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PHILLIPS, A. G. AND H. C. FIBIGER. Decreased resistance to extinction dafter haloperidol: implications for the role of
dopamine in reinforcement. PHARMAC. BIOCHEM. BEHAV. 10(5) 751-760. 1979.—Previous experiments have noted
that the reduction in operant behavior following treatment with neuroleptic drugs resembles an extinction curve. From this
it has been argued that neuroleptic drugs disrupt operant responding by blocking the hedonic properties of primary
reinforcers. The present series of experiments challenge this interpretation on several grounds. Rats were trained to
bar-press either for food or for brain-stimulation reward on a variable interval (VI-60 sec) schedule. They were sub-
sequently put into a condition of non-reward (i.e. extinction) and the effects of haloperidol (0.1 mg/kg) on the rate of
responding during extinction were examined. According to the anhedonia hypothesis haloperidol should not further reduce
responding during extinction. Contrary to the prediction it was found that the rate of responding during haloperidol and
extinction was greatly reduced compared to that measured during extinction alone. Furthermore, the anhedonia hypothesis
has maintained that following neuroleptic treatment, response patterns change only after the animal has been reinforced on
several occasions. However, in the third experiment of the present study which employed a VI-4 min schedule of food
reinforcement, the response rate often was attenuated prior to the first reinforcement. These data indicate that the effects of
neuroleptics on operant behavior cannot be accounted for in terms of unitary actions such as specific motor impairments or

blockade of primary reinforcement. Rather these drugs appear to have mulitiple behavioral effects.
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CURRENTLY there is debate as to the mechanism underly-
ing the attenuation of reinforced behavior by neuroleptic
drugs. At appropriate doses the neuroleptics block dopamine
(DA) receptors | 1] and also produce akinesia [22]. Therefore
the disruption of operant behavior could simply reflect motor
impairment [9, 21, 25]. However, other factors appear to be
involved as rats injected with pimozide maintain normal re-
sponding during the initial phases of test sessions that re-
quire bar-pressing [11,27] or running [12] for food or brain-
stimulation reward (BSR). Wise and co-workers have em-
phasized the similarity between patterns of response decre-
ment under pimozide as compared with extinction following
non-reward in tests with different reinforcers (24, 26, 27, 28].
On the basis of these data, it was concluded that neuroleptics
cause a reduction in operant responding by blunting the re-
warding qualities of a variety of reinforcers including food,
BSR and intravenous injections of psychomotor stimulants
[26]. Specifically it was suggested that neuroleptics induce a
state of anhedonia {27].

In a recent series of experiments, Fouriezos ef «/. [11,12]
compared response patterns during reinforcement-drug
conditions to those seen during normal extinction. Similar
decrements in responding under both conditions were inter-
preted as a reduction in reinforcement following pimozide
treatment. However, an important condition was omitted in
these experiments, namely one in which the drug was pre-

sent during extinction. The anhedonia hypothesis posits that
the blockade of DA receptors reduces certain sensory qual-
ities of the primary reinforcer which provide reward and that
this reduction in reward value is directly responsible for the
decline in responding. Two predictions follow from this in-
terpretation. If the main effect of pimozide is to disrupt pri-
mary reinforcement, then neuroleptic drugs should have no
effect on performance during extinction because of the ab-
sence of primary reinforcement. On the other hand, if
neuroleptic drugs block the hedonic state produced by pri-
mary and conditioned reinforcers, response patterns during
the reinforcement-drug condition should resemble those
seen when pimozide is given during an extinction trial. The
present experiments were designed to test these and other
predictions of the anhedonia hypothesis.

EXPERIMENT 1

The previous study comparing the effect of neuroleptics
and extinction on barpressing with BSR [9] employed a con-
tinuous reinforcement schedule (CRF). It is well established
that extinction of self-stimulation following CRF can be ex-
tremely rapid [13]. Therefore a procedure that would prolong
extinction might allow a more detailed comparison between
patterns of response decrement following (a) extinction with
or without neuroleptic treatment and (b) reinforcement with
or without drug injections.
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Pilot tests confirmed that extinction was slower after
experience with reinforcement delivered on a variable inter-
val (V1) schedule [5]. Consequently a VI-60 sec schedule was
used in the first experiment. The animals were treated with
the neuroleptic drug haloperidol at a dose (0.1 mgkg) that
has been shown to block DA receptors selectively [1].

METHOD
Animals

The animals were four male Wistar rats weighing 300-320
g at the time of surgery. They were housed in individual
cages with free access to food and water prior to experi-
mental testing.

Surgery and Histology

Each animal was anaesthetized with sodium pentobarbital
(50 mgkg IP), placed in a Kopf stereotaxic instrument and
small diameter (0.005 in.) bipolar nichrome electrodes were
implanted chronicaily in the lateral hypothalamus. The
coordinates for the electrode placements according to de-
Groot [7] were anterior —5.0 mm, lateral 1.8 mm and ventral
8.6 mm below the skull. At the conclusion of the experiment
the animals were asphyxiated with CO, and their brains were
rapidly removed and stored in 10% Formalin. Brains were
frozen and sectioned at 40 u; sections containing electrode
tracts were mounted and stained with thionin.

Procedure

Following recovery from surgery, the animals were
placed on a 22 hr food deprivation schedule to facilitate fu-
ture comparison with food reinforced behavior. Water was
available ad lib. Testing for self-stimulation was conducted
in Plexiglas chambers (46x30x24 cm). Depression of a lever
protruding through one wall activated a constant current
stimulator which delivered a 0.2 sec train of 60 Hz sine wave

FIG. 1. Location of electrode tips in far-lateral hypothalamus. Num-
erals refer to specific electrode placements of the four animals.
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TABLE 1

EFFECT OF HALOPERIDOL (0.1 mg/kg) ON BAR-PRESSING RATES/60
MIN FOR BRAIN-STIMULATION REWARD DELIVERED ON A VI-60
SEC SCHEDULE OR DURING EXTINCTION

Conditions
VI-60 VI-60 + Extinction  Extinction +
Animal no-drug  haloperidol no-drug halopertdol
1 1403 231 257 31
2 990 252 219 21
3 1097 503 149 31
4 848 148 236 55
Mean
(= SEM) 1085 =77 284 =76 215+ 23 35«7

current to the animal’s electrode assembly. Stable respond-
ing was established with a current intensity of 25 uA deliv-
ered on a CRF schedule for a 1 hr test session.

In the second phase of the experiment, BSR (25 uA, 1.2
sec duration) was programmed to be available on a VI-60
schedule. The animals maintained barpressing throughout
this transition and stable behavior (i.e., less than 109 varia-
tion) was obtained after three 1 hr sessions. Following the
establishment of stable responding on the VI-60 schedule,
each animal was tested under the following conditions: (a)
BSR (VI-60)—no drug; (b) BSR (VI-60)—haloperido! (0.1
mgkg); (¢) extinction—no drug; (d) extinction—haloperidol
(0.1 mgkg). The order of testing was varied amongst ani-
mals, with at least 6 days between each of the drug or ex-
tinction conditions. Animals were tested 5 days per week.
All animals received a final extinction—no drug test at the
end of the experiment. Cumulative records were taken for
each animal on every daily test session. Haloperidol was
injected IP, 45 min prior to testing.

RESULTS

The electrode placements of the four animals were con-
firmed histologically to be in the lateral hypothalamus (see
Fig. 1).

Individual and group scores from each of the four experi-
mental conditions are contained in Table 1. Treatment with
haloperidol reduced barpressing for BSR to 26% of the BSR
(VI-60)—no drug scores, #(3)=6.28, p<0.01. Similarly, bar-
pressing was significantly reduced to 20% during the
extinction—no drug condition, #(3)=8.94, p<0.01. Barpres-
sing rates underwent an even greater reduction in the
extinction—haloperidol condition with scores that averaged
3% of the BSR (VI-60)—no drug value. The barpressing rate
in the extinction—drug condition differed significantly from
the mean rate in the extinction—no drug session, 7(3)=7.90,
p<0.01.

Samples of the cumulative records of one animal under
each of the four conditions are shown in Fig. 2. As may be
seen in the upper trace, very stable responding can be eli-
cited by delivering BSR on a VI-60 schedule. It also is evi-
dent that the pattern of responding changes drastically fol-
lowing treatment with haloperidol. As noted above, the rate
is reduced significantly, with the decline being greater in the
later stages of the session. In this respect, the curve appears
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FIG. 2. Effects of haloperidol (0.1 mg/kg) on (a) lever pressing for lateral hypothalamic brain-stimulation delivered on a

variable interval-60 sec schedule (compare 2 upper traces) and (b) extinction of these responses (compare 2 lower traces)

during a 60 min test session. Deflections on record indicate activation of the stimulator. The response rate under each
condition is given for S no. 1 in Table 1.

to resemble the extinction curve depicted below it. How-
ever, there are some subtle differences between these graphs
that are noteworthy. During the BSR (VI-60)—haloperidol
tests there were no pauses in responding greater than 2 min
in duration. The animals pressed at a slow but steady rate,
and obtained every available train of BRS. However, under
the extinction condition, the animals would cease responding
for periods between 2 to 10 min, with these pauses increasing
in duration in the later phases of the 1 hr test session. The
most important observation in this experiment is the
enhanced attenuation of responding in the extinction—
haloperidol compared to the extinction—no drug condition.
This is seen clearly by comparing the two lower tracings in
Fig. 2.

DISCUSSION

The observation of stable barpressing for hypothalamic
stimulation delivered on a VI-60 schedule confirms previous
reports of stable performance for BSR on intermittent rein-
forcement schedules [2,3]. Although the animals in the pre-
sent study were food deprived it is noteworthy that non-
deprived animals also will work at comparable rates for BSR

delivered on similar random ratio schedules {3]. The present
results with a VI schedule also extend previous observations
of neuroleptic disruption of self-stimulation with CRF sched-
ules [14, 15, 18, 25].

At first glance, the pattern of response decrement under
both BSR (VI-60)—haloperidol and extinction—no drug
conditions would appear to confirm reports of extinction-like
behavior after treatment with neuroleptics [11,12]. However,
the longer periods of no responding seen in the extinction—
no drug condition suggest that the drug effects are not identi-
cal to the effect of non-reinforcement. Furthermore, the find-
ing that animals responded significantly less in the
extinction—haloperidol condition than during extinction
alone fails to support the hypothesis that neuroleptics de-
crease operant responding only by blocking primary reward.

EXPERIMENT 2

The results of Experiment 1 challenge the conclusion that
the response decrement for BSR after treatment with
neuroleptics is due simply to the blunting of reward (26, 27,
28]. However, the argument for the anhedonia hypothesis
does not rest solely on data from self-stimulation experi-
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ments. Rats trained to bar-press for food or saccharin reward
show comparable within session and between session re-
sponse patterns when pretreated with neuroleptics or tested
in a non-reward condition {27,28]. Accordingly, it is
suggested that neuroleptics also selectively block the re-
warding quality of food for hungry rats.

In order to determine whether the results of Experiment 1
can be generalized to behavior reinforced by conventional
rewards, the present experiment examined the effect of
haloperidol on bar-pressing for food on a VI-60 schedule.
The experimental design was identical to that employed in
Experiment I.

METHOD
Animuals

Four male Wistar rats were housed individually. Purina
lab chow was available in the home cage for 2 hr per day and
water was available ad lib.

Procedure

The animals were adjusted to the 22 hr food deprivation
schedule for 2 weeks prior to being trained to bar-press for
food pellets (45 mg. Noyes Co.) on a CRF schedule for 30
min per day. Following the establishment of stable respond-
ing on the CRF schedule, each animal was placed on a V1-60
schedule and the test sessions were extended to 1 hr per day.
The test boxes and levers were the same dimensions as those
used in the self-stimulation experiment with a food cup lo-
cated 8 cm from the bar. The boxes were housed in sound-
attenuating chambers and the delivery of the pellets and re-
cording of responses was controlled by programming equip-
ment (LHV/BRS-Digibits). An empty pellet dispenser was
activated during extinction trials.

The experimental conditions consisted of (a) food (VI-
60)—no drug, (b) food (VI-60)—haloperidol (0.1 mgkg), (¢)
extinction—no drug, (d) extinction—haloperidol (0.1 mg kg).
Again, cumulative records were collected for all daily test
sessions.

RESULTS

Individual and group scores for each experimental condi-
tion are shown in Table 2. Injection of haloperidol reduced
responding for food pellets to 36% of the no-drug control
level, 7(3)=6.55, p<0.02. Comparable reductions (i.e., to
47% of control) were observed in the extinction—no drug
condition, 1(3)=11.67, p<0.01. A facilitation of extinction
was observed again after treatment with haloperidol. A com-
parison of scores during extinction—no drug and
extinction—haloperidol revealed a significant difference,
1(3)=6.10, p<0.02.

To facilitate the comparison of the present results with
those from Experiment 1, samples of the cumulative records
of one animal under each of the four conditions are shown in
Fig. 3. These records differ from those obtained in Experi-
ment 1 as the pattern of responding was very similar in both
the food (VI-60)>—drug and extinction—no drug conditions.
However, as was seen in Experiment 1, responding during
the extinction—haloperidol condition was markedly differ-
ent from that seen during extinction—no drug. In the former
instance, the animals responded at near normal rates for the
first several minutes of the session, but response rates de-
clined rapidly and only occasional responses were made in
the last half of the trial.
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TABLE 2

EFFECT OF HALOPERIDOL (0.1 mg/kg) ON BAR-PRESSING RATES/60
MIN FOR FOOD DELIVERED ON A VI-60 SEC SCHEDULE OR DUR-
ING EXTINCTION

Conditions
VI-60 VI-60 +4 Extinction  Extinction +
Animal no-drug  haloperidol no-drug haloperidol
S 1156 457 595 227
6 853 401 357 115
7 1576 628 590 43
8 1151 232 531 48
Mean
(= SEM) 1184 = 148 430 + 81 557 + 55 108 + 43
DISCUSSION

Although no attempt was made to equate food reward to
BSR, operant responding for these two classes of reinforce-
ment was very similar in both pattern and magnitude. This
observation emphasizes further the similarity between BSR
and more conventional reinforcers |2, 3, 16, 23].

The results obtained with haloperidol in Experiment 1
appear to generalize to behavior reinforced by food pellets.
Bar-pressing for food on a VI-60 schedule was disrupted by
the drug treatment confirming an earlier observation [9].
Furthermore, the rate of bar-pressing during extinction was
significantly reduced by haloperidol. The implication of
these findings will be discussed in the General Discussion,

EXPERIMENT 3

Part of the argument that neuroleptics block reinforce-
ment without attendant motor impairment, rests on the ob-
servation of normal performance prior to experiencing re-
ward in the drug test sessions [11, 12, 26]. This is illustrated
best in a runway experiment in which animals injected with
pimozide displayed normal start latencies and running speed
on the first few trials [11]. Performance declined only after
several trials, thus resembling the pattern of extinction seen
with non-rewarded control animals.

Variable-interval schedules offer an alternative procedure
for determining whether the pattern of response disruption
caused by neuroleptics is comparable to that seen during
non-reward. By definition, animals tested on VI schedules
do not know exactly when reinforcement will occur and
therefore respond at stable rates during periods of non-
reward. For such animals with experience on Vl-schedules
with long inter-reinforcement intervals, the first phase of an
extinction session is indistinguishable from a regular reinforced
test session. Consequently, during extinction stable responding
is displayed for an extended period of time before perform-
ance declines. These circumstances afford an excellent
opportunity to analyse the effect of neuroleptics on operant
responding. According to the anhedonia hypothesis {26, 27,
28], responding during the first phase of a reinforcement-
drug session should be indistinguishable from a
reinforcement—no drug test. However, should haloperidol
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FIG. 3. Effects of haloperidol (0.1 mg/kg) on (a) lever pressing for food pellets delivered on a variable
interval-60 sec schedule (compare two upper traces) and (b) extinction of this food reinforced response
(compare 2 lower traces) during a 60 min test session. Deflections on the 2 upper traces indicate
activation of pellet dispensor. This mechanism was also activated during extinction tests, but this was
not recorded on the graphs. The response rate under each condition is given for S no. 6 in Table 2.
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FIGS. 4 and 5. Effects of haloperidol (0.1; 0.15 mg/kg) on (a) lever pressing for food pellets delivered on a variable

interval 4 min schedule (traces A,~A;) and (b) extinction of this response (traces B,—B,). Open arrows illustrate

pauses in responding prior to delivery of the first food pellet. Closed arrows indicate a burst of responding after
delivery of a food pellet.
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alter performance prior to delivery of the first reward, it
would indicate that factors other than the blockade of pri-
mary reward are involved.

In the following experiment, animals were trained to bar-
press for food on a VI-4 min schedule and their performance
was compared on drug (haloperidol) and no-drug test ses-
sions. As in Experiments 1 and 2, the animals also were
tested for extinction under drug or no-drug conditions.

METHOD
Animaly

Two male Wistar rats were housed individually with food
available for 2 hr per day. Water was available ad lib.

Procedure

The deprivation schedule, equipment, and testing proce-
dures were similar to those employed in Experiment 2. One
major difference was increasing the VI from 60 sec to 4 min.
This schedule was introduced to provide longer periods prior
to the first reward, in which to examine the effects of
haloperidol. Another difference was the use of 2 doses of
haloperidol (0.10 mg/kg and 0.15 mg/kg). Again the drug was
injected 45 min prior to the start of the 1 hr test session. Each
of the following experimental conditions was presented in a
random order: (a) food (VI-4 min)}—no drug; (b) food (VI-4
min)—haloperidol (0.10 mg/kg); (¢) food (VI-4 min)}—
haloperidol (0.15 mg/kg); (d) extinction—no drug (2 ses-
sions); (e) extinction—haloperidol (0.10 mg/kg); (f) extinction-
haloperidol (0.15 mg/Xkg). An empty pellet dispenser was ac-
tivated by lever presses on extinction trials. The number of
responses per hr and a cumulative record of responses was
obtained for each test session.

RESULTS

Cumulative records for each animal from each of the ex-
perimental conditions are shown in Figs. 4 and 5. Compara-
ble results were obtained with both animals, although Ani-
mal 10 responded at a slightly lower baseline rate. The lower
dose of haloperidol (0.1 mg/kg) suppressed responding for
food in both animals by 32% and 50%. However, the animals
obtained and ate every food pellet during the test. Respond-
ing was disrupted to a much greater extent (i.e., by 75-80%)
after treatment with the higher dose of haloperidol (0.15
mg/kg). In both instances, the animals continued to respond
throughout the 1 hr test, but there were longer periods of
non-responding with the higher dose of haloperidol. As ex-
pected, the response rate also declined during the extinction
sessions. The combination of non-reward and haloperidol
produced a further dose-related suppression of responding.

In addition to these main effects observed in the different
experimental conditions, subtle but important differences
could be observed in response patterns during the initial
phases of the various tests. One important comparison is be-
tween the records from the VI-4 min—no drug and the VI-4
min—haloperidol tests. Upon close inspection of the VI-4
min—haloperidol record, it is evident that there is often an
acceleration in responding immediately after the delivery of
each food pellet. As may be seen in Fig. 4, Animal 9 re-
sponded at a consistent rate for the first S min of the respec-
tive sessions, but under the influence of 0.1 mgkg of
haloperidol responding declined prior to delivery of the first
food pellet. This effect is even more pronounced with the
higher dose of haloperidol. Similar patterns may be seen for
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Animal 10 by comparing the 3 upper traces in Fig. 5. Second-
ly, it is important to compare the cumulative records from
extinction—no drug (B,) and extinction—haloperidol (B;,B,)
tests. Extinction is more rapid in the drug conditions.

DISCUSSION

The effects observed in the present experiment with a
VI-4 min schedule of food reward were very similar to those
seen with a VI-60 sec regimen in Experiment 2. Barpressing
for food was attenuated by haloperidol and responding dur-
ing extinction was also suppressed. Both effects were greater
with the higher dose of haloperidol (i.e., 0.15 mgkg).

The VI-4 min reinforcement schedule was particularly
useful as it permitted a detailed analysis of responding prior
to the initial presentation of food reward. When compared to
the VI-4 min no-drug control, the response profile for both
animals declined prior to the first reward, after treatment
with the neuroleptic drug. This pattern was not observed in
the extinction—no drug condition as both animals responded
at normal rates well beyond the previous maximal interrein-
forcement interval. Under this latter condition, responding
declined only after the temporal parameter indicated that the
contingency had changed to non-reward. It is also worth
noting that both animals consumed all food pellets in the
reinforcement-drug tests, and also in many instances,
showed increased bursts of responding for a short time after
the delivery of the food pellets.

GENERAL DISCUSSION

The suggestion that neuroleptic drugs disrupt operant re-
sponding solely by reducing the effectiveness of reinforce-
ment (11, 12, 26, 27, 28] is not supported by the present
results. One observation that is at variance with a simple
anhedonia interpretation is the interaction between extinc-
tion and drug treatment. If these two manipulations are
merely different ways of terminating primary reinforcement,
then treatment with neuroleptics during extinction should
have no additional effect on the animal’s behavior. How-
ever, this was not the case and the accelerated rate of ex-
tinction produced by haloperidol indicates that the attenua-
tion of responding during reinforcement and extinction ses-
sions cannot be explained solely in terms of a blockade of
primary reinforcement. It could be argued that the acceler-
ated extinction produced by haloperidol is due to a drug-
mediated blockade of reward provided by secondary rein-
forcing cues in the test environment such as the click of the
unloaded pellet dispenser. However, if neuroleptics block
reinforcement provided by both primary and conditioned
reinforcers then several results would be predicted. First,
the rate and pattern of responding in the reinforcement-drug
condition, in which both primary and secondary reinforce-
ment is blocked, would differ substantially from the
extinction—no drug condition in which only the primary
reinforcement is absent. Second, the rate and pattern of re-
sponding in the reinforcement-drug and the extinction-drug
conditions would be predicted to be similar inasmuch as pri-
mary and secondary reinforcers would be blocked in both of
these situations. lnasmuch as neither of these predictions
were supported by the data, it appears very unlikely that the
accelerated rate of extinction produced by haloperidol can
be attributed to blockade of secondary reinforcement. The
present observations, therefore, raise serious questions con-
cerning the adequacy of the extinction paradigm utilized by
Wise and co-workers as a test of the anhedonia hypothesis.
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It may be argued that the drug treatment leads to faster
extinction rates because the animals are in a different state
during the extinction tests. Such an explanation would be
consistent with the claim that extinction is faster, the greater
the difference in test conditions between acquisition and ex-
tinction. However, unless state dependency is unique to
neuroleptic treatment, recent findings with the serotonin
synthesis inhibitor parachlorophenylalanine (PCPA) would
argue against this interpretation. Treatment with PCPA in-
creased resistance to extinction for bar-pressing when food
was previously available on a CRF schedule and had no
effect following experinece with a random-interval 64 sec
schedule [4].

Implicit in the anhedonia hypothesis is the assumption
that performance in the reinforcement-drug tests should not
change before the animals learn that the reward contingen-
cies have been altered. Close examination of the cumulative
records from animals responding for food on a VI-4 min
schedule reveals that the response rate is attenuated on drug
tests prior to reinforcement. In contrast, the patterns of re-
sponding on the initial part of the no-drug reinforcement and
no-drug extinction sessions are almost identical. Secondly, it
should be noted that reinforcement typically produced a
transient period of accelerated responding even after the
high dose of haloperidol (see black arrows, Figs. 4 and 5).
This observation would not be predicted if the sole effect of
the drug was to block the primary reward value of the food
pellets.

The present results are in general agreement with the
view that neuroleptics reduce operant behavior at least in
part by producing motor deficits which interfere with the
animal’s capacity to maintain high rates of responding. Spe-
cifically, the low, but relatively steady rates of responding
for food or for BSR which were observed throughout the
session after haloperidol pretreatment are compatible with
previous proposals that neuroleptics decrease the ability of
the animal to initiate operant or voluntary motor responses
[9,10]. A number of recent studies suggest, however, that
some of the effects of neuroleptics on operant behavior can-
not be explained solely in terms of a response initiation defi-
cits. For example, under some but not all circumstances,
neuroleptics appear to have minimal effects on the rate of
responding during the early part of an experimental session,
whereas pronounced decreases in responding subsequently
appear ([11,12] but see Figs. 4 and 5). Although this might, as
suggested by Fouriezos and Wise [11,12], be due to blockade
of primary reinforcement, the possibility that neuroleptic-
induced increases in sedation or fatigue might contribute
significantly to this phenomenon has not been adequately
ruled out [8]. A more convincing demonstration that
neuroleptics have effects on operant behavior in addition to
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those due to response initiation deficits has recently been
provided by Wise er al. [27,28]. These investigators demon-
strated that repeated daily injections of pimozide had pro-
gressively greater disruptive effects on food-reinforced re-
sponding and that this could not be attributed to cumulative
drug effects.

In view of these considerations, it would appear that
neuroleptics have complex and multiple effects on operant
behavior. On the one hand, few investigators would argue
that neuroleptics do not have significant, dose-related effects
on motor performance ana we have previously proposed that
these drugs act selectively to block a dopaminergically-
mediated response initiation mechanism [9,10]. On the other
hand, insofar as BSR is critically mediated by dopaminergic
neurons at certain electrode placements [8,19] and intraven-
ous cocaine and amphetamine-induced reinforcement ap-
pears to be mediated by central dopaminergic mechanisms
[20,26], it is conceivable that neuroleptics, which block cen-
tral DA receptors, might also block or reduce the rewarding
value of primary reinforcers such as food [26, 27, 28]. That
neuroleptics have effects on both motor and reinforcement
mechanisms might have been predicted on the basis of the
widespread projections of the DA-containing systems in the
brain [6,17]). 1t is possible, for example, that the motor defi-
cits result primarily from the blockade of DA receptors in
one part of the brain (e.g. striatum), while the anhedonic
[27,28] properties of these compounds are a consequence of
receptor blockade in other regions such as the nucleus ac-
cumbens, frontal cortex, septum or amygdala.

In summary, these considerations indicate that all the ef-
fects of neuroleptics on operant behavior cannot be ac-
counted for in terms of single actions such as specific motor
impairments or blockade of primary reinforcement. Rather,
these drugs appear to have multiple and at present only
partly specified actions, each of which contribute to the be-
havioral effects of these compounds. Furthermore, it should
be recognized that a specific behavioral task may be sensi-
tive to only one of the different behavioral effects of
neuroleptics. Therefore it will be important to study the ef-
fects of these drugs with a variety of different behavioral
paradigms. An interesting challenge for future research will
be to identify the various regions of the brain which are
affected directly by neuroleptics and which contribute to
each of the various psychopharmacological and neurological
properties of these drugs.
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