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Bradykinin and pancreatic beta cells

Bradykinin enhances membrane
electrical activity of pancreatic
beta cells in the presence of low
glucose concentrations
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Abstract

In most of cells bradykinin (BK) induces intracellular calcium mobi-
lization. In pancreatic beta cells intracellular calcium is a major signal
for insulin secretion. In these cells, glucose metabolism yields intra-
cellular ATP which blocks membrane potassium channels. The mem-
brane depolarizes, voltage-dependent Ca2+ channels are activated and
the intracellular calcium load allows insulin secretion. Repolarization
occurs due to activation of the Ca2+-dependent K+ channel. The insulin
secretion depends on the integrity of this oscillatory process (bursts).
Therefore, we decided to determine whether BK (100 nM) induces
bursts in the presence of a non-stimulatory glucose concentration (5.6
mM). During continuous membrane voltage recording, our results
showed that bursts were obtained with 11 mM glucose, blocked with
5.6 mM glucose and recovered with 5.6 mM glucose plus 100 nM BK.
Thus, the stimulatory process obtained in the presence of BK and of a
non-stimulatory concentration of glucose in the present study suggests
that BK may facilitate the action of glucose on beta cell secretion.
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Bradykinin (BK) is a nonapeptide formed
by the action of a serine protease called
kallikrein (1,2). The kinins produced by this
protease are largely released into blood, in-
terstitial fluid and glandular tissue, in par-
ticular by the pancreas (3). Recently, the
involvement of BK has been shown in the
secretion of insulin. For instance, the pres-
ence of BK receptors was found in rat pan-
creas (4). The binding between the nonapep-
tide and its receptor has been suggested as
being responsible for an increase in insulin
release (5). Our laboratory, studying the role
of calcium in this process, has shown an

association between the beta cell 45Ca efflux
and insulin secretion during BK action (6).

In pancreatic beta cells glucose is the
main promoter of the insulin stimulus-secre-
tion process. Soon after intracellular glucose
metabolism, the membrane displays voltage
oscillations with depolarizations sustained
for a brief period of time (about 15 s), fol-
lowed by repolarization (bursts). Today it is
well known that glucose-induced depolar-
ization is caused by the increase in cytosolic
ATP or the ATP/ADP ratio, which acts by
closing K+ channels. The increased cytosolic
Ca2+ opens the Ca2+-sensitive K+ channels
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and contributes to membrane repolarization
(7). It has been suggested that the islet inter-
cellular spaces provide most of the calcium
responsible for the cytosolic concentration
of this ion (8). The process of insulin-stimu-
lated secretion is the result of coupling be-
tween its action on the membrane and glu-
cose metabolism on cytosolic environment.
However, this process has not been observed
in beta cells in media when glucose concen-
tration is less than 11 mM.

The present study was designed to test
the hypothesis that BK is able to facilitate
bursts in the presence of low glucose con-
centrations. Therefore, the main rationale is
based on the fact that the observed physi-
ological increase in BK, in specific physi-
ological situations, for instance during car-
diovascular dynamic modulation (9), may
provide an alternative route for the modula-
tion of insulin secretion.

The experiments were performed in Lan-
gerhans islets microdissected from mouse
pancreas. An isolated islet was placed in a
40-µl chamber and perfused at a rate of 1 ml/
min with a solution of the following compo-
sition: 120 mM NaCl, 25 mM NaHCO3, 5
mM KCl, 2.5 mM CaCl2 and 1.1 mM MgCl2.
Eleven or 5.6 mM glucose and 100 nM
bradykinin were added as required. The so-
lution was continuously equilibrated with
95% O2/5% CO2, pH 7.4, at 37oC. Bradyki-
nin and all other reagents were obtained
from Sigma Chemical Co. (St. Louis, MO,
USA).

The electrophysiological method used to
measure the membrane potential has been
described elsewhere (10). Briefly, a single
islet (200 to 500 µm in diameter) was placed
in a perfusion chamber and impaled with
thick-walled microelectrodes of high resis-
tance (150 to 250 MW) filled with 2 M KCl.
The intracellular microelectrode and extra-
cellular electrode (reference) were electri-
cally connected to a differential voltage elec-
trode through an Ag/AgCl wire. The mem-
brane potential signal was displayed on an

oscilloscope (Tektronix R516B) and on a
potentiometer recorder (Gould Brush 260).
The data were also stored on a record tape
recorder (Hewlett Packard 3690 Instrumen-
tation Recorder).

Figure 1 shows the action of BK on the
beta cell membrane potential in the presence
of a stimulatory (11 mM) and a non-stimula-
tory glucose concentration (5.6 mM). We
first showed that in the absence of any stimu-
lus the membrane was negative (around -60
to -70 mV) and with glucose stimulation it
oscillated between a depolarized plateau
potential (around -40 to -30 mV). Superim-
posed on the plateau are action potentials
triggered by the activation of voltage-de-
pendent Ca2+ channels (11). Figure 1 shows
the characteristic electrical activity of the
beta cell membrane (bursts) induced by 11
mM glucose (panel A). The membrane did
not depolarize electrically when glucose con-
centration was decreased from 11 mM to 5.6
mM (panels A and B). The addition of 100
nM BK to the perfusion solution containing
5.6 mM glucose induced a membrane depo-
larization and a sustained train of spikes
(Figure 1, panels C and D), whereas the
bursts were not sustained when BK was not
added to this solution (Figure 1, panels E and
F). The electrical activity was recovered with
11 mM glucose (Figure 1, panels F and G).
These data agree with our previous experi-
ment, which showed that BK has a stimula-
tory effect on the beta cell membrane electri-
cal activity (6), and the appearance of bursts
in the presence of 5.6 mM glucose clearly
demonstrated the effect of BK in the pres-
ence of a non-stimulatory glucose concen-
tration.

One hypothesis to explain the bursts in
the presence of 5.6 mM glucose, observed
here for the first time at this glucose concen-
tration, may be the effect of BK on mem-
brane permeability. For instance, a shifting
of the membrane potential equilibrium has
been shown in other cells, such as those of
the neuroblastoma x glioma hybrid NG108-
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15. In these cells the changes of membrane
potential equilibrium obtained by the pres-
ence of different K+ concentrations were
synergistically enhanced by the presence of
BK. Also, BK-induced inositol 1,4,5-triphos-
phate (IP3) generation was enhanced in these
cells, allowing a strong metabolic pathway
to trigger Ca2+ release from internal Ca2+

pools (12,13). These observations suggest
that BK may also reduce the threshold to
glucose stimulation on beta cell membranes
due to changes in the electrochemical driv-
ing force.

Our observations, taken together with
recent evidence that the intracellular Ca2+ in
the submembrane space, rather than the av-
erage cytoplasmatic concentration of this
ion, plays a major role in the electrical beta
cell setting activity (14,15), indicate that this
is a system of high sensitivity. In other words,
it may be hypothesized that the action of BK
increasing the spike frequency due to the
intracellular Ca2+ release (6) and movement
towards a cytosolic environment closer to
the membrane may explain why BK may
facilitate the action of glucose on beta cell
secretion.

Our data, considered as a whole, suggest
that BK may have a permissive action on
pancreatic beta cell electrical activity. This
activity, which is strongly associated with
insulin secretion (4,5,16,17), and the de-
scribed improvement in muscle insulin sen-
sitivity induced by BK (18) may be related to

certain physiological conditions in which
the demand for insulin is higher than in a
normal glycemic situation.

The mechanisms underlying the action of
BK are beyond the objective of the present
study. However, the data, taken together,
support the possibility that BK may be pro-
duced at different concentrations in blood or
locally and may at least participate in the
modulation of insulin secretion.
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