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Abstract

Intraaccumbens infusions of the GABAjg agonist baclofen are known to stimulate food intake in the rat. The aim of the present study
was to evaluate the effects of baclofen infusion on nonfood-related chewing and on the consumption of a palatable fluid. Rats were bilat-
erally infused with baclofen (188 ng in 1 wL) or saline, and tested in a situation in which food was available in one or two locations and
wood blocks might also be present. Baclofen-infused animals showed no enhancement of chewing directed at the wood blocks, but
showed increased food consumption regardless of food location. In a second, separate test we recorded the microstructural parameters
for drinking of a palatable glucose/saccharin mixture. Baclofen infusion had no effect on overall intake, although bout size was reduced
and the number of bouts was increased. These data confirm that baclofen-stimulated food intake following accumbens infusion is a robust
and substantial phenomenon that appears to be selective to solid food. It is likely to result from relatively direct activation of neural cir-
cuits for feeding, rather than an indirect facilitation consequent upon changes in taste processings, as has been suggested for some other

examples of drug-induced hyperphagia. © 2000 Elsevier Science Inc. All rights reserved.
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1. Introduction

Drug-induced hyperphagia is an important phenomenon
in the analysis of the neurochemica modulation of ingestive
behaviour. For example, enhancement of food intake fol-
lowing administration of both serotonin and CCK antago-
nists has been taken as strong evidence supporting involve-
ment of these neurotransmitters in the endogenous control
of ingestive behavior [1]. Drug-induced increased in food
intake are less subject to the problems of interpretation that
arise with drug-induced reductions in food intake in which
nonsel ective changes in arousal or the induction of sickness
may play a role. Although the induction of a stereotyped
chewing response that is directed against any appropriate
object has been regarded as a potential hypothesisto explain
8-OH-DPAT-induced food intake, the simultaneous presenta-
tion of food (eg., chow pelets) and nonfood items (eg.,
wooden blocks of smilar size) in 8-OH-DPAT-treated ani-
mals leads to abehavioral response directed almost solely to
food, suggesting a selective enhancement of ingestive be-
haviour [2].

A related issue is the extent to which drug-induced hy-
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perphagia affects intake of both solid and liquid food, and
the investigation of this may help to clarify the means by
which the drug manipulation leads to a change in overt be-
havior. There are clear distinctions to be drawn between the
effects of pharmacological manipulation of different neu-
rotransmitter systems. For example, benzodiazepines, such
as the partial agonist bretazenil, produce very reliable in-
creases in the intake of both solid and liquid food [3,4] with
similar dose dependencies. Systemic administration of opi-
ates is associated with increased solid food consumption
and also enhanced intake of both sucrose and saccharin so-
lutions, although these effects vary with food deprivation
and time of day [5]. Central action of opioid peptides, espe-
cialy ligands at the mu and delta receptors, is also associ-
ated with enhanced food intake [6], sucrose drinking [7],
and saccharin consumption [8]. In contrast, enhancement of
intake of a palatable liquid has been difficult to establish
following treatment with 8-OH-DPAT, even at doses that
increase solid food intake, although it can be achieved fol-
lowing presatiation [9,10].

The GABA agonist baclofen is known to stimulate solid
food intake following systemic [11], intraraphe [12], or in-
traaccumbens [ 13] administration. The effect of intraaccum-
bens administration appears to be an especialy robust ef-
fect, producing 200-300% increases in intake during a 2-h
test session [13]. Here we investigate the behavioral speci-
ficity of this effect in the context of solid food as well as
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whether there are effects on the ingestion of a palatable, cal-
orie-containing solution in nonfood-deprived rats. Two
feeding manipulations were used: the first provided a sim-
ple measure of enhanced consumption, and the second pro-
vided access to food in one or two possible |ocations. More-
over, to separate food consumption from stereotyped
chewing we included an additiona variable in the second
manipulation, where wooden blocks with similar physical
characteristics to the food pellets were supplied in a semi-
randomised design with the food. The drinking test pro-
vided a detailed description of the rat’s ingestive patterns
while consuming a highly palatable glucose/saccharin solu-
tion. Intake of this solution is strongly facilitated by the ben-
zodiazepine partia agonist bretazenil [4] over the same
dose range that produces an enhancement of the intake of
solid food [3].

2. Materialsand methods
2.1. Animals, surgery, and drugs

Male Lister hooded rats, bred at the University of Sus-
sex, weighing 300-350 g at the start of the experiment, were
individually housed in a solid-bottomed polyethylene cage
(North Kent Plastics RB3). The animals were maintained on
an ad lib diet of standard laboratory chow (Special Diet Ser-
vices, Harlow) and tap water with a 12 h on:12 h off light—
dark cycle: lights on at 0700 h. Holding rooms were
maintained at a temperature of 21 = 1°C, and at a relative
humidity of 50 + 10%. All experiments were authorised by
the UK Animals (Scientific Procedures) Act, 1986.

At approximately 350 g body weight, the rats were im-
planted with permanent indwelling stainless steel cannulae.
Anesthesiawasinduced using hal othane (4%), nitrous oxide
(0.5 L/min) and oxygen (0.5 L/min). The subjects were then
transferred to a stereotaxic apparatus (Kopf) and halothane
concentration adjusted to give a constant depth of anesthe-
sia in the subsequent procedure. Twenty-three gauge stain-
less steel cannulae (Coopers Needleworks, Birmingham),
16 mm in length, were implanted bilaterally, aimed at a po-
sition 2.2 mm above the posterior nucleus accumbens shell;
flat skull: AP 1.2 mm, lateral 1.5 mm relative to bregma,
and ventral —6 mm relative to skull surface [14]. The can-
nulae were anchored to the skull using three 1.6-mm self-
tapping stainless steel screws (Plastics One, Roanoke, VA)
and acrylic dental cement (Simplex). Stainless stedl obdura-
tors were used to occlude the cannulae. Drug infusions were
made after two dummy injections, performed on successive
days, during which the injector was lowered to its full depth
and then retracted. All subjects were given one sham injec-
tion of sterile 0.9% saline (pH neutral) on the day before the
first counterbalanced drug/vehicle tests in both the eating
and drinking experiments. The infusion cannulae were 30-g
stainless steel tubing cut with a stop 18.2 mm from one end
made from epoxy adhesive. Prior to each of the feeding and
drinking experiments, half the rats were infused with the

GABA agonist baclofen (Sigma) at a concentration of 188
ng (880 pM) per pL, the other half with 1 pL pH-adjusted
0.9% sdline; at arate of 0.5 pL per side, infused by hand
over 90 s. The dose chosen had been shown to be highly ef-
fectivein the initial report of this phenomenon [13].

2.2. Behavioral testing

Fifteen animals, in total, were tested; nine were initially
tested in the drinking manipulation and then in the feeding
manipulation: 1; the remainder were initially tested in feed-
ing manipulation 2, and then in the drinking manipul ation.

2.2.1. Feeding manipulation 1

Following intracerebral infusion, the subjects were im-
mediately placed into a standard housing cage, identical to
the home cage, with a Petri dish in the center of the floor
containing a known weight of standard chow pellets. Both
the suspended food hopper and the water bottle were of
known weight. Intake was calculated by reweighing the
food containers and water bottle following the test, after
collecting and replacing any food spilt from the Petri dish.

2.2.2. Feeding manipulation 2

To test for possible gnawing stereotypies, the consump-
tion of standard chow in a standard housing cage was com-
pared to the consumption of equivalently sized and shaped
softwood blocks. Using an ascending half Latin square de-
sign the rats were placed into one of three situations follow-
ing infusion of either baclofen or pH adjusted saline. In the
first test situation the cage contained a Petri dish with 10
standard chow pellets, a normal suspended food hopper full
of standard chow, and a normal drinking bottle full of tap
water. The second test situation contained a Petri dish with
wooden blocks of the same size, color, and shape to the
food pellets, and in the third test situation, the Petri dish was
empty. The rats were bilaterally infused into the nucleus ac-
cumbens and immediately placed in the cage. Consumption
from all three sources was recorded by weighing the con-
tainers before and after the 30-min test, collecting and re-
placing any food or wooden blocks spilt from the Petri dish
during the test session. In addition the animals were video-
recorded during the test sessions. The tapes were later
scored for the amount of time spend in contact with the sub-
strates presented in both dish and hopper.

2.2.3. Drinking manipulation

The subjects had free access to food and water at all
times except when they were in the test cages. The test
cages were comprised of a standard cage unit with a stain-
less steel nozzle attached to one side wall. The nozzle was
connected via polythene tubing to a reservoir of solution,
propelled by a peristaltic pump controlled by a micropro-
cessor system [3]. Licks were detected by a change in ca
pacitance of the nozzle, and used to control the pump such
that the pump would be turned on for 0.5 sif any lick were
detected during the preceding 0.5 s. The recording software
maintained independent records of pump activations and
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licks at the spout to aresolution of 10 ms. Pump activations
were used as a measure of intake; the pumps delivered 3.6
mL/min; this rate is just below the maximal rate at which
the rats can drink from such a nozzle. Thus, there was al-
most no spillage, and the duration of the pump activation
gives an accurate measure of actual consumption (30 wL/
0.5 S pump activation). On the first training day, the rats
were trained to lick for a glucose/saccharin solution (18 g/L
glucose, 1.23 g/L saccharin) in a 15-min training session.
This was repeated for three daily sessions and then the ses-
sion duration was increased to 30 min. The subjects had five
more daily training sessions of 30 min before the test ses-
sions, which followed either baclofen or saline infusion.
Data from two subjects were excluded due to a technical
problem with computing hardware.

The data from the drinking test sessions were processed
in two ways. First, the durations of pump activation were
summed into 1-min bins to give a direct measure of intake.
Second, the records of individua licks were parsed into a
series of bouts, and the intervals between them by using a
time criterion of 250 ms; bout size was then defined as the
number of licks within the bout. This criterion was judged
most appropriate, asit lay just beyond the point of major in-
fection in the log—survivorship curve [15,16], however, the
analysis was repeated for criteria of 500 and 1000 ms to
check whether the results were highly dependent on the
chosen criterion.

2.3. Data analysis

The data from the first feeding manipulation were ana-
lyzed using one-way analyses of variance (ANOVA) com-
paring the performance under drug with the vehicle control.
In the second feeding manipulation, the data were analyzed
untransformed using a two-way repeated-measures ANOVA
with the factors group (chow versus wood versus nothing)
and treatment (drug versus saline). The drinking data were
analyzed untransformed; all analyses were performed using
Genstat 5[17].

2.4, Histology

After the behavioura observations had been completed,
the rats were rapidly killed in a gradually rising concentra-
tion of CO, and transcardially perfused with 10% formol sa
line. Their brains were removed and stored in formol saline
for at least 72 h. They were then blocked and sectioned at 60
pm on a freezing microtome. All relevant sections were
mounted and stained with thionin for verification of cannula
placement. Locations of injection sites were taken as the
lowest boundary of gliosis below the cannula.

3. Results
3.1. Histology

The targeted injection site was the posterior ventrome-
dial nucleus accumbens shell, below the level of the anterior

Fig. 1. Injection sites (see text) are plotted on drawings taken from Paxinos
and Watson [14]; bregma +0.70 and +1.20 mm.

commissure. All the rats were likely to have had injection
sites either within, or within 0.6 mm of, the boundary of the
structure (Fig. 1) and, importantly, there was no obvious re-
lationship, at an individual level, between cannula place-
ment and the magnitude of the facilitation of food intake.

3.2. Feeding manipulation 1

The first manipulation with solid food provided a simple
comparison of chow consumption from a Petri dish on the
base of the cage after baclofen or saline treatment. The
mean amount of chow eaten under drug was significantly
greater than that eaten under saline infusion [mean and
SEM: baclofen 4.7 g = 0.6; saline 0.6 g = 0.3, F(1, 16) =
35.75 p < 0.001]. Therewas no effect of either treatment on
the consumption of food from the suspended food hopper
(F < 0.5, NS) or on drinking from the water bottle (F <
0.5, NS), despite the large quantity of dry chow that was
consumed from the Petri dish.

3.3. Feeding manipulation 2

In the second experiment, subjects also consumed signif-
icantly more of the chow when infused with drug rather
than saline, F(1, 5) = 17.31, p < 0.01. In addition, the sub-
jects showed no enhancement of water drinking under the
drug condition, F(1, 5) = 0.60, NS), despite consuming
large quantities of dry food. This finding is in agreement
with Experiment 1. The source of the chow that was con-
sumed in the baclofen-treated groups depended on the con-
tents of the Petri dish (Fig. 2). When the Petri dish contained
laboratory chow, this was eaten to the virtual exclusion of
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Fig. 2. Effects of bilateral baclofen infusion on food intake in feeding
manipulation 2. Condition C: chow was present in both dish and basket;
condition W: wood in dish and chow in basket; condition N: nothing in the
dish and chow in the basket.

the aternative source, whereas, if the dish contained the
wooden blocks or nothing, then the subjects ate from the
hanging food hopper [consumption from dish: group X
drug, F(1, 5) = 27.19, p < 0.003; consumption from basket:
group X drug, F(2, 10) = 4.19, p < 0.05]. Drug treatment
had no effect on water consumption in any condition
[group X drug interactions, F(2, 10) = 1.57, NS].

Scoring of the videotapes recorded following baclofen
treatment indicated that the intake figures were a good rep-
resentation of the behavioural response towards the differ-
ent food/nonfood objects during the 30-min test session.
When chow was provided in the dish, the animals spent sub-
stantially more time at the location (dish: 557 s; hopper: 41 s,
p < 0.02 Wilcoxon test). However, when wooden blocks
were provided in the dish this preference was reversed
(dish: 57 s; hopper: 611 s, p < 0.02 Wilcoxon test).

3.4. Drinking manipulation

Therewas no indication of adifferencein responseto ba
clofen that depended on whether the present test preceded
or followed testing with solid food, and the following re-
sults are for the pooled data set. In contrast to the data from
the two feeding manipulations, the total consumption of the
palatable liquid was not affected by the baclofen infusion,
F(1, 24) = 0.01, NS). In addition, when the cumulative in-
take curves were calculated there was no suggestion of an
effect of baclofen infusion (Fig. 3 and Table 1).

An analysis of the licking data indicated that baclofen
had no effect on the median interlock interval (Table 1), but
that it increased the number of bouts of licking, F(1, 10) =
7.71, p < 0.02, and decreased the size of those bouts, F(1,
10) = 7.33, p< 0.02, thus counteracting the change in bout
number (Table 1). The reported data use a bout criterion of
250 ms [5,18]; asimilar, and a similar significant effect was
present when the data were parsed with a 500-ms criterion;
the effect became nonsignificant with a criterion of 1000 ms.

600
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—=a— Baclofen
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Fig. 3. Cumulative intake curve in the drinking manipulation. The cumula-
tive duration of drinking is shown following treatment with baclofen or
saline. The smooth curves are plotted from the best fitting negative expo-
nentials (for parameters, see Table 1). The volume consumed can be esti-
mated from the duration of drinking (see text); 600 s equates to a volume of
35mL.

4. Discussion

We have confirmed that infusion of the GABAg agonist
baclofen into the posterior nucleus accumbens shell pro-
duces a robust stimulation of food intake. In addition, we
have shown that feeding responses are not directed at simi-
larly shaped wooden pellets, and that the response is di-
rected at the most immediately accessible appropriate food
source; towards food in adish on the cage floor, if available,
but towards food in a suspended hopper if either wooden
blocks are presented in the floor dish, or if it is empty.
Taken together, these data indicate that the potent increase
in food intake produced by infusing the nucleus accumbens
with baclofen is unlikely to be explained by direct induction
of amotor stereotypy for chewing. In agreement with previ-

Tablel
Drinking paradigm

Saline Baclofen (SED) Sig

Mean duration of drinking (s) 499 531 (34) NS
Mean interlick interval (ms) 140 138 37 NS
Cumulative curve fit parameters
Asymptote 631.2 586.1
Slope 0.0571 0.0663
Microstructural analysis
Mean bout size (licks) 19.2 15.2 (1.9) *
Number of bouts 164 212 (17.2) *

Data from the drinking paradigm for which tests lasted 30 min: mean
duration of drinking is shown in seconds (2.5 g fluid delivered per minute)
and mean interlick interval in milliseconds. Cumulative curve-fit parame-
ters are for the best fitting negative exponentia (6), and microstructural
analyses are for a bout criterion of 250 ms. Saline: 0.5 pl/side over 30 s,
baclofen 94 ng baclofenin 0.5 pl saline/side over 30 s; SED: standard error
of the difference between means; "p < 0.02.
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ous data [13], we observed no concurrent stimulation of wa-
ter intake during these tests, despite the consumption of a
large quantity of dry chow. It might be argued that our ani-
mals should also have been tested with wooden blocks in
the absence of food. However, because the animals were
well habituated to the presence of food in the test situation,
which was identical to the home cage apart from the pres-
ence of the Petri dish, its absence would have been very
likely to induce afrustration response that included chewing
a nonreinforcing objects present in the usual food location
[19]. We therefore, rejected acondition of thistype as likely
to given uninterpretable results.

In contrast, in a separate test in which the rats were a-
lowed to consume a palatable glucose/saccharin solution,
baclofen, had no effect on either total intake or on the shape
of the cumulative intake curve [20]. This lack of effect was
found regardless of the order in which the animals received
the drinking manipulation, and, therefore, cannot be as-
cribed to any increasing ineffectiveness of infusions later in
the series. A microstructural analysis of licking indicated
that baclofen had a clear effect on bout structure; individual
bouts of licking were shorter and increased in number to
provide an overall compensation in intake. Thisfinding also
suggests that there is no enhancement of palatability estima-
tion by baclofen. Consumption of more palatable (e.g.,
sweeter) solutions and benzodiazepine treatment are both
associated with increases in bout size [4,18].

4.1. Pharmacological considerations

Comparison of the effect of baclofen on food intake with
other drug-induced effects on consumption provides somein-
teresting contrasts. Although the effect on the intake of solid
food isasrobust asthat observed with benzodiazepines[4,18],
there is no similar effect on the ingestion of a palatable fluid.
Because the increase of fluid intake induced by benzodiaz-
epines was found in nondeprived animals [4], as here, and we
used the same pdatable glucose/saccharin solution in the
present experiment, it isunlikely that our failure to find anin-
creasein fluid intake is due to a ceiling effect in our animals.

Converging evidence from microstructural analyses,
taste reactivity studies, and intracerebral administration sug-
gest that the benzodiazepine effect is mediated by effects on
taste processing within the brain stem that lead, at the be-
havioura level, to enhanced estimates of palatability [18],
which may be expected to produced increases in the con-
sumption of both solid and liquid food. The contrast be-
tween the generalisation to palatable fluids seen with benzo-
diazepine infusion and its absence with baclofen infusion
makes a simple explanation in terms of changed palatability
estimation an unlikely candidate hypothesis for the effects
of baclofen on food intake described here and elsewhere
[13]. The contrast with effects of opioid receptor stimula-
tionisalso striking. Again, it is argued that these effects de-
pend on changes in palatability estimation [8], even when
the agonist drug is administered directly into the nucleus ac-

cumbens [7]. On both behavioural and neurochemical
grounds, the baclofen effect seems closer to the stimulation
of food intake produced by systemic or intraraphe adminis-
tration of 8-OH-DPAT. This effect is also robust for inges-
tion of solid food, but harder to demonstrate for fluids[2,9],
and several lines of evidence suggest that the effect de-
pends, in part, on modulation of neurochemical systems
within the nucleus accumbens [21,22].

It seems likely that the present effect is mediated by the
same behavioural and neurochemical mechanisms as are in-
volved in theincreasein food intake produced by AMPA an-
tagonists injected into the same compartment of the accum-
bens[23]; dry food consumption was substantially increased
with no effect on water intake. Intake of palatable, but dilute,
sucrose solution was unaffected, although the usual enhance-
ment of intake over water was clearly evident [24].

4.2. Neural considerations

At a neura level, it is known that there is a substantial,
though diffuse, projection from the nucleus accumbens to
the lateral hypothalamus [25]. Stratford and Kelley [13] ar-
gue that, in satiated animals, glutamatergic afferents to the
nucleus accumbens produce activation of this GABAergic
projection to the lateral hypothalamus, and reduce ingestive
responses; thus; muscimol infusions into the lateral hypo-
thalamus inhibit feeding, athough the same agonist stimu-
lates feeding when infused into the media hypothalamus
[26]. Baclofen may activate presynaptic GABA receptors
on the glutamatergic afferents that would presumably nor-
mally be activated by axon collaterals of the spiny projec-
tion neurons [27], and hence, reduce activation of the pro-
jection neurons leading to a disinhibition of feeding at the
level of the lateral hypothalamus. It may seem puzzling that
activation of such a general mechanism can lead to an ap-
parently selective effect on feeding. For example, we saw
no activation of locomotion, which might be expected given
that there is a similar GABAergic projection from nucleus
accumbens to ventral pallidum that is known to modulate
locomotor activity [27], but this might be explained by dif-
ferential shell/core connectivity. It is aso interesting that
Shoaib et a. [28] report that intraaccumbens infusions of
baclofen at similar doses to those used here reduce cocaine
self-administration. Systemic baclofen administration also
reduces cocaine self-administration, but has little effect on
food-maintained responding [29]. These findings are con-
sistent with the suggestion that enhancement of GABAergic
function by the GABA-transaminase inhibitor vigabatrin
may both reduce cocaine-reinforced place preference and
depress the effects of cocaine on nucleus accumbens
dopamine function; however, similar doses of vigabatrin
had no effect on a food-reinforced place preference [30].
Given the frequent paralels between actions of drug and
natural reinforcers, such asfood, at this neural level, behav-
ioral effectsin opposing directions are unexpected, and well
worth further investigation.
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In summary, stimulation of GABAg receptorsin the shell
region of the nucleus accumbens produces a robust feeding
response [13]. We have demonstrated that this effect is be-
haviorally specific, and is unlikely to be accounted for by
facilitation of the motor patterns, such as gnawing and
chewing, that are associated with food consumption. The re-
sponseislikely to be associated with both an increased like-
lihood of initiation of a mea and also an insensitivity to
some of the interoceptive cues that would usually serve to
terminate feeding. The relevance of these effects to the en-
dogenous control of meal initiation and termination will
need to be established using different experimental ap-
proaches, but our data support hypotheses suggesting that
the nucleus accumbens plays an important role in the neural
systems that control ingestive behavior in the rat.

Acknowledgments

Our thanks to lan Roughsedge for support and Lynda
Penfold for rearing and caring for the animals.

References

[1] Somerville EM, Clifton PG. Neurochemical interactions in the con-
trol of ingestive behaviour. In: Cooper SJ, Clifton PG, editors. Drug
Receptor Subtypes and Ingestive Behavior. London: Academic Press,
1996. pp. 369-88.

[2] Dourish CT, Clark ML, lverson SD. 8-OH-DPAT elicits feeding and
not chewing: evidence from liquid diet studies and a diet choice
study. Psychopharmacology (Berlin) 1988;95:185-8.

[3] Clifton PG, Cooper SJ. The benzodiazepine partia agonist, bretaze-
nil, provokes a strong hyperphagic response: a meal pattern anaysis
in free feeding rats. Behav Pharmacol 1996;7:454-61.

[4] Clifton PG, Deuchars T, Lester SM. Facilitation of ingestive behavior
by the benzodiazepine partial agonist bretazenil. J Psychopharmacol
1995;9:A34.

[5] Sanger DJ. Endorphinergic mechanisms in the control of food and
water intake. Appetite 1981;2:193-208.

[6] Bakshi VP, Kelley AE. Feeding induced by opioid stimulation of the
ventral striatum: role of opiate receptor subtypes. J Pharmacol Exp
Ther 1993;265:1253-1260.

[7] Zhang M, Kelley AE. Opiate agonists microinjected into the nucleus
accumbens enhance sucrose drinking in rats. Psychopharmacology
(Berlin) 1997;132:350-60.

[8] Gosnell BA, Majchrzak MJ. Centrally administered opioid peptides
stimulate saccharin intake in nondeprived rats. Pharmacol Biochem
Behav 1989;33:805-10.

[9] Dourish CT, Cooper SJ, Gilbert F, Coughlan J, Iverson SD. The 5-HT1,
agonist 8-OH-DPAT increases consumption of palatable wet mash
and liquid dietsin the rat. Psychopharmacology (Berlin) 1988;94:58—
63.

[10] Montgomery AMJ, Rose IC, Herberg ZJ. 5-HT,, agonists and
dopamine: the effects of 8-OH-DPAT and buspirone on brain stimu-
lation reward. J Neural Transm 1991;83:139-48.

[11] Ebenezer IS, Pringle AK. The effect of systemic administration of ba-
clofen on food intake in rats. Neuropharmacology 1992;31:39-42.

[12] Wirtshafter D, Stratford TR, Pitzer MR. Studies on the behavioral ac-
tivation produced by stimulation of GABAg receptors in the median
raphe nucleus. Behav Brain Res 1993;59:83-93.

[13] Stratford TR, Kelley AE. GABA in the nucleus accumbens shell par-
ticipates in the central regulation of feeding behavior. J Neurosci
1997;17:4434-40.

[14] Paxinos G, Watson C. The Rat Brain in Stereotaxic Coordinates, 2nd
ed. Sydney: Academic Press, 1986.

[15] Davis JD, Smith GP. Analysis of the microstructure of the rhythmic
tongue movements of rats ingesting maltose and sucrose solutions.
Behav Neurosci 1992;106:217-28.

[16] Spector AC, Klumpp PA, Kaplan JM. Analytical issuesin the evalua-
tion of food deprivation and sucrose concentration effects on the mi-
crostructure of licking behavior in the rat. Behav Neurosci 1998;112:
678-94.

[17] Genstat 5 Committee. Genstat 5 Reference Manual. Oxford: Oxford
University Press, 1987.

[18] Cooper SJ, Higgs S. Benzodiazepine receptors and the determination
of palatability. In: Cooper SJ, Clifton PG, editors. Drug Receptor
Subtypes and Ingestive Behaviour. London: Academic Press, 1996.
pp. 347-68.

[19] BollesRC. Theory of Motivation. New Y ork: Harper and Row, 1967.

[20] Davis JD, Collins BJ, Levine MW. Peripheral control of drinking:
gastrointestinal filling as a negative feedback signal, atheoretical and
experimental analysis. JComp Physiol Psychol 1975;89:985-1002.

[21] Fletcher PJ. Dopamine receptor blockade in nucleus accumbens or
caudate nucleus differentially affects feeding induced by 8-OH-
DPAT injected into the dorsal or median raphe. Brain Res 1991;552:
181-9.

[22] Fletcher PJ. Opiate antagonists inhibit feeding induced by 8-OH-
DPAT: possible mediation in the nucleus accumbens. Brain Res
1991;560:260-7.

[23] Kelley AE, Swanson CJ. Feeding induced blockade of AMPA and
kainate receptors within the ventral striatum: a microinfusion study.
Behav Brain Res 1997;89:107-113.

[24] stratford TR, Swanson CJ, Kelley A. Specific changes in food intake
elicited by blockade or activation of glutamate receptors in the nu-
cleus accumbens shell. Behav Brain Res 1998;93:43-50.

[25] Heimer L, Zahm DS, Churchill L, Kalivas PW, Wohltmann C. Speci-
ficity in the projection patterns of accumbal core and shell in the rat.
Neuroscience 1991;41:89-125.

[26] Kelly J, Rothstein J, Grossman SP. GABA and hypothalamic feeding
systems. |. Topographic analysis of the effects of microinjections of
muscimol. Physiol Behav 1979;23:1123-34.

[27] Pennartz CMA, Groenewegen HJ, Lopes da Silva FH. The nucleus
accumbens as a complex of functionally distinct neuronal ensembles:
an integration of behavioura electrophysiologica and anatomical
data. Prog Neurobiol 1994,42:719-61.

[28] Shoaib M, Swanner LS, Beyer CE, Goldberg SR, Schindler CW. The
GABA; agonist baclofen modifies cocaine self-administration in rats.
Behav Pharmacol 1998;9:195-206.

[29] Roberts DCS, Andres MM, Vickers GJ. Baclofen attenuates the rein-
forcing effects of cocaine in rats. Neuropsychopharmacology 1996;
15:417-23.

[30] Dewey SL, Morgan AE, Ashby CR, Horan B, Kushner SA, Logan J,
Volkow ND, Fowler JS, Gardner EL, Brodie JD. A novel strategy for
the treatment of cocaine addiction. Synapse 1998;30:119-29.



