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ASIN. K. E. AND H. C. FIBIGER. Force requirements in lever-pressing and responding after haloperidol. PHARMACOIL.
BIOCHEM BEHAV 20(3) 323-326, 1984.—One hypothesis regarding the actions of neuroleptic drugs on operant respond-
ing is that they interfere in some manner with the motoric capability of the animal. To further explore this possibility. we
investigated the effects of haloperidol on a bar press response after animals were trained on levers with different force
requirements. In the first experiment. two groups of rats were trained to press levers having either low (30 g) or high (100 g)
force requirements. The effects of haloperidol on bar pressing when both groups were responding on the light lever were
then examined. Under these conditions, the groups showed similar declines in response rates. indicating little transfer
between previous experience on the heavy lever and responding in the presence of haloperidol. In the second experiment,
the same groups of rats received further training exclusively on either the heavy or the light lever: the rate of responding
was similar for the two groups. The effects of haloperidol on pressing either the heavy or the light lever were then
examined. It was found that the rate-decreasing effects of haloperidol were similar in both groups. However, when the
lever-pressing response was subsequently extinguished, rats working on the heavy lever were significantly more resistant
to extinction than the light lever groups. The results of these experiments fail to indicate that the putative motoric effects of
haloperidol interact significantly with response force demands. Furthermore, the data provide yet further evidence that

0091-3057-84 $3.00 ~ .00

blockade of dopamine receptors and removal of reinforcement are not equivalent.

Haloperidol l.ever-pressing Force requirements

THERE are a variety of mechanisms by which neuroleptics
could decrease instrumental behaviors. One possibility [15]
is that the decline in response rate seen after treatment with
dopamine receptor blocking drugs such as pimozide or halo-
peridol reflects a reduction in the animals™ subjective appre-
ciation of reward (the ““anhedonia’™ hypothesis). Others have
indicated that impaired motoric capabilities may contribute
significantly to this effect of neuroleptics [6).

There is no reason to assume that these two hypotheses
must be mutually exclusive. Nevertheless. a number of
studies have sought to evaluate the contribution of reward-
and motor-related factors in the rate-decreasing effects of
neuroleptics. Some have supported the view that neurolep-
tics interfere with reward mechanisms [15] even in tests re-
quiring minimal response requirements [8. 9. 16]. On the
other hand. although the decline in responding following
neuroleptics has, under some circumstances. been shown to
be similar to extinction [15], other studies have demon-
strated differences between the two conditions. For exam-
ple. when rats trained on a lever press response for food
reward are extinguished and injected with pimozide, the ef-
fects of the two manipulations are additive [11]: that is. rats
receiving pimozide during extinction show significantly less
resistance to extinction than rats subjected to either manipu-
lation alone. Furthermore. pimozide injections during train-

“Requests for reprints should be addressed to H. C. Fibiger.
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ing, unlike partial reinforcement. fail to produce the partial
reinforcement extinction effect {11,13]). Finally, rats trained
on long interval schedules of reinforcement can show a de-
cline in response rate after neuroleptics that occurs prior to
the delivery of the first reinforcement [12].

The experiments described here were concerned with in-
vestigating the effects of haloperidol on a lever press task in
which the force requirements were varied. Specifically, in-
asmuch as it has been proposed that the rate-decreasing ef-
feets of neuroleptics may in some manner be related to drug
induced increases in motoric demands [6], the effect of halo-
peridol on bar pressing rate was examined in rats trained on
levers with different force requirements.

GENERAL METHOD
Subjects

Sixteen adult, male Wistar rats, weighing approximately
300 g scrved as subjects. All animals were experimentally
naive and were individually housed and maintained on a 12
hr light:dark cycle. with water available ad lib. Rats were
handled daily beginning one week prior to magazine training,
at which time they were placed on a 23 hr food deprivation
schedule. Lab chow was available for one hour a day in the
animal’s home cage after the operant session.

'Present address: University of Illinois, Department of Psychology. P.O. Box 4348. Chicago. 1L 60680.



324

v 550
» 7(\ x‘b / ‘/‘\ \
» 450 / \+/ %‘ -2 -e—+— Lo~
;’ I\ ! - \‘\ Y \ -
2 380 ‘\\, '-.‘..
b !
" Hl
x 250 i b
w 3 W
> ! [}
w150 . constant weight (LL) i t
50 « variable weigrt (HL)
6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
HHLLHHMLHHLHLLLHLHHLHHLLL
o] A Y S

FIG. 1. Mean total number of lever presses per 15 minute session.
Rats had either had experience exclusively with the light (1) lever
(Group LL) or had had experience pressing both the light and heavy
(H) levers (Group HL), as indicated. Rats were injected with halo-
peridol (0.1 mg/kg) on days indicated by the arrows, at which time
both groups were tested on the light lever.

Training

Rats were introduced to the operant chamber for 15 min
with six 45 mg pellets (BioServ) available in the feeding
trough. The next day, two pellets were placed in the trough,
and the feeder was activated intermittently using a remote
switch by the experimenter throughout the 15 min session.
On the following day, rats which had not acquired the lever
press response were shaped by the method of successive
approximations. At this time. animals were on a continuous
reinforcement schedule. During response acquisition. the
weight required to depress the manipulanda of all four oper-
ant boxes was 30 g; all rats had acquired the response within
3 training sessions. The operant boxes were housed in light
and sound attenuating chambers and were on-line with com-
puter systems in another room. All sessions were 15 min
long.

On the fourth day of training, rats were switched to an
FR2 schedule of reinforcement and were allowed two days
on this schedule before being divided into two groups. Rats
were trained on the FR2 schedule so as to increase baseline
response rates and resistance to extinction relative to a CRF
schedule. This also allowed a closer comparison of rates
between the experimental and control groups.

Drugs

Haloperidol (Haldol. 0.1 mg/kg) was injected (IP) on days
of testing (see below). This dosage was chosen since pilot
studies and other reports [ 12] indicated that it would produce
a gradual, rather than abrupt, decline in response rate in
control rats. Injections were made 50 min prior to the behav-
ioral sessions.

EXPERIMENT |

The first experiment sought to determine if previous
experience with a lever press response requiring greater
force would interact with the rate-decreasing effects of halo-
peridol during subscquent pressing on a light lever. More
specifically, we sought to determine whether experience
with increased force requircments on a lever press task
would transfer to a response with lower force requirements
in the presence of haloperidol. It was hypothesized that if
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FIG. 2A, B. Mean number of lever presses S0 min following haloper-
idol (0.1 mg/kg) administration in three min blocks for LL and HL
Groups as explained in Fig. 1 during two different test sessions,
separated by 10 days.

haloperidol increases the perceived response force demands
then animals that had learned previously to press a heavy
lever at high rates might be resisitant to the rate decreasing
effects of this drug.

Procedure

After the rats had been shaped, they were divided into 2
groups matched for response rates. One group (LL) contin-
ued to press exclusively on the light (30 g) lever. while the
other group (HL) was trained for 4 days on an increasingly
weighted lever on an FR2 schedule. Every day. additional
weights were applied to the lever until the weight required to
depress the lever was 100 g. These rats were then trained for
7 days on the 100 g heavy lever and thereafter were trained
on cither the light or the heavy lever according to the
schedule indicated in Fig. 1 for 10 days. By this time, rats in
the HL group displayed similar rates of responding regard-
less of the weight of the lever they were pressing, and these
rates were equivalent to those of rats in the LLL group. On the
test day, all rats were weighed and injected with halopendol
and were tested only on the light lever (Test Session I).
Following an additional 9 days of training (Fig. 1), the etfect
of haloperidol was evaluated again (Test Session 1I).

Results

Mean total baseline and test session response rates for
groups LL and HL are shown in Fig. | where it may be scen
that the rate of responding in the HL group did not vary as a
function of force requirement the week prior to the injection
of haloperidol. Mean lever pressing rates in three minute
bins across the 15 min test sessions under haloperidol are
shown in Fig. 2A, B. A Group x Time analysis of variance
(ANOVA) with repeated measures on the time factor indi-
cated significant time effects for test sessions I and I,
F(4,164)=24.24 and 29.36. respectively. p<0.01. However.
neither the Group effect (p>0.1) nor the Time x Group in-
teraction was significant (p>0.1). Similar negative results
were obtained when the data were analyzed in terms of per-
cent baseline rate (data not shown).

These results suggest that the reduction in lever pressing
rate seen after haloperidol is not influenced by prior experi-
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FIG. 3. Mean number of lever presses across three min blocks by
rats pressing on either the heavy or the light lever following haloper-
idol (0.1 mg/kg).

ence with increased force requirements during food rein-
forced responding. Although it might be argued that the two
differentially weighed levers did not. in fact, have different
force requircments (i.e.. they were less than one '‘just-
noticeable difference’ apart). we have observed in other ex-
periments that when rats trained on the light lever are
abruptly, rather than gradually, transferred to the heavier
lever, the recorded response number is zero for the 15 min
session. suggesting that increased effort is indeed required
for responding on the heavy lever (unpublished observa-
tions). This finding also indicates that transfer between the
earlier and later weighing conditions on this lever did occur.
Therefore, although the HL group had learned to press the
heavy lever at high rates, this experience failed to ameliorate
the disruptive effects of haloperidol while responding on the
light lever. This suggests that administration of haloperidol is
not equivalent to increasing the force requirements of a lever
press response.

EXPERIMENT 2

It has been suggested that neuroleptics may reduce lever
pressing rates by increasing the motoric demands placed on
the animal during operant responding [6]. According to this
hypothesis haloperidol might be expected to have a greater
effect on rats that are required to exert more effort during
responding (i.e.. those pressing a heavy lever). In contrast, if
the halopridoi-induced response decline is an extinction-like
process, then rats pressing the heavier lever might show an
attenuated response to haloperidol [10]. These hypotheses
were addressed in the next experiment.

Procedure

Subjects were the same as those used in the previous
experiment. After the completion of Experiment [, rats in
the HL group were trained exclusively on the heavy lever,
while the other group (LL) continued to press on the light
lever for 10 days. On the 11th day. rats were weighed and
injected with haloperidol (0.1 mg/kg) 50 min before testing.
Rats were given 4 more days of training and then the re-
sponse was extinguished. During extinction. a lever press
activated the food hopper but no pellet was delivered.

Results

On the 4 days prior to haloperidol administration, there
was no significant difference in the rate of responding be-
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FIG. 4. Mean number of [ever presses in 3 min blocks during extinc-
tion for rats pressing on either the heavy or light lever.

tween the HL. and LL groups (data not shown). Figure 3
illustrates the cffects of haloperidol on the rate of responding
for rats pressing on either the light or heavy lever. A Group
x Time ANOVA with repeated measures on the time factor
indicated that the two groups failed to differ in their response
to haloperidol (F<1) and showed a similar decline in re-
sponse rate over time (interaction F<1). The time factor
was statistically significant, F(4,64)=22.77, p<0.01.

A similar ANOVA conducted on the extinction data (Fig.
4) yiclded different results. {Duc to technical problems, the
data from one rat in the LL group were excluded from the
analysis.) Thus, the ANOVA indicated significant group,
F(1,13)=4.84, p<0.05, and time effects. F(4,130)=13.01,
p<0.001, but no significant interaction (F<1).

The results of this experiment suggest: (1) Increased force
requirements during lever pressing do not influence the rate
decreasing effects of haloperidol; and (2) the pattern of re-
sponse decline under haloperidol differs qualitatively from
that occurring after the withholding of reinforcement (i.c.,
during extinction).

GENERAL DISCUSSION

In assessing the effects of neuroleptics on behavior, it has
become increasing apparent that distinctions between the
motoric and “‘anhedonic’” effects are difficult to test. In at-
tempts to differentiate between these two mechanisms, in-
vestigators have utilized a variety of tasks which either in-
clude minimal response requirements or which test the abil-
ity of neuroleptics to mimic or substitute for extinction. As
an example of the former, tests have been divised which only
require nose poking or licking as the response. The results
from these tests, however. have been largely equivocal.
Chlorpromazine and pimozide have been reported to reduce
both reinforced and nonreinforced nose poking [1,3]. Halo-
peridol has been found to be equipotent in reducing nose-pok-
ing or lever pressing for intracranial self-stimulation (ICSS)
[8}] whercas «-flupenthixol reduces lever pressing for ICSS
with little effect on nose poking [4]. More convincing evi-
dence for attenuation of reward by neuroleptics has been
reported by Xenakis and Sclafani [16] who, used a model



326

of ingestive behavior {2]. found that the lick rate and lick
efficiency of pimozide-treated rats drinking a saccharin-
glucose solution were similar to those seen in rats drinking a
quinine adulterated solution. These results arc consistent
with a reduction in the perceived palatability of sweet tasting
solutions in pimozide treated rats.

The first experiment described in the current study was
designed to test whether rats with experience on a motor
task requiring a low or high degree of effort during training
would show different suppressant effects of haloperidol on
operant responding. If haloperidol's effects were such that
they required the organism to increase its ““effort™ in order
to overcome the action of the drug. then transfer might be
expected to occur between having learned to press on a
heavy bar and subsequent pressing on a light lever in the
presence of haloperidol. However, the results indicate that
transfer between the two situations does not occur, at least
under the conditions employed here. It remains possible that
the motoric effects of haloperidol are related to an interfer-
ence with quickly repeated movements rather than to force-
related aspects of lever pressing. This possibility s
suggested because pimozide does not reduce responding in
rats trained on DRL 1§ schedule [11).

The second study sought to determine whether the re-
sponse requirements produced by increasing the force
nceded to depress a lever would interact with the rate-
decreasing effects of haloperidol. The motoric hypothesis
would predict that haloperidol would have a greater effect on
rats responding on a heavy bar when compared to rats press-
ing on a light lever. On the other hand. if haloperidol
produces extinction-like effects. rats on the heavier lever
might be expected to show an equivalent, or even less of a
response decline after haloperidol compared to rats trained
on the light bar [10.17]). The results of the second experiment
failed to provide evidence in support of the motoric hypoth-
esis because rats responding on either the heavy or light
lever were equally affected by haloperidol. Similar results
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have been reported by Ford ¢f al. [7] who found that the
rate-decreasing effects of the less specific dopamine receptor
antagonist. chlorpromazine. were similar in groups of rats
that were required to respond on manipulanda that differed
in their force requirements. The present results also fail to
support the view that haloperidol administration is equivalent
to producing a state of non-reward because while response
rates failed to differ under haloperidol, the HL group re-
sponded significantly more during non-reward (i.e.. extine-
tion) than did the LL group. The results obtained in the
extinction condition are not without precedent | 10]. and it has
been hypothesized that the increased resistance to extinction
seen in rats trained and extinguished on a heavy lever may be
a result of partial lever presses made during acquisition
which are not reinforced (see [10]).

Other studies have also failed to find equivalence between
neuroleptic treatment and extinction. Although it appears
that behavior under these two conditions may be similar for
rats on a continuous reinforcement schedule [ 15] they are not
when other schedules of reinforcement are used [12.13].
Tombaugh ¢r al. [13] reported that the decline in response
rate produced by pimozide is greater than that produced by
extinction on certain schedules and similar results were ob-
tained in the current study. Other evidence also argues
against the equivalence of extinction and responding under
neuroleptics [S5. 11, 14]). It is becoming increasingly apparent
that the effects of central dopamine receptor blockade on
instrumental behavior are complex and cannot be attributed
exclusively either to a general disruption of reinforcement
processes or to currently specifiable effects on motor func-
tion.
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