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XENAKIS, S. AND A. SCLAFANI. The effects of pimozide on the consumption of a palatable saccharin-glucose solution 
in the rat. PHARMAC. BIOCHEM. BEHAV. 15(3) 435-442, 1981 .--Two experiments investigated the role of dopamine in 
reward mechanisms by examining the effects of the specific dopamine receptor blocker pimozide on drinking behavior in 
the rat. In Experiment 1, the effects of pimozide on the consumption of a palatable saccharin-glucose solution were 
compared to the effects of quinine adulteration of the same solution. Pimozide and quinine both reduced 30 mirdday 
consumption, decreased lick rate early in the drinking session and reduced lick efficiency in a dose related manner. In 
Experiment 2, the effects of pimozide on the consumption of a saccharin-glucose solution and water were compared in 
thirsty and nonthirsty rats. Pimozide suppressed the consumption of both water and the saccharin-glucose solution in a 
dose related manner. However, saccharin-glucose solution intake was suppressed more than water intake, and this effect 
was independent of thirst drive. The drug also decreased lick rate early in the drinking session and lick efficiency. The 
results are discussed in terms of the reward and sensory-motor deficits produced by dopamine receptor blocking agents. 
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THERE is extensive evidence implicating the catechola- 
mines in a central reward system ([6,16], for reviews see 
[13,38]). In the earlier studies, norepinephrine was implicated 
as the neurochemical substrate for reward [26,33]. More re- 
cent work, however,  has placed considerable emphasis on 
the dopaminergic involvement in reward mechanisms [37]. 
The major pharmacological evidence for a specific role for 
dopamine in reward mechanisms includes the findings that 
dopamine receptor  blockers attenuate operant responding 
for rewarding electrical brain stimulation [14, 15, 43], and 
that dopaminergic agonist drugs are readily self-administered 
by animals, including humans [1, 9, 27, 41, 42]. 

Recently, Wise et al. [39,40] have examined the effects of 
the dopamine receptor  blocker  pimozide on lever pressing 
and running for food rewards in rats. They reported that 
pimozide attenuated food rewarded responding without 
producing performance deficits. Moreover,  pimozide treat- 
ment was found to mimic the effects produced by withhold- 
ing the food reward (i.e., extinction) which is consistent with 
earlier results obtained with rewarding brain stimulation and 
intravenous amphetamine and cocaine injections [9, 14, 41]. 
Wise et al. [39,40] have interpreted the "ext inct ion effect" 
of  pimozide as evidence that dopamine receptor  blockade 
reduces the rewarding impact of hedonic stimuli, including 

food. Other reports,  however,  question the similarity be- 
tween the behavioral effects of  dopamine receptor blocking 
drugs (i.e., neuroleptics) and extinction [25,34]. 

The present study further investigated the role of 
dopamine in mediating food reinforced behavior. In this 
case, the effects of  dopamine receptor  blockade with 
pimozide on consummatory,  rather than operant behavior,  
was investigated. Experiment 1 compared the effects of 
pimozide treatment on the consumption of  a saccharin- 
glucose (SG) solution to the effects of quinine adulteration of 
the solution. The SG solution is highly palatable to rats as 
evidenced by the large amounts of this sweet, low caloric 
solution consumed by nondeprived rats [31, 32, 35]. Adult- 
eration with the bit ter substance quinine, on the other hand, 
reduces the palatability of the SG solution in a concentration 
dependent fashion [7,8]. If  pimozide treatment reduces the 
hedonic quality of  food by interfering with a brain reward 
system then its effects on the intake of a SG solution should 
be similar to those produced by quinine adulteration of the 
solution. This prediction was tested in the first experiment.  

In addition to measuring solution intake, Experiment 1 
also analyzed the effects of pimozide treatment and quinine 
adulteration on licking behavior. Davis et al. [7,8] have 
demonstrated that the integrated licking rate (lick/min) of 
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rats is influenced by the gustatory qualities of  the solution. I~ 
That is, increasing the sweetness of a solution results in an 
increase in lick rate whereas increasing the bitter taste of a 
solution results in a decrease in lick rate [7,8]. These changes 
in licking behavior are evident during the first minutes of t~ 
ingestion and Davis has argued that they reflect alterations in x,- < IC 
the hedonic quality of the solution. In contrast,  adulteration 
of the SG solution with compounds which alter the 
postingestive disposition of  the solution, but not its taste, Q 

D does not alter the initial lick rate [7,8]. Licking behavior,  _j 
therefore, provides a sensitive measure to compare the ef- u_ 
fects of  pimozide and quinine. Lick efficiency, as measured z 5 
by fluid intake per lick was also analyzed in this experiment 
since previous reports indicate that treatment with dopamine o 
receptor  blocking agents produce deficits in oral-motor per- 
formance [18]. 

EXPERIMENT 1 

METHOD 

Animals 

Eight naive female rats of  the Sprague Dawley strain 
(Charles River Labs,  Wilmington, MA) were used. All 
animals were housed singly in wire mesh cages in an air 
conditioned colony under a 12:12 light-dark cycle. 

Apparatus 

All testing was conducted in a separate room adjacent to 
the colony area. The rats were tested in eight wire mesh 
cages similar to those in which they were housed. Solutions 
were offered in graduated cylinders through a stainless steel 
drinking tube. The graduated cylinders were mounted on a 
retractable bottle holder which prior to testing kept the 
drinking tube out of reach of  the rat. A spillage cup was 
placed below the drinking tube. At the start of the test ses- 
sion, the drinking tube was manually posit ioned 3 mm in 
front of the cage in reach of the animal. Access to the drink- 
ing tube was through a circular aperature (1.9 cm in diame- 
ter) located 3.2 cm above the cage floor. The drinking tubes 
were positioned such that licking behavior could be accu- 
rately monitored by a contact  sensitive electronic drinkome- 
ter circuit. Licks were recorded on printout counters which 
printed cumulative licks every minute. At the end of the 
thirty minute session the drinking tubes wers retracted man- 
ually from the cages. 

Drugs 

Pimozide (0.5, 1.0, 2.0 mg/kg, McNeil  Laboratories,  For t  
Washington, PA) was dissolved in hot 0.3% tartaric acid. 
Isotonic saline was used as the vehicle. Previous work in our 
laboratory has indicated 0.3% tartaric acid has no effect on 
fluid consumption under the conditions used in this experi- 
ment. All injections were administered intraperitoneally four 
hours prior to testing in a volume of 1 cc/kg BW. 

Procedure 

Animals were adapted to drink a solution containing 0.2% 
sodium saccharin (Sigma Chemical Co., St. Louis,  MO) and 
5% glucose (Fischer Scientific, Pittsburgh, PA) solution pre- 
pared w/v twenty hours prior to testing. Solutions were 
stored at room temperature.  Food (Purina Chow) was re- 
moved four hours prior to testing. This mild deprivation was 
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FIG. 1. Mean (± SEM) 30 minute intake of 0.2% saccharin+5% glu- 
cose solution after varying doses of pimozide or its vehicle (0 
mg/kg). 

used to insure that the rats were not sated at the time of 
testing. Water  remained freely available. Solution intake was 
recorded by weighing (to the nearest 0.01 gram) the gradu- 
ated cylinder and spillage cup before and after testing. No 
effort was made to account for evaporation. At  the termina- 
tion of  the drinking session the rats were returned to their 
home cage and given food. One animal was excluded from 
the study for failing to habituate to the adaptation proce- 
dures. 

Animals were tested with the SG solution 30 min/day, six 
days a week for the duration of the experiment.  Pimozide or 
its vehicle was administered every 4-5 days and a vehicle 
test was given on the day preceding each pimozide test. 
Doses of pimozide were administered in an ascending order. 
Five days after the last pimozide injection, subjects were 
given access to the SG solution adulterated with 0.001% 
quinine hydrochloride (Sigma Chemical Co., St. Louis, 
MO). Thereafter the SG solution was adulterated with 
quinine every fourth day using the following concentrations: 
0.002, 0.004, 0.008, and 0.016%. 

RESULTS 

During the saline tests the rats consumed 13.6 ml of the 
SG solution. As illustrated in Fig. l ,  pimozide produced a 
dose dependent decrease in the consumption of the SG solu- 
tion, F(3,18)= 14.16, p <0.001. At the 0.5, 1.0, and 2.0 mg/kg 
doses the rats consumed 76~,  37%, 29%, respectively,  of 
their saline baseline intake. The 30 minute cumulative lick 
rate functions are presented in Fig. 2. Pimozide produced a 
significant dose dependent decrease in cumulative licks as 
early as the third minute of testing, F(3,18)=4.56, p<0.02,  as 
well as in the total 30 min licks, F(3,18)=5.89, p <0.01. Lick 
efficiency (LE) ratios were computed by dividing 30 min 
fluid intake by the total 30 rain licks and Figure 3 presents 
these data. Pimozide produced a reliable dose dependent 
decrease in lick efficiency, F(3,18)--7.62, p<0.01.  

The results of the quinine adulteration tests are summarized 
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FIG. 3. Mean lick efficiency ratio (± SEM) as a function of pimozide 
dose during 30 minute drinking seesions. 

FIG. 2. Mean cumulative licks of 0.2% saccharin+5% glucose solu- 
tion during 30 minute drinking sessions after varying doses of 
pimozide or its vehicle. 

in Fig. 4. The fluid intake during the no quinine condition was 
14.2 ml, which is comparable to the saline baseline intakes 
observed in the pimozide tests. Quinine adulteration of the SG 
solution produced a concentration dependent attenuation in 
consumption, F(5,30)=27.59, p<.001. At the four highest 
quinine concentrations fluid consumption was reduced 80%, 
43%, 27%, 18%, respectively. As illustrated in Fig. 5, quinine 
adulteration also produced a concentration dependent de- 
crease in lick rate as early as the third minute of  testing, 
F(5,30)=19.86, p<0.001, and in total 30 minute licks, 
F(5,30)=20.12, p <0.01. Quinine adulteration also decreased 
lick efficiency in a dose related manner, F(5,25)=8.78, 
p<0.001, see Fig. 6. The data of  one subject was excluded 
from the lick efficiency analysis because of  it's aberrant ratio 
at the 0.016% concentration, which may have resulted from a 
measurement error. A Grubbs Outlier Test confirmed that 
the data from this rat was sufficiently aberrant to be rejected 
from the analysis, T=  1.98, p<0.05.  

DISCUSSION 

The findings of  Experiment 1 demonstrate that both 
pimozide treatment and quinine adulteration produce quan- 
titatively similar effects on the intake, lick rate and lick effi- 
ciency of  the palatable saccharin-glucose solution. These 
findings are consistent with a dopamine reward hypothesis. 
That is, after pimozide treatment, the rats responded to the 
SG solution as if the hedonic quality of the solution was 
reduced. 

Alternative explanations for these findings are also 
possible. A number of studies have indicated that dopamine 
receptor blocking drugs, including pimozide, suppress water 
consumption induced by deprivation [3, 17, 22, 28, 30] and 
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FIG. 4. Mean (-+SEM) 30 minute intake of 0.2% saccharin+5% glu- 
cose solution as a function of percent quinine adulteration. 

by specific thirst challenges [3,44]. These results suggest that 
dopaminergic neurons play a role in homeostatic thirst regu- 
lation, although they are not incompatible with a reward 
interpretation. The reduction in consumption of  the SG 
solution after pimozide treatment in Experiment 1, there- 
fore, may result from a disruption in thirst regulation. Note, 
however, that the rats were not water deprived in Experi- 
ment 1 and were presumably drinking the solution solely 
because of  its palatability. 

An alternative explanation for the Suppressive effects of 
pimozide on the consumption of the SG solution involves 
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FIG. 5. Mean cumulative licks of 0.2% saccharin+5% glucose solu- 
tion during 30 minute drinking sessions after varying concentrations 
of quinine adulteration. 

nonspecific performance deficits, such as sedation and 
ataxia, which are associated with dysfunction of central 
dopaminergic systems. It is well known that dopamine de- 
pleting lesions of the lateral hypothalamus [11, 20, 21] and 
the nigrostriatal pathway [24] produce a behavioral syn- 
drome characterized by sensory inattention and motor defi- 
cits, which appears to play an important role in the control of 
ingestive behavior [19]. Similarly, dopamine receptor  block- 
ing agents are known to produce catalepsy and sedation 
when administered systemically [5,23]. Moreover,  recent re- 
ports indicate that chemical lesions of dopamine containing 
brain regions, as well as treatment with dopamine receptor  
blocking agents, cause a deficit in oral motor performance 
[4,181. 

EXPERIMENT 2 

The purpose of Experiment 2 was to further examine the 
role of dopamine in reward mechanisms by examining the 
effects of  pimozide on the consumption of a saccharin- 
glucose solution or water in thirsty and nonthirsty rats. In 
the following experiment three groups of rats were tested 
with pimozide. One group (DEP-W) was water deprived and 
was tested with water. A second group (DEP-SG) was also 
water  deprived but was tested with the SG solution. The 
third group (NDEP-SG) had water ad lib and was tested with 
the SG solution as in Experiment 1. According to a reward 
hypothesis,  pimozide treatment should suppress the con- 
sumption of the SG solution more than water since the SG 
solution is more of  a hedonic stimulus than is water. The 
thirst hypothesis predicts either that all groups should be 
equally affected by pimozide, or that the deprived groups 
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FIG. 6. Mean lick efficiency (-SEM) as a function of percent 
quinine adulteration of 0.2% saccharin+5% glucose solution. 

should be depressed more than the nondeprived group, if the 
drug specifically interferes with homeostatic thirst. Finally, 
the nonspecific performance deficit hypothesis predicts that 
all groups should be equally affected by pimozide. Alterna- 
tively, it might be predicted that the intake of the SG solution 
would be less depressed than the intake of water since its 
more salient gustatory and olfactory cues would counteract 
the sensory-motor impairments produced by the drug. 

METHOD 

Animals 

Twenty four naive adult female rats of  the Sprague Daw- 
Icy strain (Charles River Labs,  Wilmington, MA) were used. 
The rats were housed in the same manner as described in 
Experiment 1. Twenty two animals completed all phases of 
the experiment and were included in the data analysis. 

Apparatus 

All testing was done in the same room as in Experiment 1. 
Ten test cages were used and the presentation of the 
graduated cylinders was now automated which insured that  
all rats were given access to the drinking tube at the same 
time. All other features of the apparatus were identical to 
that of Experiment 1. 

Drugs 

Pimozide (0.25, 0.5, 1.0, 2.0 mg/kg) was dissolved in hot 
0.3% tartaric acid. Tartaric acid (0.3%) was dissolved in dis- 
tilled water and was used as the vehicle. All injections were 
administered intraperitoneally four hours prior to testing in a 
volume of 1 cc/kg BW. 

Procedure 

The animals were split into three equal sized groups based 
on body weight and daily ad lib water intake. The 
DEP-W group was deprived of water  for 23.5 hours/day and 
received distilled water (stored at room temperature) for 30 
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rain/day in the test cages. The DEP-SG group was water 
deprived for the same time period but received 30 min/day 
access to the SG solution used in Experiment 1. The 
NDEP-SG group had water freely available and received 30 
min/day access to the SG solution. For all groups food 
(Purina Chow) was removed four hours prior to testing, and 
fresh food was given after the daily drinking sessions. 

Animals were adapted to the test schedule for twelve 
days. They were then treated with pimozide every 4--5 days 
and a vehicle injection was administered on the day prior to 
each pimozide treatment. A counterbalanced drug sequence 
was employed; each group was divided into two subgroups, 
one of which received the pimozide doses in an ascending 
then a descending order, while the other subgroup received 
the drug in the reverse sequence. Therefore, the subject re- 
ceived each dose of pimozide twice, except that four rats of 
the DEP-SG group inadvertantly received only one injection 
of the 0.25 mg/kg dose. The four missing scores were esti- 
mated using multiple regression. All other aspects of the 
testing procedure were identical to Experiment 1. 

RESULTS 

An initial analysis of the data indicated that the order of 
drug treatment did not significantly affect the drinking re- 
sponse, and therefore the data from the subgroups were 
combined. 

As illustrated in Fig. 7, the DEP-W group and the 
NDEP-SG group consumed comparable amounts of fluid 
after vehicle treatment (16. I ml vs 17.3 ml, respectively), and 
both groups consumed significantly less fluid than did the 
DEP-SG group (24.6 ml; F(2,19)= 24.70, p <0.001). Pimozide 
produced a highly significant dose dependent reduction in 
fluid consumption for all groups tested, F(4,76)=105.62, 
p<0.001. Individual group comparisons were made using a 
two way analysis of variance with repeated measures. Since 
the main effect of the drug was significant (p<0.01) in all 
cases this will not be described further. 

A comparison of the DEP-SG and DEP-W groups re- 
vealed both a significant group, F(1,13)=6.21,p<0.05, and a 
group by drug interaction, F(4,52)=9.57, p<0.001. That is, 
without pimozide the DEP-SG group drank more of the SG 
solution than the DEP-W drank of water. With increasing 
doses of pimozide, however, the DEP-SG group suppressed 
its intake more than did the DEP-W group, so that by the two 
highest doses its fluid intake was less than that of the DEP-W 
group. Analysis of percent change in fluid consumption also 
indicated that pimozide differentially affected the intake of 
the two groups. For example, at the 1.0 mg/kg dose the 
DEP-SG group suppressed its intake by 67.5% whereas the 
DEP-W groups suppressed its intake by 41.6%, t(13)=2.80, 
p<0.05. 

Analysis of the intake data from the NDEP-SG and 
DEP-W groups indicated that the group effect was not signif- 
icant but that the group by drug interaction was, 
F(4,48)=4.26, p <0.01. Without pimozide the NDEP-SG rats 
drank as much of the SG solution as the DEP-W rats drank 
water. As indicated in Fig. 7, however, pimozide suppressed 
the fluid intake of the NDEP-SG rats more than that of the 
DEP-W rats. At the 1.0 mg/kg dose, for example, the 
NDEP-SG rats reduced their intake by 73.1% compared to 
the 41.6% reduction displayed by the DEP-W rats, 
t(12)=2.94, p<0.01. 

A comparison of the DEP-SG and NDEP-SG groups re- 
vealed a significant group difference, F(1,13)=16.81, 
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FIG. 7. Mean (±SEM) 30 minute intake of 0.2% saccharin+5% glu- 
cose solution or water as a function of varying doses of pimozide. 

p<0.01, but not a reliable group by drug interaction. The 
deprived rats consumed more of the SG solution then the 
nondeprived group under all drug treatments and both 
groups were equally affected by pimozide. 

The effects of pimozide on the mean cumulative lick rates 
are plotted in Fig. 8. Pimozide produced a significant dose 
related reduction in lick rate as early as the third minute of 
testing (p <0.001). An examination of the cumulative lick rate 
functions indicated that pimozide reduced the licking of the 
saccharin-glucose solution more than the licking of water. 
The effects of pimozide on the total 30 minute cumulative 
licks for the three goups is shown in Fig. 9. Pimozide 
produced a dose dependent decrease in total licks for all 
three groups and results of the individual group comparisons 
paralled the results of the absolute intake data. That is, a 
comparison of the DEP-W and the DEP-SG groups revealed 
a significant group, F(1,13) =5.06, p <0.05, and group by drug 
interaction, F(4,52)=9.35, p<0.001. The analysis of the total 
lick rate data of the NDEP-SG and the DEP-W group re- 
vealed a significant group by drug interaction, F(4,48)=5.78, 
p <0.001, but the group effect was not reliable. A comparison 
of the DEP-SG and the NDEP-SG revealed a significant 
group effect, F(1,13)= 13.95, p <0.001, but the group by drug 
interaction was not significant. 

The effects of pimozide on the lick efficiency are shown in 
Fig. 10. Pimozide produced a reliable dose dependent de- 
crease in the lick efficiency of the DEP-W, F(4,24)=3.37, 
p<0.05, and the DEP-SG, F(4,28)= 10.48, p<0.001, groups 
but not of the NDEP-SG group. Although the NDEP-SG rats 
reduced their lick efficiency as the pimozide dose increased 
there was considerable variability in the individual LE 
scores. There was no significant group or group by drug 
interaction effects on the LE measure. 

GENERAL DISCUSSION 

The results of Experiment 1 indicated that, at the dose and 
concentration ranges used, pimozide and quinine produced 
similar suppressions in the consumption of a highly palatable 
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FIG. 10. Mean lick efficiency ratio (±SEM) as a function of varying 
doses of pimozide. 

saccharin-glucose solution. The results of the quinine adult- 
eration test confirm previous findings showing that reducing 
the palatability of sweet solutions by adding a bit ter taste 
produces a concentration related decrease in ingestion [7,8]. 
Moreover,  our results further replicated the finding that 
quinine produces a concentration dependent decrease in lick 
rate as early as the third minute of testing [7,8]. Davis et al. 
[7,8] have attributed this effect to a reduction in the hedonic 
quality of the solution. Similarly, pimozide produced a dose 
dependent  decrease in the consumption of  the SG solution 
and lick rate early in the test session. This decrease in the 

initial rate of ingestion suggests that, like quinine, pimozide 
reduced the hedonic aspects of the taste stimulus. These 
findings are consonant with the hypothesis [39,40] that 
pimozide blunts the rewarding properties of  food and other 
hedonic stimuli. On the other hand, the results of  Experi- 
ment 1 do not necessarily indicate that the mechanisms of 
action of  pimozide and quinine are the same. Quinine 
presumably reduced the reward quality of the SG solution by 
adding an aversive component (i.e., bitter taste). In contrast,  
pimozide may have simply reduced the positive quality of  
the SG solution without adding an aversive component.  
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Experiment 2 was conducted to examine alternative ex- 
planations for the results obtained in the first experiment. 
Previous work suggests that central dopamine receptors are 
involved in homeostatic thirst regulation [3, 17, 22, 30, 44] 
which raises the possibility that pimozide suppresses the in- 
take of the SG solution because it reduces thirst. The results 
of Experiment 2 confirm previous reports that pimozide re- 
duces water intake in deprived rats and further demonstrate 
that pimozide depresses the consumption of a SG solution in 
deprived and nondeprived rats. However, the fact that 
pimozide suppressed SG solution intake more than water 
intake, and that its effects on SG solution intake were inde- 
pendent of deprivation level do not support the hypothesis 
that a reduction in homeostatic thirst was responsible for the 
pimozide-induced reduction in SG solution intake. 
Moreover, the finding that pimozide suppresses the water 
intake of deprived rats can be interpreted within a reward 
hypothesis framework. Water, although less palatable than a 
saccharin-glucose solution, is rewarding to thirsty rats. On 
the other hand, the present results do not rule out the 
possibility that dopamine blockade with pimozide affects 
homeostatic thirst regulation. 

Another explanation for the present findings involves the 
nonspecific performance deficits produced by pimozide. 
Dopamine receptor blocking agents are known to reduce re- 
sponding for many types of rewards and this effect has often 
been attributed to sensory-motor and or arousal deficits [12, 
28, 36]. In the present experiments somnolence was ob- 
served after the administration of the 2.0 mg/kg pimozide 
dose, but the lower doses did not produce any observable 
arousal or sensory-motor impairments. In particular, at these 
doses, the rats all displayed short latency licking responses 
to the presentation of the drinking tube. These observations 
do not preclude the possibility that the lower pimozide doses 
produced subtle performance deficits [4,18] or increased 
fatigueability [10,15]. In agreement with previous findings 

[18] pimozide was observed to produce a dose-dependent 
reduction in lick efficiency (but see below). 

The results of Experiment 2 do not, however, support a 
performance deficit hypothesis. If pimozide produced a gen- 
eral sensory-motor deficit then it should have suppressed the 
fluid intakes of all three groups to the same degree. Alterna- 
tively, it might be hypothesized that the intake of the two 
groups drinking the SG solution should have been suppres- 
sed less than the intake of the group drinking water because 
the salient olfactory and gustatory cues of the SG solution 
would have counteracted the sensory and arousal deficits 
produced by pimozide. The findings that the intake of the SG 
solution was suppressed more, not less, than the intake of 
water clearly does not support these predictions. Further- 
more, the results of Experiment 1 indicate that the decreased 
lick efficiency produced by pimozide treatment cannot, by 
itself, be taken as evidence for a oral motor performance 
deficit. That is, quinine adulteration of the SG solution 
produced a similar reduction in lick efficiency. Thus, the 
effect of pimozide on this measure may, in fact, result from 
its reward inhibitory action rather than its effect on motor 
performance. 

The results of Experiment 2 are most consistent with the 
reward interpretation. Irrespective of deprivation condition, 
baseline intake, or baseline licking rate, pimozide suppres- 
sed the intake of the highly palatable SG solution more than 
of the bland tasting distilled water. The findings of both ex- 
periments, therefore, provide additional support for the role 
of dopamine in central reward mechanisms and, in particu- 
lar, in the mediation of the hedonic quality of palatable 
fluids. This is not to say, however, that all behavioral effects 
of pimozide are a result solely of blockade of positive rein- 
forcement systems since, as suggested by others [2, 25, 29, 
34], it is clear that neuroleptics exert multiple effects on 
behavior. 

REFERENCES 

1. Baxter, B. L., M. I. Gluckman, L. Stein and R. A. Scerni. 
Self-injection of apomorphine in the rat; positive reinforcement 
by a dopamine receptor stimulant. Pharmac. Biochem. Behav. 
2: 387-393, 1974. 

2. Beninger, R. J. and A. G. Phillips. The effect of pimozide on the 
establishment of conditioned reinforcement. Psychopharma- 
cology 68: 147-153, 1980. 

3. Block, M.1. and A. E. Fisher. Cholinergic and dopaminergic 
blocking agents modulate water intake elicited by deprivation, 
hypovolemia, hypertonicity and isoproterenol. Pharmac. 
Biochem. Behav. 3: 251-262, 1975. 

4. Brimley, C. C. and G. J. Mogenson. Oral motor deficits follow- 
ing lesions of the central nervous system in the rat. Am. J. 
Physiol. 237: RI26-R131, 1979. 

5. Costali, B. and R. J. Naylor. Behavioural characterization of 
neuroleptic properties in the rodent. Proc. R. Soc. Med. 70: 
5-14, 1977. 

6. Crow, T. J. Catecholamine-containing neurones and electrical 
self-stimulation. 2. A theoretical interpretation and some psy- 
chiatric implications. Psychol. Med. 3: 66-73, 1973. 

7. Davis, J. D. and M. W. Levine. A model for the control of 
ingestion. Psychol. Rev. 84: 379--412, 1977. 

8. Davis, J. D., B. J. Collins and M. W. Levine. The interaction 
between gustatory stimulation and gut feedback in the control of 
ingestion of liquid diets. In: Hunger Models: Computable 
Theory o f  Feeding Control, edited by D. A. Booth. London: 
Academic Press, 1978, pp. 109-142. 

9. deWit, H. and R. A. Wise. Blockade of cocaine reinforcement 
in rats with the dopamine receptor blocker pimozide but not 
with the noradrenergic blockers phentolamine and phenoxyben- 
zamine. Can. J. Psychol. 31: 195-203, 1978. 

10. Ettenberg, A., S. A. Cinavich and N. White. Performance ef- 
fects with repeated-response measures during pimozide- 
produced dopamine receptor blockade. Pharmac. Biochem. 
Behav. 11: 557-561, 1979. 

11. Fibiger, H. C., A. P. Zis and E. G. McGeer. Feeding and drink- 
ing deficits after 6-hydroxydopamine administration in the rat: 
similarities to the lateral hypothaiamic syndrome. Brain Res. 55: 
135-148, 1973. 

12. Fibiger, H. C., D. A. Carter and A. G. Phillips. Decreased 
intracranial self-stimulation after neuroleptics or 6-hydroxy- 
dopamine: evidence for mediation by motor deficits rather than 
by reduced reward. Psychopharmacology 47: 21-27, 1976. 

13. Fibiger, H. C. Drugs and reinforcement mechanisms: a critical 
review of the catecholamine theory. A. Rev. Pharmac. Toxicol. 
18: 37-56, 1978. 

14. Fouriezos, G. and R. A. Wise. Pimozide-induced extinction of 
intracranial self-stimulation: response patterns rule out motor or 
performance deficits. Brain Res. 103: 377-380, 1976. 

15. Franklin, K. B. J. and S. N. McCoy. Pimozide-induced extinc- 
tion in rats: stimulus control of responding rules out motor defi- 
cit. Pharmac. Biochem. Behav. 11" 71-75, 1979. 

16. German, D. C. and D. M. Bowden. Catecholamine systems as 
the neural substrate for intracranial self-stimulation: a hypoth- 
esis. Brain Res. 73: 381-419, 1974. 



442 X E N A K I S  A N D  S C L A F A N I  

17. Grupp, L. A. Time dependent action of pimozide on 
deprivation-induced water intake: evidence for a direct drug 
effect. Pharmac. Biochem. Behav. 4: 725-728, 1976. 

18. Jones, D. L. and G. J. Mogenson. Oral motor performance fol- 
lowing central dopamine receptor blockade. Eur. J. Pharmac. 
59: 11-21, 1979. 

19. Marshall, J. F. and P. Teiteibaum. Further analysis of sensory 
inattention following lateral hypothalamic damage in the rat. J. 
comp. physiol. Psychol. 86: 375-395, 1974. 

20. Marshall, J. F., J. S. Richardson and P. Teitelbaum. Nigrostri- 
atal bundle damage and the lateral hypothalamic syndrome. J. 
comp. physiol. Psychol. 87: 808-830, 1974. 

21. Marshall, J. F., D. Levitan and E. M. Stricker. Activation- 
induced restoration of sensorimotor functions in rats with 
dopamine-depleting lesions. J. comp, physiol. Psychol. 90: 
536-546, 1976. 

22. Nielson, E. B. and M. Lyon. Drinking behaviour and brain 
dopamine: antagonistic effect of two neuroleptic drugs 
(pimozide and spiroperidol) upon amphetamine or 
apomorphine-induced hypodipsia. Psychopharmacologia 33: 
299-308, 1973. 

23. Niemegeers, C. J. E. and P. A. J. Janssen. A systematic study 
of the pharmacological activities of dopamine antagonists. Life 
Sci. 24: 2201-2216, 1979. 

24. Oltmans, G. A. and J. A. Harvey. LH syndrome and brain 
catecholamine levels after lesions of the nigrostriatal bundle. 
Physiol. Behav. 8: 69-78, 1972. 

25. Phillips, A. G. and H. C. Fibiger. Decreased resistance to ex- 
tinction after haloperidol: implications for the role of dopamine 
in reinforcement. Pharmac. Biochem. Behav. 10: 751-760, 1979. 

26. Poschel, B. P. H. and F. W. Ninteman. Norepinephrine: a 
possible excitatory neurohormone of the reward system. Life 
Sci. 10: 782-788, 1963. 

27. Risner, M. E. and B. E. Jones. Role of noradrenergic and 
dopaminergic processes in amphetamine self-administration. 
Pharmac. Biochern. Behav. 5: 477-482, 1976. 

28. Rolls, E. T., B. J. Rolls, P. H. Kelly, S. G. Shaw, R. J. Wood 
and R. Dale. The relative attentuation of self-stimulation, eat- 
ing, and drinking produced by dopamine receptor blockade. 
Psychopharmacology 38: 219-230, 1974. 

29, Rosenblatt, W. H., K. Hutchins and H. M. Sinnamon. 
Pimozide's effects on ICSS depend on the interaction of reward 
and effort. Soc. Neurosci. Abstr. 5: 350, 1979. 

30. Rowland, N. and D. J. Engle. Feeding and drinking interactions 
after acute butyrophenone administration. Pharmac. Biochem. 
Behav. 7: 295-301, 1977. 

31. Smith, J. C., T. W. Castonguay, D. F. Foster and L. M. Bloom. 
A detailed analysis of glucose and saccharin drinking in the rat. 
Physiol. Behav. 24: 173-176, 1980. 

32. Smith, J. C. and D. F. Foster. Some determinants of intake of 
glucose+saccharin solutions. Physiol. Behav. 25: 127-133, 
1980. 

33. Stein, L. Self-stimulation of the brain and the central stimulant 
action of amphetamine. Fedn Proc. 23: 836--841, 1964. 

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

35. Valenstein, E. S., V. C. Cox and J. W. Kakolewski. Polydipsia 
elicited by the synergistic action of saccharin and glucose solu- 
tion. Science 157: 552-554, 1967. 

36. Wauquier, A. Neuroleptics and brain stimulation behavior. Int. 
Rev. Neurobiol. 21: 335-403, 1979. 

37. Wise, R. A. Neuroleptic attenuation of intracranial self- 
stimulation: reward or performance deficits? Life Sci. 22: 535- 
542, 1978. 

38. Wise, R. A. Catecholamine theories of reward: a critical review. 
Brain Res. 152: 215-247, 1978. 

39. Wise, R. A., J. Spindler and L. Legault. Major attenuation of 
food reward with performance-sparing doses of pimozide in the 
rat. Can. J. Psychol. 32: 77-85, 1978. 

40. Wise, R. A., J. Spindler, H. deWit and G. J. Gerber. Neurolep- 
tic induced "anhedonia"  in rats: pimozide blocks reward qual- 
ity of food. Science 210: 262-264, 1978. 

41. Yokel, R. A. and R. A. Wise. Increased lever pressing for am- 
phetamine after pimozide in rats: implications for a dopamine 
theory of reward. Science 187: 547-549, 1975. 

42. Yokel, R. A. and R. A. Wise. Amphetamine-type reinforcement 
by dopamine agonists in the rat. Psychopharmacology 58: 289- 
296, 1978. 

43. Zarevics, P. and P. E. Setler. Simultaneous rate-independent 
and rate dependent assessment of intracranial self-stimulation: 
evidence for the direct involvement of dopamine in brain rein- 
forcement mechanisms. Brain Res. 169: 499-512, 1979. 

44. Zis, A. P. and H. C. Fibiger. Neuroleptic-induced deficits in 
food and water regulation: similarities to the lateral hypotha- 
lamic syndrome. Psychopharmacologia 43: 63-68, 1975. 


