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IRWIN, J., T. N. TOMBAUGH, R. M. ZACHARKO AND H. ANISMAN. Aheration of exploration attd the response to 
food associated cues a¢?er treatment with Pimozide. PHARMACOL BIOCHEM BEHAV 18(2) 235-246, 1983.--A series of 
experiments assessed the effects of pimozide on spontaneous alternation in a Y- and 8-arm radial maze, and on approach to 
food or cues that had previously been associated with food. Mice treated with pimozide (0.2, 0.4 and 0.8 mg/kg) displayed a 
dose dependent reduction of alternation performance, without engendering a perseverative tendency and apparently 
without affecting the course of habituation. When food deprived mice entered an arm of the maze that was baited with a 
food pellet they consumed the food and remained in the vicinity of the food cup. Moreover, upon retesting in the non-drug 
state mice still exhibited a preference for cues that had been associated with food. It seems that although pimozide at the 
doses tested produced a haphazard pattern of exploration, the drug did not alter the rewarding value of secondary 
reinforcers. Contrary to an anhedonic hypothesis, it is suggested that higher doses of pimozide may actually increase, 
rather than decrease, the saliency of biologically significant stimuli. 
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IT has been suggested that pharmacological agents, such as 
pimozide, which block post-synaptic dopamine (DA) recep- 
tors will diminish or eliminate the rewarding value of a pri- 
mary reinforcing stimulus or cues associated with the pri- 
mary reinforcer [33, 34, 35]. Originally, it was demonstrated 
that rats pretreated with pimozide and continuously rein- 
forced (CRF) with food displayed behavior similar to vehicle 
injected animals subjected to extinction (non-reward) condi- 
tions [33,34]. Subsequent experiments have demonstrated 
comparable CRF results using a variety of different reward- 
ing stimuli including saccharine [34], water [16], and self- 
administration of amphetamine and cocaine [13, 36, 37]. 
However, several investigators using identical doses and 
species have reported that a parallel relationship between the 
effects of pimozide and extinction does not occur in all situ- 
ations [17, 24, 28]. For example, the resistance to extinction 
seen after partial reinforcement training is not paralleled by a 
comparable degree of response suppression induced by 
pimozide. Regardless of the type of intermittent reward 
schedule employed, pimozide induced a more rapid and 
marked attenuation of operant responding [28]. To account 
for such results, Wise [35] has argued that pimozide not only 
attenuates the rewarding value of the primary reinforcer 
(food), but also diminishes the rewarding properties attribut- 
able to secondary reinforcers (incentive motivators) that or- 
dinarily may sustain responding in extinction. 

As an alternative to the reward hypothesis it has been 
suggested that DA receptor blockade either disrupts re- 
sponse initiation [15,25], response maintenance [3,32], or in- 
terferes with a sensory-motor interface [22,32]. In fact, it has 
been shown that the presence of strong exteroceptive stimuli 
may limit pimozide-induced response suppression [31,32] as 
well as attenuate the degree to which pimozide alters re- 
sponse distributions [26]. Moreover, even when pimozide- 
induced decreases in responding occur in appetitively moti- 
vated discrimination tasks, they are not accompanied by de- 
creased accuracy of responding [27,30]. Findings such as 
these have led to the suggestion that the effects of pimozide 
may largely be attributable to initiation/maintenance deficits 
that could be attenuated upon presentation of biologically 
significant and arousing stimuli. Moreover, variations in at- 
tention might interact with motoric actions of the drug 
thereby provoking reduced levels of responding in the ab- 
sence of strong stimulus control. 

The present investigation was undertaken to examine in 
greater detail the behavioral effects of pimozide, and wher- 
ever appropriate relate the findings to the theoretical prop- 
osition that pimozide reduces or eliminates the primary 
and/or secondary reinforcing properties of environmental 
stimuli. Specifically, the following series of experiments was 
designed to assess the degree to which pimozide influences 
[1] patterns of exploratory behavior and [2] responding to 
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environmental cues associated with food (secondary rein- 
forcers). 

EXPERIMENT 1 

An initial experiment was undertaken simply to determine 
whether treatment with pimozide would influence spontane- 
ous alternation behavior. When mice or rats are placed in a 
symmetrical Y-maze they display a characteristic pattern of 
exploration such that they tend to enter sequentially the least 
recently visited arm of the maze [18,19]. This alternation 
performance is sensitive to variations in the novelty of the 
test environment and is believed to be reflective of habitua- 
tion, as well as attention [21]. 

METHOD 

Sulk~eels 

Sixty-four naive male CD-1 mice served as subjects. Mice 
were obtained from the Canadian Breeding Farms, La- 
prairie, Quebec, at 50-55 days of age and were acclimatized to 
the laboratory environment for 7-10 days before being used 
in the experiment. During this time animals were housed in 
groups of five and were permitted continuous access to food 
and water. 

Apparatus 

Testing was conducted in four identical black Plexiglas 
symmetrical Y-mazes, with each arm measuring 
18.5×9.2x 16.2 cm. The floor consisted of 0.32 cm stainless 
steel rods spaced 1.0 cm apart (center to center) and the roof 
was composed of 0.63 cm red Plexiglas which reduced il- 
lumination. Each arm of the Y-maze was separated from the 
others by a horizonatally-movable stainless steel gate lo- 
cated 3.5 cm from the central choice point. The solenoid- 
controlled stainless steel gates allowed access to the other 
arms through an 8.0×7.0 cm space. Situated on either side of 
the gate (2.9 and 6.0 cm from the choice point, respectively) 
were two infrared photodeteetion units. The photodetectors 
were wired such that when the mouse successively inter- 
rupted photocells located on either side of a gate leading to a 
particular alley the cell would trigger and an arm entry would 
be recorded. An arm entry would not be recorded if an 
animal simply poked its head through the entrance to the 
arm. The four Y-mazes, located in separate sound attenuated 
chambers, were controlled by a microcomputer system con- 
structed at Carleton University Science Workshops. 

Procedure 

Mice received intraperitoneal (IP) injections of either 
pimozide (0.2, 0.4, or 0.8 mg/kg) or its vehicle (N = 16/group) 
and were placed in individual holding cages. Pimozide was 
dissolved in glacial acetic acid and the final volume made up 
with 5.5% dextrose. All doses of the drug and vehicle were 
administered in a volume of 10 ml/kg. The doses of pimozide 
selected were predicated on earlier studies indicating that 
these doses did not influence escape performance in a tradi- 
tional escape task but appreciably influenced performance 
when the task necessitated sustained active responding [3]. 
Moreover, these doses were shown to severely retard 
avoidance acquisition and response maintenance in tasks 
varying in degree of motor difficulty. Indeed, at the highest 
dose level (0.8 mg/kg) pimozide had been found to disrupt 
avoidance even in relatively well trained mice. It might be 

added that doses of 0.5 mg/kg or less reduced avoidance 
performance in rats by at least 50% [4, 5, 11], while doses of 
0.4 and 0.8 mg/kg in mice provoked reductions in excess of 
50%. Doses ranging from 0.3 to 0.6 mg/kg also have been 
reported to produce an 80% response reduction in appetitive 
reward situations employing pigeons and rats [27,30]. Three 
hours after injection mice were individually placed in the 
choice area (center) of the Y-maze. After 10 sec the doors to 
all arms opened and animals were permitted to explore the 
maze freely. Testing continued for 15 minutes during which 
time the number and sequence of arm entries were recorded. 

RESULTS AND DISCUSSION 

Behavioral Scoring 

An arm entry was recorded when a mouse entered an 
arm, passing through the first set of photodetectors and 
breaking the beam of the second cell. If an animal entered 
the choice area and immediately re-entered the arm just va- 
cated, an arm entry was recorded but it was not included in 
alternation scoring. A response sequence in which animals 
entered the least recently visited arm was scored as an alter- 
nation (e.g., a sequence of entries such as I, 2, 3 or 1,3, 2). If 
upon leaving an arm the animal returned to the most recently 
visited arm (e.g., I-2-1 or 2-3-2) this was recorded as a 
non-alternation. The proportion of alternation responses was 
calculated for each animal by dividing the number of alter- 
nations by the total number of alternations plus non- 
alternations. Thus, a score greater than 0.5 indicates that 
animals tended to alternate. Locomotion and alternation 
data were analyzed in this, as well as in subsequent studies, 
through analyses of variance and Newman-Keuls multiple 
comparisons of group means. In addition, X e analyses of the 
group proportions were calculated to determine whether the 
levels of alternation differed from chance, 

Locomotor Activity 

The mean proportion of alternation sequences and total 
number of arm entries are shown in Table 1. Pimozide treat- 
ment produced a dose dependent reduction in number of arm 
entries, F(3,60)=26.45, p<0.001. Newman-Keuls multiple 
comparisons (c~=0.05) confirmed that each of the doses re- 
duced the number of entries, with the greatest reduction of 
locomotor activity occurring in the highest dose group rela- 
tive to the vehicle condition. This is consistent with other 
data showing that neuroleptics reduce activity and explora- 
tory behavior [I]. 

Alternation 

An analysis of variance of the proportion of alternation 
responses revealed that performance varied as a function of 
the Drug Treatment, F(3,60)=3.42, p<0.05. Newman-Keuls 
multiple comparions (~=0.05) revealed that the 0.4 mg/kg 
and 0.8 mg/kg doses of the drug significantly reduced alterna- 
tion levels. The 0.2 mg/kg dosage also reduced alternation, 
but this difference was not statistically significant. X'-' 
analyses revealed that vehicle treated mice alternated at 
levels which exceeded chance, X" ( 1)=6.72,p<0.01, whereas 
chance levels of alternation were seen in the three pimozide 
groups, X~'s (1)=1.42, 0.78, and 0.03 for the 0.2, 0.4 and 0.8 
mg/kg groups, respectively p 's>0.10.  In conclusion, 
pimozide was found to reduce both total number of arm 
entries and alternation behavior. Previous research con- 
ducted under similar conditions revealed that alternation 
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T A B L E  1 

NUMBER OF ARM ENTRIES AND PROPORTION OF ALTERNATION 
RESPONSES AS A FUNCTION OF DRUG TREATMENT (EXPERIMENT 1) 

Mean Number of Mean Proportion of 
Arm Entries Alternation Responses 

Vehicle 52.31 ± 4.49 0.63 + 0.02 
0.2 mg/kg Pimozide 37.05 + 2.25* 0.56 _+ 0.02 
0.4 mg/kg Pimozide 26.25 ± 1.94" 0.55 + 0.03 
0.8 mg/kg Pimozide 18.44 + 1.90" 0.51 + 0.03 

*p <0.05 relative to vehicle control. 

T A B L E  2 

NUMBER OF ARM ENTRIES AND PROPORTION OF ALTERNATION RESPONSES AS A 
FUNCTION OF DRUG TREATMENT ON DAY 1 (EXPERIMENT 2) 

Day 1 Drug 

Mean Number of Mean Proportion of 
Arm Entries Alternation Responses 

Test Day 1 Test Day 2 Test Day 1 Test Day 2 
(Drug) (Drug-free) (Drug) (Drug-free) 

Vehicle 77.00 +_ 5.69 57.08 ± 4.81 0.64 _+ 0.01 0.59 + 0.03 
Pimozide 32.08 + 3.08* 63.75 ÷ 3.83 0.54 _+ 0.03 0.59 -+ 0.03 

(0.8 mg/kg) 

*p<0.05 relative to vehicle control. 

scores  were  i n d e p e n d e n t  of  levels of  l ocomto r  act ivi ty  [2,18]. 
Accord ing ly ,  it is unl ikely  tha t  the  o b s e r v e d  defici t  of  alter- 
na t ion  in the  p re sen t  inves t iga t ion  was re la ted  to changes  in 
m o t o r  act ivi ty  induced  by the p imozide  t r ea tmen t .  

E X P E R I M E N T  2 

It is c lear  f rom the  a b o v e  that  t r e a t m e n t  with  p imozide  
r educes  the a l t e rna t ion  t e n d e n c y  seen  a m o n g  naive animals .  
It is also well d o c u m e n t e d  that  an t ichol inerg ic  agents  d is rupt  
normal  a l t e rna t ion  b e h a v i o r  in a s imilar  fashion ,  p r e s u m a b l y  
b e c a u s e  they  a t t enua t e  or  impede  hab i tua t ion  to env i ron-  
men ta l  st imuli  [8,21]. The  effects  of  p imozide  on  a l te rna t ion  
b e h a v i o r  may  reflect  a s imilar  d i s rup t ion /modi f i ca t ion  of  
hab i tua t ion  p rocesses .  For  example ,  a l t e rna t ion  typical ly  
dec l ines  within a sess ion  as well as b e t w e e n  sess ions  in drug 
free animals .  H o w e v e r ,  if mice are p re - t r ea ted  with an anti-  
chol inerg ic  drug immedia te ly  pr ior  to an  initial exposu re  to a 
maze ,  t he r eby  p reven t ing  hab i tua t ion ,  high levels  of  a l te rna-  
t ion are o b s e r v e d  w h e n  an imals  are re - tes ted  in the  non-drug  
s ta te  [ 19]. The  b e h a v i o r  of  these  an imals  is essent ia l ly  indis- 
t inguishable  f rom naive  an imals  tes ted  for  the  first t ime.  
Thus ,  if p imozide ,  e i the r  d i rect ly  or  indirect ly ,  affects  
hab i tua t ion  p rocesses ,  a l t e rna t ion  levels shou ld  app roach  
those  of  naive  an imals  when  re - tes ted  in a drug-free  state.  

METHOD 

Subjects and Apparatus 

T w e n t y - f o u r  na ive  CD-I  male  mice  se rved  as sub jec t s  as 
desc r ibed  in E x p e r i m e n t  1. The  a p p a r a t u s  cons i s t ed  of  a 

symmet r i ca l  b lack Plexiglas Y-maze  with a rms  measur ing  
1 9 . 0 x 6 . 0 x 7 . 0  cm,  with a b lack  Plexiglas f loor and cove red  
wi th  a c lear  Plexiglas roof. Unl ike  the a p p a r a t u s  of  Exper i -  
men t  1, the Y-maze  was not  equ ipped  with a pho tode t ec t i on  
sys tem.  

Procedure 

Mice rece ived  IP in jec t ions  of  e i the r  p imozide  (0.8 mg/kg) 
or  its vehic le  and  were  then  p laced  in individual  holding 
cages.  The  0.8 mg/kg dose  was se lec ted  on the  basis  of  re- 
suits  ob t a ined  in E x p e r i m e n t  1 where  the 66% dec rease  in 
n u m b e r  of  a rm ent r ies  d e m o n s t r a t e d  its behav io ra l  effec- 
t ivenss .  H igher  doses  were  not  emp loyed  because  fu r ther  
r educ t ions  in exp lo ra to ry  b e h a v i o r  would p roduce  f loor  ef- 
fects  prohib i t ing  valid es t imates  of  choice  behav io r .  Th ree  
hou r s  af ter  in jec t ion mice were  individual ly  p laced  in one  
a rm of  the  Y-maze.  As in E x p e r i m e n t  1, the  n u m b e r  and 
s equence  of  a rm ent r ies  were  r ecorded  for  a 15 min period.  
In this  case  an  a rm en t ry  was r ecorded  when  an an imal  
p laced all four  legs across  the  a rea  dividing an  a rm from the 
cho ice  area.  Animals  were  r e tu rned  to the holding cages at 
the  end  of  the  sess ion.  Twen ty - fou r  hours  la ter  they were  
again tes ted  in the Y-maze .  Animals  were  not  in jected with 
drug prior  to re- test .  

RESULTS AND DISCUSSION 

Locomotor Activity 

An analys is  of  va r i ance  of  the  total  n u m b e r  of  a rm ent r ies  
(Table  2) revea led  a s ignif icant  Drug T r e a t m e n t  x T e s t  Day 
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interaction, F(1,22)=42.94, p<0.001. Newman-Keuls mul- 
tiple comparisons (c~=0.05) indicated that during the first test 
animals treated with pimozide made significantly fewer arm 
entries than did the vehicle treated animals. However, dur- 
ing re-test members of the vehicle group made significantly 
fewer arm entries than emitted during the first test, whereas 
an increase in the number of arm entries was seen among 
mice initially tested with pimozide and re-tested in the non- 
drug state. On the second day of testing the two treatment 
groups did not differ significantly from one another. 

Alternation 

Analysis of variance of the mean proportion of alternation 
scores revealed a statistically significant Drug Treatment x 
Test Day interaction, F(I,22)=5.91, p<0.05. Pairwise com- 
parisons (c~=0.05) between the means comprising this inter- 
action (see Table 2) revealed that on day I the alternation 
performance of animals treated with pimozide was signifi- 
cantly lower than that of animals that received vehicle. 
Among mice initially treated with vehicle alternation levels 
declined somewhat between days (0.05<p<0.10), while a 
small increase of alternation was seen among mice initially 
tested with pimozide. As a result comparable levels of alter- 
nation were seen among the two treatment groups on the 
second test day. X" analyses of the mean proportion of alter- 
nation scores indicated that among animals treated with ve- 
hicle, alternation significantly exceeded chance during the 
first test session, X ~ (1)=8.21, p<0.001, but not during the 
retest, X2=2.94, p>0.05. The alternation performance of 
animals treated with pimozide did not exceed chance during 
either the first or second test sessions, X2's (I)=0.54, 2.94, 
p 's>0.05.  

Taken together it appears that treatment with pimozide 
reduces locomotor activity, as well as spontaneous alterna- 
tion. When vehicle animals are retested in the absence of 
drug treatment a small decline in alternation levels is evi- 
dent. In contrast, an increase in alternation scores is seen 
among animals initially treated with pimozide. The fact that 
alternation levels in mice originally treated with pimozide did 
not differ from those that initially received vehicle suggests 
that the initial pimozide treatment did not appreciably dis- 
rupt the course of habituation (also see [15]). This conclusion 
is supported by the fact that performance on the second test 
day among mice previously tested with pimozide did not 
reach the level seen among vehicle animals when tested in 
the maze for the first time. 

EXPERIMENT 3 

Typically animals tested in a Y-maze alternation task ex- 
hibit approximately equal numbers of entries to each of the 
arms and spend an equivalent amount of time in each of the 
arms. It would be expected that if mice are food deprived 
and one maze arm is baited with food pellets, animals will 
spend a larger proportion of time in the food associated arm 
and/or would exhibit a greater number of entries to this arm 
relative to the other non-baited arms. If pimozide reduces 
the reward value of food [35] then the time spent in the food 
baited arm should decrease relative to the duration of time 
spent in the remaining arms. Experiment 3 evaluated the 
immediate effects of pimozide on alternation behavior and 
on the amount of time spent in an arm where food was pre- 
sented. In this experiment animals were subsequently re- 
tested in a non-deprived and non-drugged state to determine 

whether carryover effects of the initial treatment would be 
evident. 

METHOD 

Subjects and Apparatus 

A total of 16 naive CD-1 male mice aged 60-70 days, 
served as subjects. All subjects and apparatus specifications 
were the same as those of Experiment 2. 

Pro('edure 

Following 20 hours of food deprivation all mice were pre- 
sented in the home cage with a white plastic cup (4.4 cm) 
containing two 45 mg Noyes food pellets. This was repeated 
at hourly intervals four times during the day in order to 
familiarize animals with the type of food which would be 
used in the maze. After animals had consumed the last 
Noyes food pellet, Purina food pellets were placed in the 
cage hopper for two hours. Following a twenty-one hour 
interval mice received IP injections of either 0.8 mg/kg 
pimozide or its vehicle as previously described. Three hours 
after injections mice were individually placed in the Y-maze 
for 15 minutes. A plastic dish located at the end of one arm of 
the Y-maze contained two Noyes pellets. In addition to re- 
cording the sequence of arm entries, the proportion of time 
spent in the "food arm" was noted. At the end of the test 
session all animals were allowed ad lib access to food and 
water. Twenty-four hours after the initial session animals 
were given a second 15 min test. On this occasion mice did 
not receive any injections and the plastic dish did not contain 
any food. Again the number and sequence of arm entries, as 
well as the proportion of time spent in the food-cup arm were 
recorded. 

RESULTS AND DISCUSSION 

Locomotor Activity 

Consistent with the results of Experiment 2, an analysis 
of variance of the total number of arm entries yielded a sig- 
nificant Drug Treatment × Test Day interaction, 
F(1,14)=4.89, p<0.05 (see Table 3). Pairwise comparisons 
(c~=0.05) indicated that during the first test session pimozide 
treated animals made significantly fewer arm entries than did 
the vehicle treated animals. While pimozide treated animals 
exhibited a significant increase in the number of arm entries 
between the first and second test sessions, vehicle treated 
animals did not significantly differ in activity between the 
two test sessions. Finally, the two treatment groups did not 
differ significantly from one another on the second day of 
testing. 

Spontaneous Alternation 

An analysis of variance of the mean proportion of alter- 
nation responses indicated that neither Drug Treatment nor 
the Drug Treatment x Test Day interaction was significant, 
F ' s < l .  It seems that the administration of pimozide to food 
deprived animals did not substantially reduce alternation 
relative to vehicle treated mice (see Table 3). Although a 
slight reduction of alternation scores for vehicle subjects was 
seen in this experiment relative to that seen in Experiments 1 
and 2, the levels of alternation of the pimozide treated 
animals were higher than those previously observed. When 
animals were re-tested 24 hours later drug-free (without food 
deprivation or arms baited with food) levels of alternation 
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TABLE 3 
NUMBER OF ARM ENTRIES AND PROPORTION OF ALTERNATION RESPONSES AS A 

FUNCTION OF DRUG TREATMENT (EXPERIMENT 3) 

Day 1 Drug 

Mean Number of Mean Proportion of 
Arm Entries Alternation Responses 

Test Day 1 Test Day 2 Test Day 1 Test Day 2 
(Deprived (Non-deprived (Deprived (Non-deprived 

Drug) Drug-free) Drug) Drug-free) 

Vehicle 63.38 ± 6.8 65.13 _+ 4.8 0.59 ± 0.03 0.60 + 0.02 
Pimozide 30.00 + 5.5* 58.25 _+ 5.5 0.58 ± 0.04 0.61 ± 0.02 

(0.8 mg/kg) 

*p<0.05 relative to vehicle controls. 

did not differ from that seen on the first test day, F(1,14)< I, 
and alternation scores for vehicle and pimozide groups ex- 
ceeded chance levels, X 2 s(1)=3.76 and 4.92, respectively, 
p 's<0.05).  These results confirm our earlier supposition that 
pimozide induced variations in alternation were unrelated to 
levels of locomotor activity. That is, although a substantial 
reduction of arm entries was seen in the pimozide treated 
group, the alternation scores were seemingly unaffected. 
Previous experiments [14,20] have revealed that making the 
arms of the maze distinct from one another will either in- 
crease alternation scores or limit the reductions of alterna- 
tion ordinarily provoked by drug treatments. Whether the 
increase in alternation in the present experiment was due to 
the deprivation procedure, the availability of food in the test 
situation, or the presence of the dish containing food in the 
arm, cannot be determined from the results of Experiment 3, 
but will be addressed later in this paper, 

An analysis of variance of the proportion of total time 
spent in each arm revealed that the amount of time spent in 
the food arm on day 1 was greater than the amount of time 
spent in that same arm on the ensuing day when 
animals were not food deprived, F(1,14)=7.84, p<0.05. 
However,  neither the effect of Drug Treatment  nor 
the Drug × Block interaction were statistically significant, 
F 's(1,14)<l.  Pimozide clearly did not reduce the time 
animals spent in the food arm, and in fact, a small non- 
significant increase in the time spent in this arm was exhib- 
ited by pimozide treated mice. A separate analysis of the 
proportion of time spent in the food arm following consump- 
tion of the pellets yielded similar results. During initial test- 
ing both the drug and vehicle groups spent a significantly 
greater amount of time in the food arm than might be ex- 
pected by chance, xZ's(1)=4.87 and 18.31, respectively, 
p 's<0.05.  Upon subsequent re-test in the non-deprived and 
drug-free state, time spent in the arm previously associated 
with food did not differ from chance, X2"s(l)= 1.18 and 0.21, 
p 's>0.10.  

It would appear that the pimozide treatment did not alter 
the animal's propensity to remain in the vicinity of the food 
reinforcement. Previous studies demonstrated that pimozide 
alters operant responding for food reinforcement [35] as well 
as the initiation of alimentary behaviors [32]. The latter 
study, however, suggested that the disruption of the initia- 
tion of consummatory behaviors may have been secondary 
to a motor disturbance, rather than an alteration of the rein- 
forcing value of the food. The present finding that mice pre- 

treated with 0.8 mg/kg spent a greater amount of time in the 
arm associated with food is essentially consistent with the 
results of Tombaugh et al. [32] which were obtained with rats 
injected with 1.0 mg/kg. 

EXPERIMENT 4 

In the Y-maze levels of alternation among naive mice are 
typically found to be approximately 65%. Since chance al- 
ternation is 50%, the limited range of scores may prevent 
detection of subtle differences in performance between 
treatment groups. This ceiling effect is avoided with an 8-arm 
radial maze, which was recently shown to be particularly 
sensitive to the effects of pharmacological manipulations on 
exploratory patterns [7]. Alternation behavior can be moni- 
tored as in the Y-maze and, in addition, the probability of 
returning to the 2 or 4 least recently visited arms may be 
analyzed. Moreover, we have found that mice tested in the 
8-arm maze frequently visit immediately adjacent arms. The 
occurrence of such a response is usually about 412% (chance 
adjacent alternation being 12.5%), thus permitting more sen- 
sitive assessment of the degree to which alternation patterns 
are disrupted by pimozide. 

In view of its potential advantages, an 8-arm radial maze 
was employed in Experiment 4 to further assess the effects 
which pimozide exerts on alternation behavior. Three differ- 
ent patterns of alternation were evaluated: (a) 4-arm alterna- 
tion (the probability of entering one of the four least recently 
visited arms; chance=50%, the same as in the Y-maze), (b) 
2-arm alternation (the probability of entering one of the two 
least recently visited arms; chance=25%), (c) adjacent alter- 
nation (the probability of visiting an immediately adjacent 
arm; chance= 12.5%). Additionally, in this experiment the 
placement of an empty food dish in one of the arms of the 
maze permitted further investigation of the effects which 
distinctive environmental stimuli had on alternation behav- 
ior. 

METHOD 

Subje('ts 

Twenty naive male CD-I mice were employed as sub- 
jects, as described in Experiment 1. 

Apparatus 

Testing was conducted in an 8 arm radial maze of the type 
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T A B L E  4 

MEAN NUMBER OF ARM ENTRIES, PROPORTION OF ENTRIES TO ARM CONTAINING EMPTY FOOD 
DISH AND PROPORTION OF TIME SPENT IN ARM CONTAINING EMPTY FOOD DISH AS A FUNCTION 

OF DRUG TREATMENT (EXPERIMENT 4"1 

Mean N u m b e r  
o f  Arm Entr ies  

Proportion of Entries 
to Arm Containing Empty 

Food Dish 

Proportion of Time 
Spent in Arm Containing 

Empty Food Dish 

Vehicle 60.6 +. 7.47 0.13 + 0.01 0.14 + 0.01 
(no dish) 

Vehicle 52.8 + 3.02 0.12 + 0.01 0.13 + 0.01 
(with dish) 

Pimozide 26.60 _+ 4.88* 0.10 ± 0.03 0.12 + 0.04 
(no dish) 

Pimozide 25.00 ± 2.65* 0.14 ± 0.03 0.16 + 0.03 
(with dish) 

*p<0.05 relative to respective vehicle controls. 

T A B L E  5 

MEAN PROPORTION OF 4-ARM, 2-ARM AND ADJACENT ALTERNATION RESPONSES 
AND PERSEVERATION RESPONSES AS A FUNCTION OF DRUG TREATMENT AND 

PRESENCE OF EMPTY FOOD DISH (EXPERIMENT 4) 

4-Arm 2-Arm Adjacent Perseveration 

Vehicle 0.80 _+ 0.05 0.56 _+ 0.10 0.49 ~+: 0. I I 0.07 ± 0.02 
(no dish) 

Vehicle 0.83 + 0.03 0.55 + 0.04 0.54 + 0.07 0.08 + 0.02 
(with dish) 

Pimozide 0.66 + 0.11 0.40 + 0.12 0.33 + 0.11 0.12 +- 0.06 
(no dish) 

Pimozide 0.64 + 0.04 0.32 + 0.05 0.23 + 0.07 0.12 + 0.03 
(with dish) 

*p <0.05 relative to respective vehicle controls. 

previously  descr ibed  by Olton [23]. Each arm (55.9×11.4 
cm) radiated f rom a central  octogonal  area (25.4 cm in diame- 
ter) which an animal would have to re-enter  before  enter ing 
ano the r  arm. The maze was cons t ruc ted  of  wood with sur- 
face areas covered  in sand-co lored  plastic.  

P r o c e d u r e  

Animals  rece ived an IP injection of  e i ther  p imozide  (0.8 
mg/kg) or its vehicle and were  placed in individual holding 
cages  for three  hours .  Mice were  then  individually placed in 
the cen te r  of  the 8-arm maze  and al lowed to explore  for 15 
minutes .  For  half  the mice in each drug group one end of  one 
arm of  the maze  conta ined a small plastic dish and for the 
o the r  half  the plastic dish was absent .  The animal ' s  behavior  
was moni tored  through a television camera  which enabled  an 
obse rve r ,  s i tuated in an adjacent  room,  to record  the number  
and sequence  of  arm entr ies .  

RESULTS AND DISCUSSION 

Table 4 shows  the mean number  of  arm entr ies ,  propor-  
tion of  t ime spent  in the arm containing the dish and propor-  
tion of  entr ies  to the food dish arm. Trea tment  with p imozide  

was found to significantly reduce the number  of  arm entr ies ,  
F( 1,16)=39.43, p <0.01. Analysis  of  the propor t ion of  entr ies 
into the arm containing the dish for half the animals revealed 
that nei ther  the drug, the p resence  of  the cup, nor the inter- 
action of  the two approached  statistical significance,  F ' s < l .  
A comparable  analysis  o f  the propor t ion  of  t ime spent  in the 
food cup arm yielded similar results ,  F ' s <  1. ~ analyses  re- 
vealed that none of  the groups f requented  the arm containing 
the empty  food cup at levels which differed f rom chance ,  
X'-"s<l. Fur the rmore ,  the amount  of  t ime vehicle and 
pimozide t reated animals spent  in this area  did not differ 
from chance ,  X~ 's<l .  

Trea tment  with p imozide  reduced  the f requency  of  alter- 
nation r e sponses  for all three  measures ,  F ' s ( l ,  16)=6.28, 6.24 
and 6.70, p<0 .05  for 4-arm, 2-arm and adjacent  al ternat ion,  
respect ively  (see Table 5). An addit ional  analysis was under-  
taken to de te rmine  whe the r  pimozide induced st imulus per- 
severa t ion as obse rved  with ca techolamine  st imulants ,  such 
as amphetamine .  That is, would animals show a t endency  to 
en te r  the arm that had jus t  been visi ted on the preceding 
trial. This analysis revealed that pimozide did not increase 
the f requency  of  such responses ,  F(1,16)=1.40 p>0 ,10 ,  
suggesting that the reduct ion of  al ternat ion behavior  was not 
a consequence  of  a persevera t ive  bias. 
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Comparison of the results from the first four experiments 
indicates that pimozide is at least as effective in disrupting 
alternation in the 8-arm radial maze as it is in Y-maze. 
Moreover, the presence of the dish alone or in combination 
with drug treatments did not influence alternation perform- 
ance. Evidently the mere presence of the dish was not a 
sufficiently powerful stimulus to influence the pattern of 
exploration observed in the 8-arm maze. This is contrasted 
to previous experimental reports that novel or distinctive 
environmental stimuli do influence patterns of exploratory 
behavior [8,20]. 

EXPERIMENT 5 

The purpose of Experiment 5 was twofold. First it was 
undertaken to determine whether the effects of pimozide on 
alternation behavior would be altered when food was present 
in one of the arms of the maze, and as such represents an 
extension of Experiment 3 and 4. A second purpose was to 
ascertain if pimozide altered the capacity of environmental 
cues to acquire secondary reinforcing properties. If pimozide 
blocks or blunts the rewarding impact of primary reinforcers, 
as proposed by the anhedonic theory [35], an attenuation in 
the capacity of food related cues to serve as incentive 
motivators should be observed. While there is some support 
for this position [6,12], other experimental data suggest that 
pimozide does not alter the ability of an animal to either 
acquire associations between environmental events (S-S 
learning) or utilize encoded information to guide and direct 
behavior [27, 29, 30]. The current experiment was designed 
to determine the effects which pimozide has on associative 
processes by examining alternation performance in the 8-arm 
radial maze when food deprived animals are re-tested in the 
absence of the primary reinforcer. In addition to monitoring 
patterns of exploration, this experiment, similar to Experi- 
ment 3, also evaluated whether the drug treatment influ- 
enced the amount of time spent in the arm containing food or 
the arm that had previously been associated with food. 

METHOD 

Subjects and Apparatus 

A total of 28 naive male CD-I mice served as subjects. 
Subject and apparatus characteristics were the same as 
those of Experiment 4. 

Procedure 

First tes t - - food present. During the first two days all 
animals were trained to eat Noyes food pellets in the home 
cage as described in Experiment 3. At the end of the second 
training session (Day 2) food was removed from the food 
hoppers. Twenty-one hours later (Day 3) half the animals 
received an IP injection of 0.8 mg/kg pimozide while the 
remaining mice were injected with vehicle. Three hours after 
injection mice received three, five minute test periods where 
a food dish containing a single 45 mg Noyes pellet was 
situated at the end of one arm of the maze. Each test period 
began with the placement of the mouse in the center of the 
maze. After five minutes, provided that the food pellet had 
been eaten, the animal was returned to the home cage for one 
minute while a new food pellet was placed in the dish. The 
mouse was then returned to the center of the maze for the 
next five minute session. In instances where animals did not 
quickly enter the food arm the duration of the period was 
extended to a maximum of 10 minutes. If an animal did not 

consume the food within this time the trial was terminated. 
In all cases animals were provided with at least two minutes 
to explore the maze after finding the food. For example, if an 
animal entered the arm and ate the pellet after four minutes, 
the trial was terminated after six minutes. If the food was 
consumed during the first three minutes then the trial block 
ended at five minutes. In addition to recording the sequence 
and number of arm entries, latency to eat the pellet and the 
amount of time spent in the arm containing the food was 
recorded. For the purpose of calculating locomotor activity 
(number of arm entries) and alternation performance, only 
those responses made during the first five minutes of any 
given block were included. 

Second test-- food abse~tt. At the end of the first test all 
mice were returned to their home cages and allowed ad lib 
access to food and water for the next three days (Days 4, 5, 
and 6). Food was then removed from the hoppers and 21 
hours later (Day 7) half the animals from each of the two 
groups were injected IP with 0.8 mg/kg of pimozide (Groups 
Pimozide-Pimozide and Vehicle-Pimozide) and half with its 
vehicle (Groups Pimozide-Vehicle and Vehicle-Vehicle). 
Three hours post-injection mice were re-tested in the 8-arm 
radial maze for a single 15 minute session where the food 
dish was present but did not contain any food pellets. As in 
the first test, the number and sequence of arm entries, and 
amount of time spent in the arm containing the empty food 
dish were recorded. 

RESULTS AND DISCUSSION 

Separate analyses were conducted on test day I and test 
day 2 performance due to procedural differences. That is, on 
test day 1 mice received three successive exposures to the 
maze, each of five minutes duration, with food available on 
each of these trials. On the second test day mice received a 
single 15 minute test session without any food available. Fig- 
ures I and 2 show the mean values for each dependent vari- 
able on the first test day and on the second test day, respec- 
tively. 

First Test Food Present 

Locomotor activio,. Analysis of variance of the number of 
arm entries revealed that mice treated with pimozide made 
significantly fewer arm entries than the vehicle treated 
animals, F(1,24)=44.91, p<0.01 (see Fig. 1). 

AItermttion. Analysis of variance of the 4-arm alternation 
scores revealed only a Drug Treatment effect, 
F(1,24)=21.28, p<0.01, indicating that pimozide substan- 
tially reduced alternation performance (see Fig. 1). Whereas 
the vehicle treated animals (Vehicle-Vehicle and Vehicle- 
Pimozide) exhibited alternation levels which exceeded 
chance, X~(1)=17.16 and 10.31, respectively, p 's<0.01,  the 
alternation scores of the Pimozide-Vehicle group did not dif- 
fer from chance, X2(1)=1.35, p>0.10, while that of the 
Pimozide-Pimozide group was actually lower than chance, 
X2(1)=8.32, p<0.05. It will be recalled that in the Y-maze 
pimozide did not disrupt alternation among food-deprived 
animals relative to vehicle controls. It is likely that the 
difference between the results of the Y-maze and radial maze 
experiments is related to the relative significance of the food 
cup when a limited number of arms are available for explo- 
ration as in the Y-maze. 

As in the case of 4-arm alternation, the probability of 
revisiting one of the two least recently visited arms was in- 
fluenced by the drug treatment, F(1,24)=46.88, p<0.001. As 
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FIG. 1. Effects of pimozide on locomotor activity, proportion of 
time spent in the food associated arm; four-arm, two-arm and adja- 
cent alternation and perseveration on the first test day. The first and 
second letters beneath each bar designate Day 1 and Day 2 drug 
treatments, respectively. (V=vehicle, P=0.8 mg/kg pimozide). 

seen in Fig. l high levels of alternation, exceeding chance 
were evident in vehicle treated animals, whereas alternation 
levels were substantially lower and were significantly less 
than chance levels among the pimozide groups (X 2,s(l) = 28.11 
and 4.28, p<0.05 for the vehicle groups and X2'S( 1)= 13.23 and 
15.51, p <0.01 for the pimozide groups). Finally, in the case of 
adjacent alternation it was found that vehicle treated mice 
entered an arm immediately adjacent to one which had been 
visited on a preceding trial at a frequency which exceeded 
chance levels, X2's(l)=100.51, and 49.85, p<0.01. Substan- 
tially fewer adjacent alternation responses were seen among 
pimozide treated mice, F(1,24)=12.78, p<0.01. Pimozide 
treated animals tended to re-visit the arm entered on the preced- 
ing trial (perserveration) somewhat more often than did vehicle 
treated mice but this tendency was only marginally signifi- 
cant, F(1,24)=3.71, p<0.066. Moreover, the frequency of 
perseverative responses did not differ significantly from 
chance for the two pimozide groups, X"'s(1)=0.47 and 1.07, 

p 's>0.05.  Thus, this treatment can be differentiated from 
catecholamine stimulants which actually induce a significant 
perseverative tendency [7]. The results suggest that 
pimozide does not produce a set pattern of exploration, but 
rather engenders a profile which is non-specific and random. 

Time in f o o d  arm. The amount of time spent in the arm 
containing food significantly exceeded chance for both ve- 
hicle and pimozide treated mice, X'-"s(l)=45.23 and 30.33, 
p<0.01 for the Vehicle-Vehicle and Vehicle-Pimozide 
groups and X'-"s(1)=l19.90 and 222.09, p<0.01 for the 
Pimozide-Vehicle and Pimozide-Pimozide groups. 
Moreover, it was found that once a food pellet was con- 
sumed, mice treated with pimozide spent significantly more 
time in the food arm than did vehicle treated animals, 
F( 1,24)= 16.68, p<0.001. This finding is incongruent with the 
anhedonic hypothesis. That is, had pimozide reduced the 
rewarding value of food, a reduction rather than an increase 
in time spent in that arm should have been evident relative to 
vehicle controls. The small number of arm entries exhibited 
by the pimozide treated animals after food consumption 
precluded a meaningful analysis of the proportion of entries 
to the food versus non-food arms. 

S e c o n d  Test Food  Absen t  

L o c o t n o t , r  act ivi ty .  Analysis of variance of the number of 
arm entries revealed that pimozide administered on the sec- 
ond test day significantly reduced the number of arm entries, 
F(1,24)=37.11, p<0.001 (Fig. 2). Drug treatment applied on 
test day 1 was not found to influence performance on the 
second test day, F( 1,24)= 1.46, p>0.10. 

Al ternat ion .  Since alternation behavior declines over the 
course of a test session, the 15 minute test period was 
analyzed in blocks of five minutes. In the case of the 4-arm 
and 2-arm alternation measures (see Fig. 2) significant Drug 
Treatment x blocks of Time interactions were observed, 
F(2,48)=6.92, p<0.01 and F(2,48)=4.75, p<0.05, respec- 
tively. Newman-Keuls multiple comparisons (X~-0.05) con- 
ducted at each level of blocks revealed that pimozide, rela- 
tive to vehicle controls, reduced alternation during the first 
five minutes but was without effect there~ter .  Whereas al- 
ternation during the first five minutes of the test did not differ 
from chance among pimozide treated animals, alternation 
increased thereafter and exceeded chance levels. Alternation 
for the vehicle exceeded chance levels and was constant 
over the three blocks. 

Adjacent alternation sequences were reduced throughout 
the entire session by the administration of pimozidc 
F(I,24)=4.91, p <0.05. The effect of pimozide was not found 
to interact with blocks of time, F(2,48)<1. Thus, it seems 
that the effects of pimozide were greater, being more evident 
throughout the test session, on adjacent alternation than on 
each of the other measures. Indeed, it has been previously 
observed that this particular measure is more sensitive to the 
various treatment effects than other measures [7]. 

With respect to the tendency of animals to re-visit the arm 
most recently entered differences between the two test days 
emerged. In contrast to the first test day, the drug treatment 
was not found to influence the frequency of perseverative 
responses, F(1,24)<1. It is noteworthy that the analyses of 
variance calculated for all of the measures indicated that 
drug administration on the first test day did not influence 
performance on the second test day regardless of whether 
animals were tested in the pimozide or non-drug state. 

Time in .fi~od arm.  The proportion of time mice spent-in 
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FIG.  2. L o c o m o t o r  ac t i v i t y ;  p ropor t ion  of  t ime  spent  in the  food- 
a s s o c i a t e d  a rm;  fou r -a rm,  two-a rm  and a d j a c e n t  a l t e rna t i on  and  per-  
s e r v e r a t i o n  as a func t ion  of  p i m o z i d e  t r e a t m e n t  on the s econd  tes t  
day .  N o t e  tha t  the mice  w e r e  food d e p r i v e d ,  but  no food was  p re sen t  
on  this  t e s t  day .  The  f irst  and  s e c o n d  le t t e r s  b e n e a t h  e a c h  ba r  des ig-  
na te  Day 1 and Day 2 d rug  t r e a t m e n t s ,  r e s p e c t i v e l y .  ( V = V e h i c l e ,  
P = 0 . 8  mg/kg  p imoz ide ) .  

the food-cup arm (see Fig. 2) was not influenced by drug 
treatment, F(1,24)= 1,16, p >0.10. For both the pimozide and 
vehicle treated mice the time spent in this arm was greater 
than that expected by chance, regardless of drug treatment 
received on test day 1, X~'s(l)=20.31,28.92, 18.37 and 21.06, 
p 's<0.01 for Vehicle-Vehicle, Pimozide-Vehicle, Vehicle- 
Pimozide, and Pimozide-Pimozide, respectively. Although 
the empty food cup was present in the arm it should be 
emphasized that the effectiveness of the food cup in main- 
taining behavior was probably due to its conditioned or sec- 
ondary reinforcing properties. It will be recalled that in Ex- 
periment 4, where the cup was not associated with food, time 
spiznt in that arm did not differ significantly from chance. 
Hence, it is unlikely that the animals remained in the food- 
cup arm because it was distinctively different or represented 
a novel stimulus. 

Taken together it seems that treatment with 0.8 mg/kg 
pimozide will change the pattern of alternation exhibited by 
animals, but will not reduce the propensity to remain in the 
area that had previously been associated with food reward. 
Because the arm correlated with food contained an empty 
food dish on the second day, it cannot presently be deter- 
mined whether animals responded to that particular cue or to 
positional cues. However, the possibility might be consid- 
ered that positional and non-positional cues may be differen- 
tially influenced by pimozide. 

EXPERIMENT 6 

Results from the previous experiments strongly suggest 
that pimozide does not interfere with the ability of environ- 
mental stimuli to acquire secondary reinforcing properties. 
Alternatively, it is possible that the failure of pimozide to 
disrupt the establishment of secondary reinforcement effects 
was because the dose used (0.8 mg/kg) was insufficient to 
produce a functional effect in mice. However, cross-species 
comparisons render this explanation unlikely. As previously 
mentioned, the 0.8 mg/kg dose used in the present series of 
experiments represents a dose considerably greater than that 
needed to produce deficits in avoidance and escape perform- 
ance in a shuttle task in both mice and rats [4, 5, 11]. Addi- 
tionally, a dose related decrease in exploratory behavior and 
locomotor activity, ranging from a 28% decrease with 0.2 
mg/kg to a 66% suppression of responding with 0.8 mg/kg, 
was observed in Experiment 1. In the subsequent experi- 
ments 0.8 mg/kg of the drug continued to produce substantial 
response decrements without affecting either alternation be- 
havior or secondary reinforcing effects. Similarly, response 
decrement effects without any concomitant decreases in ac- 
curacy of responding have been observed in both pigeons 
[27] and rats [30]. Thus it appears that the results of the 
present series of experiments are commensurate with previ- 
ous reports and indicate that secondary reinforcement and 
stimulus control effects are relatively insensitive to the ac- 
tion of pimozide. 

Nevertheless, the fact remains that data are not available 
which directly demonstrate that 0.8 mg/kg was sufficient to 
attenuate responding for food reinforcement in the mouse, as 
doses of 0.5-1.0 mg/kg do in rats and pigeons. Thus the 
possibility remains, albeit remote, that the 0.8 mg/kg dose 
did not produce an "'anhedonic-like effect" in the mouse and 
therefore could not be expected to influence secondary rein- 
forcement effects. Consequently, an additional experiment 
was undertaken to demonstrate that, as in rats, pimozide 
treatment among mice results in diminished responding for 
food reinforcement just as decreased responding is seen in 
extinction. 

METHOD 

Subjects and Apparatus 

Eighteen naive CD-I mice served as subjects as described 
in Experiment I. The testing apparatus was a white Plexiglas 
alleyway measuring 77.0x12.5x29.5 cm. The start box 
measured 14 cm in length and at the opposite end of the alley 
a small plastic food cup was placed in an area 16 cm in 
length. 

Pro(.'edure 

Mice were individually housed and given ad lib access to 
food and water for the first three days of the experiment. 
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Animals were then maintained on a 12 hr food deprivation 
schedule for the rest of the experiment. After four days of 
deprivation animals' weights had stabilized at approx- 
imately 85% of baseline and training began. Eight trials per 
day were given for 3 days. On each trial a mouse was placed 
in the start box and after 2 sec the start box gate was opened. 
Reward consisted of a single 45 mg Noyes pellet placed in 
the food cup. Following each trial animals were returned to 
the home cage for the 25 sec intertrial interval. Latency to 
traverse the alley was recorded on each trial. 

Twenty-one hrs after the last training session (day 11) 
mice were divided into 2 groups and injected IP with 
pimozide (0.8 mg/kg) or its vehicle. Three hrs after injection 
mice were tested in the alley. For pimozide treated mice a 
food pellet was placed in the food dish before each trial, 
whereas vehicle treated animals were presented with an 
empty food dish. All animals received 8 trials and were then 
returned to the home cage. Seventy-two hrs later the identi- 
cal testing procedure was repeated. 

RESULTS AND DISCUSSION 

An analysis of variance performed over the latency data 
for the last day of training showed that both groups of 
animals performed at comparable levels prior to the intro- 
duction of drug treatment, F(I,  16)< I (Means: 
Pimozide=5.72_0.64; Vehicle=5.45_ + 1.18). Comparison of 
the group means during test (Pimozide= 15.85_ + 1.36; Vehi- 
cle= 11.25_+ 1.38) indicates that pimozide tended to suppress 
behavior to a somewhat greater degree than did extinction. 
An analysis of variance with repeated measures performed 
over the two test days confirmed this observation: Drug: 
F(1,16)=4.33, p=0.054; Days: F(1,16)<I; Drugs x Days: 
F(1,16)< 1. 

In general, these results are in agreement with those re- 
ported elsewhere [16, 32, 33, 34] and illustrate that the 
"anhedonic-like effect" occurs in mice as it does in rats. As 
such, these data clearly indicate that the failure of pimozide 
to interfere with the acquisition of secondary reinforcers in 
mice is not because the 0.8 mg/kg dose was insufficient to 
produce the effect. If anything, the results of Experiement 6 
indicate that the dose used in the present series of experi- 
ments was somewhat more effective than the extinction pro- 
cedure in increasing response latencies. 

GENERAL DISCUSSION 

In contrast to the high levels of spontaneous alternation 
performance seen in vehicle treated animals, mice injected 
with pimozide exhibited a dose dependent reduction of alter- 
nation behavior. At doses of 0.4 and 0.8 mg/kg, mice dis- 
played chance levels of alternation. Although the decrease in 
alternation behavior was coincident with a reduction in 
number of arm entries, it is unlikely that the two effects are 
causally related since it has been shown previously that 
motor activity and levels of alternation are independent [18]. 
That is to say, treatments that reduce motor activity do not 
necessarily influence alternation performance, and reduc- 
tions of alternation performance are not necessarily accom- 
panied by variations in motor activity. It may be added here 
as well, that drugs which result in direct or indirect stimula- 
tion of catecholamine receptors will also disrupt alternation 
performance; however, these effects are readily distinguish- 
able from those produced by pimozide in the present study. 
Specifically, treatment with d-amphetamine will induce 
stimulus perseveration, such that animals display successive 

visits to two arms of the maze [21]. In contrast, the behavior 
of pimozide treated mice is best characterized as random 
entries into the arms of the maze. 

When food deprived animals were tested in the Y-maze 
with one arm of the maze baited, pimozide was not found to 
disrupt alternation behavior. However, when an 8-arm radial 
maze was employed, a reduction of alternation was observed 
under similar conditions. It is known that when arms of a 
maze are readily distinguishable from one another, alterna- 
tion levels may be somewhat increased and the effectiveness 
of treatments which ordinarily reduce the alternation tend- 
ency is minimized [20]. The fact that the reduction of alter- 
nation induced by pimozide in the Y-maze was eliminated 
with the presence of food is consistent with these previous 
observations. The finding that pimozide disrupted alterna- 
tion in the radial maze, particularly adjacent alternation, 
even when one arm of the maze was baited supports the 
contention that the radial maze is more sensitive to the ef- 
fects of pharmacological manipulations than is the Y-maze 
[7]. 

Of particular significance in the present study were the 
findings that (1) food deprived mice treated with pimozide 
approached and ate food placed in the maze and (2) these 
mice tended to remain in the arm associated with food for 
longer periods than in the other arms. Indeed, the duration of 
time pimozide treated animals spent in the arm associated 
with food did not differ from that seen in vehicle treated 
mice, with the time spent in this arm exceeding chance for 
both groups. It is interesting to note that once food was 
consumed mice treated with pimozide remained in the food 
arm for lengthy periods, with some animals not leaving the 
arm at all. Several of these animals, in fact, hovered over the 
food dish or actually sat in the dish. These observations are 
similar to those reported by Tombaugh et al. [29] in a study 
investigating the effects of pimozide on sign-tracking behav- 
ior. Thus, it almost appears as if the reinforcing value of 
stimuli paired with food had actually been increased by the 
pimozide treatment rather than being decreased as assumed 
by the anhedonia hypothesis [35]. If pimozide had reduced 
the reward value of food, then it would have been expected 
that animals would certainly have spent less time in the vi- 
cinity of the food than that seen among vehicle treated mice. 
In operant studies evaluating the effect of pimozide on lever 
pressing for food reward a marked decline in response rate is 
typically observed. Albeit speculative, it is possible that 
animals in these studies, like those of the present investiga- 
tion, remained in the vicinity of the food cup after receiving 
reward rather than returning to the lever and pressing again. 
Such an event might occur owing either to a motor deficit or 
because of a relative increase in the tendency to approach 
and remain near cues most closely associated with food re- 
ward (i.e. the food cup itself rather than the lever). In fact, 
support for such a position was provided by C}ody and 
Carlton [9] who reported that the efficacy of stimuli spatially 
associated with food delivery was increased by the 
neuroleptic agent chlorpromazine. 

The fact that mice treated with pimozide remained in the 
vicinity of the food cup appeared to be due to secondary 
reinforcing values associated with the cup, since animals did 
not exhibit a preference for the arm containing the cup in 
situations where the cup had not been previously paired with 
food. Furthermore, the apparent preference for the arm as- 
sociated with food was not attributable to a motor deficit 
engendered by pimozide treatment. When food deprived 
animals were re-tested in the non-drug state 96 hours after 
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the  initial tes t  sess ion ,  a p re fe rence  for  the  a rm prev ious ly  
a s soc ia t ed  wi th  food was still obse rved .  Again ,  these  da ta  
suppor t  the c o n t e n t i o n  tha t  the  a rm con ta in ing  the cup  ac- 
qui red  s e c o n d a r y  re in forc ing  p roper t i e s  which  were  not  di- 
min i shed  by  p rev ious  p imoz ide  admin i s t r a t ions .  This  f inding 
is c o m m e n s u r a t e  wi th  two recen t ly  comple t ed  s tudies  which  
show tha t  p imozide  does  not  impai r  the  capac i ty  of  env i ron-  
men ta l  st imuli  to acqui re  s e c o n d a r y  re inforc ing  p roper t i e s  
[29]. In the first s tudy,  light and  food were  init ially paired 
u n d e r  cond i t ions  of  1.0 mg/kg of  p imozide  or  vehicle .  W h e n  
tes ted  drug-free ,  bo th  g roups  were  equal ly  prof ic ien t  at  be- 
haviora l ly  t rack ing  the  light cue when  it was  p r e sen t ed  at 
d i f ferent  spatial  loca t ions  wi th in  the  tes t  cage. The  second  
e x p e r i m e n t  e m p l o y e d  a place p re fe rence  p rocedu re  where ,  
dur ing  condi t ion ing ,  vehic le  and  1.0 mg/kg p imozide  t r ea ted  
an imals  were  conf ined  in d is t inc t ive  c o m p a r t m e n t s  associ-  
a ted with e i the r  food or  no  food. On a la ter  drug-f ree  test ,  
an imals  were  g iven  un res t r i c t ed  access  to bo th  c h a m b e r s .  
C o m p a r a b l e  inc reases  in p re fe rence  toward  the  food- 
a s soc ia t ed  c h a m b e r  occu r r ed  for  bo th  g roups  d e m o n s t r a t i n g  
that  p imozide  at the  dose  tes ted  did not  d i s rupt  the  abil i ty of  
the  cues  to acqui re  s e c o n d a r y  re inforc ing  s t rength .  

In con t r a s t  to the s tudies  c o n d u c t e d  in ou r  l abora to r ies  
ear l ier  s tudies  have  ind ica ted  tha t  p imozide  r educes  the  re- 
ward ing  value of  cues  a s soc ia t ed  with food reward  [6,12]. 
The  incons i s t enc ies  b e t w e e n  the  p re sen t  f indings  and those  

prev ious ly  r epo r t ed  c a n n o t  readi ly  be d e t e r m i n e d  g iven  the  
great  n u m b e r  of  p rocedura l  d i f fe rences  b e t w e e n  the  s tudies .  
N e v e r t h e l e s s ,  it is n o t e w o r t h y  tha t  in the  p re sen t  invest iga-  
t ion a na tura l  a p p r o a c h  r e sponse  was e m p l o y e d  in a s i tua t ion 
where  s t rong pos i t ion  p re fe rences  were  absen t ,  whe rea s  in 
p rev ious  e x p e r i m e n t s  a less na tura l  r e sponse  (bar -press )  was  
used,  and in one  ins t ance  s t rong posi t ional  b iases  were  re- 
por ted .  

Summar iz ing ,  the p resen t  inves t iga t ion  revea led  tha t  
p imozide  al ters  the  pa t t e rn  of  exp lora t ion  as m e a s u r e d  by  
a l te rna t ion  pe r fo rmance  in bo th  the  Y- and  8-arm radial  
mazes .  W h e t h e r  this change  is due to va r ia t ions  in hab i tua-  
t ion,  a t t en t ion ,  or the the  intr insic  mot iva t ion  to explore  re- 
mains  to be de t e rmined .  The  t e n d e n c y  to app roach  and re- 
main  in an a rm assoc ia ted  with food was not  a l te red  by 
t r e a t m e n t  with  p imozide  regard less  of  w h e t h e r  an imals  were  
t es ted  in the drug s ta te  or  subsequen t ly  re - tes ted  in the  ab- 
sence  of  drug t r ea tmen t .  T o g e t h e r  these  resul ts  p rovis iona l ly  
suggest  that  p imozide ,  at  least  at  the  dose  t es ted ,  does  not  
a l ter  the s econda ry  r e i n f o r c e m e n t  der ived  f rom cues  closely 
assoc ia ted  with food. To the  con t r a ry ,  there  is some indica- 
t ion tha t  an imals  t r ea ted  with p imozide  may a t t end  more  to 
s ignif icant  e n v i r o n m e n t a l  cues  (def ined here  as those  st imuli  
mos t  closely al igned with the  p r imary  re inforcer)  ra is ing the  
possibi l i ty  tha t  pe r fo rmance  defici ts  in ope ran t  t asks  may  be 
s e c o n d a r y  to this  focused  r e sponse  bias.  
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