulin was measured, islets
were isolated and preincubated as above (except for
the omission of adenine) and then transferred in groups
of 10 to test tubes containing 1.0 ml of KHB with
agents to be tested. Samples were withdrawn and as-
sayed for insulin content using a double-antibody ra-
dioimmunoassay [9] with rat insulin as standard.
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Crude collagenase was purchased from Worthington
Co., bovine albumin (fraction V) from Armour Co.,
[®H]adenine (specific activity 3.3 uCi/mM) from NEN
Chemicals, and insulin reagent kits from the Radio-
chemical Centre, Amersham. 3-Isobutyl-1-methyl-
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of Mr. Roger L. Bergstrom, Searle Co. and Dr. J.
Schlichtkrull, Novo Research Institute, respectively.

3. Results
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radioactive cyclic AMP accumulation in the islets of
Langerhans. In the absence of the phosphodiesterase
inhibitor IBMX, increasing the glucose concentration
of the medium from 0.6 to 5.0 mg/ml elicited a 77%
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Fig. 1. Changes in [3H]cAMP accumulation elicited by low
and high glucose concentrations in the presence or absence
of 3-isobutyl-1-methylxanthine (IBMX). Islets preincubated
with |3H]adenine were incubated for 3 min in groups of 25
o sradio anndniming shiinaan N L smolnal Y ne & N s fenal
ol livuia \«uutauuus BAUVUW V.U llls[ FIIY Y J Vi J.V IIIE[ Fipes
(— — —) in the presence or absence of 0.01—1.0 mM IBMX.
Results are expressed as the mean = S.E.M. of duplicate incu-

bations from six complete experiments.
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increase in [®*H]cyclic AMP accumulation (p < 0.05).
The addition of IBMX in concentrations up to 0.1 mM
had no significant effect on the basal (0.6 mg/ml)
[®H]cyclic AMP levels, while the same concentration
of the phosphodiesterase inhibitor markedly magnified
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by 154 and 378% for 0.01 and 0.1 mM IBMX, respec-
tively). When the concentration of IBMX was increased
to 1.0 mM, the [*H]cyclic AMP accumulation in the
low glucose medium was raised by 179%. This level
was further increased when the glucose concentration
was raised to 5.0 mg/ml (145% over 0.6 mg/ml plus

1N M ITRMYY
1.U TV 1DVIA ),

The effect of 0.1 mM IBMX on the insulin release
induced by 0.6 or 5.0 mg/ml glucose was tested at 10
and 30 min of incubation. As shown in table 1, insulin
secretion in the presence of IBMX was stimulated by
high glucose already at 10 min. IBMX enhanced the
effect of hjgh glucose significantly at 30 min while the
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in the presence of low glucose concentration.

4. Discussion

Glucose is the main physiologic releaser of insulin.
The mechanisms by which glucose regulates the rate
of secretion of the hormone from the islets of Langer-
hans are not known. Traditionally, the dominating
concept has been that one or several metabolic prod-
ucts of glucose in the beta cell trigger the cell struc-
tures that control the extrusion of the insulin granules
from the cell (for review see [10]). However, we [6]
and others [11] have recently questioned this concept.
On the basis of kinetic studies on insulin secretion in
man, and its modification by agents known to inter-
fere with the intracellular metabolism of cyclic AMP,
we proposed that in the beta cell two distinct func-
tions of glucose should be considered: glucose as a
substrate, and glucose as a stimulator of a membrane
receptor. The latter wouid initiate a signal which in-
duces rapid release of insulin. We also stated that the
available experimental evidence suggested that this
signal of glucose is mediated in the cell by stimulation
of the formation of cyclic AMP [6]. This hypothesis
has been criticized since several investigators have
been unable to demonstrate any stimulatory effect
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Table 1
Cumulative insulin release from isolated islets after 10 and 30 min of duplicate or triplicate incubations (uU insulin/islet; mean

+ S.E.M. of 7 complete experiments).

Time of incubation (min)

10 30

3-Isobutyl-1-methylxanthine /] 3-Isobutyl-1-methylxanthine p

- + - +
Glucose
(0.6 mg/ml) 142+ 2.6 12.0+ 1.8 N.S. 21.8+ 34 259+ 38 " N.S.
(5.0 mg/ml) 19.5+ 6.9 26.1+6.2 N.S. 112.0 £ 20.7 204.2+ 27.9 . <0.01
P N.S. <0.05 <0.0025

<0.001

p Values on the vertical columns refer to significance of difference of experiments with and without IBMX (0.1 mM), on the hori-

zontal columns to that of low and high glucose.

lets of the rat [12, 13], or on the adenyl cyclcase ac-
tivity of membrane fractions from various types of
islet tissue [14, 15].

The methods used in the present investigation were
selected for the following reasons: it was judged neces-
sary to work with intact islets, since the fate of the glu-
cose receptor in fractionated cells is unknown; incor-
poration of [*H]adenine into cyclic AMP (over ATP)
provides a method of measuring changes in the nucleo-
tide pool in response to stimulation, whereas measure-
ment of total cyclic AMP would also include the
“inert” pool of the second messenger [16].

The findings presented in this report demonstrate
unequivocally that glucose does indeed influence the
cyclic AMP accumulation in the islets of Langerhans.
Such an effect was seen in the absence of other agents
and was potentiated by the addition of the phospho-
diesterase inhibitor IBMX in concentrations that, by
themselves, had no apparent infuence on the accumu-
lation of [®H]cyclic AMP in low glucose medium.
These results, in our opinion, indicate that glucose
acts as a stimulator of the adenyl cyclase of the islets
of Langerhans. An inhibitory effect of glucose on the
phosphodiesterase enzymes seems less likely, since the
glucose effect was most apparent when a potent inhib-
itor of phosphodiesterase was present. The rapidity of
the stimulation (3 min) should speak against the pos-
sibility that glucose, by some unknown mechanism,
increases the specific radioactivity of the ATP pool
in the islet cells, thus imitating a real stimulation of
the cyclase.

During the preparation of this work Charles and
co-workers [17] presented data from perfused islets,
showing that glucose increased the cyclic AMP con-
tent of the tissue, but that this effect was modest
compared to the effect of theophylline (another xan-
thine derivative) alone. In our experiments, however,
there was a preponderant effect of high glucose on
[®H]cyclic AMP when combined with IBMX; actual-
ly the phosphodiesterase inhibitor, in moderate doses
seemed to induce only potentiation of the glucose ef-
fect.

There seems to be a certain degree of parallelism
between the cyclic AMP and the insulin data in the
present report, albeit with differences in the time
scale. Incubation conditions which did not increase
the cyclic AMP accumulation had no stimulatory ef-
fect on insulin release, while the highest hormone
production rate was measured when high glucose
was combined with IBMX. However, the present ex-
perimental design does not permit a detailed analysis
of the cyclic AMP—insulin interrelation.

In summary, the results obtained in the present
study strongly suggest that the primary action of glu-
cose on the islet cells is mediated through stimulation
of adenyl cyclase.
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