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Summary

The stimulatory ecffect of dopamine through dopamine D2
receptor on glucose-induced insulin secretion was studied in the
pancreatic islets in vitro. Dopamine significantly stimulated insulin
secretion at a concentration of 10 * M in the presence of
high 7glucose (20 mM). The higher concentrations of dopamine
(10 7=10 %) inhibited glucose-induced insulin secretion in the
presence of both 4 mM and 20 mM glucose. Stimulatory and
inhibitory effect of dopamine on glucose-induced insulin secretion
was reverted by the addition of dopamine D2 receptor antagonists
such as butaclamol and sulpiride. Norepinephrine (NE) at 10 * M
concentration inhibited the dopamine uptake as well as its
stimulatory effect at 10 ®* M concentration on glucose induced
insulin secretion. Our results suggest that dopamine exerts a
differential effect on glucose-induced insulin secretion through
dopamine D2 receptor and it is essential for the regulation of
glucose-induced insulin secretion by pancreatic islets.
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INTRODUCTION

D-Glucose is the major physiological stimulus for insulin
seeretion. Phosphorylation of glucose to glucose-6-phosphate
serves as the rate limiting step in glucose oxidation (/). Lesions
in the pathways of glucose homeostasis lead to the pathogen-
esis of diabetes mellitus (2). Neurotransmitters are reported to
have a key role in glucose-induced insulin secretion in the
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pancreatic islets and  glucose  homeostasis.  Endogenously-
synthesized islet  catecholamines have been  suggested to
participate in paracrine regulation  of insulin - secretion.
Epinephrine and norepinephrine has an antagonistic effect
on insulin sceretion and glucose uptake (3, 4). They also
inhibit insulin-stimulated glycogenesis through inactivation of
glycogen synthase and activation of phosphorylase with
consequent accumulation of glucose-6-PQOy. At low concentra-
tion NE can bind and activate fi-adrenergic receptors which in
turn stimulate the insulin secretion from pancreatic islets and
at high concentration they can bind to a4 receptors and
inhibit insulin secretion. Also, studies had shown that in
diabetic condition 2,4 receptors are more activated which
brought out the insulin inhibition and in turn hyperglycemia
(5). Rat islet cell membrane is equipped with o;5-adrenocep-
tors (6) which are ligked to adenylate cyclase inhibits insulin
secretion. fiy adrenoceptors stimulation also results in en-
hanced insulin secretion (7).

A link between the central nervous system and the
pancreatic islets has been well established. The substantia
nigra (SN) is one autonomic area in the central nervous
system which plays an important role in controlling structure
and activity of pancreatic islets. Lesions in the substantia
nigra not only resulted in reduced size and number of islets
cell populations but also decreased the content of insulin and
glucagon in the pancreas (8). Studies have been focused on
the existence of pathways between the SN and intermedio-
lateral cells in the spinal cord and between the SN and
hypothalamic  paraventricular The hypothalamic
has connections  with the
dorsal vagal complex (9). These reports underlined the role
of SN in modulating the outflow of both sympathetic and
parasympathetic signals that ultimately reach the pancreas.
The central vagal connection with dopaminergic innervations
is reported o reach the pancreatic islets through the
parahypothalamic ventricular (PHV) nucleus while adrencr-
gic and serotonergic innervations reach the pancreas through
the brain stem ().

nucleus.

paraventricular  nucleus direct
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Secretory granules of pancreatic £ cells hare the ability
to store substantial amounts ol calcium, dopamine and
serotonin (/0). L-3, 4-dihydroxyphenylalanine (L-DOPA) is
rapidly converted in islet f-cells to dopamine. In  the
pancreas ol conscious rats dopamine 1), receptors inhibited
exocrine secretion mediated via sympathetic nerves. Dopa-
mine accumulation in pancreatic islets is reported to have an
inhibitory effect on glucose-stimulated insulin response (/17).
It is reported that increased hydrogen peroxide production
increases MAQO  activity  that augments  the  inhibitory
effect of dopamine accumulation on insulin release (/1).
Dopamine is reported to suppress the stomatostatin secre-
tion predominantly through activation of dopaminergic
receptors, whereas it suppresses insulin release through
a-adrenergic mechanism and  stimulates glucagon  release
through a f# adrenergic mechanism. Sympathetic adrenergic
ay and dopamine Dy receptors are reported to be distributed
on the f cells while f8, receptors are located on the cells
and dopamine D2 receptors in  the [ ncurons (/2).
Dysfunction of pancreatic islets play an important role in
the etiology of diabetes as chronic hyperglycemia impairs
islet function. It has been proposed that chronic hypergly-
cemia resulting from peripheral insulin resistance  may
impair secretogogue-induced insulin release. In the present
study the effect of dopamine on glucose induced insulin
secretion in the pancreatic islets in virro was carried out.
The results suggest that dopamine differentially regulate the
pancreatic islets insulin secretion mediated through the
dopamine D2 receptors.

EXPERIMENTAL PROCEDURES

[’H] Dopamine Uptake Studies by Pancreatic Islets
In Vitro

Pancreatic islets of male Wistar rats were aseptically
dissected out into a sterile Petri-dish containing ice cold
Hanks Balanced Salt Solution (HBSS) and isolated by
standard collagenase digestion procedure (13). The islets were
isolated in HEPES-buffered sodium free buffer (/4) with ihe
following composition: 137 mM Choline chloride, 5.4 mM
KCl, 1.8 mM CaCl,. 0.8 mM MgSQO,. 1 mM  KH,PO,,
143 mM KHCO;, 10 mM HEPES with 0.2% (w'v) BSA
(Fraction V), equilibrated with 5% CO, and pH 7.3 at room
temperature. Autoclaved triple distilled water was used in the
preparation of the buffer. The pancreas was cut into small
picces and transferred 1o a sterile glass vial containing 2 ml
collagenase type XI solution (1.5 mg/ml in HBSS). phl 7.4,
The collagenase digestion was carried out for 20 min at 37 ¢
in an environmenial shaker with vigorous shaking (300 rpm;
min). The tissue digest was filtered through 500 gom nylon
screen and the filtrate was washed with three successive
centrifugations and resuspended in cold HBSS medium. T his
filtrate was transferred to a sterile Petri-dish with a black base
and examined under a dissection microscope. Islets visible as

vellowish white spheres were handpicked carefully by finely
drawn pasture pipettes and aseptically transferred to HBSS.
The aslets prepared by this method were used for all other
experiments.

Theno 200l of islet suspension was transferred (o tubes
10 "M 10 TM. 10 M, 10 M. 10 *M
concentrations of ['H] DA. [*H] DA concentrations were used
along with 4 mM and 20 mM glucose. The final incubation
volume was made up o 0.5 ml. The tubes were incubated for
[ hat 37 Cin a shaking water bath.

The tubes were centrifuged after incubation at 1.500 g tor
10 min at 4 C. The supernatant was aspirated out and pellet
washed superficially with 0.2 ml of HBSS twice (o remove free
['H] DA, The pellet was digested with 100 g0 of IM KO
overnight and counted in a liquid scintillation counter with
Cocktail-T to measure the ['H] DA uptake.

containing

Effect of Norepinephrine on Dopamine Uptake by
Pancreatic Islets In Vitro

The islets prepared as per the above-mentioned procedure
were transferred o tubes  containing 10 ¥ M, 10 ' M
coneentrations of ['H| DA and 10 M. 10 * M concentra-
tions of NI:.

['H] DA concentrations were used along with 4 mM and
20 mM glucose. NE was used to study the [*H] DA uptake
along with glucose in this experiment. The final incubation
volume was made up 1o 0.5 ml. The tubes were incubated for
2 hours at 37 C in a shaking water bath.

The tubes were centrifuged after incubation for | h at
1.500 g for 10 min at 4 C. The supernatant was aspirated out
and pellet washed superficially with 0.2 ml of HBSS twice to
remove free ['H] DAyor NE. The pellet was digested with
100 pul of IM KOH overnight and counted in a liquid
scintillation counter with Cocktail-T to measure the ['H] DA
uptake.

In Vitro Insulin Secretion in the Presence of
Different Concentrations of Dopamine, its Antagonist
and Agonist

The isolated islets were incubated for 1 h at 37°C with
10 M. 10 "M, 10 *M. 10-3 M. 10 * M concentrations
of DA and two different concentrations of glucose i.c.. (i)
4 mM glucose and (i) 20 mM glucose. Cells after incubation
and centrifugation at 1,500 g for 10 min at 4°C. the super-
natant were transferred to fresh tubes for insulin assay by
radioimmunoassay.

Similarly the islets were incubated with combinations of
DA and its antagonists, dopamine agonists to study the eflect
ol DA and its receptors on glucose-induced insulin seeretion
using radioimmunoassay.

Studies were also done in islets incubated for 1 h at L
with combinations of DA and NE at different concentrations
o know the eflect of NE on the role of DA in insulin
seeretion.
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Secretory granules of pancreatic [ cells have the ability
to store substantial amounts of calciun, dopamine and
serotonin (/0). L-3, 4-dihydroxyphenylalanine (1.-DOPA) is
rapidly converted in islet f-cells 1o dopamine. In the
pancreas ol conscious rats dopamine Dy receptors inhibited
exocrine secretion mediated via sympathetic nerves. Dopa-
mine accumulation in pancreatic islets is reported to have an
inhibitory effect on glucose-stimulated insulin response (/7).
It is reported that increased hydrogen peroxide production
increases MAQO  activity  that augments  the inhibitory
effect of dopamine accumulation on insulin release (/1).
Dopamine is reported to suppress the stomatostatip
tion predominantly through activation of dopaininergic
receptors,  whereas it suppresses insulin release through
a-adrenergic mechanism and  stimulates glucagon release
through a f adrenergic mechanism. Sympathetic adrenergic
oy and dopamine Dy receptors are reported to be distributed
on the f cells while f8, receptors are located on the D cells
and dopamine D2 receptors in  the /A ncurons (/2).
Dysfunction of pancreatic islets play an important role in
the etiology of diabetes as chronic hyperglycemia impairs
islet function. It has been proposed that chronic hypergly-
cemia resulting from peripheral insulin may
impair secretogogue-induced insulin release. In the present
study the effect of dopamine on glucose induced insulin
secretion in the pancreatic islets i vitro was carried out.
The results suggest that dopamine differentially regulate the
pancreatic islets insulin
dopamine D2 receptors.

seCne-

resistance

seeretion mediated  through  the

EXPERIMENTAL PROCEDURES

[’H] Dopamine Uptake Studies by Pancreatic Islets
In Vitro

Pancreatic islets of male Wistar rats were aseptically
dissected out into a sterile Petri-dish containing ice cold
Hanks Balanced Salt Solution (H BSS) and isolated by
standard collagenase digestion procedure (13). The islets were
isolated in HEPES-buflered sodium frec bufler (/4) with ihe
following composition: 137 mM Choline chloride, 5.4 mM
KCl, 1.8 mM CaCl,. 0.8 mM MgSO,. | mM KH-PO,.
14.3 mM KHCO;, 10 mM HEPES with 0.2% (w/v) BSA
(Fraction V), equilibrated with §% CO, and pHl 7.3 at room
temperature. Autoclaved triple distilled water was used in the
preparation of the buffer. The pancreas was cut into small
picces and transferred (o a sterile elass vial containing 2 m|
collagenase type XI solution (1.5 mg/ml in HBSS). pll 7.4,
The collagenase digestion was carried out for 20 min at 37 ¢’
in an environmenial shaker with vigorous shaking (300 rpm/
min). The tissue digest was filtered through 500 ym nylon
screen and the filtrate was washed with three successive
centrifugations and resuspended in cold 11BSS medium, This
filtrate was transferred to a sterile Petri-dish with a black base
and examined under a dissection microscope. Islets visible as

vellowish white spheres were handpicked carefully by fincly
drawn pasture pipettes and aseptically transferred to HBSS.
The islets prepared by this method were used for all other
experiments.

Fhene 200040 of islet suspension was transferred to (ubes
containing 10 M. 10 "ML 10 M. 10 SM. 10 M
concentrations of ['H] DA. [*H] DA concentrations were used
along with 4 mM and 20 mM glucose. The final incubation
volume was made up to 0.5 ml. The tubes were incubated for
Ihat 37 Cin a shaking water bath.

The tubes were centrifuged after incubation at 1.500 g for
10min at 4 C. The supernatant was aspirated out and pellet
washed superficially with 0.2 ml of HBSS (wice to remove free
['H] DA, The pellet was digested with 100 1 of IM KOH
overnight and counted in a liquid scintillation counter with
Cocktail-T to measure the ['H] DA uplake.

Effect of Norepinephrine on Dopamine Uptake by
Pancreatic Islets In Vitro

The islets prepared as per the above-mentioned procedure
were transferred  to tubes  containing 10 * M. 10 *M
concentrations of ['H] DA and 10 * M. 10 * M concentra-
tions of NI:,

['H) DA concentrations were used along with 4 mM and
20 mM glucose. NE was used (o study the ['H] DA uptake
along with glucose in this experiment. The final incubation
volume was made up o 0.5 ml. The tubes were incubated for
2 hours at 37 Cin a shaking water bath.

The tubes were centrifuged after incubation for 1 h at
1.500 g for 10 min at 4 C. The supernatant was aspirated out
and pellet washed superficially with 0.2 ml of HBSS twice to
remove free ['H] DAgor NE. The pellet was digested with
100 7l of IM KOH overnight and counted in a liquid
scintillation counter with Cocktail-1 1o measure the [*H]) DA
uptake. :

In Vitro Insulin Secretion in the Presence of
Different Concentrations of Dopamine, its Anlagonist
and Agonist

The isolated islets were incubated for 1 h at 37 C with
10 M. 10 "M, 10 © M. 107°M, 10 *M concentrations
of DA and two different concentrations of glucose i.c.. (i)
4 mM glucose and (ii) 20 mM glucose. Cells after incubation
and centrifugation at 1,500 g for 10 min at 4 C. the super-
natant were transferred to fresh tubes for insulin assay by
radioimmunoassay.

Similarly the islets were incubated with combinations of
DA and its antagonists, dopamine agonists to study the eflect
ol DA and its receptors on glucose-induced insulin seeretion
using radioimmunoassay.

Studies were also done in islets incubated for 1 I at 37 C
with combinations of DA and NE at different concentrations
to know the efieet of NE on the role of DA in insulin
seeretion,
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Secretory granules of pancreatic f# cells have the ability
to store substantial amounts ol calcium, dopamine and
serotonin (/0). L-3, 4-dihydroxyphenylalanine (L-DOPA) is
rapidly converted in islet f-cells to dopamine. In the
pancreas of conscious rats dopamine Dy receptors inhibited
exocrine secrction mediated via sympathetic nerves. Dopa-
mine accumulation in pancreatic islets is reported to have an
inhibitory effect on glucose-stimulated insulin response (117).
It is reported that increased hydrogen peroxide production
increases MAO  activity  that  augments  the inhibitory
effect of dopamine accumulation on insulin release (//).
Dopamine is reported to suppress the stomatostatin secre-
tion predominantly through activation of dopaminergic
receptors, whereas it suppresses insulin release  through
a-adrenergic mechanism and  stimulates  glucagon  release
through a f# adrenergic mechanism. Sympathetic adrenergic
oy and dopamine Dy receptors are reported to be distributed
on the f# cells while fi; receptors are located on the D cells
and dopamine D2 receptors in the fi neurons (/2).
Dysfunction of pancreatic islets play an important role in
the etiology of diabetes as chronic hyperglycemia impairs
islet function. It has been proposed that chronic hypergly-
cemia resulting from peripheral insulin may
impair secretogoguc-induced insulin release. In the present
study the effect of dopamine on glucose induced insulin
secretion in the pancreatic islets in vitro was carried out.
The results suggest that dopamine differentially regulate the
pancreatic islets insulin mediated
dopamine D2 receptors.

resistince

secretion through the

EXPERIMENTAL PROCEDURES

PH] Dopamine Uptake Studies by Pancreatic Islets
In Vitro

Pancreatic islets of male Wistar rats were aseptically
dissected out into a sterile Petri-dish containing ice cold
Hanks Balanced Salt Solution (HBSS) and isolated by
standard collagenase digestion procedure (/3). The islets were
isolated in HEPES-buflered sodium free bufler (/4) with ihe
following composition: 137 mM Choline chloride, 5.4 mM
KCl, 1.8 mM CaCl,, 0.8.mM MgSO,. I mM  KH-PO,,
143 mM KHCO;, 10 mM HEPES with 0.2% (w/v) BSA
(Fraction V). equilibrated with 5% CO, and ptl 7.3 at room
temperature. Autoclaved triple distilled water was used in the
preparation of the buffer. The pancreas was cut into small
picces and transferred to a sterile glass vial containing 2 ml
collagenase type XI solution (1.5 mg/ml in 1HBSS). pll 7.4.
The collagenase digestion was carried out for 20 min at 37 ¢
in an environmenial shaker with vigorous shaking (300 rpm/
min). The tissue digest was filtered through 500 ym nylon
screen and sthe filtrate was washed with three successive
centrifugations and resuspended in cold HBSS medium. T his
filtrate was transferred to a sterile Petri-dish with a black base
and examined under a dissection microscope. Islets visible as

vellowish white spheres were handpicked carefully by finely
drawn pasture pipettes and aseptically transferred to HBSS.
The islets prepared by this method were used for all other
experiments.

Then, 200 gl of islet suspension was transferred to tubes
MO0 TMO 10 ML 10 ML 10 ' M
concentrations of ['H] DA, ['H] DA concentrations were used
along with 4 mM and 20 mM glucose. The final incubation
volume was made up to 0.5 ml. The tubes were incubated for
I hat 37 Cin a shaking water bath.

The tubes were centrifuged after incubation at 1,500 g for
10 min at 4 C. The supernatant was aspirated out and pellet
washed superficially with 0.2 ml of HBSS twice to remove free
[‘H] DA, The pellet was digested with 100 ul of IM KOl
overnight and counted in a liquid scintillation counter with
Cocktail-T to measure the ['H] DA uptake.

containing 10

Effect of Norepinephrine on Dopamine Uptake by
Pancreatic Islets In Vitro

The islets prepared as per the above-mentioned procedure
were transferred  to tubes  containing 10 *M. 10 *M
concentrations of ['H] DA and 10 ¥ M. 10 * M concentra-
tions of NE.

['H] DA concentrations were used along with 4 mM and
20 mM glucose. NE was used to study the [“II] DA uptake
along with glucose in this experiment. The final incubation
volume was made up to 0.5 ml. The tubes were incubated for
2 hours at 37 C in a shaking water bath.

The tubes were centrifuged after incubation for 1 h at
1.500 g for 10 min at 4 C. The supernatant was aspirated out
and pellet washed superficially with 0.2 ml of HBSS twice to
remove free ['H] DAgor NE. The pellet was digested with
100 plof 1M KOH overnight and counted in a liquid
scintillation counter with Cocktail-T to measure the ['H] DA
uptake. j

In Vitro Insulin Secretion in the Presence of
Different Concentrations of Dopamine, its Antagonist
and Agonist

The isolated islets were incubated for 1 h at 37 'C with
10 * M. 10 7M. 10 “M. 107% M, 107* M concentrations
of DA and two different concentrations of glucose i.c.. (i)
4 mM glucose and (ii) 20 mM glucose. Cells after incubation
and centrifugation at 1,500 g for 10 min at 4°C. the super-
natant were transferred to fresh tubes for insulin assay by
radioimmunoassay.

Similarly the islets were incubated with combinations of
DA and its antagonists, dopamine agonists to study the eflect
ol DA and its receptors on glucose-induced insulin secretion
using radioimmunoassay.

Studies were also done in islets incubated for 1 h at 37 C
with combinations of DA and NE at different concentrations
to know the effect of NE on the role of DA in insulin
seeretion,
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RADIOIMMUNOASSAY OF INSULIN

The assay was done according to the procedure of BARC
radioimmunoassay kit (BARC, Mumbai). The radioimmu-
noassay method is based on the competition of unlabelied
insulin in the standard or samples and ['**1] insulin for the
limited binding sites on a specific antibody. At the end of
incubation. the antibody bound and free insulin are
separated by the antibody-polyethylene glycol
(PEG) aided separation method. Measuring the radioactivity
associated with bound fraction of sample and standards
quantities insulin concentration of samples. A standard curve
was plotted with °%B/B, on the Y-axis and insulin
concentration/ml on the X-axis of a log-logit graph. “oB/B,
was calculated as:

second

Corrected average count of standard or sample i)
W

Corrected average count ol zero standard

Insulin concentration in the samples was determined from
the standard curve plotted using MultiCale'™  software
(Wallac, Finland).

RESULTS

[*H] Dopamine Uptake by Pancreatic Islets In Vitro

Our results showed pancreatic f# cells can uptake dopamine
at a concentration of 10 ® M in the presence of both 4 mM
and 20 mM glucose. The presence of 4mM and 20 mM
glucose in the incubation medium can be considered equivi-
lent to normal and diabetic states respectively. An increase n
dopamine concentration up to 10 °M decreased the dopa-
mine uptake in both 4 mM and 20 mM glucose concentration.

There was a concentration dependent differential uptake of

[*H] DA by pancreatic islets in the presence of both 4 mM and

20 mM glucose. The [*H] DA uptake in the presence of

107°M was similar to 10 *M ['H] DA uptabe in the
presence of both 4 mM and 20 mM glucose. These results
show that there is increased uptake of dopamine at 10 “M
and concentrations above 10 5 high concentrations of DA
into the pancreatic islets in the presence of 4 mM and 20 mM
glucose concentration il ('11] Dopamine uptake was
inhibited by 10°*M NE significantly (P < 0.001) while
10-* M NE did not show any cfleet on glucose-induced
insulin secretion. (Fig. 2).

Effect of Dopamine on Glucose-induced Insulin Secretion
In Vitro

The pancreatic islets were incubated with 10 ¥ M. 10 M.
10°¢M 10 5 M. 10 * M DA in the presence of 4 mM and
20 mM glucose. The presence of 4 mM and 20 mM glucose in
the incubation medium is considered cquivalent to normal and
diabetic states respectively. Insulin secretion in the presence of
20 mM glucose was significantly higher (P < 0.001) than the
secretion induced by 4 mM glucose. Addition of low
concentration of dopamine (10 ® M) significantly (P < 0.01)
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Figure 1. '11] Dopamine uptake in the pancreatic islets in vitro.
s+ p . 0001 when compared with 10 "M ['H] dopamine |
4 mM glucose: P < 0.001 when compared with 10 M
| 't dopamine + 20 mM glucose. DA: Dopamine.

enhanced the insulin seerction in the presence of 4 and 20 mM
glucose when compared to cells incubated with 4 and 20 mM
glucose alone (Fig. 3). As the concentration of DA increased
o 10 TM. 10 “M 10 SM and 10 * the level of insulin
seeretion deereased significantly (P < 0.001) in the presence ol
both 4 mM and 20 mM glucose. Dopamine concentration
10 * M produced the maximum inhibition of insulin secretion
in the presence of 4 mM and 20 mM glucose incubated with
the pancreatic islets (Fig. 3).

Effect of Dopamine Antagonists in Glucose-induced
Insulin Secretion

Presence of dopamine antagonist in the culture medium
along with dopamine showed that. butaclamol a general
antagonist of dopamine. at 10 4 M concentration blocked the
stimulatory effect of DA at 10 8 M concentration (P < 0.001)
and also blocked the inhibitory effect of 10 M concentra-
tion of DA in the presence of 4 mM and 20 mM glucose
(Fig. 4). Sulpiride, a potent dopamine D2 receptor antagonist,
at 10 Y M concentration blocked (P < 0.001) the stimulatory
effect of 10 *M DA and inhibitory effect of 10 M
concentration of DA in the presence of 4 mM and 20 mM
glucose (Fig. 4). Thus the differential effect of dopamine on
glucose-induced insulin secretion was mediated through its
dopamine D2 receptors in the pancreatic islets.
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Figure 2. Effect of Norepinephrine on ['H] Dopamine uptake
in pancreatic islets in vitro. ***P < 0.001 when compared to
10" M PH]+4 mM glucose: ™™ P < 0.001 when com-
pared to 10~ * M [*H] 4+ 20 mM glucose: ' P < 0.001 when
compared to 10 * M ['H]DA | 4 mM glucose: “¥<p - .00}
when compared to 10°% M ['HIDA +20 mM  Glucose.
DA: Dopamine; NE: Norepinephrine.

Effect of Norepinephrine on Dopaminergic Involvement in
Glucose-induced Insulin Secretion

Norepinephrine in two concentrations (10 % and 10 * M)
were added along with DA (10 * M and 10 * M) in 4 mM
and 20 mM glucose and incubated with cells. It was observed
that 10™* M NE did not have any affect on the stimulatory
effect of 107* M DA or on the inhibitory effect of 10 "4 M DA
in both the glucose concentrations incubated with cells. But
10™* M NE in presence of 10 * M DA in 4 mM and 20 mM
glucose significantly inhibited (P < 0.001) insulin secretion

induced by glucose overcoming the stimulatory eflect of

dopamine. A combination of 10 * M NE and 10 M DA
totally inhibited the glucose induced insulin secretion (Fig. 5).

DISCUSSION

Neurotransmitters especially catecholamines play an im-
portant role in insulin secretion. In the ff cells, dopamine might
be released from neurons innervating pancreatic islets and
exocrine pancreas is an important source of dopamine (28, 29).
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Figure 3. Eflect of Dopamine (10 % 10 10 * M) on glucose
induced insulin from pancreatic islets in vitro.
*HEP < 0.001 when compared to 4 mM glucose: ' P < 0.00
when compared to 20 mM glucose; * P < 0.05 when compared
to 20 mM glucose: P < 0.05 when compared to 4 M glucose
10 TM 107 M. 107 S M, 1074 M DA " p < 0.001 when
compared to 4 mM glucose + 10" * M DA. DA: Dopamine.

secretion

Dopamine is stored in the secretory granules of the pancreatic
islets along with serotonin and calcium ond could also
be generated in pancrgatic islets from its precursor L-dopa
(26, 30--32). The uptake studies using ["H] DA in the
pancreatic islets revealed that the external concentration of
dopamine itsell has an effect on DA uptake. [*H] DA uptake
was found to be significantly higher at concentrations 10 * M
and 107 *M compared to 107 M and 10 ° M DA in both
4 mM and 20 mM concentrations ol glucose. Glucose-induced
insulin secretion was found to be significantly increased in the
presence of DA at a concentration 10™* M, while 10 * M DA
completely inhibited the glucose induced insulin secretion.
This is suggested to have an implication in insulin secretion as
high concentrations of DA in the presence of glucose causes a
reduction in insulin secretion. Dopamine is reported to
modulate insulin secretion in the pancreatic islets (/5). DA
in the islets is essential for maintaining the equilibrium of
insulin secretion. The function of islet B cells is controlled by a
glucose sensor that operates at physiological glucose concen-
trations and acts in synergy with signals originating from
hypothalamic neurons. Evidence exists that the extra pan-
creatic cells producing and secreting these neuro-endocrine
signals also exhibit a glucose sensor activity and an ability to
integrate nutrient and neuro-hormonal messages (/6). Our
studies in the pancreatic islets suggest that the DA exerts a
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Figure 4. Effect of Dopamine Antagonists on glucese induced
insulin secretion from pancreatic islets i vitro. ***P < (0.001
when compared with 4 mM glucose + 10 " M DA; "' ' p
0.001 when compared with 20 mM glucose | 10 ¥ M DA;
P < 0.001 when compared with 4 mM  glucose 110
M DA; P <0001 when u‘mlp:lrcd with 20mM glucose |
10 *M DA. BUT: Butaclamol:SUL: Sulpiride; DA: Dopamine.

differential regulatory role in glucose-induced insulin secre-
tion — its inhibitory effect is seen at increased concentrations
and its stimulatory eflect at lower concentrations.

To determine the

modulation of insulin secretion by

dopamine through its specific receptors, we used antagonists

butaclamol and sulpiride. Butaclamol. a general antaonist of

dopamine receptors blocked the stimulatory eflect on glucose-
induced insulin secretion at 10 * M DA and inhibitory eflect
at 107* M DA. Presence of sulpiride. a potent dopamine 12
receptor antagonist to the pancreatic islets eflectively blocked

the dopaminergic action on insulin secretion. Identification of

DA D2 receptors.in the pancreatic islets of rodents suggests
that these receptors would play an important role in insulin
secretion (26). The results suggest that dopamine differentially
regulates the pancreatic islets insulin secretion mediated
through its DA D2 receptors. Our earlier studies reported
that addition of forskolin, an activator of cAMP, antagonized
the inhibitory effect of DA on insulin secretion (19).

NE at low concentration did not have any effect on the [*H)
DA uptake while at high concentration inhibited the uptake of
DA at 10 *M and 10 * M in the presence of 4 mM and
20 mM glucose. Increased NE level is reported to inhibit the
pancreatic islet function (/7). The hypothalamic neuronal

108 MDA+ 108 MNE
108 MDA+ 104 MNE
104 MDA +108 M NE
104MDA+104 MNE

Molar concentration of neurotransmitter

Figure §. Eflect of NE on the role DA in pancreatic islet glucose
induced insulin secretion in vitro. Values are Mean S.E.M. o 4-6
separate determinations: *** P2 < 0.001 when compared 1o
4 mM glucose 110 M DA™ < 0.001 when compared to
20 mM glucose 110 " M DA: "' P < 0.001 when compared
to 4 mM glucose 1 10 *' M DA: " P < 0.001 when com-
pared to 20 mNY glucose 4 10 * M DA. NE: Norepinephrin:
DA: Dopamine.

messages and the dopamine presence in the pancreatic islets
cause the inhibition of insulin secretion during diabetes (/135).
Also, high concentrations of norepinephrine, dopamine, and
serotonin in the pancreatic islets are reported to decrease
glucose-stimulated insulin seerction (/8). Thus, high concen-
tration of NE blocked the uptake of DA into the pancreatic
islets and this could aflect the role of DA in glucose induced
insulin secretion. Dopamine  analogues  like TL-99 and
pergolide are reported o inhibit  glucose-induced insulin
seeretion and increase glucose intolerance similar to epinephr-
ine. mediated through the alpha-2-adrenergic receptors (25,
27). It has been previously reported that high concentrations
of NE inhibited the glucose-induced insulin secretion (18).
Norepinephrine is reported to have an inhibitory effect on
insulin secretion in the pancreatic islets (4). Our results show
that a high concentration of NE was inhibitory to DA uptake
to pancreatic islets. Also. the stimulatory eflect of DA on
insulin secretion was inhibited. Low concentration of NE did
not afleet the DA uptake to pancreatic islets and the
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stimulatory effect of DA on insulin secretion. During diabetes
there is an increased neuronal and extra neuronal uptake of
NE that increases the sympathetic stimulation (22). Increase in
calcium and cyclic AMP can stimulate insulin release from the
pancreatic 8 cells of islets of langerhans (23). Studies with
noradrenaline on fi2 adrenergic receptor in the pancreatic
islets have shown that, glucose stimulated 45Ca2 { accumula-
tion was shown to be reduced by the presence of noradrenaline
(25). Our data suggests that the decreased DA levels in the
pancreatic islets enhanced the insulin secretion while the
increased NE levels blocked this effect. During diabetes. an
increased turnover of dopamine to norepinephrine has been
reported in the pancreatic islets which could damage the
stimulatory eflect of dopamine (25).

Thus from our in vitro results, it is suggested that DA
concentration is very critical for glucose-induced insulin
secretion. Low concentration of dopamine is necessary for
the stimulation of insulin secretion by glucose. The inhibitory
and stimulatory effect on insulin seeretion by dopamine is
mediated through the dopamine D2 receptors in the panereatic
islets. It is also suggested that the increased NE in diabetic
conditions blocks the uptake ol DA to pancreatic islets and
inhibits the stimulatory effect of DA on insulin secretion.

ACKNOWLEDGEMENT

The work was supported by the grants from DBT, DST,
ICMR, Government of India. Eswar Shankar thanks Cochin
University of Science and Technology for JRF.

REFERENCES

1. Schuit. F. C. (1996) Factors determining the glucose sensitivity and
glucose responsiveness of pancreatic beta cells. Horm. Res. 46. 99 106,

2. Dukes, 1. D., Roe, R. W.. Worliy. J. ., and Philipson. L. . (1997)
Glucose-induced alterations in beta-cell eytoplasmic Ca™ mvolving
the coupling of intracellular Ca®' stores and plasma membrance iop
channels. Curr. Opin. Endocrinol. Diabetes 4. 262 271,

3. Renstrom, E., Ding, W. G.. Bokvist, K.. and Rorsman. P. (1996)
Neurotransmitter induced inhibition of exocytosis in insulin sceretory
beta cells by activation of calcineurin. Newrone 17, 513 522,

4. Porte, J. D. (1967) A receptor mechanism for the inhibition of insulin
release by epinephrine in man. J. Clin. Invest. 46, 86 94,

5. Lacey, R. J., Cable. C. H.. James. R. F.. London. M, J. M.. Peirett.
C. W., Scarpello, J. H., and Morgan. N. G. (1993) Concentration
dependent effect of adrenalin on the profile of insulin secretion from
isolated human islets of langerhans. J. Endicrinol. 138, 555 563.

6. Filipponi, P., Gregorio, F., Ferrandina, C., Nicoletti, 1., Mannareli,
C.. Pippi. R., and Santeusanio. F. (1986) Alpha-adrenergic system in
the modulation of pancrcatic A and B cell function in normal rats.
Diabetes Res. Clin. Pract. 2, 325 336.

7. Alef. N.. Lofontan. M., Double A.. Helary, C.. Ktorza. A.. and
Penicaud, L. (1996) A specific beta-3 adereno receptor agonist induces
increased pancreatic islet blood flow and insulin seeretion in rats. Lar.
J. Pharmacol. 298, 287 292.

8. Smith, P. H., and Davis, B. J. (1985) Eflect of substantia nigra lesions
on the volume of A, B, and D cells and the content of insulin and
glucagon in the rat pancreas. Diabetologia 28, 756 762,

L &

10.

16.

19

20.

26!

. Ahren, B.. Jarhult, ),

. Takeuchi. S. O, T, Shonai, K.,

s Atongll S 8.

o Lo R

. Kersting U, M., Ahlemus. S.. Alster P..

23 Siegel L.

SHANKAR ET AlL.

Swanson, 1. W.. and Sawchenko, P. E. (1980)
nucleus: a site for the integration of neuroendocrine and autonomic
mechanisms. Newroendocrinology 31, 410 417.

Ahren. B.. and Lundquist, 1. (1985) Effects of L-dopa-induced
dopamine accumulation on 45Ca”" efllux and insulin secretion in
irolated rat islets. Pharmacology 30, 71 - 82.

and Lundquist. 1. (1981) Influence of the
sympatheto-adrenal system and somatostatin on the seeretion of
insulin in the rat. /. Physiol. 312, 563 575.

and Imamura. S. (1990) Distribution
ol catecholaminergic receptors in the rat’s panereas islet. Nippon Tha
Daigaku Zasshi 87, 119 1206.

and Taylor, K. W. (1968) Potassium jon and the
seerction ol insulin by islets of langerhans incubated in vitro. Biochem.
JO108. 17 24,

Paraventricular

- Pipeleers. DL Gl Veld, 1P AL Dewinkle, V. M. Maes. E.. Schuits,

P Cloand Gepts, W (1985) A new in vitro model for the study of
pancreatic A and B cells, Endocrinology 117, 806 816.

- Nogueira, C. R Machado, UL, Curi, R, and Carpinelli, AL R, (1994)

Maodulation of insulin seeretion and 45Ca” ' eflux by dopamine in
glucose-stimulated pancreatic islets. Gen. Pharmacol. 25,909 916,
Schuit. 1. Co Huypens. P Heimberg, FL, and Pipeleers. D. G. (2001)
Glucose sensing in pancreatic beta-cells: a model for the study of
other plucose-regulated cells in gut. pancreas. and hypothalamus,
Diabetes 50,111,

. Adeghate. .. Ponery. AL S, and Sheen. R. (2001) Streptozotocin-

induced diabetes mellitus is associated with increased pancreatic tissue
levels of noradrenalin and adrenaline in rats. Pancreas 22, 311 316.
T Bird, 1L and Feldman, J. M. (1980) Efect of increased
pancreatic islet norepinephrine. dopamine and serotonin concentration
on insulin seeretion in the golden hamster. Diabetologia 18, 341 346.
Abraham. A (1998)  Adrenergic and  monoamines
i the brain and pancreatic islets of streptozotocin diabetic rats: role
of insulin secretion as a function of age. PhD) Thesis, Dept. of
Biotechnology. Cochin University of Science and Technology, 74 75,
Lang. €. H. (1995) Inhibition of central GABA  receptors enhances
hepatic glucose production and peripheral glucose uptake. Brain Res.
Bull. 37, 611 616,

receptors

and  Hillegaart V. (1996)
Effective of selective serotonin and dopamine agonist on plasma levels of
glucose. insulin and glucagons. Newroendocrinology 63, 269 - 274.

- Eisenhofer, Gi.. Smolich, 1. 1., and Esler. M. . (1992) Disposition

of endogencous adrenaline compared (o noreadrenaline released
by cardiac sympathetic nerves in the anacsthetized dogs. Naunyn
Schmicdebergs Arch. Pharmacol. 345, 160 171,

G.. Wollheim, C. B.. Kikuchi. M.. Renold. A. E.. and
Sharp. G W. (1980) Dependency of cyclic AMP-induced insulin
release on intra-and extra cellular caleium in rats islets of langerhans,
J. Clin. Investi. 65, 233 - 241,

. Takeuchi, Y., Fukunaga, K., and Miyamoto. E. (2002) Activation

ol nuclear Ca (27 y'calmodulin-dependent  protein kinase 11 and
brain-derived neurotropic factor gene expression by stimulation of
dopamine D2 receptor in transfected NG 108-15 cells. J. Neurochen.
82(2). 316 328,

. Morgan, N G..and Montague, W. (1985) Studies on the mechanism

of inhibition of glucose induced insulin secretion by noradrenalin in
rat islets of langerhans. Biochem. J. 226, 571 576.

Blanca. R. Ljubicic, S.. Pournourmohammadi, S.. Carobbio. S..
Armanet. M. Bartley, C.. and Macchler. P. (2005) Dopamine D2-like
receptors are expressed in pancreatic beta cells and mediate inhibition
of insulin sceretion. J. Biol. Chem. 280, 36824 - 36832.

27. Arnerie, S, P, Chow, S. AL Long, J. P, and Fischer, L. J. (1984)

Inhibition of insulin release from rat pancreatic islets by drugs that are
analogues of dopamine. Diaberes 33, 888 893,




SRS

A

28.

. Ahren, B., and Lundquist. 1.

DOPAMINE- AND GIUCOSE-INDUCED INSULIN SEFCRE 1ON 163

Mezey. E.. Eisenhofer. G.. Harta. G.. Hansson. 5. Goukl, 1.,
Hunyady. B.. and Hoffman. B. J. (19906) A novel nonneuronal
catecholaminergic system: exocrine panereas synthesizes and releases
dopamine. PNAS 93. 10377 10382,

(1985) Effects of 1 -dopa-induced
dopamine accumulation on 45Ca” " efilux and insulin seeretion in
isolated rat islets. Pharmacology 30, 71 82,

 Borelli. M. 1. Villar. M. J.. Orezzoli, AL and Gagliardino, J. 1. (1997)

Presence of DOPA decarboxylase and its localisation in adult rat
pancreatic islet cells. Diabetes Metah. 23,161 161,

i o

Takavanagi. M. and Watanabe, T. (1996) Immunocytochemical
colocalizations of insulin, aromatic L-amino acid decarboxylase.
dopamine beta-hydroxylase, S-100 protein and chromogranin A in
B-cells of the chicken endocrine pancreas. Tissue Cell 28,17 24

1. Hakanson. R.. and Lundquist. 1. (1977) Accumula-
tion of dopamine in mouse pancreatic B-cells following injection of
1 -DOPA. Localization to secretory granules and inhibition ol insulin
seeretion. Diabetologia 13, 117 124,

Fricson, 1.



	page 1
	page 2
	page 3
	page 4
	page 5
	page 6
	page 7
	page 8
	page 9

