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Summary. Accumulation and subcellular localization
of dopamine (DA) in pancreatic B-cells and its effects
on insulin secretion were investigated in mice follow-
ing a single injection of L-3,4-dihydroxyphenyl-
alanine (L-DOPA). Electron microscopic auto-
radiography showed that’H-DA formed from ad-
ministered *H-DOPA was present over B-cells as well
as over other types of islet cells. Pretreatment of the
animals with a decarboxylase inhibitor greatly re-
duced the number of autoradiographic grains. In the
B-cells the *H-DA-grains were associated with the
secretory granules. The location of the label may sug-
gest an incorporation in the periphery of the
[-granule, rather than in the dense core, supposed to
contain insulin. Accumulation of DA in the B-cells
following L-DOPA administration was found to in-
hibit partially the insulin secretory response to dif-
ferent insulin secretagogues (glucose, glibenclamide
and L-isopropylnoradrenaline (L-IPNA) ). Treat-
ment with monoamine oxidase inhibitor + L-DOPA
induced an almost total suppression of L-IPNA-
stimulated insulin secretion, whereas glucose-induced
insulin release was still only partially inhibited. Pre-
treatment with a decarboxylase inhibitor abolished
the effects of L-DOPA. It is suggested that intracellu-
larly accumulated DA in the B-cell exerts an inhibit-
ory action on insulin releasing mechanisms induced by
different secretagogues and that this action might in-
volve interference with a calcium translocation pro-
cess at the level of the secretory granule.
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Several years ago, Falck and Hellman [4] showed that
pancreatic islet cells of different mammals, such as the
guinea pig, cat, dog and horse, contain monoamines
demonstrable by their formaldehyde-induced fluo-
rescence. These amines were identified as 5-hydr-
oxytryptamine (5-HT) or dopamine (DA) [1, 2]. La-
ter an electron microscopic histochemical study
suggested that 5-HT in the guinea pig B-cells was
associated with the secretory granules [10] and quan-
titative electron microscopic autoradiography re-
vealed that in mouse pancreatic B-cells, the labelled
monoamine *H-5-HT, formed from the administered
precursor *H-5-hydroxytryptophan (5-HTP), was
largely confined to the B-cell granules [3]. Recent
studies in mice and rabbits have shown that B-cell
5-HT, formed upon administration of 5-HTP, mod-
ifies insulin release both in vivo [16] and in vitro [11,
25, 26]. Neither DA nor 5-HT are normally found in
the B-cells of the mouse, but the cells are equipped
with mechanisms for uptake and decarboxylation of
amine precursors and for amine storage and degrada-
tion [2, 3, 5].

In previous investigations 3, 16] we examined the
subcellular localization of 5-HT in the B-cells of the
mouse after administration of L-5-HTP, and the ef-
fects of this treatment on insulin release. In the pre-
sent study the subcellular distribution of another
monoamine, DA, and its possible effects on insulin
secretion were examined.
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Materials and Methods

Animals

Female mice of the NMRI strain (Laboratory Animal
Breeding, Laven, Denmark), weighing 20—30 g,
were used. The animals were kept on a standard pellet
diet (Astra-Ewos, Sodertilje, Sweden) and tap water
ad libitum before and throughout the experiments.

Drugs and Chemicals

L-3,4-dihydroxyphenylalanine (L-DOPA) was ob-
tained from Fluka AG, Buchs, Switzerland. Gliben-
clamide was a generous gift from Boehringer Mann-
heim GmbH, Germany; L-Isopropylnoradrenaline
bitartrate (L-IPNA) from Héssle AB, Goteborg, Swe-
den; Pargyline hydrochloride, a monoamine oxidase
inhibitor (MAOI) from Abbot Lab., North Chicago,
1i., USA; and Ro-4-4602, an inhibitor of the aroma-
tic amino acid decarboxylase, as the hydrochloride
from Hoffmann-I.a Roche 1.td., Basel, Switzerland.
3H-L-DOPA (specific activity 28 Ci/mmole) was ob-
tained from Radiochemical Centre, Amersham, Eng-
land, and DL-2-*C-DOPA (specific activity 10 mCi/
mmole) from New England Nuclear Corp. Collagen-
ase (137 U/mg) was obtained from Worthington
Biochemical Corp., Freehold, USA. The insulin im-
munoassay kits were kindly provided by Novo Ltd.,
Copenhagen, Denmark. All other drugs and chemi-
cals were obtained from British Drug Houses Ltd.,
Poole, England.

Experimental

L-DOPA (0.26 mmole/kg body weight), glucose
(8.33 mmole/kg), glibenclamide (0.5 pmole/kg) and
L-IPNA (1.37 pmole/kg) were injected into a tail
vein. Pargyline (0.27 mmole/kg) and Ro-4-4602
(0.85 mmole/kg) were administered intraperitoneal-
ly. The radioactive compounds were given intrave-
nously in a tail vein. All drugs were administered in
0.9% NaCl in a volume of 0.2 ml/20 g mouse. Blood
sampling was performed by the orbital bleeding
technique in the unanaesthetised mouse, as previously
described [22]. Plasma immunoreactive insulin levels
(peak levels of the first phase of the insulin secretory
process) were recorded 2 min (glucose and gliben-
clamide) or 5.5 min (L-IPNA) following the injection
of the secretagogues. Repeated experiments in this
laboratory have shown that maximum concentration
of immunoreactive insulin in mouse plasma following
a rapid intravenous injection of these compounds is
achieved after 2—2.5 min (glucose), 1.5—2.5 min
(glibenclamide) and 5—6 min (L-IPNA). Blood glu-
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cose levels were determined enzymatically [18]. The
concentrations of insulin in plasma were determined
by the method of Heding [8] using *°I-labelled pig
insulin and guinea pig anti-pig insulin. Pancreatic is-
lets were isolated by collagenase treatment as previ-
ously described [12]. Student’s t-test was employed
for tests of significance.

Electron Microscopic Autoradiography

*H-L-DOPA (0.75 mCi/animal) was injected in a tail
vein. Under ether anaesthesia the pancreatic glands
were fixed by perfusion via the heart with glutaral-
dehyde 20 min, 1 h and 3 h after injection of the label.
Two mice were injected with Ro-4-4602 1 h prior to
the administration of *H-L-DOPA and their pancre-
atic glands were fixed by perfusion 20 min after
administration of the label. The perfusion solution
consisted of 3% glutaraldehyde buffered with 0.075
M sodium cacodylate, pH 7.2.

After perfusion of 50 ml, pieces of the splenic part
of the pancreas were further immersed for 1—3 hina
similar glutaraldehyde solution and, following re-
peated washings in buffer, postfixed in 1% osmium
tetroxide. After dehydration in ethanol, the tissue was
embedded in Epon. Islet tissue was identified in the
light microscope in 1 pum thick sections. Pale gold
sections were cut on an LKB Ultrotome, picked up on
Formvar coated copper grids and covered with alayer
of carbon by vacuum evaporation. A monolayer of the
emulsion, IlIford L4, was applied by means of a wire
loop. After exposure for 6—8 weeks the autoradio-
graphs were developed in Kodak D-19B for 2 min and
fixed in Kodak F-24 fixer for 2 min.

For the analysis of the electron microscopic auto-
radiographs the principles for determining grain
densities devised by Salpeter et al. [23] were em-
ployed. First the distribution of autoradiographic
silver grains with distance from the outer edge of the
B-cell granules was obtained. The location of a grain
was considered as the centre of the smallest circle
necessary to encompass it. A similar distribution was
then obtained for placebo points which were punched
on to the prints in the form of a regular lattice. By
dividing the number of silver grains with the number
of placebo points in the same unit distance a density
distribution was obtained. This density distribution
was normalized by dividing the values of distance by
the HD value assumed for the autoradiographic pre-
paration used and setting the grain density at the edge
of the B-cell granule as 1. HD is the distance from a
line source in an autoradiographic specimen within
which half of the number of silver grains falls [23].
Experimental distributions normalized in distance
units of HD can be compared with theoretical dis-
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Fig. 1. Electron microscopic autoradiograph of a pancreatic B-cell from a mouse injected with *H-L-DOPA 20 min prior to the fixation. The
autoradiographic silver grains are located in close association with the B-cell granules. X 21,000

tributions expected from radioactive sources differing
in size and shape. Of particular interest in the present
study was to compare the experimental grain distribu-
tions around S-granules with the theoretical distribu-
tions for a solid disc (label located in all parts within
the membrane of the sectioned granule) and a hollow
circle (label located in the periphery of the sectioned
granule) as the S-granule has sufficient size, permit-
ting discrimination between these alternatives [23]. In
the present study HD was assumed to be 1650 A (cf
23). No correction for the change of the theoretical
distribution curve caused by cross-fire from neigh-
bouring labelled granules was made. Theoretical and
practical estimations show that this change is small
(J.-E. Andersson and L. E. Ericson, unpublished).

Results

Electron Microscopic Autoradiography

The number of autoradiographic grains over B-cells
was about the same 20 min and 1 h after the injection
of 3H-L-DOPA, while after 3 h an appreciably lower
level of grains remained. In the animals pretreated
with the DOPA decarboxylase inhibitor Ro-4-4602,
few and randomly distributed grains were present
over the B-cells.

The great majority of grains were located over the
cytoplasm, mainly over areas containing granules,

suggesting an association between the silver grains
and the B-cell granules (Fig. 1). Autoradiographic
grains were also present over other types of islet cells,
but the precise cellular and intracellular distribution
of this label was not further examined in the present
study.

The experimental density distribution obtained
showed a peak value inside the edge of the granule and
a decline with increasing distance outwards from the
edge. However, the baseline was not reached, but the
curve levelled out at a density approximately 20% of
the density at the edge of the granule. Thisindicated a
certain level of “background activity” within the
B-cell, which includes about 30% of the total number
of grains.

Assuming that this background level of grains was
randomly distributed within the cytoplasm, a new his-
togram was constructed by subtracting the back-
ground grains from the original histogram (Fig. 2).
The curves superimposed on the histogram in Figure 2
are the predicted distribution of grains for a radioac-
tive source acting as a hollow circle and a solid disc,
respectively, both with a radius of 1.25 HD. (The
average radius of the S-granules was 2000 A). There is
a good agreement between the experimental histo-
gram and the theoretical distribution for a hollow
circle. This indicates a location of label to the
peripheral parts of the S-granules, either to the mem-
brane or to the more or less electron-lucent space
separating the membrane from the dense core. As-
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Fig. 2. A histogram showing the experimental grain density dis-
tribution relative to f-granules. The histogram was constructed
from measurements of about 400 silver grains present in B-cells of
mice injected with *H-L-DOPA 20 min prior to sacrifice. A back-
ground density amounting to about 20% of the maximal density
over the granules was present in the B-cells. This background
density was subtracted when constructing the histogram. Chi’-test
revealed that the distribution of grains as shown in the histogram is
highly non-random. The solid curve corresponds to the grain dis-
tribution expected for a labelled hollow circle equal in diameter to
the B-granules. The broken curve corresponds to the expected grain
distribution over a uniformly labelled disc equal in diameter to the
B-granules

Table 1. Incorporation of DL-2-1*C-DOPA into islet protein
(TCA-precipitate) in vivo 1 h and 2 h, respectively, following the
intravenous injection of the compound

Fraction Amount of label Per cent
tested (Cpm > Blank im sample) activity
Supernatant 1 h 1255 96.1
TCA-precipitate 1 h 51 ' 39
Supernatant 2 h 455 95.6 -
TCA-precipitate 2 h 21 4.4

suming the latter possibility, the concentration of label
inside the granules is more than 20 times higher than
over other parts of the B-cell cytoplasm.

Ability of Pancreatic B-Cells to Incorporate 1*C
from Exogenous *C-DOPA Into Protein

In order to exclude the possibility that a significant
proportion of the *H-DOPA given was incorporated
into islet cell proteins, the following experiment was
performed. Eight mice were each injected with 0.03
mCi of DL-2-“C-DOPA.. After 1 and 2 h, respective-
ly, 4 mice were sacrificed and their pancreatic islets
were isolated, washed extensively, and pooled [12].
The islets were then suspended in 0.1 ml of Hanks
solution and homogenized in a Potter-Elvehjem type
microhomogenizer. The islet protein was precipitated
by the addition of an equal volume of ice-cold 10%
TCA (trichloroacetic acid). The supernatants and the
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Fig. 3. Blood glucose levels and plasma immunoreactive insulin
levels after intravenous injection of saline, glucose (8.33 mmol/kg),
glibenclamide (0.5 pmol/kg), and L-IPNA (1.37 umoi/kg), respec-
tively. Pretreatment with saline (white columns) or L-DOPA (0.26
mmol/kg) (black columns), was given one hour prior to the experi-
ment. Vertical bars indicate standard error of the mean. P = proba-
bility level of random difference. NS = not significant. N = number
of animals in each group

precipitates were then counted in a Packard Tri-Carb
Liquid Spectrometer. The results are presented in
Table 1. The amount of radioactivity that may have
been incorporated into protein did not exceed 4% of
total activity after one hour and 4.5% after two hours
(Table 1). This supports the view that the radioactivity
observed in the B-cells reflects the presence of DA.

Effect of an Intravenous Injection of L-DOPA
on Basal and Stimulated Insulin Release

This experiment (Fig. 3) was designed to elucidate the
influence of pretreatment with L-DOPA on plasma
immunoreactive insulin and blood glucose levels after
injection of saline (0.9% NaCl) and the different insu-
lin secretagogues glucose, glibenclamide and L-IP-
NA, respectively. Glucose, the potent sulphonylurea
derivative, glibenclamide and the fB-adrenergic ago-
nist L-IPNA have previously been shown to be effi-
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Fig. 4. Changes in the level of blood glucose in mice following the

intravenous injection of saline or L-DOPA, 0.26 mmol/kg,

(marked by an arrow). Saline, pargyline (0.27 mmol/kg) or

Ro-4-4602 (0.85 mmol/kg) was given intraperitoneally at the time

0. Each group consisted of 5—7 animals. Abscissa: time in hours.
Ordinate: blood glucose level, mg/100 ml
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cient insulin releasers in mice [16]. L-DOPA (0.26
mmol/kg body weight) was given one hour prior to the
injection of insulin secretagogue, because, according
to the autoradiographic findings, the DA stores as-
sociated with insulin secretory granules in the B-cells
were maximally loaded at this time. Figure 3 shows
that L-DOPA had no effect on basal plasma insulin or
blood glucose levels. However, in animals pretreated
with L-DOPA a moderate decrease in the peak levels
of plasma insulin was noted following all three insulin
secretagogues; glucose (p < 0.01), glibenclamide (p <
0.005) and L-IPNA (p < 0.02). The blood glucose
levels of DOPA -treated and control mice were similar
in all groups except that a small but significant rise was
recorded in the L-DOPA + L-IPNA-treated group
compared with the group treated with L-IPNA alone.

L-DOPA-Induced Changes in Blood Glucose
Concentration, Following Pretreatment with Saline,
a Monoamine Oxidase Inhibitor or a Decarboxylase
Inhibitor

Changes in the blood glucose during the hour that
elapsed from the intravenous injection of L-DOPA to
the time of injection of insulin secretagogue, might
have influenced the magnitude of the insulin response
to the secretagogue. To follow the blood glucose pat-
tern during this time interval (Fig. 4), groups of mice
(5—7 animals per group) were injected intraperitone-
ally with either saline, the monoamine oxidase in-
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Fig. 5. Plasma immunoreactive insulin levels after intravenous in-
jection of saline or glucose (8.33 mmol/kg), respectively. Pretreat-
ment with saline, L-DOPA (0.26 mmol/kg) or glucose (4.17
mmol/kg intraperitoneally) was given one hour prior to the experi-
ment. A further pretreatment with Ro-4-4602 (0.85 mmol/kg) in
one of the L-DOPA groups was given at — 2 h. Vertical bars
indicate standard error of the mean. P = probability level of ran-
dom difference. NS = not significant. N = Number of animals in
each group

hibitor pargylline (0.27 mmol/kg), or the decar-
boxylase inhibitor Ro-4-4602 (0.85 mmol/kg). Blood
samples were taken at 0, 30 and 60 min. Immediately
after taking the blood sample at 60 min, the animals
were injected intravenously with either saline or L-
DOPA (0.26 mmol/kg) and the blood glucose re-
sponse was recorded as illustrated in Figure 4. The
injection of L-DOPA induced a rapid hyperglycaemic
response, which returned to normal about 1—1.5h
following the injection. Pargyline markedly enhanced
the hyperglycaemic response to L-DOPA, while
Ro-4-4602 virtually abolished it.

Effect of Pretreatment with Ro-4-4602 or Pargyline
on the Inhibitory Action of L-DOPA |
on Glucose-Induced Insulin Release

A series of experiments was designed to elucidate the
effects of pharmacological blockade or enhancement
of amine formation following exogenous L-DOPA on
glucose-induced insulin release. The first experiment
(Fig. 5) was designed to see whether the partial inhibi-
tion exerted by L-DOPA pretreatment on glucose-in-
duced insulin release (Fig. 3) was still apparent when
the preceding hyperglycaemic effect of L-DOPA
(Fig. 4) was mimicked by giving glucose to the control
group. In the same experiment another group of mice
was pretreated with the decarboxylase inhibitor
Ro-4-4602. It appears from Figure 5 that glucose-in-
duced insulin release is still slightly inhibited by the
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Fig. 6. Plasma immunoreactive insulin levels after intravenous in-
jection of saline or glucose (8.33 mmol/kg), respectively. Pretreat-
ment with saline, L-DOPA (0.26 mmoi/kg) or glucose (4.17
mmol/kg) intraperitoneally, was given one hour prior to the experi-
ment. A further pretreatment with pargyline (0.27 mmol/kg) in the
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Fig. 7. Plasma immunoreactive insulin levels after intravenous in-
jection of saline or L-IPNA (1.37 umol/kg), respectively. Pretreat-
ment with saline or L-DOPA (0.26 mmol/kg) was given one hour
prior to the experiment, and pretreatment with Ro 4-4602 (0.85
mmol/kg) was given at — 2 h. A further pretreatment with par-
gyline (0.27 mmol/kg) in one group was given by three in-
traperitoneal injections at — 25, — 18, and — 2 h. Vertical bars
indicate standard errors of the mean. P = probability level of
random differences. NS = not significant. N = number of animals
in each group
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one hour L-DOPA treatment (stippled column) when
compared with the glucose injected controls (white
column), which were given an intraperitoneal injec-
tion of glucose instead of saline at — 1 h. Pretreatment
with Ro-4-4602 (black column) one hour before L-
DOPA injection abolished the inhibitory effect of
L-DOPA. Blood glucose levels in the three glucose-
injected groups were of the same order of magnitude
as follows (means = SEM): L-DOPA + glucose 412
*+ 14 mg/100 ml, glucose + glucose 410 + 10 mg/100
ml and Ro-4-4602 + L-DOPA + glucose 439 + 11
mg/100 ml. Blood glucose level in the saline-treated
group was 109 + 6 mg/100 ml. Another experiment
(Fig. 6) was carried out to see whether pretreatment
with the monoamine oxidase inhibitor, pargyline, ac-
centuated the suppressing effect of L-DOPA on
glucose-induced insulin release. Figure 6 shows that
glucose-stimulated insulin secretion was partially, but
far from totally, suppressed by the combined treat-
ment of pargyline and L-DOPA (stippled column)
when compared with the glucose-injected controls
(white column), pretreated with 4.17 mmol/kg glu-
cose intraperitoneally, and the animals injected with
saline only (striped column). As before, there was no
difference between blood glucose levels in the two
glucose-injected groups.

Effect of Pretreatment with Ro-4-4602 or Pargyline
on the Inhibitory Action of L-DOPA
on L-IPNA-Induced Insulin Release

In this experiment (Fig. 7) groups of mice were pre-
treated with either pargyline + L-DOPA (stippled
column), saline (white column), or Ro-4-4602 + L-
DOPA (black column) and then injected with L-IP-
NA. Saline controls were included (striped column). It
appears from Figure 7 that L-IPNA-induced insulin
release was almost totally inhibited by pargyline +
L-DOPA, whereas it was unaffected by pretreatment
with Ro-4-4602 + L-DOPA. There was no signifi-
cant difference in the blood glucose levels between the
different groups.

Discussion

Studies with light microscopic autoradiography have
demonstrated the uptake of DOPA and 5-HTP in the
pancreatic islets of the mouse and rabbit [5, 21, 25].

- By decarboxylation of these amino acids the corres-

ponding amines are formed and stored in the cyto-
plasm [6]. Studies at the light microscopic level, how-
ever, furnish little information as to the precise subcel-
Iilar localization of the amines formed. Such informa-
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tion should be of considerable importance for the
understanding of the significance of monoamines in
islet cells. In a previous study [3] we demonstrated by
electron microscopic autoradiography that labelled
5-HT, formed from injected *H-5-HTP, was largely
confined to the specific granules of the B-cells.

In the present study a similar autoradiographic
technique was applied to pancreatic islets following
SH-L-DOPA. As previously discussed [3] this tech-
nique mainly reveals the presence of the monoamine
rather than the precursor amino acid, which is here
further demonstrated by the absence of autoradio-
graphic grains following pretreatment with an in-
hibitor of the decarboxylating enzyme. The incorpo-
ration of label into proteins seems not to be signifi-
cant, as shown by the experiments with isolated islets.

Interest was focussed on the intragranular dis-
tribution of the labelled monoamine. The experimen-
tal grain density distribution around B-cell granules
was compatible with the theoretical distribution for a
radioactive source acting as a hollow circle [23]. This
suggests location of label towards the periphery of the
[-granules rather than at the central dense core con-
taining insulin [19]. About !/; of the radiographic
silver grains encountered over the B-cell cytoplasm
were not related to granules. At present it is impos-
sible to decide if these belonged there or represent
label artefactually displaced from the granules during
the preparation procedure.

Assuming binding of label to material present
within the -granules, but outside the dense core, the
concentration of intragranular label (in all probability
representing DA) was about 20 times higher than the
concentration of extragranular label. As results in the
present study are compatible with the view [7] that the
hyperglycaemic effect of L-DOPA is due to DA, the
high concentration of DA in the B-granules suggests
that at least a part of its hyperglycaemic effects might
be exerted on insulin storage or releasing mechanisms.
The absence of specific labelling of the dense core,
thought to represent stored insulin [19], makes it un-
likely that the amine is complexed with insulin. In-
stead, the present morphological and functional data
lend more support to the idea that intracellular DA
concentrated in the 3-granules affects the process of
insulin release [7, 13, 14] in a way similar to that
suggested for 5S-HT [13, 14, 16].

It was recently demonstrated by analytical elec-
tron microscopy [9, 24] that stimulation of insulin
secretion by glucose brought about an apparent shift
of calcium from the endoplasmic reticulum and the
mitochondria into the haloes of the secretory granules
of the B-cells. The similar topographical distribution
of DA suggested by the present observations raises
the possibility of interference with this calcium trans-
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location process. Neither 5-HT nor DA has been
shown to be present in the B-cells of the mouse. It
cannot be excluded, however, that the effects de-
scribed mimic those of monoamines in B-cells of
those species where they are present in concentrations
readily detected and identified by available histo-
chemical techniques [2, 20].

We found that accumulation of DA in the B-cells
partially suppressed the insulin response to three
chemically very different secretagogues (Fig. 3).
These secretagogues were also tested in a previous
study concerning the effect of an exogenously induced
accumulation of 5-HT in mouse B-cells on insulin
secretion [16]. In that study, the greatest difference in
5-HT effect was found between glucose and L-TPNA.
Glucose-induced insulin release was not affected at
all, even after combined treatment with the mono-
amine oxidase inhibitor, pargyline + L-5-HTP,
whereas L-IPN A-induced insulin release was found to
be totally suppressed. The present results show that
this pattern is also present after pretreatment with
pargyline + L-DOPA. L-IPNA-induced insulin re-
lease was again almost totally suppressed (Fig. 7),
whereas glucose-induced insulin release was only par-
tially inhibited (Fig. 6). Although there is a difference
between DA and 5-HT with respect to the effect on
glucose-induced insulin release, the influence exerted
by the two monoamines on the effects of the different
secretagogues seems to be very similar. The mechan-
ism of action of the granule-located amine on the
insulin secretory processes remains to be elucidated. It
has previously been suggested that the partial inhibi-
tion of sulphonylurea-induced insulin release, which is
brought about by DA and 5-HT, might be due to an

. interaction with the glycogenolytic hydrolase, acid

amyloglucosidase in the B-cell [13, 14]. This effect,
however, seems to be different from the profound
inhibitory action on insulin secretion stimulated by
L-IPNA, since L-IPNA-induced insulin release appa-
rently is independent of acid amyloglucosidase activi-
ty [15, 17]. An alternative and/or supplementary ex-
planation might be an interaction between the amine
and calcium as discussed above. Since calcium is an
essential requirement for the release of insulin, it is
possible that the intragranular amine might play a role
in preventing translocated calcium from access to an
intragranular site. In this way amines may influence
the chain of events leading to insulin secretion.
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