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HORVITZ, ). C. AND A. ETTENBERG. Haloperidol blocks the response-reinstating effects of food reward: A methodol-
ogy for separating neuroleptic effects on reinforcement and motor processes. PHARMACOL BIOCHEM BEHAYV 31(4)
861-865, 1988.—To test the hypothesis that dopamine antagonist drugs attenuate the reinforcing properties of food, rats
previously trained to traverse a straight runway for food reward subsequently underwent extinction sessions. After running
speeds had substantially decreased, rats received a single food-rewarded trial either in the presence or absence of haloperi-
dol (0, 0.15 or 0.30 mg/kg IP). Twenty-four hours later, animals were tested for reinstatement of the running response
during a drug-free test trial. Animals that were nondrugged during the food-rewarded trial showed increases in running
speed on the test trial relative to extinction baseline speeds. In contrast, animals under the influence of haloperidol during
the food-rewarded trial failed to show test day increases in running speed. Additional control groups ruled out the
possibility that the haloperidol results were due to either motor or state-dependent learning effects. The findings support
the view that dopamine systems play a role in the neural substrates underlying food reinforcement. In addition, the study
demonstrates a simple and effective methodology for separating neuroleptic effects on motor and reinforcement processes.
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IT is well established that animals under the influence of
neuroleptic drugs show decreased rates of operant respond-
ing for food (25,27), water (13), and brain stimulation reward
(8, 9, 12). There has been considerable controversy, how-
ever, regarding the mechanisms underlying this neuroleptic-
induced suppression of reinforced behavior.

The problem appears to stem largely from the fact that,
with few exceptions [see for example (3)], past studies have
assessed neuroleptic effects in animals that were drugged at
the time of testing. Consequently, it has been difficult to
dissociate putative reward-attenuating (9, 12, 27, 28) and
motor-impairing (2, 7, 8, 10, 17) effects of neuroleptics, since
explanations invoking either type of impairment make the
similar prediction that drugged animals will show a suppres-
sion of operant responding. A survey of the recent literature
in this area shows that the performance versus reward con-
troversy is far from resolved [see for example (15,18)]. To be
confident that neuroleptic-induced behavioral effects reflect
a disruption of reinforcement over and above any effect on
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motor capacity, animals should ideally be tested in a non-
drugged state. The present study was therefore designed to
dissociate putative reward and motor effects of the
neuroleptic drug haloperidol, by separating the drug treat-
ment and the behavioral test phases of the experiment.

EXPERIMENT 1

An operant response that has undergone extinction can be
reinstated with a single presentation of the original reinforcer
[e.g., see (23)]. Studies of this type have typically been con-
ducted in order to investigate the ‘‘incentive motivational’’
properties of a reinforcing stimulus and involve ‘‘priming’’
an animal with a noncontingent presentation of the original
reinforcer. The present study employed a modified version
of this procedure. Animals were trained to traverse a straight
runway for food reward during single daily trials. Once the
operant was established, animals received daily nonrein-
forced trials, until running speeds had slowed substantially.
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In preliminary studies, we observed that a single reinforced
trial in the midst of this extinction phase was sufficient to
reinstate runway responding on the very next trial (i.e., 24 hr
later). Since it has been suggested that neuroleptic drugs can
attenuate the reinforcing properties of food (3, 6, 27), it was
of interest to determine whether such a drug would prevent
the response reinstatement resulting from a food-rewarded
trial during extinction. This reinstatement paradigm assesses
performance 24 hours after the food/drug trial, thus minimiz-
ing motoric influences of the drug on test day performance.

METHOD
Subjects

Thirty-five experimentally naive male Sprague-Dawley
rats (250-350 g) obtained from Charles River Laboratories
served as subjects. Each animal was individually housed in
metal wire hanging cages located within a temperature-
controlled (23°C) 12-hr light/dark vivarium environment
(lights on at 0700 hr). Following two weeks of ad lib access to
food (Purina Rat Chow) and water, the animals were placed
on a restricted food diet designed to reduce their body
weights to 85% of free-feeding values. They were maintained
at this reduced weight for the duration of the experiment,
receiving their ration of food one hour after completion of
the daily runway sessions.

Apparatus

All trials were conducted in a straight-arm runway (155
cm long X 15 ¢m wide X 20 cm high), with a white start box
and a black goal box (each 24x25x20 c¢m) attached to oppo-
site ends. Walls of the apparatus were constructed of wood,
while the floor and ceiling were constructed of wire-mesh. A
guillotine door separated the start box from the runway. Lift-
ing this door initiated the start of the trial, the timing of
which terminated when an animal interrupted an infrared
photocell beam detecting the animal’s presence in the goal
box. The data for each animal on each trial therefore con-
sisted of the time required to leave the start box, traverse the
runway, and enter the goal box.

Drug/Vehicle

Haloperidol (0.15 and 0.30 mg/kg) was dissolved in a ve-
hicle solution of 0.002 M lactic acid. Intraperitoneal injec-
tions of haloperidol and vehicle solutions were delivered in a
volume of 1 mi/kg of body weight 45 min prior to the treat-
ment trial.

Procedure

The experiment was conducted in four successive phases:
Acquisition, Extinction, Treatment trial, and Test day trials
1 and 2. During all phases of the experiment, running times
were recorded for each animal on every trial.

Acquisition. Animals received one runway trial per day.
On a given day, the animal was placed in the start box and,
after 5 sec, the start door was raised, thereby initiating the
trial. Once the animal reached the goal box, it found a small
circular dish, containing ten 45 mg Noyes Food Pellets. After
consumption of the food reward, the animal was returned to
its home cage. Each animal received single daily acquisition
trials until its running time was under 12 seconds on three out
of four consecutive days (this required 8-12 trials).

Extinction. Extinction trials began on the day following
the last acquisition trial. These trials were identical to those
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of the acquisition phase with the exception that animals
found no food upon entering the goal box. Animals were left
in the unbaited goal box for 50 seconds before being returned
to their home cages. Each animal underwent one extinction
trial per day until it performed at an arbitrary *‘extinction
criterion,”” requiring that the animal run three times slower
than its fastest acquisition speed, on three out of four con-
secutive days (this required an average of 24 trials).

Treatment day. Upon reaching the extinction criterion,
animals were assigned to one of five groups (n=7/group).
One group of animals received a vehicle injection 45 minutes
prior to a single nonrewarded trial (VEH/NO FOOD); other
animals received a vehicle injection 45 minutes prior to a
food-rewarded trial (VEH/FOOD); two groups received a
single IP injection of either 0.15 or 0.30 mg/kg haloperidol 45
minutes prior to a food-rewarded trial (HAL.15/FOOD and
HAL.30/FOOD); a final, ‘‘motor control,”” group received
the high dose (0.30 mg/kg) of haloperidol 45 minutes after a
food-rewarded trial (F/HAL.30).

Test days | and 2. Twenty-four and forty-eight hours after
the treatment trial, all animals traversed an unbaited runway,
drug-free, for test trials 1 and 2, respectively.

RESULTS AND DISCUSSION

To control for heterogeneity of variance (common when
employing response-latency measures) the raw data were
converted from running times (X sec) to their reciprocals,
speeds (1/X sec) (5). All analyses were conducted on the
speed data.

The mean performance of each group across Baseline,
Treatment and Test trials is depicted in Fig. 1. The primary
concern of this experiment was to determine whether the
treatment procedures produced changes in Test behavior
relative to that observed during pretreatment Baselines.
Consequently a Two-Factor Analysis of Variance (with re-
peated measures on one factor) was computed on the data
from the Baseline and Test trials. This analysis revealed the
following statistically reliable results: a) a main effect over
Trials, F(2,60)=22.77, p=0.0001, reflecting the increased
Test responding relative to Baseline that was observed
across all groups; b) a main effect for Groups, F(4,30)=3.76,
p=0.013, demonstrating differences in the running speeds of
different treatment groups; and ¢) a Group x Trial interac-
tion, F(8,60)=2.62, p=0.016, confirming that the increased
running speeds observed during Test trials differed in mag-
nitude for the different treatment groups.

The results are consistent with the hypothesis that halo-
peridol attenuates the reinforcing consequences of food pre-
sentation in hungry animals. It was observed that a single
food-rewarded (Treatment day) trial during extinction was
sufficient to dramatically reinstate operant runway re-
sponses in undrugged animals (the VEH/FOOD group). In
contrast, those animals that received an additional extinction
trial (no food on Treatment day; the VEH/NO FOOD group)
did not demonstrate a reliable increase in running speed on
Test day. Of particular significance here is the observation
that haloperidol pretreatments (the HAL.3/FOOD and
HAL.15/FOOD groups) prevented the response reinstate-
ment otherwise produced by food presentation on Treatment
day. Planned comparisons revealed that the only subjects to
reliably increase running speeds from Baseline to Test, were
those that experienced food in the absence of haloperidol on
Treatment day, that is, the VEH/FOOD group, £(6)=3.66,
p=0.011, and the FOOD/HAL.3 group, 1(6)=6.39, p=0.001;
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FIG. 1. Mean running speeds for all groups on Baseline, Treatment,
and Test days 1 and 2; note that faster speeds are represented as
higher points on the ordinate. Drug/vehicle injections were adminis-
tered only on Treatment day. On the subsequent Test days, non-
drugged, food-rewarded animals (i.e., the VEH/FOOD and
FOOD/HAL groups) reinstated their operant runway response,
while the haloperidol pretreated (HAL.15 and HAL.30/FOOD) and
nonrewarded (VEH/NO FOOD) groups did not.

two-tailed tests. The latter of these two groups is particularly
important. Since the FOOD/HAL.3 animals (injected 45 min
after the Treatment day food trial) were able to demonstrate
dramatic increases in running speed during subsequent Test
trials, there is no evidence for residual drug-induced per-
formance deficits 24 hr posthaloperidol treatment. It would
seem then that the attenuation of running speeds observed in
the two haloperidol pretreated (HAL/FOOD) groups, cannot
easily be accounted for by some performance-impairing ac-
tion of haloperidol. In fact, a one-way ANOVA performed
solely on the Treatment day scores produced no reliable
group differences in running speeds thereby providing no
evidence for a performance deficit even while animals were
under the influence of the drug, F(4,30)=1.26, n.s. This re-
sult is not surprising since it is well documented that
neuroleptic-induced impairments in operant tasks are rela-
tively weak at the onset of the test session and become pro-
gressively stronger as the session continues (7). A one-trial-
per-day Test procedure, as employed in the present experi-
ment, would therefore be expected to minimize the behav-
ioral disruption produced by acute neuroleptic administra-
tion.

One final result that is of interest concerns the increase in
running speed that was observed across all groups on Treat-
ment day relative to Baseline, F(1,30)=17.29, p=0.0003. The
injection procedure itself cannot account for this effect since
the greatest speed elevations were seen in the FOOD/HAL.3
group which was not injected until after the trial. It seems
reasonable to presume that the increased running speed of
the food-rewarded groups may have been a consequence of a
food odor emanating from the goal box; that is to say, the
odor may have acted as an incentive stimulus (4). It seems
likely that the food presented on the Treatment trials may
have left a detectable odor that aroused even the hungry
VEH/NO FOOD animals. Since no Group X Trial interac-
tion was observed on the basis of Baseline and Treatment
day scores, F(4,30)=1.34, n.s., there is no evidence to
suggest that the haloperidol pretreatment blocked this moti-
vational effect of food odor.
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EXPERIMENT 11

While the results of the first experiment suggest that hal-
operidol blocked the reinforcing effects of food reward, the
results could alternatively be explained in terms of a State-
Dependent Learning (SDL) hypothesis (16). This hypothesis
postulates that in order for subjects to access previously
learned information, they must be in a state similar to that
under which the information was encoded. Accordingly, it
could be aruged that the HAL.15/FOOD and HAL.30/FOOD
groups failed to show response reinstatement on the Test
trials because during these trials, while in a nondrugged
state, they could not access information regarding the prior
food-rewarded trial which was encoded under the influence
of haloperidol. However, a further prediction derived from
this hypothesis is that animals under the influence of the drug
during both the food and Test trials should be capable of
accessing the food-related information; consequently, these
‘‘same state’’ animals should run faster than animals not
drugged during the food trial and drugged during the Test
trial, that is, receiving food and test trials under alternate
states. Experiment Il was designed to test this prediction.

METHOD

Ten Sprague-Dawley rats underwent acquisition and ex-
tinction trials exactly as described in Experiment 1. Following
extinction, rats were randomly assigned to one of two groups
(n=5/group). On Treatment day, one group was injected with
haloperidol (0.30 mg/kg) 45 minutes prior to a food rewarded
trial (HAL/FOOD). The second group was injected with the
same dose of haloperidol, but received the injection one hour
after the food trial (FOOD/HAL). On Test day 1, both
groups were injected with the drug 45 minutes prior to the
runway trial. The HAL/FOOD group was therefore under
the influence of the drug during both the food and Test day 1
trials, whereas the FOOD/HAL group was nondrugged dur-
ing the food trial and drugged during the Test day 1 trial.
Note that both groups received haloperidol on each of the
two days.

Twenty-four hours after the Test day 1 trial, a Test day 2
trial was conducted in which all animals traversed the un-
baited runway drug-free.

RESULTS AND DISCUSSION

According to the SDL hypothesis, animals that were rein-
forced and tested under the influence of haloperidol (‘‘same
state’’; the HAL/FOOD group) would be expected to show
increases in running speed from Baseline to Test day 1, while
those animals that were reinforced and tested under alternate
pharmacological states (the FOOD/HAL group) should fail
to show such increases in speed. As can be seen in Fig. 2, the
results were not in agreement with this SDL prediction.
Animals in the FOOD/HAL (‘“‘alternate state’) group
showed increases in speed from Baseline to Test day 1, while
animals in the HAL/FOOD (‘‘same state’’) group failed to
show such elevations in speed. A Two-Factor Analysis of
Variance (with repeated measures on one factor) computed
on these Baseline and Test day 1 data revealed a statistically
reliable Group x Trial interaction, F(1,8)=15.34, p=0.005,
confirming that the changes in speeds from baseline to Test
day 1 differed for the two treatment groups. The perform-
ance of the two groups on Test day | was inconsistent with
that predicted by a SDL hypothesis.

The results, on the other hand, were consistent with the



864

view that haloperidol blocks the effects of food reinforce-
ment on subsequent behavior. The FOOD/HAL group, rein-
forced drug-free on Treatment day, showed increased run-
ning speeds on both Test day 1 (drugged) and Test day 2
(nondrugged) trials, relative to Baseline. Haloperidol pre-
treatment (HAL/FOOD) blocked this response-reinstating
effect of food reinforcement. A Two-Factor ANOVA (with
repeated measures on one factor) conducted on Baseline and
Test day 2 data revealed a significant Group X Trial interac-
tion, F(1,8)=5.50, p=0.047, indicating that the shift in speed
from baseline to the drug-free test trial differed for the two
treatment groups.

These results cannot be accounted for by differences in
baseline running speed, F(1,8)=0.81, n.s. Neither can the
results be attributed to motoric effects of haloperidol treat-
ment, since both groups received identical doses of the drug
on both Treatment day and Test day 1. The two groups dif-
fered only in that the HAL/FOOD group received
Treatment-day haloperidol administration prior to the food-
reward trial, and the FOOD/HAL group received the drug
after the food trial.

It should be noted that both groups showed slow Test-day
running speeds relative to those observed in Experiment .
This may be due to the fact that animals in Experiment 11
received haloperidol on two consecutive days, compared to
the single injection of haloperidol in Experiment I. It is thus
possible that the Test-day 1 performance of animals in Ex-
periment II was affected by factors related to drug accumu-
lation. These cumulative drug effects, however, would be
expected to affect both groups in Experiment II, and thus
cannot account for the differences observed between the two
groups.

Finally, it is quite interesting that, as in Experiment I,
both the vehicle- and haloperidol-pretreated rats showed in-
creases in speed from baseline to Treatment day, as con-
firmed by a reliable effect of Trials over these two days,
F(1,8)=13.50, p=0.006. The significance of these results
with respect to dopamine involvement in reinforcement ver-
sus incentive motivational processes is discussed at the end
of the General Discussion section.

GENERAL DISCUSSION

Animals that experienced a single food-reinforced runway
trial during extinction demonstrated a reinstatement of the
operant running response when tested 24 hr later. This
response-activating effect of food-reward was prevented by
pretreatment with the DA receptor antagonist, haloperidol. It
would seem that the response attenuating actions of haloperidol
in Experiment I were not a consequence of some residual
drug-induced motor impairment, since a) the Test trials were
conducted 24 and 48 hr after drug/vehicle administration, and b)
the animals receiving the high dose of haloperidol after com-
pletion of the food-reinforced trial (Experiment 1; F/HAL.30)
still demonstrated response-reinstatement when tested the next
day (less than 24 hr postinjection). In addition, the results of
Experiment II were directly opposite to those predicted by a
State-Dependent learning hypothesis. Response reinstatement
apparently does not require animals to be in a similar drug state
during both the food and test trials, but rather requires that
animals receive the food-trial in the absence of the neuroleptic.

One might argue that the relative reductions in Test-day
running speeds seen in neuroleptic-pretreated rats are a con-
sequence of some aversive action of the drug. However,
we are aware of no evidence to suggest that neuroleptic treat-
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FIG. 2. State-dependent learning (SDL) controls. Mean running
speeds for the HAL/FOOD (same state) and FOOD/HAL (aiternate
state) groups on Baseline, Treatment, and Test day 1 and 2 trials. These
results were contrary to those predicted by an SDL hypothesis.

ments produce such aversive effects. On the contrary, re-
peated place- or taste-haloperidol pairings have failed to
produce conditioned place or taste aversions, respectively
(Ettenberg and Koob, unpublished data). Others have simi-
larly failed to demonstrate conditioned place aversions with
haloperidol, employing doses from 0.15 to 1.0 mg/kg (20-22).
A haloperidol-induced aversive effect thus appears to be an
unlikely explanation for the present results.

Yet another possibility is that the present findings reflect
a haloperidol-induced change in the motivational state of the
drugged subjects. For example, one might argue that
neuroleptic-induced satiety on the Treatment trial could ac-
count for the apparent ineffectiveness of food to produce its
response-reinstating effects on Test day. This argument
would seem reasonable since it has been previously demon-
strated that animals trained to traverse a runway under a low
drive level (i.e., low levels of food deprivation) show slower
running speeds than animals trained under a high drive, even
when both groups are subsequently shifted to the same level
of food deprivation (29). However, in the present experi-
ment, all subjects, including the drugged animals, consumed
the entire 10 Noyes pellet food reward on Treatment day. In
addition, we have previously found that food-deprived rats
administered haloperidol, at doses identical to those
used here, show no increases in the time required to con-
sume 10 Noyes pellets (unpublished observations). In ac-
cordance with these observations, past studies have failed to
observe satiety-like effects of neuroleptic agents on home
cage food consumption (8,25). Thus, while a satiety hypoth-
esis cannot be unequivocally dismissed, we are aware of no
evidence directly supporting such a view.

Past studies have suggested that neuroleptic drugs can
attenuate the reinforcing effects of food [(3, 6, 20, 27, 28), but
also see (14, 24, 25)]. The present findings are consistent
with this view of neuroleptic action. Thus, while a single
food-rewarded trial during extinction is normally sufficient
to reinstate an operant running response, food experienced
under the influence of haloperidol failed to exert such an
effect. Haloperidol may have disrupted reinforcement sub-
strates normally mediating this response-activating effect of
food reward. Since haloperidol is known to have potent
dopamine receptor antagonist properties (1), these results
provide support for a dopaminergic involvement in the
neural mediation of food reinforcement (19,27).
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A second finding which emerged quite unexpectedly in
both experiments, but which was seen most strikingly in
Experiment I1, was that animals under the influence of halo-
peridol did show elevated running speeds during the food-
rewarded Treatment trial (relative to extinction baselines). It
seems likely that these elevations in speed reflect an incen-
tive motivational action of food odor (4) during the Treat-
ment day trials. One might infer, then, that although haloper-
idol blocked the reinforcing effect of food on subsequent
behavior, the incentive motivational or activating effect of
food odor was intact under haloperidol treatment. Consis-
tent with this notion, neuroleptics have been shown to at-
tenuate the reinforcing effects of brain stimulation reward
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while leaving *‘priming’’ (i.e., motivational) properties of the
same stimulation unaffected (11,26). A more direct test of
neuroleptic effects on primary and secondary incentive
motivational and reinforcement processes are currently in
progress in our laboratory.

ACKNOWLEDGEMENTS

We gratefully acknowledge Tracy Dingle and Angela Relic for
their assistance in testing the animals, and McNeil Laboratories for
their generous gift of haloperidol. This work was supported by Na-
tional Science Foundation Grants BNS-85-10387 and BN S-87-19423
to Aaron Ettenberg.

REFERENCES

1. Andén, N. E.; Butcher, S. G.; Corrodi, H.; Fuxe, K.; Un-
gerstedt, U. Receptor activity and turnover of dopamine and
noradrenaline after neuroleptics. Eur. J. Pharmacol. 11:303—
314; 1970.

2. Ahlenius, S. A functional consideration of anatomical connec-
tions between the basal ganglia and the thalamus suggests that
antipsychotic drugs inhibit the initiation of movement. Behav.
Brain Sci. 8:173-174; 1985.

3. Beninger, R. J.; Phillips, A. G. The effect of pimozide on the
establishment of conditioned reinforcement. Psychopharmacol-
ogy (Berlin) 68:147-153; 1980.

4. Bindra, D. A motivational view of learning, performance, and
behavioral modification. Psychol. Rev. 81:199-213; 1974,

5. Box, G. E. P.; Hunter, W. G.; Hunter, J. S. Statistics for exper-
imenters. New York: Wiley & Sons; 1978:231-238.

6. Ettenberg, A.; Camp, C. H. Haloperidol induces a partial rein-
forcement extinction effect in rats: Implications for a dopamine
involvement in food reward. Pharmacol. Biochem. Behav.
25:813-821; 1986.

7. Ettenberg, A.; Cinsavich, S. A.; White, N. Performance effects
with repeated measures during pimozide-produced dopamine
receptor blockade. Pharmacol. Biochem. Behav. 11:557-561;
1979.

8. Fibiger, H. C.; Carter, D. A.; Phillips, A. G. Decreased intra-
cranial self-stimulation after neuroleptics or 6-hydroxy-
dopamine: Evidence for mediation by motor deficits rather than
by reduced reward. Psychopharmacology (Berlin) 47:21-27;
1976.

9. Fouriezos, G.; Hansson, P.; Wise, R. A. Neuroleptic-induced
attenuation of brain stimulation reward. J. Comp. Physiol.
Psychol. 92:661-671; 1978.

10. Fowler, S. C.; LaCerra, M. M.; Ettenberg, A. Effects of halo-
peridol on the biophysical characteristics of operant responding:
Implications for motor and reinforcement processes. Phar-
macol. Biochem. Behav. 25:791-796; 1986.

11. Franklin, K. B. J. Catecholamines and self-stimulation: Reward
and performance effects dissociated. Pharmacol. Biochem. Be-
hav. 9:813-820; 1978.

12. Gallistel, C. R.; Moytim, M.; Gomita, Y.; Klebanoff, L. Does
pimozide block the reinforcing effect of brain stimulation?
Pharmacol. Biochem. Behav. 17:769-781; 1982.

13. Gerber, G. J.; Sing, J.; Wise, R. A. Pimozide attenuates lever
pressing for water in rats. Pharmacol. Biochem. Behav.
14:201-205; 1981.

14. Irwin, J.; Tombaugh, T. N.; Zacharko, R. M.; Anisman, H.
Alteration of exploration and the response to food associated
cues after treatment with pimozide. Pharmacol. Biochem. Be-
hav. 18:235-246; 1984.

15. Martin-Iverson, M. T.; Wilkie, D.; Fibiger, H. C. Effects of
haloperidol and d-amphetamine on perceived quantity of food
and tones. Psychopharmacology (Berlin) 93:374-381; 1987.

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

17. Phillips, A. G.; Fibiger, H. C. Decreased resistance to extinc-
tion after haloperidol: Implications for the role of dopamine in
reinforcement. Pharmacol. Biochem. Behav. 10:751-760; 1979.

18. Salamone, J. D. Differential effects of haloperidol and extinc-
tion on instrumental behaviours. Psychopharmacology (Berlin)
88:18-23; 1986.

19. Smith, G. P.; Bourbonais, K. A.; Jerome, C.; Simansky, K. J.
Sham feeding and sucrose increases the ratio of 3,4-dihydroxy-
phenylacetic acid to dopamine in the hypothalamus. Pharmacol.
Biochem. Behav. 26:585-591; 1987.

20. Spyraki, C.; Fibiger, H. C.; Phillips, A. G. Attenuation by halo-
peridol of place preference conditioning using food reinforce-
ment. Psychopharmacology (Berlin) 77:379-382; 1982.

21. Spyraki, C.; Fibiger, H. C.; Phillips, A. G. Dopaminergic sub-
strates of amphetamine-induced place preference conditioning.
Brain Res. 253:185-192; 1982.

22. Spyraki, C.; Fibiger, H. C.; Phillips, A. G. Attenuation of her-
oin reward in rats by disruption of the mesolimbic dopamine
system. Psychopharmacology (Berlin) 79:278-283; 1983.

23, Stewart, J.; de Witt, H.; Eikelboom, R. Role of unconditioned
and conditioned drug effects in the self-administration of opiates
and stimulants. Psychol. Rev. 91:251-268; 1984,

24. Tombaugh, T. N.; Anisman, H.; Tombaugh, J. Extinction and
dopamine receptor blockade after intermittent reinforcement
training: Failure to observe functional equivalence. Psycho-
pharmacology (Berlin) 70:19-28; 1980.

25. Tombaugh, T. N.; Tombaugh, J.; Anisman, H. Effects of
dopamine receptor blockade on alimentary behaviors: Home
cage food consumption, magazine training, operant acquisition,
and performance. Psychopharmacology (Berlin) 66:219-225;
1979.

26. Wasserman, E.; Gomita, Y.; Gallistel, C. R. Pimozide blocks
reinforcement but not priming from MFB stimulation in the rat.
Pharmacol. Biochem. Behav. 17:783-787; 1982.

27. Wise, R. A.; Spindler, J.; DeWitt, H.; Gerber, G. J.
Neuroleptic-induced ‘‘anhedonia’ in rats: Pimozide blocks the
reward quality of food. Science 201:262-264; 1978.

28. Xenakis, S.; Sclafani, A. The effects of pimozide on the con-
sumption of a palatable saccharin-glucose solution in the rat.
Pharmacol. Bicohem. Behav. 15:435-442; 1981.

29. Zaretsky, H. H. Learning and performance in the runway as a
function of the shift in drive and incentive. J. Comp. Physiol.
Psychol. 62:218-221; 1966.



