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Abstract

In the present study dopamine was measured in the hypothalamus, brainstem, pancreatic islets and plasma, using HPLC. Dopamine D, receptor
changes in the hypothalamus, brainstem and pancreatic islets were studied using [*H] YM-09151-2 in streptozotocin-induced diabetic and insulin-
treated diabetic rats. There was a significant decrease in dopamine content in the hypothalamus (P<0.001), brainstem (P<0.001), pancreatic islets
(P<0.001) and plasma (P<0.001) in diabetic rats when compared to control. Scatchard analysis of [’H] YM-09151-2 in the hypothalamus of
diabetic rats showed a significant decrease in By, (P< 0.001) and Ky, showing an increased affinity of D, receptors when compared to control.
Insulin treatment did not completely reverse the changes that occurred during diabetes. There was a significant decrease in B, (P<0.01) with
decreased affinity in the brainstem of diabetic rats. The islet membrane preparation of diabetic rats showed a significant decrease (P<0.001) in the
binding of [*H] YM-09151-2 with decreased K4 (P<0.001) compared to control. The increase in affinity of D, receptors in hypothalamus and
pancreatic islets and the decreased affinity in brainstem were confirmed by competition analysis. Thus our results suggest that the decreased
dopamine D, receptor function in the hypothalamus, brainstem and pancreas affects insulin secretion in diabetic rats, which has immense clinical

relevance to the management of diabetes.
© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Dopamine, or b-(3, 4-dihydroxyphenyl) ethylamine, is an
endogenous catecholamine that was first recognized as a neuro-
transmitter in the central nervous system (Carlsson, 1959).
Dopamine in the central nervous system is involved in the control
of both motor and emotional behavior (Vallone et al., 2000) and
peripherally modulates insulin secretion in the pancreatic islets
(Nogueira et al., 1994). Dopamine is stored in the secretory
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granules of the pancreatic islets along with serotonin and calcium
and could also be generated in pancreatic islets from its precursor
L-dopa (Blanca et al., 2005). Hyperglycemia during diabetes is
reported to damage dopaminergic functions, as shown by
changes in dopamine metabolism in the human brain and the
brains of animals with experimentally induced diabetes
(Lozovsky et al., 1981; Trulson and Himmel, 1983; Serri et al.,
1985; Laokovic et al.,, 1990). An increased D, receptor density
has been observed in some brain regions (Lozovsky et al., 198 1
Trulson and Himmel, 1983; Serri et al., 1985). Diabetes mellitus
is often accompanied by emotional, behavioral, and mood
disturbances or some centrally mediated neurological complica-
tions (Salkovic and Lackovic, 1987), the pathophysiology of
which is still unclear, but might be related to dysfunction of the
brain dopaminergic system, as described by several laboratories
(Lozovsky et al., 1981; Trulson and Himmel, 1983; Serri et al.,
1985; Laokovic et al., 1990).
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Insulin secretion from the pancreatic islets is controlled by the
central nervous system through sympathetic and parasympathetic
nerves (Ahren, 2000; Burr et al., 1976; Campfield and Smith,
1980). Recent studies from our laboratory described the regu-
latory role of the sympathetic and parasympathetic systems in
pancreatic regeneration (Renuka et al., 2004, 2005; Mohanan
et al.,, 2005a,b). Pancreatic islets receive innervations from both
divisions of the autonomic nervous system, and pancreatic endo-
crine secretion is partly controlled by the autonomic nervous
system (Liu et al., 2001). Anatomical studies suggest that the
vagal efferent fibers originating from the nucleus ambiguus and
dorsal motor nucleus of the brainstem directly innervate the
pancreas (Bereiter et al., 1981) and have a role in neurally
mediated insulin release (Azmitia and Gannon, 1986). The
hypothalamus also has an important role in pancreatic secretion
(Ying et al., 2003). The central vagal connection with
dopaminergic innervations is reported to reach the pancreatic
islets through the parahypothalamic ventricular nucleus (PVN),
while adrenergic and serotonergic innervations reach the pancreas
through the brainstem (Smith and Davis, 1985). The brainstem
together with the hypothalamus serves as the key center of the
central nervous system for regulating body homeostasis. In this
respect, investigations of central dopamine receptors during
diabetes mellitus is important, as recent reports suggest that
pancreatic beta islets express dopamine receptors, and the role
played by dopamine in modulating insulin secretion is mediated
through its receptors (Blanca et al., 2005). Our laboratory has
recently reported that dopamine differentially regulates glucose-
induced insulin secretion in the pancreatic islets, an effect
mediated by pancreatic D, receptors (Eswar et al., 2006). In the
present study, alterations in the dopamine content and dopamine
~ D; receptors of the hypothalamus, brainstem and pancreatic islets
of streptozotocin-induced diabetic rats were studied to detect the
functional correlation of changes in dopamine content and
dopamine D, receptors during diabetes. Our studies suggest that
dopamine is affected by diabetes mellitus both centrally and
peripherally and this has important clinical implications.

2. Materials and method

Biochemicals used in the present study were purchased from
Sigma Chemical Co., USA. All other reagents were of analyt-
ical grade purchased locally. YM-09151-2, cis-N-(1-benzyl-2-
methylpyrro]idine-3-yl)—5—chloro-2-methoxy-4-methylamino-
benzamide], was a gift from Yamanouchi Pharmaceuticals Ltd,
Tokyo, Japan. [*"H]YM-09151-2 (cis-N-(1 -benzyl-2-methylpyr-
rolidine-3-yl)—S-chloro-2-methoxy-4—methylaminobenzamide

Table 1
Dopamine content (nmol/ml plasma) in the plasma of control, diabetic and
insulin-treated rats

Animal status Dopamine
Control 0.80+0.036
Diabetic 0.30+0.027 *
Insulin-treated diabetic 0.51£0.010*®

Values are means+S.E.M. of 4-6 separate experiments. * (P<0.001) when
compared to control, ® (P<0.001) when compared to diabetic.

Table 2
Dopamine content (nmol/g wet wt. of tissue) in the hypothalamus, brainstem
and pancreas of control, diabetic and insulin-treated rats

Animal status Hypothalamus Brainstem Pancreas
Control 0.99+0.041 0.54+0.017 2.07+0.048
Diabetic 0.32+0.026 * 0.29+£0.010*  0.84+0.036 *
Insulin-treated diabetic ~ 0.69+0.024 * ® 0.31£0.010*  1.0240.035%°¢

Values are means+S.E.M. of 4-6 separate experiments. * (P<0.001) when
compared to control, ® (P<0.001) when compared to diabetic, © (P<0.05) when
compared to diabetic.

Sp. activity-85.0Ci/mmol) was purchased from NEN Life
Sciences Products, Inc. Boston, USA.

Adult male Wistar rats of 200-240 g body weight were
purchased from the Central Institute of Fisheries Technology,
Cochin, and used for all experiments. They were housed in
Separate cages under 12-h light and 12-h dark schedule and
were maintained on standard food pellets and water ad libitum.
Diabetes was induced with a single intrafemoral dose (65 mg/kg
body weight) of streptozotocin prepared in citrate buffer, pH 4.5
(Hohenegger and Rudas, 1971; Arison et al., 1967). Animals
were divided into the following groups: i) control ii) diabetic iii)
insulin-treated diabetic rats. Each group consisted of 4-6
animals. The insulin-treated diabetic group received a daily
dose (1 Unit/kg body weight) of Lente and Plain insulin (Boots
India). The dose was increased daily according to the blood
glucose level (Sasaki and Bunag, 1983). Rats were killed by
decapitation on the 14th day of the experiment. The brainstem,
hypothalamus and pancreas were dissected out quickly over ice
according to the procedure of Glowinski and Iversen (1966).
The tissues were stored at —70 °C until assayed.

2.1. Quantification of dopamine

Dopamine content was assayed according to Paulose et al.
(1988), using high-performance liquid chromatography (HPLC)
integrated with an electrochemical detector (HPLC-ECD)
(Shimadzu, Japan) fitted with C18-CLC-ODS reverse-phase
column. The tissues from brain regions were homogenized in
0.4 N perchloric acid. In the case of pancreas, the tissues were
homogenized in 0.1 N perchloric acid. The homogenate was

Table 3
[*H] YM-09151-2 binding parameters in the hypothalamus of control, diabetic
and insulin-treated diabetic rats

Animal status Binax (fmol/mg protein) K4 (nM)
Control 151.2+1.034 1.48+0.0125
Diabetic 82.0+1.014% 1.08+0.0122 *
Insulin-treated diabetic 112,241.163*° 1.2740.0200 ¢ ®

€ (P<0.01) when compared to control, * (P<0.001) when compared to control,
3 (P<0.001) when compared to diabetic. Biyax — Binding Maximum, (fmol/mg
protein), K4y — Dissociation constant (nM). Values are means+S.E.M of 4-6
separate experiments. Scatchard analysis of[3H] YM-09151-2 against sulpiride
in the hypothalamus of control, diabetic and insulin-treated diabetic rats.
Incubation was done with 0.25 nM to 2.0 nM of [’H] YM-09151-2 in a total
incubation volume of 300 pl. Five micromolar sulpiride was used to determine
the specific binding. The reaction was stopped by rapid filtration through GF/B
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Fig. 1. Scatchard analysis of [*H] YM-09151-2 binding against sulpiride in the
hypothalamus of control, diabetic and insulin-treated diabetic rats (A repre-
sentative graph).

centrifuged at 5000 xg for 10 min at 4 °C (Kubota refrigerated
centrifuge) and the clear supernatant was filtered through
0.22-pm HPLC-grade filters and used for HPLC analysis. The

mobile phase consisted of 75 mM sodium dihydrogen ortho-

phosphate, | mM sodium octyl sulfonate, 50 mM EDTA and 7%
acetonitrile (pH 3.25), filtered through the 0.22-um filter
(Millipore) and degassed. A Shimadzu pump (model 10 AS)
was used to deliver the solvent at a rate of | ml/min. Dopamine
was identified by using an electrochemical detector (Model 6A,
Shimadzu, Japan) with a reduction potential of +0.8 V. The
peaks were identified by their retention times compared with
those of standards and quantitatively estimated using an inte-
grator (Shimadzu, C-R6A-Chromatopac) interfaced with the
detector.

Plasma monoamines were assayed as described by Jackson
et al. (1997). Plasma (1.0 ml) was diluted with an equal volume
of distilled water and S0 pl of 5 mM sodium bisulphite was
added, followed by 250 pl of 1 mM Tris buffer pH 8.6. Acid
alumina (20 mg) was then added and mixed for 20 min, the
supernatant was aspirated off and the alumina was washed twice
with 2.0 ml of 5 mM sodium bisulphite. To the final pellet of
alumina 0.2 ml of 0.1 N perchloric acid was added. The
supernatant was filtered through a 0.22-um HPLC-grade filter
and used for HPLC determinations. Monoamine levels in the
hypothalamus, brainstem, pancreas, and plasma of the experi-
mental and control rats were statistically analyzed.

Table 4
[*H] YM-09151-2 binding parameters in the brainstem of control, diabetic and
insulin-treated diabetic rats
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Fig. 2. Scatchard analysis of [’H] YM-09151-2 binding against sulpiride in the
brainstem of control, diabetic and insulin-treated diabetic rats (A representative
graph).

2.2. Dopamine D, receptor analysis

Dopamine D, receptor binding assay was done according to
the modified procedure of Unis et al. (1998) and Madras et al.
(1988). The pancreatic islets were isolated and then used
for membrane preparation. The isolated pancreatic islets,
hypothalamus and brainstem were homogenized in 10 volumes
of ice-cold 50 mM Tris—HCI buffer, along with 1 mM EDTA,
5 mM MgCl,, 1.5 mM CaCl,, 120 mM NaCl, and 5 mM KCl
pH.7.4. The homogenate was centrifuged at 48,000 xg for
30 min. The pellet was washed and recentrifuged with 50
volumes of the buffer at 48,000 xg for 30 min. The pellet was
suspended in an appropriate volume of buffer.

The concentrations of [’H] YM-09151-2 used in the binding
assay with pancreatic islets ranged from 0.1 nM to 2.0 nM.
Different concentrations were used in the hypothalamus and
brainstem binding assays i.e., 0.25 nM to 2.0 nM of [*'H] YM-
09151-2 in 50 mM Tris—HCI buffer, along with | mM EDTA,
5 mM MgCl,, 1.5 mM CaCl,, 120 mM NaCl, 5 mM KCI with
10 pM pargyline and 0.1% ascorbic acid in a total incubation
volume of 300 pul containing 200 to 300 pg of protein. Specific
binding was determined using 5.0 pM unlabeled sulpiride.
Competition studies with hypothalamus and brainstem prepara-
tions were carried out with 0.25 nM [*H] YM-09151-2 in each
tube with unlabeled ligand concentrations varying from 10~ '2

Table 5
[*H] YM-09151-2 binding parameters in the pancreatic islets of control, diabetic
and insulin-treated diabetic rats

Animal status : K4 (nM)

Binax (fimol/mg protein) Animal status Binax (fmol/mg protein) K4 (nM)
Control 174.25+0.85 2.10+0.044 Control 450+3.98 1.61£0.015
Diabetic 160.40+4.16 € 2.42+0.190 * Diabetic 20745522 0.55+0.040
Insulin-treated diabetic 168.25+0.85 1.314£0.011° Insulin-treated diabetic 297+4.14%° 1.57+0.045°

¢ (P<0.01) when compared to control, * (P<0.001) when compared to control,
b (p< 0.001) when compared to diabetic. B,,,x — Binding Maximum (fmol/mg
protein), K4 — Dissociation constant (nM). Values are means+S.E.M of 4-6
separate experiments. Scatchard analysis of [3 H] YM-09151-2 against sulpiride
in the brainstem of control, diabetic and insulin-treated diabetic rats. Incubation
was done with 0.25 nM to 2.0 nM of [PH] YM-09151-2 in a total incubation
volume of 300 pl. Five micromolar sulpiride was used to determine the specific

“(P<0.001) when compared to control, ®(P<0.001 ) when compared to diabetic.
Bumax — Binding Maximum (fmol/mg protein), K; — Dissociation constant
(nM). Values are means+S.E.M. of 4-6 separate experiments. Scatchard
analysis of ['H] YM-09151-2 against sulpiride in the pancreatic islets of control,
diabetic and insulin-treated diabetic rats. Incubation was done with 0.25 nM to
2.0 nM of [3H] YM-09151-2 in a total incubation volume of 300 pl. Five
micromolar sulpiride was used to determine the specific binding. The reaction
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Fig. 3. Scatchard analysis of [’H] YM-09151-2 binding against sulpiride in the

pancreatic islets of control, diabetic and insulin-treated diabetic rats. (A repre-
sentative graph).

to 107* M of YM-09151-2. Competition studies with pancreatic

islets preparations were carried out with 0.5 nM ’H] YM- -

09151-2 in each tube with unlabeled ligand concentrations
varying from 107'? to 107* M YM-09151-2. Tubes were
incubated at 25 °C for 60 min and their contents were filtered
rapidly through GF/B filters (Whatman). The filters were
washed quickly three times with 5.0 ml of ice-cold 50 mM Tris
buffer, pH 7.4. Bound radioactivity was counted with cocktail-T
in a Wallac 1409 liquid scintillation counter.

2.3. Protein determination

Protein was measured by the method of Lowry et al. (1951),
using bovine serum albumin as standard.

2.4. Receptor data analysis

The linear regression data were analyzed according to
Scatchard (1949) and the Scatchard plots were made using
SIGMA PLOT (Ver 2.03). The non-linear regression displace-
ment data were analyzed using GraphPad Prism software,
GraphPad, Inc., USA. The concentration of the competing drug
that competes for half the specific binding was defined as ECsj,
which is same as ICs, (Unnerstall, 1990). The affinity of the
receptor for the competing drug was designated K; and is
defined as the concentration of the competing ligand that will
bind to half the binding sites at equilibrium in the absence of
radioligand or other competitors (Chen and Prusoff, 1973).

Table 6
Binding parameters of [°H] YM-09151-2 against YM-09151-2 in hypothalamus
of control, diabetic and insulin-treated diabetic rats
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Fig. 4. Binding parameters of PH] YM-09151-2 against YM-09151-2 in
hypothalamus of control, diabetic and insulin-treated diabetic rats.

Statistical evaluations were done with ANOVA (analysis of
variance), using InStat (Ver.2.04a).

3. Results

3.1. Dopamine content of hypothalamus, brainstem, pancreas
and plasma was decreased in diabetic rats

The plasma dopamine concentration of diabetic rats was
significantly lower than that of the control (P<0.001). Insulin
treatment significantly reversed (P<0.001) the altered dopa-
mine content when compared with that of the diabetic group
(Table 1). The dopamine content of the hypothalamus was
significantly (P<0.001) lower in 14-day diabetic rats. Insulin
treatment reversed the decreased dopamine content to near
control levels (Table 2). The dopamine content of the brainstem
was significantly (P<0.001) lower in diabetic rats than in
control rats. Insulin treatment did not reverse the decreased
dopamine content (P<0.05) (Table 2). The dopamine content of
the pancreas was significantly lower in the diabetic rats than in
the control rats (P<0.001). Treatment with insulin did not
completely reverse the decreased dopamine to control levels
(P<0.001) but increased dopamine levels (P<0.05) relative to
those of untreated diabetic rats (Table 2).

3.2. Dopamine D; receptors - in hypothalamus, brainstem,
pancreas were decreased in diabetic rats

Scatchard analysis of [°H] YM-09151-2 binding in the
hypothalamus of diabetic rats showed a significant decrease in
Binax (P<0.001) and K4 (P<0. 001) when compared to control.

Table 7
Binding parameters of [JH] YM-09151-2 against YM-09151-2 in brainstem of
control, diabetic and insulin-treated diabetic rats

Animal status Best fit model Log (ECso) K; Hill slope

Animal status Best fit model Log (ECsy) K; Hill slope

Control One site ~T6i2 1.664x107% —1.046
Diabetic One site ~7.837 1.246x10% —1.000
Insulin-treated diabetic One site =1.967 1.371x107% ~0.952

Control One site -7.514 2.735x10°% -1.000
Diabetic One site —-7.604 2.255%1077 -0.970
Insulin-treated diabetic One site -7.319 4.030x107% -1.012

Data are from displacement curves as determined by non-linear regression
analysis using the computer program PRISM. The affinity of the competing drug
is designated K;. ECsy is the concentration of the competitor that competes for
half the specific binding and is the same as ICs. The equation built into the
program is defined in terms of the loo (EC.

Data are from displacement curves as determined by non-linear regression
analysis using the computer program PRISM. The affinity of the competing drug
is designated K;. ECsj, is the concentration of the competitor that competes for
half the specific binding and is the same as ICsy. The equation built into the
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Fig. 5. Binding parameters of [*H] YM-09151-2 against YM-09151-2 in the
brainstem of control, diabetic and insulin-treated diabetic rats.

Insulin treatment reversed the decreased kinetic parameters to
near control (Table 3; Fig. 1). This decrease in K4 with a change
in By, reflected an increased affinity of D, receptors for
dopamine with a change in receptor number. In the brainstem of
diabetic rats, Scatchard analysis showed a significant decrease
in Biax (P<0.01) with a significant increase in K (P<0.001)
compared to control, reflecting a decrease in affinity. The B,
was reversed to control values by insulin treatment. Insulin
treatment lowered the K significantly when compared to that of
untreated diabetic rats (P<0.001) (Table 4; Fig. 2). A significant
decrease in the B, (P<0.001) and K, (P<0.001) of [°H]
YM-09151-2 binding in the islet membrane preparation of
diabetic rats was observed when compared to control. Insulin
reversed the decrease in the K to control values (P<0.001). In
comparison with the control, B,,,,, in insulin-treated diabetic rats
remained significantly decreased (P<0.001) (Table 5; Fig. 3).
The binding data were confirmed by competition binding
assay with [*H] YM-0915]-2 against YM-09151-2. Dopamine
D, receptor affinity increased significantly in the hypothalamus
of diabetic rats in the displacement analysis, which fitted to a
single site model. Treatment with insulin reversed the decreased
K; and log (ECsg) partially to control values. The Hill slope
value was near unity (=0.952) and fitted a one site model, as did
the data for control rats (Table 6; Fig. 4). Dopamine D, receptor
affinity decreased significantly in the brainstem of diabetic rats
in the displacement analysis and fitted a one site model best.
Treatment of diabetic rats with insulin decreased the K; value to
lower than the control, shifting the affinity to a higher affinity
state. The log (ECs) value was decreased during diabetes with a
decrease in affinity. In insulin-treated diabetic rats, the log

Table 8
Binding parameters of [*H] YM-09151-2 against YM-09151-2 in pancreatic
islets of control, diabetic and insulin-treated diabetic rats

Best fit model Log (ECsp) K;

Animal status Hill slope

Control One site =6.727 1.430%x1077 —0.980
Diabetic One site -6.903 6.486x107% -1.012
Insulin-treated diabetic One site ~6.552 2.130%1077 -0.960

Data are from displacement curves as determined by non-linear regression
analysis using the computer program PRISM. The affinity of the competing drug
is designated K;. ECsy, is the concentration of the competitor that competes for
half the specific binding and is the same as ICso. The equation built into the
program is defined in terms of the loo (BC. 3
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Fig. 6. Binding parameters of ’H] YM-09151-2 against YM-09151-2 in
pancreatic islets of control, diabetic and insulin-treated diabetic rats.

(ECsp) increased as the affinity increased (Table 7; Fig. 5),
showing a decreased K; value compared with that of the control.
Dopamine D, receptor displacement analysis of control,
diabetic and insulin-treated groups, using the islets preparation
and [*H] YM-09151-2, fitted a single site model, with Hill slope
values near unity. In diabetic rats both log (ECsp) and K;
decreased, showing an increase in affinity. Insulin treatment
caused a partial reversal of both log (ECsp) and KX, values
(Table 8; Fig. 6).

4. Discussion

Diabetes mellitus is often accompanied by emotional,
behavioral, mood disturbances and centrally mediated neuro-
logical complications (Salkovic and Lackovic, 1992). Most of
the central disturbances in diabetes, the pathophysiology of
which is related to striatal dopaminergic neurons (Shimomura
et al., 1988), are thought to be mediated through dopamine D,
receptors. Insulin secretion from pancreatic islets is controlled
by the central nervous system through sympathetic and para-
sympathetic nerves (Ahren, 2000; Burr et al,, 1976; Campfield
and Smith, 1980). Diabetes is reported to decrease the dopamine
transporter, thus reducing dopaminergic signaling and thereby
affecting dopamine-related functions (Galli et al., 2002). Our
data are consistent with these findings, suggesting that the
disturbances in the central dopamine receptors during strepto-
zotocin-induced diabetes affect dopamine-related functions.

Neurotransmitters, especially catecholamines, play an im-
portant role in insulin secretion in the pancreatic islets and in
glucose homeostasis. Alterations in the brain monoamine
content in diabetic rats (Bitar et al., 1987) and the relationship
between the enhanced monoamine content in the brain, a
characteristic of hyperinsulinemic and insulin-resistant animals,
and islet dysfunction, have been reported (Liang et al., 1999).
Studies from our laboratory have shown that neurotransmitters,
such as those in the pancreatic islet, can influence the synthesis
and release of insulin (Ani Das et al., 2006; Mohanan et al.,
2006; Renuka et al., 2004; Asha and Paulose, 1999; Jackson
and Paulose, 2000). Endogenously synthesized dopamine has
been suggested to modulate insulin secretion in the pancreatic
islets (Nogueira et al., 1994). The plasma concentration of
dopamine is used as an indicator of central nervous system

§ VAN
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dopamine concentration indicates that diabetes causes an alter-
ation in overall dopaminergic function and activity. In vitro
studies from our laboratory have shown that a low concentration
of dopamine is necessary for the stimulation of insulin secretion
by glucose (Eswar et al., 2006).

Unis et al. (1998) reported that [*H] YM-09151-2 binds to
dopamine D, high affinity receptors. The regional difference in
receptor status is relevant to the role that dopamine plays during
various physiological and behavioral activities. In the intralateral
hypothalamic area, blockade of dopamine D, receptors by a
specific antagonist in tumor bearing and non-tumor bearing rats
increased food intake, indicating the involvement of dopamine
D, receptors in feeding mechanisms (Zhang et al., 2001). Im-
pairment of dopamine D, receptors is an important factor that
leads to hyperphagic and polydypsic conditions because dopa-
mine participates in the regulation of meal size (Oler et al., 1997).
Dopaminergic neurons are the direct targets for insulin action and
participate in reward-seeking behavior (Figlewicz et al., 2003).
Dopamine D, receptor disruption is reported to impair body
growth and the somatotroph population (Becu-Villalobos et al.,
2002). Also, a decrease in dopamine receptors during diabetes
may result in hyporesponsiveness (Kamei et al., 1994).

The hypothalamus and brainstem are two important parts of
the brain for monitoring the glucose status and the regulation of
feeding (Guillod et al., 2003). Dopaminergic action is important
in the regulation of hypothalamic-pituitary hormone release.
Also, dopamine and its receptors are implicated in satiety,
hunger, and body weight maintenance. The identification of
dopamine D, receptors in the pancreatic islets of rodents
suggests that these receptors play an important role in insulin
secretion (Blanca et al., 2005). Studies with pancreatic islets
have suggested that dopamine has a differential regulatory role
on glucose-induced insulin secretion — an inhibitory effect is
seen at increased concentrations and a stimulatory effect is seen
at lower concentrations (Eswar et al., 2006). Dopamine D,
receptors are thought to function through G protein stimulation
and inhibition.

When a neuroleptic drug is given, it increases dopamine
receptor supersensitivity. Studies have shown that neuroleptic-
treated diabetics have a significantly higher prevalence and
severity of tardive dyskinesia (Casey et al., 1991). Earlier
studies demonstrated antagonism of neuroleptic-induced dopa-
mine receptor supersensitivity by the neuropeptide L-Prolyl-L-
Leucyl-Glycinamide (Simon et al., 1981).

During diabetes, norepinephrine and epinephrine, the levels
of which are increased due to the increased conversion of
dopamine (Tassava et al., 1992; Jackson et al., 1997; Jackson
and Paulose, 1999), could bind to a, adrenergic receptors,
increasing sympathetic nerve discharge, which could inhibit
insulin secretion from the pancreatic islets. Studies from our
laboratory suggest that the increased norepinephrine level in
diabetic conditions blocks the uptake of dopamine into pan-
creatic islets and inhibits the stimulatory effect of dopamine on
insulin secretion (Eswar et al., 2006). It has been shown that
infusions of epinephrine (McEvoy and Hegre, 1978) and nor-

decreased levels of epinephrine and norepinephrine facilitate
DNA synthesis in the pancreatic islets by increasing insulin
secretion (Ani Das et al., 2006). The damage caused as a result
of hyperglycemia with increased sympathetic stimulation in the
pancreatic islets could be a possible cause for the decreased
activity of dopamine D, receptors in the pancreatic islets during
diabetes. Our studies suggest that dopamine is affected by
diabetes mellitus both centrally and peripherally. From our data,
we suggest that the down-regulation of dopamine D, receptors
could influence the regulation of insulin secretion by releasing
epinephrine and norepinephrine from the adrenal medulla,
which leads to the inhibition of insulin secretion in the pancreas.
On the basis of our results, we suggest that the decrease in
dopamine D, receptor function in the hypothalamus, brainstem,
and pancreas during streptozotocin-induced diabetes differen-
tially regulates pancreatic islets insulin secretion, which is of
clinical relevance to the management of diabetes.
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