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(1) 183–188,
1997.—Bromocriptine is an ergot derivative and has been thought to act as a selective D

 

2

 

 receptor agonist, but its effects on
dopamine release in vivo have not been confirmed. We administered bromocriptine into the striatum of rats and studied the
effects on feeding behavior and dopamine release. Bromocriptine was perfused via a microdialysis probe into the ventrolat-
eral striatum of rats fasted for 22 h, and the rats were then allowed to feed freely for 6 h. Bromocriptine perfusion increased
food intake in a dose-dependent manner, whereas the extracellular concentrations of dopamine, 3,4-dihydroxyphenylacetic
acid (DOPAC), and homovanillic acid (HVA) did not change. Perfusion of (

 

2

 

)sulpiride, a selective D

 

2

 

 receptor antagonist,
decreased food intake, but increased dopamine release and the levels of DOPAC and HVA. Pretreatment with (

 

2

 

)sulpiride
perfusion for 1 h prior to bromocriptine perfusion inhibited the increase of food intake induced by bromocriptine, and it in-
creased dopamine release and the levels of DOPAC and HVA. These findings suggest that bromocriptine directly perfused
into the ventrolateral striatum acts selectively on postsynaptic D

 

2

 

 receptors and enhances feeding behavior. © 1997 Elsevier
Science Inc.
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BROMOCRIPTINE is an ergot derivative that has been
shown to act as an agonist on D

 

2

 

 receptors at micromolar con-
centrations and as an antagonist on striatal D

 

1

 

 receptors at nan-
omolar concentrations (21,25). However, a 33,000-fold higher
concentration of bromocriptine is required to cause an accumu-
lation of cyclic adenosine monophosphate (AMP) than to in-
hibit prolactin release (26). In addition, the IC50 of bromocrip-
tine for D

 

1

 

 and D

 

2

 

 receptors has been demonstrated by using
autoradiography to be 133 

 

m

 

M and 8.5 mM, respectively (29).
For these reasons, bromocriptine has recently been thought to
act as a selective D

 

2

 

 receptor agonist and has been widely used
for treatment of psychiatric and neurological diseases such as
Parkinson’s disease.

Bromocriptine, as well as other ergot derivatives such as li-
suride and lergotrile, has been shown to reduce the consumption
of standard laboratory diets during periods of restricted access
to food (2). Treatment with bromocriptine, the recently devel-

oped specific D

 

2

 

 agonist quinpirole, or the specific D

 

1

 

 agonist
SKF 38393 induced dose-dependent anorexia in rats; the an-
orectic effect of bromocriptine was antagonized by pretreat-
ment with pimozide (a D

 

2

 

 antagonist) (30). In other studies,
however, intraperitoneal injections of 

 

l

 

-dopa or bromocriptine
did not change food intake (10), and intracerebroventricular
administrations of bromocriptine and amphetamine increased
food intake (7). These findings concerning food intake follow-
ing intraperitoneal and intracerebroventricular injections of
bromocriptine are clearly inconsistent. Furthermore, in none of
these studies were the effects on dopamine metabolism as-
sessed in vivo, except in that using bromocriptine as a D

 

2

 

 recep-
tor agonist. There is also no evidence that the behavioral effects
induced by bromocriptine are related to dopamine metabolism.

The heterogeneity of organization in the striatum (9,16,23)
and the different roles for various striatal subregions in the
control of certain motor functions have been reported. In the
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rat, the medial striatum mainly receives projections from the
medial frontal cortex and is selectively involved in the perfor-
mance of spatial learning tasks (5,6,19). In contrast, the lateral
striatum mainly receives projections from the dorsolateral front-
oparietal cortex and is involved in the motor control of seg-
mental movements such as tongue and forelimb movements
(4,22). The ventrolateral striatum is closely involved in the
motor control of oral activity (16,17,22,24). Perfusion of the
ventrolateral striatum with the D

 

2

 

 receptor agonist quinpirole at
10

 

2

 

5

 

 and 10

 

2

 

4

 

 M concentration (2.56 

 

3

 

 10

 

2

 

2

 

 and 2.56 

 

3

 

 10

 

2

 

1

 

pg/

 

m

 

l) increased food intake by 41% relative to the control
value, whereas perfusion with the D

 

2

 

 receptor antagonist
(

 

2

 

)sulpiride suppressed both food and water intake (13).
Quinpirole perfusion decreased not only dopamine release
but also the concentrations of 3,4-dihydroxyphenylacetic acid
(DOPAC) and homovanillic acid (HVA) in a non-dose-depen-
dent manner (13). Sulpiride perfusion increased the release of
dopamine, DOPAC, and HVA at all concentrations (13). See
et al. (27) also reported that administration of a D

 

2

 

 receptor
agonist and antagonist elicits the same changes in dopamine
release. These findings suggested that D

 

2

 

 receptors in the ven-
trolateral striatum are involved in the regulation of food in-
take in the rat.

The present study was performed to clarify whether bro-
mocriptine acts as a D

 

2

 

 receptor agonist in vivo and, further-
more, whether it acts as a full or partial D

 

2

 

 receptor agonist.
Bromocriptine was directly perfused via a microdialysis probe
into the ventrolateral striatum of fasted rats, and the extracel-
lular concentrations of dopamine, DOPAC, and HVA as well
as the food intake (as an index of oral activity as behavioral
changes) (14) were measured hourly. Effects of (

 

2

 

)sulpiride
perfusion alone and pretreatment with (

 

2

 

)sulpiride perfusion
prior to bromocriptine perfusion on behavioral changes are
also examined.

 

METHODS

 

Animals and Drug Treatment

 

Female Wistar rats (Keari Co., Osaka, Japan) each weigh-
ing 180–210 g were used in the study. The rats were housed in-
dividually and were fed laboratory chow (24.8% crude pro-
tein, 4.4% crude fat, 3.5% crude fiber, 7.0% crude ash, 51.6%
nitrogen-free extract, 8.7% water; 345.2 Cal/100 g) and water
ad lib. They were kept in plastic cages (30 

 

3

 

 30 

 

3

 

 35 cm) with
a 12 L:12 D cycle (lights on 2000–0800 h) and ambient tem-
perature regulated to 22 

 

6

 

 2

 

8

 

C. They were cared for in com-
pliance with the Guidelines for Animal Experimentation of
Osaka City University.

Bromocriptine (Sandoz Pharmaceutical Ltd., Basel, Swit-
zerland) and (

 

2

 

)sulpiride (Sigma Chemical Co., St. Louis,
MO, USA) were dissolved in water with (CH

 

3

 

)

 

2

 

SO and
H

 

2

 

SO

 

4

 

 and then diluted with Ringer’s solution (149 mM NaCl,
1.3 mM KCl, and 1.5 mM CaCl

 

2

 

).

 

Surgery and Microdialysis

 

Each rat was anesthetized with chloral hydrate (400 mg/kg
intraperitoneally), and a dialysis guide cannula was implanted in
the left ventrolateral striatum according to the following coordi-
nates from the atlas of Paxinos and Watson (20): AP 

 

1

 

0.5 mm,
L 

 

1

 

3.0 mm, and V 

 

2

 

3.5 mm from the bregma and dural surface.
The cannula was secured to the skull with a screw and dental
cement, and a wire stylet was placed in the guide to keep it
free of debris. A 10-day period was allowed for the rat to re-
cover from surgery.

 

Experimental Procedures and Drug Perfusion

 

At least 12 h before the beginning of each experiment, a
dialysis probe with a 3-mm-long cellulose tip was inserted into
the guide cannula. Ringer’s solution was continuously per-
fused through the probe at a flow rate of 1 

 

m

 

l/min.
In experiment 1, after the basal levels of extracellular dopa-

mine, DOPAC, and HVA became stable, three 20-min baseline
samples were collected during a 1-h period (1000–1100 h) fol-
lowing 21 h of food deprivation. Ringer’s solution containing
bromocriptine (25 

 

3

 

 10

 

2

 

4

 

, 0.25, or 25 

 

m

 

g/

 

m

 

l) was perfused into
the ventrolateral striatum for 6 h (1100–1700 h) through a mi-
crodialysis probe (

 

n

 

 

 

5

 

 5 rats in each group). The animals were
allowed free access to food, and food intake was measured
hourly. A known weight of food (about 50 g) was provided in a
removable plastic food container designed to allow access to
the food and minimize food spillage. When spillage did occur,
the spilled food was collected and added to the unconsumed to-
tal. The unconsumed food was weighed at hourly intervals and
the remaining food was replaced after measurement. These
measurements were done carefully so as not to disturb the rat.
The extracellular concentrations of dopamine, DOPAC, and
HVA were measured every 20 min. Ringer’s solution containing
(

 

2

 

)sulpiride at 2.5 

 

m

 

g/

 

m

 

l, a dose selected based on the results of
a previous study (13), was also perfused into the ventrolateral
striatum for 6 h (1100–1700 h) through a microdialysis probe
(

 

n

 

 

 

5

 

 7). The food intake and concentrations of dopamine and
its metabolites were measured as described. Perfusion of
Ringer’s solution alone was performed as a control (

 

n

 

 

 

5

 

 8).
In experiment 2, after the basal levels of extracellular

dopamine, DOPAC, and HVA became stable, three 20-min
baseline samples were collected during a 1-h period (0900–
1000 h) following 20 h of food deprivation. Ringer’s solution
containing (

 

2

 

)sulpiride at 2.5 

 

m

 

g/

 

m

 

l was perfused into the vent-
rolateral striatum for 1 h (1000–1100 h), and then Ringer’s solu-
tion containing both (

 

2

 

)sulpiride at 2.5 

 

m

 

g/

 

m

 

l and bromocrip-
tine at the most effective dose found in experiment 1 (25 

 

m

 

g/

 

m

 

l)
was perfused into the region for 6 h (1100–1700 h). The animals
(

 

n

 

 

 

5

 

 6) were allowed free access to food for the 6-h period
(1100–1700 h). Food intake and the concentrations of dopamine
and its metabolites were measured as in experiment 1.

At the end of the experiment, the rats were killed and their
brains were removed and frozen. Examination of the cannula
track was carried out using thin sections cut with a razor
blade. The ventrolateral striatum was defined through refer-
ence to the atlas of Paxinos and Watson (20). The track, at
least 3 mm from the tip, was found to be correctly located and
to terminate within the ventrolateral striatum in all rats.

 

High-Performance Liquid Chromatography (HPLC)

 

For quantification of the levels of dopamine, DOPAC, and
HVA in the dialysate, samples were collected every 20 min
and injected through an automatic injector (AS-10, Eicom,
Kyoto, Japan) into an HPLC apparatus with an electrochemi-
cal detector (EP-10 and ECD-100, Eicom) and an ODS re-
verse-phase column (Eicompac MA-5ODS, Eicom). The mo-
bile phase consisted of 80% (vol/vol) 0.1 M KH

 

2

 

PO

 

4

 

, 20% (vol/
vol) methanol, 150 mg/liter sodium octane sulphonate, and 10

 

m

 

M EDTA2Na. Detection was with a graphite working elec-
trode coupled to the electrochemical detector.

 

Statistical Analysis

 

Data for each group of five to eight rats each are reported.
For the analysis of food intake, a repeated-measures analysis
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of variance (ANOVA) with factors of pretreatment and time
was performed. Then, if appropriate, comparisons between
the control group and each drug-treated group were carried
out using Scheffé’s 

 

F

 

-test.
Due to the large variations among individual rats for the

basal extracellular concentrations of dopamine, DOPAC, and
HVA, the data for each parameter were normalized as a per-
centage of the mean value in the three samples taken for basal
release. Then, a repeated-measures ANOVA with factors of
pretreatment and time was performed for group comparisons.
To compare the basal level and experimental values obtained
at any specific time point in each group, a two-sample 

 

t

 

-test
with Welch’s correction (11,18) was used because variances
were unknown and not necessarily equal.

 

RESULTS

 

Experiment 1

 

Perfusion with bromocriptine increased food intake [factor
drug effect, 

 

F

 

(3, 19) 

 

5

 

 3.82, 

 

p

 

 

 

,

 

 0.05; pretreatment 

 

3

 

 time in-
teraction, 

 

F

 

(15, 95) 

 

5

 

 0.50, 

 

p

 

 

 

5

 

 0.93] in a dose-dependent
manner. Bromocriptine at 25 

 

m

 

g/

 

m

 

l/min increased food intake
to 210% during the first hour of the free feeding period com-
pared with the control group (8.2 

 

6

 

 1.6 g vs. 3.8 

 

6

 

 0.9 g; Table
1).

 

 

 

The extracellular concentrations of dopamine, DOPAC,
and HVA at each concentration of bromocriptine are shown
in Fig. 1.

 

 

 

Perfusion with bromocriptine did not change the ex-
tracellular concentration of dopamine [factor drug effect, 

 

F

 

(3,
11) 

 

5

 

 0.32], DOPAC [

 

F

 

(3, 11) 

 

5

 

 0.90], or HVA [

 

F

 

(3, 11) 

 

5

 

0.13]. Bromocriptine perfusion at all doses tested did not
change the dopamine, DOPAC, or HVA concentration signif-
icantly at any time during the 6-h perfusion period compared
with the basal level, although DOPAC and HVA concentra-
tions in the control group and bromocriptine-treated groups
increased to maximally 120% of basal levels during perfusion.
Sulpiride perfusion at 2.5 

 

m

 

g/

 

m

 

l/min tended to decrease food
intake during the 6-h perfusion period compared with the
control group [

 

F

 

(1, 13) 

 

5

 

 3.78, 

 

p

 

 

 

5

 

 0.7]. The dopamine,
DOPAC, and HVA concentrations were significantly in-
creased by sulpiride perfusion, with the maximal changes be-
ing about 60%, 80%, and 100% compared with their basal
levels, respectively (Fig. 2).

 

Experiment 2

 

When an ANOVA was done comparing groups treated
with sulpiride perfusion for 1 h prior to bromocriptine perfu-

 

TABLE 1

 

EFFECTS OF DRUGS ON FOOD INTAKE OF FASTED RATS

Food intake (g)

Treatment

 

n

 

1 h 2 h 3 h 4 h 5 h 6 h

 

Ringer’s solution 8 3.8 

 

6

 

 0.9 4.7 

 

6

 

 1.1 5.2 

 

6

 

 1.1 7.5 

 

6

 

 1.5 8.7 

 

6

 

 1.1 10.3 

 

6

 

 1.3
BC 25 

 

3

 

 10

 

2

 

4

 

5 4.2 

 

6

 

 0.2 5.8 

 

6

 

 0.7 6.6 

 

6

 

 0.6 8.3 

 

6

 

 0.5 9.5 

 

6

 

 1.0 11.3 

 

6

 

 1.5
BC 0.25 5 5.9 

 

6

 

 0.7 6.8 

 

6

 

 0.6 7.7 

 

6

 

 0.8 10.5 6 1.1 11.8 6 0.9 12.1 6 0.9
BC 25 5 8.2 6 1.6 8.7 6 1.4 11.5 6 0.8 12.4 6 1.2 13.8 6 1.9 14.9 6 1.5
SUL 2.5 7 3.5 6 0.6* 4.2 6 1.0* 4.6 6 0.8* 4.8 6 1.0* 5.5 6 0.9* 6.0 6 1.1*
BC 25 1 SUL 2.5 6 2.2 6 0.8* 2.5 6 0.6* 3.9 6 1.1* 4.2 6 1.0* 6.1 6 1.6* 6.3 6 1.5*

Cumulative food intake during perfusion of Ringer’s solution (control), bromocriptine (BC), sulpiride
(SUL), and BC 1 SUL into the ventrolateral striatum for 6 h is reported. Drug doses are expressed as mg/ml/
min. Values are mean 6 SEM. *p , 0.05 compared with BC 25 mg/ml/min group (Scheffé’s F-test).

FIG. 1. Changes of the striatal extracellular concentrations of
dopamine, DOPAC, and HVA during perfusion of bromocriptine
(j) into the ventrolateral striatum for 6 h. Circles, triangles, crosses,
and squares represent the data for the control group (n 5 8), the 25 3
1024 mg/ml/min group (n 5 5), the 0.25 mg/ml/min group (n 5 5), and
the 25 mg/ml/min group (n 5 5), respectively. Values are mean 6
SEM.
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sion, bromocriptine (25 mg/ml/min) alone, and sulpiride alone,
there was a significant difference among groups [factor drug
effect, F(2, 15) 5 19.47, p , 0.01; pretreatment 3 time inter-
action, F(10, 75) 5 3.67, p , 0.01]. Pretreatment with sulpiride
perfusion for 1 h prior to bromocriptine perfusion decreased
food intake to 27% compared with that of bromocriptine per-
fusion alone during the first hour (2.2 6 0.8 g vs. 8.2 6 1.6 g).
The increase of food intake induced by bromocriptine perfu-
sion at 25 mg/ml/min was significantly inhibited by the pre-
treatment with sulpiride perfusion throughout the feeding pe-

riod [F(1, 9) 5 19.87, p , 0.01; pretreatment 3 time interaction,
F(5, 45) 5 2.03, p 5 0.09]. The food intake of the rats pre-
treated with sulpiride perfusion prior to bromocriptine perfu-
sion was not different from that of the rats undergoing sulpir-
ide perfusion alone [F(1, 11) 5 0.50]. The extracellular
concentrations of dopamine, DOPAC, and HVA in the vent-
rolateral striatum were significantly increased by the com-
bined perfusion of sulpiride and bromocriptine, with maximal
changes being about 90%, 60%, and 110% compared with their
basal levels, respectively (Fig. 3). The extracellular concentra-
tions of dopamine, DOPAC, and HVA in the rats pretreated
with sulpiride perfusion prior to bromocriptine perfusion were

FIG. 2. Changes of the striatal extracellular concentrations of
dopamine, DOPAC, and HVA during perfusion of sulpiride (h) at
2.5 mg/ml/min into the ventrolateral striatum for 6 h. Values are mean 6
SEM (n 5 7). * p , 0.05 and ** p , 0.01 compared with the basal
level (two-sample t-test with Welch’s correction).

FIG. 3. Changes of the striatal extracellular concentrations of
dopamine, DOPAC, and HVA during perfusion of sulpiride at 2.5
mg/ml/min (h) and bromocriptine at 25 mg/ml/min (j) into the
ventrolateral striatum for 6 h (n 5 6). Values are mean 6 SEM. *p ,
0.05 and ** p , 0.01 compared with the basal level (two-sample t-test
with Welch’s correction).
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not different from those of the rats undergoing sulpiride perfu-
sion alone [dopamine, F(1, 11) 5 1.09; DOPAC, F(1, 11) 5
0.66; and HVA, F(1, 11) 5 0.36].

DISCUSSION

In this study, bromocriptine perfusion into the ventrolat-
eral striatum increased food intake in a dose-dependent man-
ner in rats fasted for 22 h. Bromocriptine perfusion did not
change the extracellular concentrations of dopamine,
DOPAC, or HVA. Although slight increases of DOPAC and
HVA concentrations were observed, the increase might have
been caused by feeding behavior itself, because it occurred in
both the control and the bromocriptine-treated groups.
Sulpiride perfusion at 2.5 mg/ml/min tended to decrease food
intake and significantly increased the extracellular concentra-
tions of dopamine, DOPAC, and HVA; these results are con-
sistent with our previous report (13). Pretreatment with
sulpiride perfusion for 1 h prior to bromocriptine perfusion
completely inhibited the increase of food intake induced by
bromocriptine perfusion.

The effect of bromocriptine perfusion into the ventrolat-
eral striatum of increasing food intake in a dose-related man-
ner is similar to that induced by quinpirole [see introduction;
(13)]. However, perfusion of bromocriptine into the ventro-
lateral striatum at all concentrations did not change the con-
centrations of dopamine and its metabolites. This suggests
that bromocriptine enhanced feeding behavior without chang-
ing dopamine metabolism in the ventrolateral striatum. Bro-
mocriptine has been used as a dopamine D2 receptor agonist
in a variety of experiments. Recently, quinpirole has been
used as a more specific D2 agonist. There is a discrepancy be-
tween the effects of bromocriptine and quinpirole on the re-
lease of dopamine. Using a microdialysis technique, the ef-
fects of various dopamine receptor agonists (injected
subcutaneously) on the release and metabolism of dopamine
in the nucleus accumbens and the dorsal caudate have been
examined (12). In these studies, with brain dialysis in freely
mobile rats it was possible to distinguish the effects of full
dopamine agonists on pre- and postsynaptic D2 receptors
[apomorphine, quinpirole, pergolide, and (1)-3PPP] from the
effects of agonists preferentially acting on dopamine autore-
ceptors (BHT 920) and from the effects of partial D2 agonists
that behave in vivo as dopamine antagonists [(2)-3PPP].
Dopamine release is regulated primarily by the presynaptic
autoreceptor, mainly of the D2 subtype (3). Bromocriptine as
applied in this study might act selectively on the postsynaptic
D2 receptor without release of dopamine but enhancing feed-
ing behavior.

As another possible explanation for the discrepancy of
bromocriptine perfusion increasing food intake in a dose-depen-
dent manner without changing dopamine metabolism, bro-

mocriptine might influence behaviors through hormonal changes
as it acts on prolactin suppression, or through changes of other
neurotransmitters (15). In this study, pretreatment with sulpir-
ide perfusion for 1 h prior to bromocriptine perfusion com-
pletely inhibited the increase of food intake elicited by bro-
mocriptine perfusion. These results indicate that that D2
receptor plays a major role in behavioral changes induced by
bromocriptine.

Bromocriptine is also suggested to have antagonist actions
in nanomolar concentrations on striatal D1 receptors (21,25).
However, other D1 agonists (CY 208-243) and antagonists
(SCH 23390) at all concentrations did not affect feeding be-
havior or the concentrations of dopamine and its metabolites
(13). These findings suggest that the enhanced effect of bro-
mocriptine on feeding behavior is not mediated by such an-
tagonistic effects of the D1 receptor.

Dopamine receptors can be classified into five or more
subtypes (8,28). However, these can be broadly classified into
two types. Receptors of the D1 type stimulate the enzyme ade-
nylate cyclase. Receptors of the D2 type are not linked in a fa-
cilitative manner to adenylate cyclase (28). The D1 type in-
cludes D1 and D5 receptors, and the D2 type includes D2, D3,
and D4 receptors. In this study, dopamine receptors have been
referred to as either D1 or D2.

Bromocriptine at 25 3 1024, 0.25, or 25 mg/ml/min was per-
fused into the ventrolateral striatum for 6 h in this study. The
probes used had an average in vitro recovery for dopamine of
27%. However, the in vivo recovery for dopamine at the end
of the study might be different from that at the beginning of
the study, because chemical microenvironmental changes
around probes during dialysis for 6 h might easily modify dif-
fusion characteristics of dopamine (1). However, perfusion
with three different concentrations of bromocriptine disclosed
a consistent increase of food intake in a dose-dependent man-
ner, but no change of dopamine release or the levels of
DOPAC and HVA. Therefore, our results do not indicate a
difference in recovery rate.

In summary, perfusion with bromocriptine into the ventro-
lateral striatum increased food intake in a dose-dependent
manner without changing the extracellular concentrations of
dopamine, DOPAC, and HVA. Pretreatment with (2)sulpir-
ide perfusion for 1 h prior to bromocriptine perfusion com-
pletely inhibited the increase of food intake induced by bro-
mocriptine perfusion. These findings suggest that direct
perfusion of bromocriptine into the ventrolateral striatum
acts selectively on postsynaptic D2 receptors and enhances
feeding behavior.
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