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BOWERS, W., M. HAMILTON, R. M. ZACHARKO AND H. ANISMAN. Differential effects of pimozide on 
response-rate and choice accuracy in a self-stimulation paradigm in mice. PHARMACOL BIOCHEM BEHAV 22(4) 
521-526, 1985.--lntracranial self-stimulation (ICSS) from the dopamine (DA) A9 cell grouping was evaluated in mice 
following pimozide administration in both a one hole head dipping task and a two hole discrimination paradigm. While 
pimozide reliably decreased response rates, choice accuracy in the discrimination paradigm was unaffected by the drug 
treatment. The data were taken to suggest that neuroleptics influence response rate owing to motoric disturbances, without 
influencing the effectiveness of cues that previously had been associated with primary reinforcement. 
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IT has been suggested that central dopamine (DA) neural 
transmission may directly or indirectly subserve reward 
processes [24]. This proposition is predicated, in part, on the 
observation that pharmacological manipulations which re- 
duce central DA activity will result in a reduction in respond- 
ing for intracranial self-stimulation (ICSS) [! i, 12], as well as 
food reward [23]. Indeed, it has been shown that administra- 
tion of the DA receptor blocker, pimozide, will induce a 
pattern of responding reminiscent of extinction in paradigms 
involving positive reinforcement (see [24] for review). Al- 
though such behavioral variations may, in fact, be due to 
blunting of the rewarding value of reinforcers, alternative 
accountings of these data are available. In particular, varia- 
tions of responding in rate-dependent paradigms may be at- 
tributable to such factors as disturbances of response initia- 
tion and maintenance [3], alterations in sensory-motor inte- 
gration [17], or aversiveness associated with responding in 
the drug state [21]. 

Consistent with the view that neuroleptics disrupt re- 
sponding for food reward as a result ofmotoric disturbances, 
Tombaugh et al. [19] demonstrated that the reduction in re- 
sponse rate in a discrimination task was not accompanied by 
a diminution of choice accuracy. Indeed, these data were 
taken to suggest that neuroleptics do not influence the effec- 
tiveness of either the primary or secondary reinforcers. Con- 
trary to the conclusion derived from tasks involving appeti- 
tive motivation, however, evaluation of the effects of 
neuroleptics on responding for ICSS in rate-independent 
paradigms, have suggested that pimozide alters responding 
by influencing reward processes. For instance, using a cur- 
rent titration procedure Zarevics and Setler [26] demon- 
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strated that pimozide increased the reward threshold for 
ICSS at doses which normally decreased response rates. 

In view of the divergent conclusions derived from food- 
motivated discrimination paradigms and from rate independ- 
ent brain stimulation paradigms, the present experiments 
were undertaken to determine whether pimozide would in- 
fluence both response rate and choice accuracy when 
animals were required to respond for ICSS in a simultaneous 
discrimination task. Additionally, it will be noted that the 
majority of experiments assessing the effects of pimozide on 
ICSS have focused on the medial forebrain bundle (MFB). 
This emphasis appears somewhat peculiar since stimulation 
of the MFB can activate numerous fibre systems coursing 
through this region (e.g., noradrenergic, cholinergic, 
serotonergic [16, 18, 22]) other than those containing DA. In 
fact MFB placements have been typically localized at the 
edges of the internal capsule to ensure maximal stimulation 
of rostrally coursing nigrostriatai, mesolimbic and mesocor- 
tical pathways [12]. Accordingly, in the present investigation 
it was of interest to evaluate the effects of pimozide on re- 
sponding for ICSS from the substantia nigra (SN). 

EXPERIMENT 1 

METHOD 

Subjects 

Naive, male, CD-1 mice obtained from the Canadian 
Breeding Farms and Laboratories, LaPrairie, Quebec, at 
55-60 days of age, were used as subjects. All animals were 
permitted at least 60 days to acclimatize to the laboratory 
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FIG. 1. Photomicrograph of a cresyl violet stained coronal section depicting electrode placement in the substantia nigra (SN) pars compacta of 
a representative animal. 

before serving as experimental subjects. Both food and 
water were freely available throughout the Experiments.  

Surgery 

All mice (n=12) were anesthetized with sodium pen- 
tobarbital (65 mg/kg) and stereotaxically implanted with a 
bipolar stainless steel electrode (0.15 mm Plastic Products, 
Roanoke, VA) in the SN. Coordinates for electrode place- 
ment were: A.P. - 2 . 9  mm from Bregma, L + 1.0 mm from 
the midline and V -5 .1  mm from a flat skull surface. Follow- 
ing surgery all animals were supplemented with an intraperi- 
toneal injection of a 5% dextrose solution and maintained on 
warm heating pads for at least three days. Sustagen (Mead 
Johnson) mixed with wet mash was also provided. All 
animals were permitted a I0 day postoperative recovery 
period prior to behavioral testing. 

Procedure 

Following the postoperative recovery period animals 
were trained to respond for ICSS in a head-dip task (see 
[25]). The self-stimulation chambers consisted of three 30.0 
cm (diameter) × 30.0 cm high circular black tubs, the floors 
of  which consisted of  grey granulated polyvinylchloride con- 
taining a 2.0 cm hole. Head dipping to a distance of 1.0 cm 
interrupted an infrared photoelectric beam which initiated 
ICSS, 0.2 sec/response,  del ivered from a Grass $9 
stimulator, coupled to Grass stimulus isolation units. Brain 
stimulation (25-30/zA, biphasic square wave) with a pulse 
frequency of  80 Hz and a 0.3 msec pulse duration was em- 
ployed. 

Animals were trained to respond for ICSS (15 min test 

sessions) until stable baseline rates of responding were ob- 
tained, i.e., -+ 10% variation on three consecutive days. Once 
reliable rates of  responding were established each animal 
was tested in the head-dip ICSS task following intraperito- 
neal injection of either vehicle, 0.2, 0.4, or 0.8 mg/kg of 
pimozide. The order of drug administration was applied in a 
latin square design with three drug-free days permitted prior 
to the subsequent drug test. Baseline rates of responding for 
ICSS were reestablished on the last drug-free day. 

Pimozide was dissolved in glacial acetic acid and the final 
volume made up with 5.5% dextrose (pH ranged between 
4.3-4.5). All doses of the drug and vehicle were administered 
in a volume of  10 ml/kg. The doses of pimozide selected were 
based on those previously employed in this laboratory in 
tasks involving appetitive [15] and aversively motivated be- 
haviors [3]. 

Histology 

At the conclusion of the behavioral experiments,  mice 
were sacrificed with an overdose of  sodium pentobarbital 
and perfused intracardially with physiological saline, fol- 
lowed by a 10% formalin solution. Frozen coronal sections 
(40/~) were subsequently cut, stained with cresyl violet and 
examined under a microscope for electrode placement. Elec- 
trode tips were typically observed to be in and around the 
ventral edges of  the SN pars compacta,  a representative 
photomicrograph of which is presented in Fig. 1. 

RESULTS AND DISCUSSION 

Consistent with earlier reports which indicated that 
pimozide treatment would reduce responding for ICSS from 



PIMOZIDE AND BRAIN STIMULATION 523 

B. _. 0 . 0  0 . 2  0 . 4  

Z 

1400  

Lo 
,-'- 1 3 0 0  

UJ 1 2 0 0  
I-.- 
< 
nr 1 1 0 0  

LIJ 
03 1 0 0 0  
Z 
O 
O_ 9 0 0  03 
uJ 
r r  

0 . 8  
P I M O Z I D E  D O S A G E  ( m g / k g )  

FIG. 2. Mean (_+S.E.M.) rates of responding for intracranial self- 
stimulation (ICSS) from the substantia nigra (SN) in mice following 
administration of vehicle, 0.2, 0.4 or 0.8 mg/kg pimozide. 

the MFB [11,12], the results of the present investigation re- 
vealed that the rate of  responding for brain stimulation from 
the SN was diminished following administration of the 
neuroleptic. Analysis of variance of  the ICSS rates following 
pimozide revealed a significant effect attributable to Drug 
Treatment,  F(4,44)=4.76, p<0.003.  Subsequent Newman- 
Keuls multiple comparisons (c~=0.05) revealed that both the 
0.4 and 0.8 mg/kg doses of pimozide produced a significant 
reduction of responding for ICSS from the SN in comparison 
with baseline or vehicle conditions (see Fig. 2). 

It has been reported that neuroleptics have minimal ef- 
fects on response rate when the operant required of  the 
animal was nose-poking [8]. Ettenberg et al. [8] suggested 
that the neural substrate mediating nose poking may be dif- 
ferent from that subserving lever pressing. Others (e.g., 
[14]), however,  have indicated that nose poking is a more 
natural operant for the animal to acquire, than lever- 
pressing, and hence is less susceptible to disruption as a 
result of  gross motor disturbances engendered by drug 
treatments.  Nevertheless,  these investigators indicated that 
the nose-poke response may be as sensitive to the effects of 
neuroleptics as is lever pressing. Despite the apparent 
simplicity of the head-dip response, pimozide in the present 
investigation was effective in reducing the frequency of  re- 
sponses for brain stimulation. In a similar fashion, it was 
recently reported that the effects of haloperidol on lever- 
pressing did not vary as a function of  the force requirements 
of  the operant (i.e., effort), although the animal 's  previous 
experience with more or less motorically demanding oper- 
ants affected performance differentially during extinction 
[5]. Indeed previous experiments conducted in this labora- 
tory, employing the same strain of  mouse and the equivalent 
dosages of  pimozide, revealed that performance deficits in 
various types of  escape and avoidance paradigms were de- 
pendent not only upon the motoric demands of  the task, but 
also on the animal 's  previous experience in that particular 
test paradigm [1, 2, 3, 10]. 

In accordance with the aforementioned suggestions, the 
data of the present investigation provided some evidence to 
suggest that factors related to the animal 's  experience with 
the operant influences the effectiveness of  the pimozide 
treatment in reducing response rate. In particular, the effec- 
tiveness of  pimozide treatment in reducing response rate was 
inversely proportional to the amount of  training mice re- 
ceived in the head-dip task, r(10)=0.52, p<0.05.  Those mice 
that received relatively little training before stable baseline 
rates were achieved and the drug administered tended to 
exhibit more pronounced deficits of responding than did 
animals that received extensive training before stable rates 
of  responding were achieved. In effect, the consequences of  
neuroleptic treatment on response rate appear  to vary as a 
function of  the facility with which the response is emitted or 
the degree to which the response had been previously estab- 
lished. 

EXPERIMENT 2 

As indicated earlier, it has been argued that DA receptor  
blockers will reduce the rewarding value of a primary rein- 
forcer, as well as the secondary reinforcing properties of 
cues that had been associated with the primary reinforcer. 
However,  since neuroleptics may induce motoric disturb- 
ances, it is difficult to disentangle the contribution of  these 
two factors on performance deficits on rate-dependent be- 
havioral tasks. One strategy that may be employed to distin- 
guish between the motoric and anhedonic effects of 
neuroleptics is to assess performance in a simultaneous dis- 
crimination paradigm. If drugs such as pimozide reduce the 
rewarding value of  the primary and secondary reinforcers, 
then reductions of response rate should be accompanied by 
disturbances of choice accuracy. In contrast,  if the effects of 
the drug on response rate are independent of  variations in the 
rewarding value of  secondary reinforcers, then disruption of  
reward accuracy would not occur concomitantly with the 
altered rate of  responding. Experiment 2 thus evaluated the 
effects of  pimozide on response rate and accuracy in a simul- 
taneous discrimination paradigm. 

Subjects and Procedure 

A total of  eight mice had bipolar stainless steel electrodes 
implanted in the SN pars compacta  as previously described. 
Following recovery from surgery (as described earlier) mice 
were trained to respond for ICSS. The apparatus was the 
same as that described in Experiment 1, except that the floor 
of  the chambers contained two holes spaced 14 cm apart. 
Recessed within the floor of the chamber adjacent to each of  
the holes was a 9 volt light source. Head dipping in the cued 
(i.e., light on) hole produced a train of electrical brain stimu- 
lation while responding in the uncued hole was ineffective in 
this respect.  Training and test sessions were 20 rain in dura- 
tion, during which the position of  the cued well alternated at 
5 rain intervals. Moreover,  the position of  the cued well at 
the start of each session was counterbalanced in each group 
of  mice. Baseline training continued until animals reached a 
criterion of  at least 90% correct discrimination responses on 
each of  three baseline days prior to drug testing. Animals 
acquired the discrimination response readily within the first 
few test sessions and choice accuracy typically exceeded 
95%. Not unexpectedly,  however,  baseline training was 
more extensive in Experiment 2 than in Experiment 1 where 
mice simply had to learn the head-dip responses. Twenty- 
four hours after mice reached criterion accuracy animals 
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FIG. 3. Mean (_+S.E.M.) rates of responding for intracranial self- 
stimulation (ICSS) from the substantia nigra (SN) in mice following 
administration of vehicle, 0.4 or 0.8 mg/kg pimozide (left panel) and 
discrimination accuracy (%) (right panel) in the two hole discrimi- 
nation paradigm. 

were injected with either vehicle, 0.4 or 0.8 mg/kg pimozide 
(administered in a latin square design) and tested in the dis- 
crimination task 3 hr later. 

RESULTS AND DISCUSSION 

Analysis of  variance of the response rate of  animals re- 
sponding for ICSS from the SN revealed a significant effect 
attributable to Drug Treatment,  F(5,25)=8.19, p<0.001.  
Subsequent Newman-Keuls multiple comparisons revealed 
that the 0.8 mg/kg dose of  pimozide reduced responding in 
comparison with the vehicle condition, while the 0.4 mg/kg 
dose was without effect. The fact that the lower drug dosage 
was ineffective in reducing response rate in Experiment 2, 
but engendered a marked reduction of  responding in Exper- 
iment 1 is not surprising given that animals in Experiment 2 
received more extensive baseline training, thereby making 
the response less vulnerable to disruption. Alternatively, it is 
possible that since reinforcement in Experiment 2 was asso- 
ciated with an explicit secondary cue (i.e., the light), the 
strength of the response may have been less vulnerable to 
disruption, thereby limiting the effectiveness of the lower 
drug dose. 

In contrast to the drug effect on response rate, the 
analysis revealed that choice accuracy was not altered by the 
drug treatment, F(5,25)=1.77, p<0.05.  Indeed, as seen in 
Fig. 3, exceptionally high rates of  discrimination accuracy 
were maintained in each group (i.e., greater than 95%), de- 
spite the fact that rate of responding declined by more than 
50% among mice that received the higher dose of pimozide. 
Thus the results of  Experiment 2 clearly dissociate between 
the rate depressing effects of pimozide administration and its 
effect on discriminated responding. Since pimozide is 
thought to reduce rather than eliminate reward, an additional 
experiment was undertaken to assess the effects of a reduc- 
tion of current intensity on the rate and accuracy of respond- 
ing for brain stimulation. Three mice with electrodes im- 
planted in the SN exhibited a mean of 1818 responses in 20 
rain, with greater than 98% accuracy in the discrimination 

paradigm. Subsequently mice were tested with current in- 
tensities equal to 75%, 50%, or 0% of the baseline current 
intensity on a predetermined random schedule. When the 
intensity of  stimulation was reduced to 75% of  baseline a 36% 
decline of  response rate was observed,  while accuracy of 
responding was maintained at 87%. When the current inten- 
sity was reduced to 50% or 0% of baseline very marked re- 
ductions of response rate were observed (98.4% and 98.3% 
reductions respectively), while accuracy of responding de- 
clined to 71% and 50% respectively. These results suggest that 
the attenuation of responding for ICSS from the SN following 
treatment with pimozide probably is not associated with a 
pronounced reduction in the response to cues previously 
associated with reward. 

G E N E RA L  DISCUSSION 

In accordance with earlier reports demonstrating that 
neuroleptic treatment attenuates responding for ICSS from 
the MFB [11,12], the present investigation revealed that 
pimozide reduced responding for brain stimulation from the 
SN. Moreover,  the reduced rate of responding could be 
achieved even though the operant required of  the animal was 
one which was motorically simple. Although there is some 
evidence to suggest that such responses are relatively insen- 
sitive to disruption by DA receptor blockade (e.g., [8]), con- 
sensus on such a position is not unanimous (e.g., [14]). In- 
deed, Asin and Fibiger [5] reported that although the motoric 
demand associated with an operant affected responding dur- 
ing extinction, this manipulation did not differentially influ- 
ence responding in haloperidol treated animals. The fact that 
pimozide in the present investigation influenced the per- 
formance of a simple operant should not be taken to suggest 
that the drug effect was unrelated to motoric or experiential 
factors. After all, it was observed that the effectiveness of 
the drug in modifying operant responding was related to the 
extent to which the response had previously been estab- 
lished. This finding parallels that of previous investigations 
in which avoidance deficits induced by neuroleptics were 
minimized among rats or mice that had previously been 
trained to emit the appropriate response [2,10]. 

In contrast to the reduction of response rate seen among 
pimozide treated animals, choice accuracy was unaffected 
by the drug treatment. Indeed, near perfect discrimination 
accuracy was observed among all of the drug treated animals 
irrespective of  the rate of responding mice exhibited. Evi- 
dently pimozide was ineffective in altering the response to 
those cues that had been associated with primary reinforce- 
ment. These findings are consistent with the observation that 
cues associated with reward attenuate the decline of re- 
sponding for ICSS [13]. Moreover  these data are commensu- 
rate with earlier reports in which shock motivated Y-maze 
discrimination accuracy was unaffected by pimozide [1], re- 
ductions of responding for food reward were not accom- 
panied by variations of  choice accuracy [ 19], and preference 
for the arm of a radial maze that had been associated with 
food reward was unaltered [15]. Thus, evidence from several 
diverse paradigms, involving different motivational states, 
converge upon the suggestion that pimozide treatment 
produces minimal effects on accuracy of responding even 
when the drug treatment profoundly influences the rate of 
responding or the initiation of active responses. Together 
these data are consistent with the suggestion that neurolep- 
tics do not reduce the effectiveness of previously formed S-S 
associations [1, 6, 7]. 
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Despi te  the clear  dissociat ion be tween  response  rate and 
choice  accuracy  achieved in the present  invest igat ion,  it is 
p remature  to dismiss the possibil i ty that  p imozide  reduces  
the rewarding value  o f  the pr imary and secondary  reinforcer .  
Afteral l ,  even  if  the rewarding value  o f  the st imulat ion had 
been reduced,  the pre fe rence  for  the cues  associa ted  with 
re inforcement  may have  been  sufficiently great  to permit  
accurate  choice  discrimination.  That  is to say, a reduct ion  o f  
incent ive  mot iva t ion  by the drug might still be expec ted  to 
result  in an unal tered pre fe rence  for cues  associa ted with 
pr imary re inforcement .  Indeed,  in the absence  o f  drug 
t reatment ,  an appreciable  reduct ion  of  choice  accuracy  was 
not obse rved  when the current  intensi ty was reduced  by 
25%. It will be noted h o w e v e r  that  cont rary  to the effects  o f  
p imozide ,  which had been  suggested to induce behaviora l  
changes reminiscent  o f  ext inc t ion  [11,23], when the current  
intensi ty was reduced  by 50% or when  no stimulation was 
del ivered,  i .e. ,  ext inct ion,  the marked reduct ion o f  response  
rate was accompanied  by an appreciable  diminut ion of  
choice  accuracy .  

Taken  together ,  the a forement ioned  data are consis tent  
with the suggest ion that the behaviora l  consequences  of  
neurolept ics  are largely due to the motoric  consequences  o f  
the drug t rea tment  [20]. This is not to say that pimozide is 

wi thout  effect  on reward processes .  To be sure, proponents  
o f  an anhedonia  hypothesis  do not  suggest  that  p imozide  
eliminates the rewarding value  o f  the reinforcer ,  but  only 
that  this t rea tment  reduces  its value.  Accordingly  it might be 
considered that  once accurate  discr iminat ion pe r fo rmance  
has been  established,  l imited reduct ions  o f  the rewarding 
value  of  responding may result  in discr iminat ion accuracy  
being maintained.  As already indicated however ,  with a suf- 
ficiently great  reduct ion o f  current  intensity marked  disturb- 
ances  in choice  accuracy  are detected.  Thus it may be 
possible to distinguish be tween  limited (e.g.,  25%) and more  
profound reduct ions  of  reward value.  Clearly,  if  both altera- 
t ions o f  reward processes  and motor  dis turbances  are in- 
vo lved  in the behavioral  effects  engendered  by pimozide  [9], 
paradigms which permit  dissociat ion o f  the multiple conse-  
quences  o f  the drug t rea tment  are  necessary  to assess  the 
relat ive contr ibutions o f  these  factors.  
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