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Dopaminergic regulation of feeding behavior:
I. Differential effects of haloperidol microinfusion
into three striatal subregions

V. P. BAKSHI and A. E. KELLEY
Harvard University, Cambridge, Massachusetts

In the present study, the role of dopaminergic mechanisms within different striatal subregions
in feeding behavior was examined in food-deprived (19 h) rats. Specifically, the dopamine (DA)
antagonist haloperidol (0, 0.025, 0.25, 2.5 4g/0.5 ul) was infused bilaterally into the nucleus
accumbens (N.Acc.), the ventrolateral striatum (VLS), or the dorsolateral striatum (DLS), and
a microanalysis of ingestive behavior and spontaneous motor behavior was carried out. When
infused into the N. Acc., haloperidol increased feeding duration, food intake, and the average
duration of a feeding bout. Locomotor activity and drinking behavior were reduced by N.Acc.
haloperidol infusion. In contrast, feeding was attenuated when haloperidol was infused into the
VLS. Drinking and locomotion were unaffected. Few changes in ingestive behavior were noted
following DA-antagonist treatment of the dorsolateral site. It is hypothesized that DA transmis-
sion in the N.Acc. normally facilitates switching between different competing behaviors, that
the VLS is critical for control of oral motor mechanisms, and that the DLS is minimally involved

in modulating ingestive behavior.

Since Ungerstedt’s (1971) classic study of the severe
aphagia and adipsia resulting from 6-OHDA lesions of
the central dopamine systems, a considerable amount of
attention has been focused on the relationship between
dopamine and motivation. Although it is widely held that
dopamine plays a critical role in motivated behaviors, the
precise nature of this role has eluded investigators. Much
work has been directed at understanding the behavioral
deficits arising from neuroleptic treatment. Dopamine
antagonists impair a wide range of instrumental and spon-
taneous motor behaviors, such as operant responding
for food or brain stimulation, conditioned avoidance re-
sponses, conditioned appetitive responses, and locomo-
tor activity (e.g., Beninger & Phillips, 1980; Blackburn,
Phillips, & Fibiger, 1987; Ettenberg, 1989; Fibiger,
Carter, & Phillips, 1976; Fibiger, Zis, & Phillips, 1975;
Heyman, Kinzie, & Seiden, 1986; Irwin, Tombaugh,
Zacharko, & Anisman, 1983; Salamone, 1986). The first
study that suggested that reinforcement processes may be
affected by neuroleptics was carried out by Olds and
Travis (1960), who found that reinforcing lateral hypotha-
lamic brain stimulation was reduced by chlorpromazine.
Wise, Spindler, DeWit, & Gerber (1978) then developed
an important theory, which became known as the anhedo-
nia hypothesis. Wise et al. put forward the notion that the
central dopamine neurons mediated the hedonic properties
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of reinforcers such as food, brain stimulation, and psycho-
stimulant drugs. According to this hypothesis, the reward-
ing impact of both primary and secondary reinforcers is
blunted by the blockade of dopaminergic transmission,
and this effect accounts for the reductions in behavior that
are observed.

Early criticism of this hypothesis stressed that the
motor deficits that neuroleptics induced could not be
dismissed, and there was considerable disagreement
as to whether responding under the effects of a neuro-
leptic and responding in extinction were functionally
equivalent (Beninger, 1982; Ettenberg & Camp, 1986;
Salamone, 1986; Tombaugh, Anisman, & Tombaugh,
1980). More recent formulations have tried to address the
motor-motivational issue by suggesting that dopamine
is critical for the process by which motivationally sig-
nificant stimuli ‘‘activate’’ or energize specific motor
behaviors elicited by rewards but not for the percep-
tion of primary rewards (Beninger, 1983; Fibiger &
Phillips, 1986; Mogenson & Phillips, 1976; Salamone,
in press). This idea, which recognizes the difficulty of
separating motivational and motor processes, has its
roots in the framework of incentive-motivation theory
(Bindra, 1968; Bolles, 1972; Killeen, Hanson, & Os-
bourne, 1978).

The effects of dopamine antagonists on ingestive be-
havior, which is the focus of the present study, has been
the subject of several studies. Blackburn et al. (1987)
found that treatment with pimozide blocked ‘‘prepara-
tory’’ behavior (behavior associated wit food-related cues)
elicited by a conditional stimulus but left feeding intact.
On the other hand, several studies have shown that treat-
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ment with a neuroleptic does disrupt feeding when food
is available in a foraging situation (Salamone, 1988) or
when it is delivered in time-limited meal segments (Wise
& Colle, 1984). Yet other earlier studies have reported
increased feeding after neuroleptic treatment (Stolerman,
1970), and patients treated with neuroleptics can show in-
creased eating and weight gain (Blundell, 1987; Robin-
son, McHugh, & Folstein, 1975). Thus, there is consider-
able controversy in the literature as to precisely how
feeding behavior is affected by dopamine-receptor
blockade.

One problem that appears to have been overlooked in
many studies of neuroleptics is the functional heter-
ogeneity of the striatal dopamine system. There is much
evidence from studies of the organization of afferent in-
puts, as well as from lesion experiments, that the stria-
tum is composed of functional subregions, or segregated
circuits (Alexander, DeLong, & Strick, 1986). Since
dopaminergic neurons arising from the midbrain inner-
vate the entire expanse of neostriatum, blockade of their
corresponding receptors with a systemic injection of neu-
roleptic would affect all subregions of the dopamine sys-
tem. Thus, any global behavioral deficits are necessarily
a result of interference in many areas that normally may
have quite different functions. An alternative way of ap-
proaching this problem is the use of central microinjec-
tions directed at subregions of the striatal dopamine sys-
tem. In the present study, we used this approach by
investigating the effects of striatal microinjections of
haloperidol on free-feeding behavior. The sites studied
were the nucleus accumbens, the ventrolateral striatum,
and the dorsolateral striatum. These sites were chosen on
the basis of evidence for differential anatomical connec-
tions, as well as for dissociable behavioral functions. The
nucleus accumbens, in the anteroventromedial sector of
striatum, receives a projection from the hippocampal for-
mation, as well as fiber input from the amygdala and the
medial frontal cortex (Beckstead, 1979; Kelley & Dome-
sick, 1982; Kelley, Domesick, & Nauta, 1982). Dopa-
minergic innervation in this structure has traditionally
been considered critical for reinforcement processes. The
ventrolateral striatum is distinguished by its strong projec-
tions from the amygdala, as well as from the perirhinal
and insular cortex (Beckstead, 1979; Kelley et al., 1982)
and from a midbrain projection from A8 and lateral A10
cell groups (Deutch, Baldino, Goldstein, & Roth, 1988).
Recently, it has been demonstrated that this site plays a
critical role in oral behaviors and possibly feeding (Kelley,
Gauthier, & Lang, 1989; Kelley, Lang, & Gauthier,
1988). The third site, the dorsolateral striatum, is unique
in that it receives virtually no input from limbic struc-
tures and is innervated almost exclusively by sensorimotor
cortex (Kelley et al., 1982). Lesion and microinjection
studies suggest that its role may lie in the domain of
sensorimotor and postural functions. In the following ex-
periments, an analysis of feeding was carried out in food-
deprived rats, following the microinjection of haloperidol

into these three subregions. In order to gain the maximum
amount of information, a microanalysis of both food in-
take and feeding and drinking patterns was carried out.

METHOD

Subjects

Eight male Sprague-Dawley rats (Charles River) weighing
300-350 g were used in each of three experiments. Animals were
maintained individually in clear plastic cages with wire grid floors
and kept on a 12:12-h light:dark cycle with lights on at 0800 h.
They were given access to food ad lib (Agway Rat Chow) and water,
except for the day before the test session. Food was removed 19 h
prior to each testing session and was replaced immediately after
the session.

Surgical Procedures

Rats were anesthetized with sodium chloral hydrate (60 mg/ml,
initial dose 1.3 ml). They were secured in a Kopf stereotaxic ap-
paratus, and bilateral stainless steel cannula guides (23-ga) were
implanted at the appropriate sites, which are described below. Coor-
dinates were determined by using the atlas of Pellegrino and Cush-
man (1967). For implantation in the nucleus accumbens, the coor-
dinates were 3.5 mm anterior to bregma, 1.7 mm lateral to midline,
and 5.7 mm ventral from skull. The coordinates for the ventrolateral
striatal site were 2.0 mm anterior to bregma, 4.0 mm lateral to mid-
line, and 4.7 mm ventral from skull. The coordinates for the dorso-
lateral site were 2.7 mm anterior to bregma, 3.0 mm lateral to mid-
line, and 3.4 mm ventral from skull. Guide cannulas were affixed
to the skull with light-curable dental resin. Wire stylets were in-
serted into the guide cannulas to prevent occlusion. Animals were
allowed a recovery period of 3 days before behavioral testing.

Microinjections and Drug Preparation

Bilateral injection cannulas (30-ga) were lowered through the skull
cannulas to the desired site. For the nucleus accumbens (N.Acc.)
and ventrolateral striatum (VLS) infusions, injection cannulas were
lowered 2.5 mm beyond the guide cannula tip, reaching to 8.2 mm
and 7.2 mm below the skull, respectively. For the dorsolateral stri-
atum (DLS) infusions, injection cannulas were lowered 1.5 mm be-
yond the guide cannulas, reaching to 4.9 mm below the skull. The
injection cannulas were connected via polyethylene tubing to a
microdrive pump (Harvard Apparatus) which delivered the drug
over a 93-sec period. A volume of 0.5 ul of solution was ad-
ministered to each side. After drug infusion, a 1-min diffusion period
was allowed before the removal of the needies and the replacement
of the stylets. Animals were loosely held by the experimenter
throughout the injection procedure. All drugs were dissolved in
Hanks’s balanced salt solution (Whittaker Bioproducts). One prelimi-
nary injection of vehicle was carried out, before all experimental
testing, to adapt the rats to the microinjection procedure. Each ex-
periment consisted of 4 test days, which were separated by inter-
vals of 1 day. Haloperidol (injectable form, QUAD Pharmaceuti-
cals) was infused into one of the three brain sites described above.
The doses were 0.025, 0.25, and 2.5 pg/side for all sites. All doses
are given as the amount dissolved in 0.5 pl of Hanks’s solution.
Administration of the three drug doses and vehicle was counter-
balanced for order.

Behavioral Testing

The rats were habituated to the observation room for 2 h on the
day prior to testing. A sheet of blank white paper was placed beneath
each cage grid to familiarize the rats with its presence during test-
ing. Experimentation was carried out between 1100 and 1500 h.
Immediately prior to injection, the paper was placed under the cage
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grid to catch spilled food. Animals were injected and placed back
into their home cages. Cages were brought into the testing room,
and four food pellets were scattered along the cage grid. Behavioral
monitoring began immediately after food dispersal and replacement
of the cage lid. An event recorder linked to a Eurobeeb microcom-
puter (Paul Fray, Ltd, Cambridge, U.K.) was used continuously
throughout the 30-min session to measure spontaneous motor and
ingestive behaviors. The parameters recorded were locomotion
(crossing over cage center), feeding, and drinking. The frequency,
total duration (in seconds), and mean duration (in sec) of these be-
haviors were recorded, except for locomotion, for which only fre-
quency was recorded. The frequency for feeding and drinking was
termed ‘ ‘number of bouts’’ (the number of times an animal picked
up food and commenced feeding, or started drinking). Latencies
to initiate feeding and drinking were also recorded. The mean du-
ration of a behavior was calculated as the total duration (in seconds)
divided by the frequency. Feeding rate (total food ingested divided
by total feeding time, resulting in a measure of grams/minute), to-
tal food ingested (grams), and total food spilled (grams) during the
trial were calculated after the test session. Food spillage was col-
lected on the sheet of paper beneath the cage. Frequency data sheets
were used in addition to the event recorder to note stereotypic or
other spontaneous behaviors. The rater entered a 1 for the presence
of a certain behavior and a 0 for the absence of that behavior. Be-
haviors monitored included biting, sniffing with head up, sniffing
with head down, gnawing directed at self, and licking. These be-
haviors were monitored every 5 min for a 1-min observation period.
At all times, the observer was blind to pharmacological treatment.

Histology

After completion of the experiment, rats were deeply anesthe-
tized with Nembutal and perfused transcardially with isotonic sa-
line followed by 10% formalin. The brains were removed and stored
in 10% formalin for a few days. The brains were then frozen and
cut into 60-pm sections by using a sliding microtome. The slices
were mounted, defatted, and stained with cresyl violet. Sections
were examined under a tissue projector to determine the accuracy
of the cannula placements.

Data Analysis

An analysis of variance was performed on scores for spontane-
ous motor behavior, followed by Newman-Keuls comparisons be-
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LOCOMOTOR ACTIVITY

N.Acc.

tween means. Because the data for ingestive behavior were at times
highly variable and not normally distributed, these data were ana-
lyzed with the use of the Wilcoxon signed-ranks test. To legitimately
carry out multiple pairwise comparisons between doses, a Bonferroni
adjustment procedure was used. The acceptable alpha level for
statistical significance is made more stringent by dividing the nor-
mal level (p < .0S) by the number of desired comparisons. Since
in the present study there were always 3 comparisons of interest
(comparing vehicle with 3 doses), .05 was divided by 3, resulting
in p < .02. Thus, effects had to reach p < .02 to be considered
significant.

RESULTS

Spontaneous Motor Behavior

The highest dose of haloperidol (2.5 ug) significantly
decreased locomotor activity following infusion into the
N.Acc. (p < .014, Wilcoxon signed-ranks tests), as
shown in Figure 1. Figure 1 also shows that locomotor
scores were not significantly affected by drug adminis-
tration into the VLS or DLS. For all groups, no other
changes in orofacial behavior or stereotypies were noted.

Ingestive Behaviors

Figure 2 illustrates the effect of haloperidol treatment
on food intake. Following injections into the N.Acc., total
gram food intake tended to increase with increasing drug
dosage, although the trend did not quite reach statistical
significance according to the present criteria (p < .058
for saline vs. the 2.5-ug dose). The opposite effect was
observed following drug infusion into the VLS. At this
site, food intake was significantly reduced by both the
middle and high doses of haloperidol (p < .009). Food
intake in rats receiving dorsolateral striatal injections was
not significantly affected by drug infusion.

In response to haloperidol treatment, total feeding du-
ration followed the same trends as total food intake (Fig-
ure 3). A dose-dependent enhancement in feeding dura-
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Figure 1. Effects of haloperidol (HP) infused into nucleus accumbens (N.Acc.),
ventrolateral striatum (VLS), and dorsolateral striatnm (DLS) on locomotor activity.

*p < .02
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Figure 2. Food intake in grams (g) following infusion of haloperidol (HP) into
nucleus accumbens (N.Acc.), ventrolateral striatum (VLS), and dorsolateral stri-
atum (DLS). Animals were deprived of food for 19 h prior to the test session.
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Figure 3. Total feeding duration in seconds following infusion of haloperidol into
nucleus accumbens (N.Acc.), ventrolateral striatum (VLS), and dorsolateral striatum

(DLS). *p < .02.

tion occurred following drug infusion into the N.Acc.
The highest dose increased feeding duration significantly
(p < .014). In rats receiving injections into the VLS,
feeding duration decreased with increasing drug dosage.
Both the medium and the high doses of haloperidol at-
tenuated feeding duration (p < .02). Drug infusion into
the DLS had no effect on feeding duration.

Other feeding parameters are shown in Table 1. For
the N.Acc. group, mean duration of a feeding bout (total
duration/bouts) was significantly increased by the 2.5-ug

dose of haloperidol (p < .02). No other feeding param-
eters were affected in this group. For the VLS group, there
were no further alterations of feeding (Table 1). Follow-
ing haloperidol injections into the DLS, most other feed-
ing parameters were not affected. However, there was
a significant reduction in the number of feeding bouts,
which was induced by the highest dose (p < .009). As
can be noted from Table 1, this group had a consider-
ably lower baseline of feeding bouts than the other groups
(see Discussion). This group also showed a tendency
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Table 1
Effect of Haloperidol Infusion into Striatal Subregions on Other Feeding Parameters
Mean Bout Feeding Rate Median Latency
Bouts Duration (sec) Spillage (g) (g/min) to Initiate
Treatment M SEM M SEM M SEM M SEM Feeding (sec)
N.Acc. (n = 6)
Vehicle 28 4 33 9 1.03 0.20 0.30 0.02 58
0.025 ug HP 28 1 30 3 1.18 0.20 0.35 0.06 64
0.25 ug HP 25 2 39 4 1.16 0.36 0.34 0.05 78
2.5 ug HP 23 5 60* 17 0.98 0.17 0.33 0.03 48
VLS (n = 8)
Vehicle 21 2 54 8 0.71 0.16 0.25 0.01 99
0.025 ug HP 24 3 4 8 0.94 0.31 0.26 0.05 70
0.25 ug HP 20 3 46 7 0.72 0.18 0.23 0.01 106
2.5 ug HP 23 6 51 21 0.72 0.18 0.26 0.02 87
DLS (n = 8)
Vehicle 16 2 63 6 0.59 0.22 0.25 0.02 70
0.025 ug HP 17 4 80 23 0.42 0.08 0.22 0.03 39
0.25 ug HP 15 3 117 38 0.65 0.13 0.24 0.02 82
2.5 ug HP 11t 2 148 57 0.64 0.07 0.21 0.02 39

Note—N.Acc. = nucleus accumbens, VLS = ventrolateral striatum, DLS = dorsolateral striatum, HP = haloperidol.
All parameters shown represent the mean + SEM for each treatment. Median latencies were caiculated for the latency

to initiate feeding because of the large variation in values within any treatment.

*» < .02. tp < 0L

Table 2
Effect of Haloperidol Infusion into Striatal Subregions on Drinking Parameters
Toml Mean Bout Median Latency
Bouts Duration (sec) Duration (sec) to Initiate
Treatment M SEM M SEM M SEM Drinking (sec)
N.Acc. (n = 6)
Vehicle 7.0 1.2 186 39 27 2 797
0.025 ug HP 3.6 1.9 133* 43 47 18 880
0.25 ug HP 2.3 1.0 103 35 49 20 594
2.5 ug HP 1.7* 0.9 57% 27 21 11 1,759*
VLS (n = 8)
Vehicle 4.4 1.8 97 31 24 12 792
0.025 ug HP 5.7 0.8 136 16 24 2 376+
0.25 pg HP 4.9 1.7 92 29 16 7 1,382
2.5 ug HP 24 1.3 79 35 27 14 1,441
DLS (n = 8)
Vehicle 7.5 3.3 181 43 39 13 570
0.025 ug HP 8.6 34 205 69 26 5 410
0.25 pg HP 8.4 34 201 44 31 9 499
2.5 ug HP 6.1 2.2 167 41 31 8 553

Note—N.Acc. = nucleus accumbens, VLS = ventrolateral striatum, DLS = dorsolateral striatum,
HP = haloperidol. All parameters shown, except for latency to initiate drinking, represent the
mean + SEM for each treatment. Median latencies were calculated for the latency to initiate drinking
because several animals did not drink. The highest possible latency, 1,800 sec, was assigned to

these animals. *p < .02. {p < .0l.

toward increased mean duration of feeding bouts; this
trend did not reach significance (p < .05 for saline vs.
2.5 ug). The large increase in the mean score for both
the 0.25-pg and the 2.5-ug doses was primarily due to
one rat.

The effects of haloperidol treatment on drinking be-
haviors are shown in Table 2. A decrease in the number
of drinking bouts was observed following haioperidol ad-
ministration into the N.Acc. (p < .014 for saline vs. the
2.5-ug dose). The middle dose of haloperidol also tended

to decrease drinking bouts (p < .03). The total duration
of drinking was also significantly reduced by
haloperidol treatment (p < .014 for vehicle vs. 0.025 ug
and 2.5 pug; p < .034 for vehicle vs. 0.25 ug). The la-
tency to initiate drinking was augmented by the 2.5-ug
dose (p < .014). In contrast, the profile of drinking be-
havior was not altered by haloperidol infusion into the
VLS or the DLS sites. One seemingly anomalous finding
was that the lowest dose of haloperidol decreased latency
to drink (p < .009) in the VLS group. This group also
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N.ACC. VLS

Figure 4. Drawings depicting cannula tip locations within striatal subregions from representative animals. Each pair of sym-
bols represents bilateral placements of one animal. N.Acc. = nucleus accumbens, VLS = ventrolateral striatum, DLS = dorso-

lateral striatum.
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showed increased latency to drink following the highest
dose, although the tendency did not reach significance
(p < .09).

Histology

Representative cannula placements are shown in
Figure 4. For all rats studied, cannula placements were
found to be localized within the desired striatal zone.

DISCUSSION

The present results provide convincing evidence for the
functional heterogeneity of the striatum with regard to
feeding behavior. Blockade of dopamine receptors in dif-
ferent subregions of this structure resulted in dissociable
effects on ingestive behavior. Several general conclusions
can be made concerning this work. First, haloperidol in-
fused into the N.Acc. tended to make animals feed more
and reduced other competing behaviors such as locomotor
activity and drinking. Second, haloperidol infused into the
VLS reduced food intake and feeding but left locomotion
and drinking unaffected. Third, blockade of dopamine
(DA) receptors in the DLS produced few changes in feed-
ing. The results, taken together, suggest that the N.Acc.
is involved in attentional aspects of feeding, that the VLS
is critical for the oral motor control of feeding, and that
the DLS is minimally involved in controlling ingestive
behavior. These hypotheses are explored further below.

Nucleus Accumbens

A clear and significant effect of haloperidol infused into
this structure was the reduction of motor activity, follow-
ing administration of the highest dose. The total time spent
feeding was increased by haloperidol, and the total amount
of intake tended to be increased, although not signifi-
cantly. Average duration of a feeding bout was increased
by the highest dose of haloperidol. That rats tended to
feed for longer periods is suggested by the drinking data.
The latency to drink was greatly increased in animals
treated with the highest dose of haloperidol, and the to-
tal duration of time spent drinking was attenuated. This
pattern, together with the feeding data, suggests that
haloperidol-treated rats switched from feeding to drink-
ing far less than control rats did.

These results demonstrate that blocking DA receptors
in the region of the N.Acc. does not reduce feeding in
hungry animals. This may appear somewhat surprising
in view of the fact that one might expect reduced motiva-
tion to feed, as has been hypothesized for effects follow-
ing systemic injections of neuroleptics (Wise & Colle,
1984). However, the present findings agree with a num-
ber of studies in the literature. Salamone (1988) studied
the effects of systemic haloperidol during periodic presen-
tation of food and in a foraging situation. Schedule-
induced motor activity in an operant chamber was reduced
by haloperidol, but the rats consumed all of the food deli-
vered. During the more complex situation of foraging,
in which the animal had to engage in a food search, feed-

ing was disrupted. This suggests that when food is freely
available and proximal to the animal, the motivation and
ability to feed is not altered. Other work by Salamone
(1986) showed that during barpressing on a fixed-ratio
schedule for food reward, systemic haloperidol did not
decrease the time spent at the food panel, which would
have been expected if the motivation for food had been
diminished. Tombaugh and colleagues found that although
pimozide had subtle effects on alimentary behaviors, ac-
tual consumption of food was not affected (Irwin et al.,
1983; Tombaugh, Tombaugh, & Anisman, 1979).

Recent work by Blackburn et al. (1987) suggests that
dopamine mediates behaviors closely associated with feed-
ing but does not mediate the consummatory response it-
self. Thus, these authors showed that pimozide reduced
conditioned preparatory responses (entries into a food
niche when availability was signaled by a conditional
stimulus) but left feeding intact when food was available
in a free-feeding situation. Moreover, in biochemical
measurements, increased dopaminergic activity was ob-
served in the N.Acc. in association with the presentation
of a stimulus signaling food but not with the consumma-
tion of food (Blackburn, Phillips, Jakubovic, & Fibiger,
1989). These authors suggest that dopaminergic mecha-
nisms may be involved in feeding when animals are dis-
tant from food but are not directly involved in consump-
tion once animals are in direct contact with food. Our
findings from haloperidol injections into the N.Acc., dur-
ing which animals were observed in a situation with the
food in very close proximity, agree with this theory.

On the other hand, it is of interest to note that follow-
ing haloperidol infusion into the N.Acc., rats actually tend
to feed more but show lower levels of presumably com-
peting behaviors, such as drinking and locomotion. These
results support several earlier studies of the effects of
6-OHDA lesions of the N.Acc. Koob, Riley, Smith, and
Robbins (1978) showed that rats with such lesions, when
food-deprived, eat significantly more food than do con-
trol rats in restricted 30-min tests of free feeding. Lesioned
animals also showed both hypoactivity during the feed-
ing tests and significantly reduced food-associated drink-
ing. Thus, their results agree exactly with the profile
reported here, following acute blockade of dopamine in
this region. Robbins and Koob (1980) also demonstrated
that similar lesions cause thirsty animals to engage in
significantly longer drinking bouts. In both studies, it is
proposed that mesolimbic dopamine is critical for the ac-
tivation of behaviors associated with a particular motiva-
tional state and also for switching between behaviors dur-
ing high-arousal states. Thus, we would argue that it is
for similar reasons that animals treated with haloperidol
in the accumbens feed more and show less drinking and
locomotion.

Ventrolateral Striatum

The greatest effects on ingestive behavior were observed
following injections into this region. First, it is important
to note that (in contrast to the results with the N.Acc.)
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locomotion was not affected by injection of the drug into
the VLS. These animals showed normal locomotor be-
havior even following the highest dose, which most se-
verely disrupted feeding. Food intake was reduced by both
the medium and the high doses of haloperidol, as was
feeding duration. Latencies and other feeding parameters
were not affected. Drinking was not greatly altered,
although erratic results for drinking latency were ob-
tained. The general pattern of behavior contrasts with
the pattern found after similar infusions into the N.Acc.
Animals in the VLS group showed reduced feeding and
little changes in other behaviors, which suggests that the
blockade of dopamine receptors in this region may in-
terfere rather specifically with oral motor control. Pre-
vious work from this laboratory has shown that this region
is selectively involved in oral motor functions. Infusion
of low doses of amphetamine into the region (in sated
rats) elicits mild stimulation of feeding (Kelley, Gauthier,
& Lang, 1989), and higher doses induce intense oral
stereotypy (Kelley et al., 1988). In these studies, infu-
sions of amphetamine into other striatal regions did not
affect oral behavior or feeding. Cholinergic stimulation
of the VLS, but not of the DLS or N.Acc., produces
distinctive mouth movements (Kelley, Bakshi, Delfs, &
Lang, 1989). Furthermore, it has been shown that selec-
tive ibotenic lesions of the ventrolateral striatal region
affect tongue use in tests of oral motor function (Pisa,
1988). It has also been reported that 6-OHDA lesions of
the VLS result in aphagia and adipsia, in contrast to le-
sions in other striatal sites (Dunnett & Iversen, 1982).
Thus, there is considerable evidence that this particular
area of the striatum is critical for oral motor functions,
and our present results support this notion. One should
note that other brain regions may also influence oral
motor responses that are important for feeding. It has
been found that lesions of the hypothalamus or of the
orbital frontal cortex impair tongue use in rats (Whishaw
& Kolb, 1983).

Dorsolateral Striatum

Changes in ingestive behavior induced by haloperidol
infusions into this region were minimal. Both the level
of food intake and the mean duration of feeding bouts
tended to be somewhat increased by the highest dose of
haloperidol, although these effects did not reach sig-
nificance. The only statistically significant finding was
that the number of feeding bouts was reduced by the
highest dose of haloperidol. Also, it should be noted that,
on this parameter, the baseline is lower than that of the
other two groups. (In the companion paper, feeding bouts
are also much lower in the DLS animals; Bakshi & Kelley,
1991). Rats in the DLS group tended to be less active in
general. From other data in this laboratory, we have found
that regardless of drug treatment, rats implanted with
guide cannulas in this region appear to have general
motor deficits. This may arise from the guide’s causing
the lesion of motor areas of the cortex or striatum. At
present, the explanation for the lowered feeding bouts fol-

lowing haloperidol is uncertain, but it may relate to the
nonspecific motor deficit found in untreated animals.
Overall, the data suggest that the DLS mediates neither
the activational nor the specific oral motor functions asso-
ciated with feeding. The literature suggests that this region
tends to be linked to sensorimotor or postural functions.
The overlying sensorimotor cortex sends a dense projec-
tion here (whereas limbic afferents avoid this region;
Kelley et al., 1982). Selective lesions in the dorsolateral
region results in sensory neglect (Fairley & Marshall,
1986; Marshall, Berrios, & Sawyer, 1980) and disrup-
tions in limb use (Pisa, 1988; Pisa & Schranz, 1988;
Sabol, Neill, Wages, Church, & Justice, 1985). Further-
more, injections of dopamine into the dorsal area of
striatum induces rotation and postural deviation (Joyce &
Van Hartesveldt, 1984). Although the present data sug-
gest that the DLS is not critically involved in the feeding
response, they do not rule out the possibility that this re-
gion may mediate more subtle motor or sensory functions
associated with feeding (such as orientation to food or per-
formance of a complex motor response to obtain food).

Neuroleptics, Feeding, and
the Anhedonia Hypothesis

The so-called anhedonia hypothesis states that the block-
ade of dopaminergic receptors with neuroleptics results
in attenuation or blunting of the rewarding of reinforcers,
including food (Wise, 1982). Discussion of this hypothe-
sis in view of the present results is therefore relevant. In
several studies in which systemically administered neuro-
leptics have been found to disrupt ingestive behavior, it
has been suggested that such treatment either reduces the
motivation to feed or attenuates the rewarding impact of
food (Geary & Smith, 1985; Wise & Colle, 1984). Further-
more, it is generally assumed that such a motivational
deficit results from the reduction of DA transmission in
mesolimbic regions, such as the N.Acc. However, it is
clear from the present results (also see Koob et al., 1978)
that the blockade of DA transmission in this region does
not reduce feeding but rather increases it. We would pro-
pose that the immediate motivation to feed (driven by such
factors as hunger, internal cues, sensory properties of the
food, etc.) is not changed by neuroleptic infusion into the
N.Acc. However, this does not mean that the ‘‘reward-
ing impact’ of the food has not been altered in the
presence of neuroleptics (although the present experiments
do not address this question). The key point here is what
is meant by the term ‘‘impact.”’ Other work, in fact, has
elegantly demonstrated that neuroleptics block incentive
motivational properties of food. For example, Spyraki,
Fibiger, and Phillips (1982) found that neuroleptic treat-
ment blocked the development of place conditioning in-
duced by food. Although the animals in this study ate all
of the food during conditioning (i.e., under the effects
of neuroleptics), the association between the positive
properties of food and environmental cues was not formed.
Two further studies showed that treatment with neurolep-
tics reduced response-activating properties of food re-
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inforcement (Horvitz & Ettenberg, 1989) and that inter-
mittent treatment in a runway for food induced a partial
reinforcement extinction effect on later trials (Ettenberg
& Camp, 1986). In both these studies, all rats consumed
the food on all trials. Thus, it appears that the factors that
underlie consumption of food are not altered by neuro-
leptic treatment. In contrast, there is evidence that incen-
tive properties of food, which elicit specific food-related
motor responses or affect changes in subsequent behavior,
are decreased by blockade of DA receptors. A remain-
ing question is whether the sensory or hedonic proper-
ties of food are changed by neuroleptics. Although some
work has suggested that neuroleptic treatment is equiva-
lent to changes in the perception of the quality of the re-
inforcer (Geary & Smith, 1985), other studies do not agree
with this claim (Berridge, Venier, & Robinson, 1989;
Ettenberg & Camp, 1986; Martin-Iverson, Wilkie, &
Fibiger, 1987).

In reviewing the literature on neuroleptics and feeding
(which has focused entirely on systemic administration),
it is clear that, in many cases, conflicting results have been
obtained. The present results may help to explain some
of these discrepancies. The motor deficits that sometimes
are observed following such treatment may arise from dis-
ruption of function in at least two areas. If the feeding
situation involves either foraging responses or other pre-
paratory or conditioned behaviors, it is likely that dopa-
minergic blockade in the N.Acc. accounts for the disrup-
tion of these behaviors. When the animal is in contact with
the food, neuroleptics (particularly higher doses) may re-
duce the ability to feed because of deficits in oral motor
control. Recent studies of feeding rate following neuro-
leptic treatment suggest this is so (Salamone et al., 1990).
This deficit most likely arises from blockade of the VLS.
Blockade or lesions in other striatal regions may affect
forepaw control in the manipulation of food (Pisa, 1988;
Sabol et al., 1985; Whishaw, O’Connor, & Dunnett,
1986). Furthermore, large nigrostriatal lesions cause se-
vere aphagia and adipsia (Ungerstedt, 1971), which sug-
gests that the simultaneous destruction of multiple dopa-
mine terminals will completely abolish feeding. Normal
ingestive behavior appears to depend on the contributions
of several striatal regions. The behavioral effects observed
following systemic administration of dopamine blockers
is clearly a result of blockade in many of these critical,
and differing, areas of striatal function.
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