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57

 

(4) 681–685, 1997.—Although the reinforcing properties
of food are reduced in the presence of dopamine antagonist drugs, controversy exists about the relative roles of D

 

1

 

 vs D

 

2

 

 re-
ceptor subtypes in the actions of these drugs. The current experiment compared the effects of raclopride (a selective D

 

2

 

 re-
ceptor antagonist) and SCH 39166 (a selective D

 

1

 

 receptor antagonist) in the response-reinstating effects of food reinforce-
ment. Hungry rats were trained to run a straight-alley for food reinforcement during single daily trials. The operant was then
extinguished during consecutive daily non-reinforced trials. Subjects were then injected with one of four doses of raclopride
(0.0, 1.0, 0.5, and 0.25 mg/kg, IP) or SCH 39166 (0.0, 1.0, 0.5, and 0.1 mg/kg IP) 30 min prior to a single reinforced treatment
trial. Twenty-four h later, a test trial was conducted in an unbaited runway. The single reinforced trial in the midst of extinc-
tion was observed to reinstate operant runway performance. Raclopride, but not SCH 39166, dose-dependently attenuated
this reinstatement. Motor control groups ruled out the possibility that these results were due to differential residual motor ef-
fects of the drugs. Results suggest that D

 

2

 

, but not D

 

1

 

, dopamine receptors, are involved in the response-reinstating properties
of food reinforcement. © 1997 Elsevier Science Inc.
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CONSIDERABLE evidence points to an involvement of cen-
tral dopaminergic pathways in the reinforcing properties of
naturally occurring incentives such as food and water (e.g., for
reviews see 2,12,29). Such evidence has often taken the form
of demonstrations that operant response rates in food- or
water-reinforced tasks are diminished during dopamine re-
ceptor antagonist drug challenge—even at doses that do not
appear to produce obvious sedative or motor-incapacitating
effects (3,9,25,35). It remains the case, however, that de-
creases in operant behavior can be attributed to a wide variety
of factors independent of reward attenuation (1,29).

Our laboratory has addressed this concern by employing
behavioral test procedures that examine putative drug-in-
duced reductions in reinforcer efficacy at a time when the test
animals are no longer drugged (and hence not subject to mo-
toric, sedative, or attentional deficits that might otherwise ac-
count for changes in the drugged response) (13,14,15,16,22).
In one such study, Horvitz and Ettenberg (22) trained hungry

animals to traverse a straight alley and enter a goal box where
food reinforcement was delivered. The subjects were tested
on but one trial a day. Once the operant was established, an
extinction phase was instituted during which daily single trials
were continued but no food was delivered upon goal box en-
try. Once runway behavior slowed, a single treatment trial
was conducted, the effects of which were examined the next
day. Animals that continued to experience an empty goal box
on treatment day, continued to run slowly on Test Day (24 h
later). However, animals that found food in the goal box on
Treatment Day reinstated their operant running on the next
trial. This response-reinstating effect of food reinforcement
was dose-dependently attenuated in animals pretreated on
Treatment Day with the dopamine receptor antagonist drug,
haloperidol. Note again, that the critical test day data were
collected 24 h post-injection. The authors suggested that oper-
ant performance on test day reflected the quality of the rein-
forcer experienced in the goal box on the previous day.

 

Requests for reprints should be addressed to: Aaron Ettenberg, Professor and Chair, Department of Psychology, University of California,
Santa Barbara, CA 93106, E-mail: ettenber@psych.ucsb.edu
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Therefore, since animals that experienced food

 

1

 

haloperidol
on treatment day subsequently behaved in a manner compa-
rable to those who had experienced no reinforcer at all during
treatment day, it was concluded that normal dopamine func-
tion was necessary for demonstrating the response-reinstating
properties of food reinforcement (22).

The Horvitz and Ettenberg (22) study described above em-
ployed the drug haloperidol. However, given the current con-
troversy on the relative importance of different receptor sub-
types in reinforced and motivated behaviors (2,10,30, 37,40),
it was of interest to extend our investigation to dopamine an-
tagonist compounds thought to have a more selective site of
action. Although haloperidol has a far greater affinity for the
D

 

2

 

 than D

 

1

 

 dopamine receptor (8,24,27), conclusions about
the relative importance of these two receptor subtypes must
necessarily await a direct comparison of selective antagonist
activity at each site. Toward that end, the present study was
devised to build upon the results of Horvitz and Ettenberg
(22) by comparing the effectiveness of the putative D

 

2

 

 recep-
tor antagonist, raclopride, with the putative D

 

1

 

 receptor an-
tagonist, SCH 39166, in preventing the response-reinstating
properties of food reinforcement.

 

METHOD

 

Subjects

 

The subjects were 111 six-month old male Sprague–Daw-
ley rats (Charles River Laboratories, Wilmington, MA) main-
tained at 85% of free-feeding weight throughout the experi-
ment (mean 290 g at start of training). Water was available on
an ad lib basis. The rats were individually housed in the Psy-
chology Vivarium which was maintained on a 12L:12D cycle
(lights on at 0700) at an ambient temperature of 22

 

8

 

C.

 

Apparatus

 

The apparatus consisted of a straight wooden runway,
measuring 156 cm long 

 

3

 

 10.5 cm wide 

 

3

 

 20 cm high. Sliding
doors separated the identically-sized (20 

 

3 

 

24 

 

3

 

 20 cm) start
and goal boxes from the runway. Food reinforcement (ten 45
mg Noyes pellets) was delivered into a metal feeder cup lo-
cated on the far wall of the goal box (facing the alley). Infra-
red Photocell emitter-detector pairs were located in the alley
just outside the start box door, and in the goal box (just inside
the goal box door). Once the animal broke the first (start box)
photobeam, a timer (Synesthesia Reaction-Choice Display In-
strument model S-2) was activated, the timing of which
stopped when the animal interrupted the goal box photo-
beam. This served as a measure of the time required for the
rat to traverse the runway and enter the goal box (i.e., Run
Time). Breaking the goal box infrared photobeam also served
as the signal for a goal box door to close thereby restricting
the animal to the goal box (to prevent retracing).

 

Drugs

 

Raclopride tartate (Astra Arcus, Sodertalje, Sweden) was
prepared in a vehicle solution of 0.9% physiological saline
and injected intraperitoneally 30 min prior to testing in a vol-
ume of 2.0 ml per kilogram of body weight. SCH 39166
(Schering-Plough Research Institute, Kenilworth, New Jer-
sey) was prepared in a vehicle solution of sterile water and in-
jected intraperitoneally 30 min prior to testing in a volume of
1.0 ml per kilogram of body weight.

 

Procedure

 

Throughout the experiment, animals experienced a single
runway trial each day. The experiment was performed in four
successive phases: acquisition (12 trials), extinction (variable
number of trials), Treatment Day, and Test Day. Animals
were fed in their home cages 20–30 min after daily testing.

 

Acquisition

 

Each rat was individually placed into the start box, the
start box door was opened, and the Run Time was recorded.
Animals remained in the goal box until the food reinforce-
ment (10 pellets) was consumed (i.e., this rarely took more
than 30 s by the end of acquisition). The animal was then re-
moved from the apparatus and returned to its home cage.
Testing continued in this manner for 12 consecutive days/trials.

 

Extinction

 

Beginning on Day 13, food reinforcement was no longer
provided to the animals upon goal box entry. Single daily ex-
tinction trials continued until each rat had met an extinction
criterion arbitrarily defined as an increase in Run Time (a
slowing in operant running) to a level five times that of the
fastest acquisition trial/day. A subject completed the extinc-
tion phase of the experiment when it performed at this “ex-
tinction criterion” on four of five consecutive days (mean time
to extinction 

 

6

 

 SEM was 33.4 

 

6

 

 4.0 trials).

 

Treatment Day

 

Following extinction, a single treatment trial was con-
ducted during which subjects ran to either an empty or food-
baited goal box and were pretreated with either raclopride
(0.0, 0.25, 0.5 or 1.0 mg/kg) or SCH 39166 (0.0, 0.1, 0.5 or 1.0
mg/kg). This procedure resulted in five groups for each drug:
a Vehicle-Food group and a Vehicle-No Food group in which
Ss were pretreated with vehicle 30 min prior to testing with ei-
ther a baited (food) or unbaited (no food) goal box. Three ad-
ditional groups received one of the doses of raclopride and
three more groups received one of the doses of SCH 39166
prior to a single food reinforced trial (i.e., Raclopride-Food or
SCH 39166-Food groups). Finally, two groups were adminis-
tered either the high dose of SCH 39166 or raclopride 30 min
after a food reinforced trial (i.e. Motor Control groups) to as-
sess any residual motor impairments on Test Day 24 h later.

 

Test Day

 

The effects of finding food (or no food) on Treatment Day
were observed during a final trial (Test Day) which was con-
ducted 24 h later in undrugged, untreated animals using an
unbaited runway. This trial assessed the influence of the pre-
vious day’s unbaited or baited goal box experience on running
behavior. On the basis of previous work (22) it was hypothe-
sized that a single food-reinforced trial in the midst of extinc-
tion would be sufficient to reinstate operant running 24 h
later. The present experiment tested raclopride’s and SCH
39166’s ability to attenuate this response-reinstating action of
food reinforcement.

 

RESULTS

 

One-way Analyses of Variance (ANOVA) were computed
on the mean group Run Times for each drug on both Treat-
ment and Test days. The ANOVAs confirmed that there were
no reliable differences in runway performance among raclo-
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pride groups (

 

F

 

(5, 50) 

 

5

 

 1.114, 

 

p 

 

.

 

 .05) or SCH 39166 groups
(

 

F

 

(5, 49) 

 

5

 

  2.2056, 

 

p 

 

.

 

 .05) on Treatment day. Thus, by re-
stricting daily performance to a single trial, all groups were
able to traverse the runway unimpaired during either raclo-
pride or SCH 39166 challenge.

Test Day performance was, however, altered by the previ-
ous day’s treatment protocol. Figure 1 depicts the mean
(

 

1

 

SEM) Run Times for each raclopride group on Test Day.
The ANOVA on these data revealed a highly reliable differ-
ence between groups (

 

F

 

(5, 50) 

 

5

 

 3.983, 

 

p

 

 

 

5

 

 0.0041). Post-Hoc
analyses (Fisher’s Protected Least Significant Differences
Test) were computed to assess which treatment groups
yielded results different from one another. Six significant dif-
ferences (

 

p 

 

,

 

 0.05) were identified in this manner. The Vehi-
cle-No Food group ran more slowly on Test Day than either
the Vehicle-Food or the Motor Control groups. Thus, finding
no-food on Treatment Day, led to slow running on Test Day,
while finding food in the goal box on Treatment Day rein-
stated operant behavior on the next trial. This response-rein-
stating property of food-reinforcement was dose-dependently
prevented by pretreatment with the dopamine D

 

2

 

 receptor
antagonist, raclopride. Thus, the low dose group (0.25 mg/kg
raclopride-food group) ran reliably faster than the Vehicle-
No Food group, while the animals that experienced the high
dose of raclopride (1.0 mg/kg Raclopride-Food Group) were
reliably slower than either the Vehicle-Food, low dose-food,
or Motor Control groups. The performance of the Motor
Control group is particularly important here since these ani-
mals exhibited response-reinstatement on Test Day (see Fig.
1) and hence were able to perform unimpaired one day after
raclopride administration.

Figure 2 shows the mean (

 

6

 

SEM) Run Times for each
SCH 39166 group on Test Day. The animals in these groups
were all tested subsequent to those of the raclopride groups

and their baseline Run Times were reliably shorter. Neverthe-
less, the pattern of responding seen in the Vehicle-No-Food
and Vehicle-Food groups were highly comparable to those of
the raclopride condition. As with raclopride, the ANOVA on
the SCH 39166 data revealed a highly reliable difference be-
tween groups (

 

F

 

(5, 49) 

 

5

 

 3.758, 

 

p

 

 

 

5

 

 0.006). Post-Hoc analyses
(Fisher’s Protected Least Significant Differences Test) indi-
cated that the Vehicle-No Food group ran significantly slower
than all other groups. There were no differences between any
of the food groups. Thus, SCH 39166 administration had no
effect on the response-reinstating properties of food rein-
forcement.

 

DISCUSSION

 

One of the properties of positive reinforcers is their ability
to reinstate responding following a period of nonreinforced
trials (18,21,41). In the present study, we were able to demon-
strate the response-reinstating properties of food reward in a
runway paradigm where a single reinforced trial reinstated
operant running 24 h later. The present results, therefore,
confirm previous results from our laboratory using the same
procedure (22). In that earlier work, Horvitz & Ettenberg
(22) found that pretreatment with the moderately selective D

 

2

 

antagonist, haloperidol, prevented the subsequent reinstate-
ment of behavior. Our work extends this finding by demon-
strating that highly selective antagonism of D

 

2

 

 dopamine re-
ceptors with raclopride, but not D

 

1

 

 receptors with SCH 39166,
was sufficient to block the response-reinstating effects of food
reinforcement. This work is consistent with reports that D

 

2

 

antagonists such as raclopride decrease food-reinforced oper-
ant behaviors (20,30) and also attenuate the reinforcing prop-
erties of intracranial stimulation (4,17,31, but see 23). Studies
of drug reinforcement have produced less impressive dissocia-

FIG. 1. Mean Run Times (6 SEM) for each raclopride group on
Test Day. Groups are designated by their Treatment Day conditions.
Rac 0.25, Rac 0.5 and Rac 1.0 represent raclopride pretreatments in
mg/kg. The Motor Control group received a 1.0 mg/kg dose of
raclopride 30 min after a reinforced Treatment Trial. Test Day scores
were derived from a single Trial 24 h after Treatment Day in
undrugged animals running an unbaited runway.

FIG. 2. Mean Run Times (6 SEM) for each SCH 39166 group on
Test Day. Groups are designated by their Treatment Day conditions.
SCH 0.1, 0.5, 1.0 represent SCH 39166 pretreatments in mg/kg. The
Motor Control group received a 1.0 mg/kg dose of SCH 39166 30 min
after a reinforced Treatment Trial. Test Day scores were derived
from a single trial 24 h after Treatment Day in undrugged animals
running an unbaited runway.
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tions of D

 

1

 

 and D

 

2

 

 receptor function (6) although in a recent
study (39) D

 

2

 

 but not D

 

1

 

 dopamine receptor agonists rein-
stated the operant responding of rats previously trained to
work for cocaine reinforcement. The uniqueness of the cur-
rent study is that the response-reinstating actions of food rein-
forcement, and the effects of the D

 

1

 

/ D

 

2

 

 receptor antagonism
of these actions, were observed in undrugged animals tested
24 hrs post-treatment. Hence the current results are not likely
the result of nonspecific actions of drug administration. 

Of course it remains possible that the slowing of Run
Times in the raclopride-treated animals could be related to
the presence of some residual sedative or motor impairments
on Test Day (24 h post-injection). Raclopride is known to
cause motor depression, and has been reported to antagonize
drug-induced hyperlocomotion (22,26,33,34,43). In this view,
the lack of significant group differences in Run Times on
Treatment Day could be accounted for by a form of “ceiling
effect”: i.e., the animals were already running slowly due to
the extinction procedure, and hence further motor impair-
ment produced by the drug may not have been identifiable.
On Test Day, a residual drug-induced impairment could con-
ceivably slow the running of Ss who received drug on the pre-
vious trial and hence account for the group differences re-
ported here. If this were true, then the Motor Control subjects
(who received drug 30 min after the treatment trial) should
have exhibited slow Run Times on Test Day. This was not the
case. Whereas the pre-treated 1.0 mg/kg raclopride animals
ran slowly, the post-treated Motor Control animals did not.
Thus, slow Run Times on Test Day required not just the pres-
ence of the raclopride, but rather the combination of drug and
food reinforcement on Treatment Day.

Another possible explanation for the reduced running of
the food 

 

1 

 

raclopride animals on Test Day involves the pres-
ence of some form of drug-induced learning or memory im-
pairment. This explanation could conceivably take either one
of two forms: the development of State Dependent Learning,
or an interference with the animals’ ability to encode new in-
formation. State Dependent Learning has been used to describe
a phenomenon on where animals who learn new information
under one “state” are most likely to retrieve that information
if they are in the same “state” during subsequent testing
(11,19, 32,35,36,42). For example, if an animal is drugged dur-
ing acquisition/training, it may need to be drugged again dur-
ing testing in order to produce the most efficient retrieval of

the original learned response. In the current context, one
might argue that the raclopride-treated subjects ran slowly on
Test Day because they were being tested in a “state” (un-
drugged) different from that which was present during the origi-
nal reinforced trial (when they were drugged)—hence memory
retrieval was impaired. While this certainly remains a possibil-
ity, the authors are aware of no demonstration of State De-
pendent Learning using dopamine antagonist drugs in gen-
eral, nor raclopride in particular. In fact, Horvitz & Ettenberg
(22) were able to directly test and rule out a State Dependent
Learning hypothesis as an explanation for haloperidol’s ef-
fects in this same food-reinstatement paradigm.

A second memory-type explanation for the current results
presumes that the presence of raclopride on Treatment Day
interfered with the animals’ ability to encode new associations.
In this view, the reduced running of the food 

 

1 

 

raclopride
groups on Test Day stemmed not from some action of the
drug on reinforcement processes, but rather an inability of the
animals to recall that reinforcement was presented on the pre-
vious trial. Once again, although this hypothesis is a viable
one, the available data regarding raclopride’s effects on learn-
ing and memory do not support it as an explanation for the
current data. Thus, while raclopride has been shown to en-
hance the memory impairing effects of other drugs (28), it has
not been demonstrated to produce memory deficits when ad-
ministered on its own (5,7,28,38).

The paradigm incorporated in this study essentially exam-
ines the efficacy of drugs used to alter reinforcement pro-
cesses in animals undrugged at the time of testing. The utility
of such a procedure for the investigation of drugs with sus-
pected or documented sedative or motor incapacitating prop-
erties is obvious. The present results serve to provide strong
support for the view that D

 

2

 

, but not D

 

1

 

, receptor subtypes are
critical for the response-reinstating properties of food rein-
forcement.

 

ACKNOWLEDGMENTS

 

We are grateful to Birgit Sjovall from Astra Arcus AB for a gen-
erous gift of raclopride tartate, Allen Barnett from Schering-Plough
Research Institute for a generous gift of SCH 39166, and to Kevin
Whelan, Alexa Foster, Brian Crook, Susan Melnick and Krista Mc-
Farland for their assistance in testing the animals. Funding for this
project was provided by NIDA grants number DA 08042 and DA
05041. 

 

REFERENCES

 

1. Beninger, R. J.: Dissociating the effects of altered dopaminergic
function on performance and learning. Brain Res. Bull. 23:365–
371; 1989.

2. Beninger, R. J.; Hoffman, D. C.; Mazurski, E. J.: Receptor sub-
type-specific dopaminergic agents and conditioned behavior.
Neurosci. Biobehav. Rev. 13:113–122; 1989.

3. Beninger, R. J.; Ranaldi, R.: Microinjections of flupenthixol into
the caudate-putamen but not the nucleus accumbens, amygdal or
frontal cortex of rats produce intra-session declines in food-
rewarded operant responding. Behav. Brain Res. 55:203–212; 1993.

4. Bird, M.; Kornetsky, C.: Dissociation of the attentional and moti-
vational effects of pimozide on the threshold for brain stimula-
tion. Neuropsychopharmacology 3:33–40; 1990.

5. Bushnell, P. J.; Levin, E. D.: Effects of dopaminergic drugs on
working memory in rats. Pharmacol. Biochem. Behav. 45:765–
776; 1993.

6. Caine, S. B.; Koob, G. F.: Effects of dopamine D

 

1

 

 and D

 

2

 

 antagonists

on cocaine self-administration under different schedules of rein-
forcement in the rat. J. Pharmacol. Exp. Ther. 270:209–218; 1994.

7. Chrobak, J. J.; Napier, T. C.: Delayed-non-match-to-sample per-
formance in the radial arm maze: effects of dopaminergic and
GABAergic agents. Psychopharmacology 108:72–78; 1992.

8. Clement-Cormier, Y. C.; George, R. J.: Multiple dopamine bind-
ing sites: subcellular localization and biochemical characteriza-
tion. J. Neurochem. 32:1061–1069; 1979.

9. Clifton, P.; Rusk, I.; Cooper, S.: Effects of dopamine D

 

1

 

 an
dopamine D

 

2

 

 antagonists on the free feeding and drinking pat-
terns of rats. Behav. Neurosci. 105(2):272–281; 1991.

10. Derrien, M.; Durieux, C.; Dauge, V.; Roques, B.: Involvement of
D

 

2

 

 dopaminergic receptors in the emotional and motivational
responses induced by injection of CCK-8 in the posterior part of
the rat nucleus accumbens. Brain Res. 617(2):181–188; 1993.

11. Downey, D. J.: State-dependent learning with centrally and non-
centrally active drugs. Bull. Psychonomic Soc. 5(4):281–284; 1975.



 

DOPAMINE AND FOOD REINFORCEMENT 685

 

12. Ettenberg, A.: Dopamine, neuroleptics and reinforced behavior.
Neurosci. Biobehav. Rev. 13:105–111; 1989.

13. Ettenberg, A.: Haloperidol prevents the reinstatement amphet-
amine-rewarded runway responding in rats. Pharmacol Biochem.
Behav. 36:635–638; 1990.

14. Ettenberg, A.; Camp, C.: A partial reinforcement extinction
effect in water-reinforced rats intermittently treated wit haloperi-
dol. Pharmacol. Biochem. Behav. 25:1231–1235; 1986a.

15. Ettenberg, A.; Camp, C.: Haloperidol induces a partia reinforce-
ment extinction effect in rats: implications for a dopamine
involvement in food reward. Pharmacol. Biochem. Behav. 25:
813–821; 1986b.

16. Ettenberg, A.; Horvitz, J.: Pimozide prevents the response-rein-
stating effects of water reinforcement in rats. Pharmacol. Bio-
chem. Behav. 37:465–469; 1990.

17. Gallistel, C. R.; Davis, A. J.: Affinity for the D

 

2

 

 receptor predicts
neuroleptic potency in blocking the reinforcing effect of MFB
stimulation. Pharmacol. Biochem. Beh. 19:867–872; 1983.

18. Gatti, S. V.; Pais, N.; Weeks, J. R.: Effects of reinstatement pro-
cedures on retention of differential appetitive stimuli responding.
Bull. Psychon. Soc. 6(1):57–60; 1975.

19. Goodwin, D. W.; Powell, B.; Bremer, D.; Hoine, H.; Stern, J.:
Alcohol and recall: state-dependent effects in man. Science
163(3873):1358–1360;1969.

20. Hodge, C. W.; Samson, H. H.; Tolliver, G. A.; Haraguchi, M.:
Effects of intraaccumbens injections of dopamine agonists and
antagonists on sucrose and sucrose-ethanol reinforced respond-
ing. Pharmacol. Biochem. Behav. 48(1):141–150; 1994.

21. Homzie, M. J.; Rudy, J. W.: Effect on runway performance of
reinforcement contingencies established to empty goal-box place-
ments. Learn. Motivation, 2:95–101; 1971.

22. Horvitz, J.; Ettenberg, A.: Haloperidol blocks the response-rein-
stating effects of food reward: a methodology for separating neu-
roleptic effects on reinforcement and motor processes. Pharmacol.
Biochem. Behav. 31:861–865; 1989.

23. Hunt, G. E.; Atrens, D. M.; Jackson, D.M.: Reward summation
and the effects of dopamine D

 

1

 

 and D

 

2

 

 agonists and antagonists
on fixed-interval responding for brain stimulation. Pharmacol.
Biochem. Behav. 48:853–862,1994.

24. Leyson, J. E.; Janssen, P. M.; Shotte, A.; Luyten, W. H.; Megans,
A. A.: Interaction of antipsychotic drugs with neurotransmitter
receptor sites in vitro and in vivo in relation to pharmacological
and clinical effects: role of 5HT

 

2

 

 receptors. Psychopharmacology
112(Suppl):S40–54, 1993.

25. Ljungberg, T.: Differential attenuation of water intake and
water-rewarded operant responding by repeated administration
of haloperidol and SCH23390 in the rat. Pharmacol. Biochem.
Behav. 35:111–115; 1990.

26. Loschmann, P. A.; Smith, L. A.; Lange, K. W.; Jaehnig, P.; Jen-
ner, P.; Marsden, C. D.: Motor activity following the administra-
tion of selective D

 

1

 

 and D

 

2

 

 dopaminergic drugs to normal
common marmosets. Psychopharmacology 105(3):303–309; 1991.

27. Matsubara, S.; Matsubara, R.; Kusumi, I; Koyama, T.; Yamashita,
I.: Dopamine D

 

1

 

, D

 

2

 

 and serotonin

 

2

 

 receptor occupation by typi-
cal and atypical antipsychotic drugs in vivo. J. Pharmacol. Exp,
Ther. 265:498–508, 1993.

28. McGurk, S. R.; Levin, E. D.; Butcher, L. L.: Radial-arm maze

performance in rats is impaired by a combination of nicotinic-
cholinergic and D

 

2

 

 dopaminergic drugs. Psychopharmacology
99:371–373; 1989.

29. Miller, R.; Wickens, J. R.; Beninger, R. J.: Dopamine D

 

1

 

 and D

 

2

 

receptors in relations to reward and performance: a case for the
D

 

1

 

 receptor as a primary site of therapeutic action of neuroleptic
drugs. Prog. Neurobiol. 43:143–183; 1990.

30. Nakajima, S.: Subtypes of dopamine receptors involved in the
mechanism of reinforcement. Neurosci. Biobehav. Rev. 13:123–
128; 1989.

31. Nakajima, S.; O’Regan, N. B.: The effects of dopaminergic ago-
nists and antagonists on the frequency-response function for
hypothalamic self-stimulation in the rat. Pharmacol. Biochem.
Behav. 39:465–468; 1991.

32. Oberling, P.; Rocha, B.; Di Scala, G.; Sandner, G.: Evidence for
state-dependent retrieval in conditioned place aversion. Behav.
Neural Biol. 60:27–32; 1993.

33. Ogren, S. O.; Goldstein, M.: Phencyclidine- and dizocilpine-
induced hyperlocomotion are differentially mediated. Neuropsy-
chopharmacology 11(3):167–177; 1994.

34. Ouagazzal, A.; Nieoullon, A.; Amalric, M.: Effects of dopamine
D

 

1

 

 and D

 

2

 

 receptor blockade on MK-801-induced hyperlocomo-
tion in rats. Psychopharmacology 111(4):427–434; 1993.

35. Overton, D. A.: Historical context of state dependent learning
and discriminative drug effects. Special issue: Behavioural aspects
of drug discrimination. Behav. Pharmacol. 2(4–5):253–264; 1991.

36. Overton, D. A.: Major theories of state dependent learning. In:
Ho, B. T.; Richards, D. W.; Chutes, D. L. eds. Drug discrimina-
tion and state dependent learning. New York: Academic Press;
1978:283–318.

37. Rompré, P.; Bauco, P.: GBR 12909 reverses the SCH 23390 inhi-
bition of rewarding effects of brain stimulation. Eur. J. Pharma-
col. 182(1):181–184; 1990.

38. Sawaguchi, T.; Goldman-Rakic, P. S.: The role of D

 

1

 

-dopamine
receptor in working memory: local injections of dopamine antag-
onists into the prefrontal cortex of rhesus monkeys performing an
oculomotor delayed-response task. J. Neurophysiol. 71(2):515–
528; 1994.

39. Self, D. W.; Barnharr, W. J.; Lehman, D. E.; Nestler, E. J.: Oppo-
site modulation of cocaine-seeking behavior by D

 

1

 

- and D

 

2

 

-like
dopamine receptor agonists. Science. 271: 1586–1589; 1996.

40. Shippenberg, T.; Bals-Kubik, R.; Herz, A.: Examination of the
neurochemical substrates mediating the motivational effects of
opioids: role of the mesolimbic dopamine system and the D

 

1

 

 vs.
D

 

2

 

 dopamine receptors. J. Pharmacol. Exp. Ther. 285(1):53–59;
1993.

41. Stewart, J.; Wise, R. A.: Reinstatement of heroin self-administra-
tion habits: morphine prompts and naltrexone discourages
renewed responding after extinction. Psychopharmacology 108:
79–84; 1992.

42. Weingartner, H.; Adefris, W.; Eich, J. E.; Murphy, D. L.: Encod-
ing-imagery specificity in alcohol state-dependent learning. J.
Exp. Psychol: Learn. Mem. Cogn. 2(1):83–87; 1976.

43. Wise, R. A.: Carlson, W. A.: Attenuation of the locomotor-sensi-
tizing effects of the D

 

2

 

 agonist bromocryptine by either the D

 

1

 

antagonist SCH 23390 or the D

 

2

 

 antagonist raclopride. Synapse
17(3):155–159; 1994.


