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PORTER, J. H. AND H. F. VILLANUEVA. Assessment of  pimozide's motor and hedonic effects on operant behavior in 
rats. PHARMACOL BIOCHEM BEHAV 31(4) 77%786, 1988.--The present study examined the effects of the neuroleptic 
pimozide on several measures of motor capacity and reinforcement efficacy in rats trained to respond according to a 
multiple random interval (RI) food reinforcement schedule (mean interreinforcement intervals of 10, 20, 40, 80, and 160 
sec). Pimozide (0.125, 0.25, 0.5, and 1.0 mg/kg) produced a dose-dependent suppression of response rates for all five RI 
schedules and a dose-dependent increase in response duration. An independent measure of motor activity in photocell 
activity chambers also was decreased by pimozide in a dose-dependent manner. Photocell activity was significantly 
correlated with response duration and with the Matching Equation parameter k. Thus, all three measures of motor 
performance revealed similar decreases in motor capacity at the high dose of pimozide. Reinforcement efficacy also was 
reduced by the 1.0 mg/kg dose of pimozide as indicated by an increase in the Matching Equation parameter Re. The 
parameters k and Re were not significantly correlated, suggesting that these two Matching Equation parameters do provide 
independent measures of motor capacity and reinforcement efficacy, respectively. The present results demonstrate the 
importance of obtaining measures other than simple response rates in order to assess drug effects on operant behavior. 

Pimozide Neuroleptics Motor capacity Reinforcement efficacy 
Response duration Rats Photocell activity Matching equation 

Multiple random interval schedule 

WHILE it is well known that neuroleptic drugs suppress 
operant responding in rats and other laboratory animals [see 
(4,42)], the mechanism for this effect remains unclear. Many 
[e.g., (6, 10, 32, 35)] have attributed this disruption of oper- 
ant behavior by neuroleptics to the motor side effects of 
these drugs (a motor deficit hypothesis), but Wise (41,42) has 
proposed the anhedonia hypothesis that neuroleptic drugs 
"interfere with operant behavior in a more subtle, interest- 
ing, and important way than by simply reducing the animal's 
performance c a p c i t y . . ,  neuroleptics blunt the hedonic im- 
pact of rewards . . . before they cause any significant im- 
pairment of the performance capability of the animal" [(42, 
p. 39]. 

One difficulty with both of these hypotheses is that each 
predicts the suppression of operant responding maintained 
by positive reinforcement. Since simple response rate meas- 
ures do not provide a way to distinguish between motor and 
hedonic (or other) effects of neuroleptic drugs, additional 
behavioral measures are needed. Fowler and his colleagues 
(7-9, 11-13, 15, 16, 39) have suggested that response dura- 
tion may provide a measure of motor effects that simple 
response rates cannot. In one study (7) rats were tested on a 

fixed ratio 10 food reinforcement schedule with haloperidol 
administration or under extinction testing conditions. While 
both groups showed similar declines in response rates over 
six days of testing, the haloperidol-treated rats displayed re- 
sponse durations that were significantly greater than those 
obtained under extinction conditions in the absence of any 
drug. According to Faustman and Fowler, these results indi- 
cate that neuroleptics and extinction may produce reduc- 
tions in operant responding by different mechanisms and that 
haloperidol has pronounced motor effects that cannot be 
measured simply by changes in response rates. 

Another approach (22-26) for measuring the motor and 
hedonic effects of neuroleptic (and other drugs) uses a 
curve-fitting technique known as the Matching Equation: B 
= kR/R + Re [see (20,21)], where B is the response rate 
(responses/minute), R is the reinforcement rate (reinforc- 
ers/hour) and k and Re are constants that measure the 
asymptotic response rate and the rate of reinforcement 
needed to maintain half of the asymptotic response rate, re- 
spectively. [Note: the constants k and Re are also called 
Bmax and Rha~f; see (20).] Heyman (22) argues that k provides 
a measure of motor capcity [see (30)] and that Re measures 
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reinforcement efficacy [see (18)]. Testing rats on a multiple 
variable interval schedule, Heyman found that a low dose 
(0.2 mg/kg) of  pimozide produced a decrease in reinforce- 
ment efficacy (as measured by an increase in Re), but 
produced no change in motor capacity (as measured by k). 
At a higher dose (0.6 mg/kg) both reinforcement efficacy and 
motor capacity were decreased in a dose-dependent manner 
(i.e., Re increased and k decreased). Heyman and Monaghan 
(26) also have demonstrated that Re was changed as a func- 
tion of the deprivation period (with water as the reinforcer) 
while k was not. When the lever weight was varied, k was 
changed and Re was not. Other studies have shown that Re 
was selectively changed when percent body weight was ma- 
nipulated with water as the reinforcer (2) and when pulse 
frequency was reduced for electrical self-stimulation in the 
brain (19), and that k was changed when the weight of the 
lever was manipulated (1,19). These findings support the 
contention that k and Re measure motor capacity and rein- 
forcement efficacy, respectively. 

The present study tested rats on a multiple random inter- 
val food reinforcement schedule with the neuroleptic 
pimozide. In addition to simple response rates, response du- 
ration was measured, and, prior to each operant test session, 
photocell activity was obtained to provide an independent 
measure of  the motor effects of pimozide. The Matching 
Equation parameters  k and Re were calculated from re- 
sponse rate and reinforcement rate data for those animals 
meeting the criterion for percent variance accounted for (see 
the Method section). Thus, the purpose of  the present study 
was to evaluate several different behavioral measures to de- 
termine if motor and hedonic effects of pimozide could be 
distinguished and measured independently of  each other. 

M E T H O D  

Subjects 

Fifteen adult male Sprague-Dawley albino rats served as 
subjects for this experiment (190-260 g). Subjects were indi- 
vidually housed in a temperature-controlled (22°C) animal 
colony room (7 a.m. light/7 p.m. dark cycle) with water con- 
tinuously available in the home cage. Body weights were 
maintained at 80% of  free-feeding weights by restricting daily 
rations of  MRH 3000 Rodent Chow. 

Apparatus 

Operant sessions were conducted in three BRS/LVE op- 
erant chambers (Model 020) housed in sound-attenuated 
cubicles. BioServe food pellets (45 rag) were delivered by a 
BRS/LVE pellet dispenser to the food cup located in the 
center of  the intelligence panel. A lever was located to the 
left of the food cup. 

Motor activity was measured using three enclosed plastic 
photocell  chambers (19×41×22 cm) that contained two 
photocell beams that bisected the width and length of  the 
chamber. The chambers had air holes for ventilation. Both 
operant and photocell  sessions were conducted in a dark- 
ened room with masking noise and ventilation provided by 
fans. Solid state programming equipment located in an adja- 
cent room controlled operant and photocell  sessions and re- 
corded data. 

Drugs 

Pimozide (Janssen Pharmaceutica) was dissolved in distil- 
led water  with 15 drops of 85% lactic acid plus 0.5 ml Tween 

80 to a stock concentration of 1.0 mg/ml. The stock concen- 
tration was diluted to concentrations of 0.5, 0.25, and 0.125 
mg/ml. All injections, including vehicle, were administered 
intraperitoneally in volumes of 1 ml/kg four hours prior to 
operant sessions. 

Procedure 

All subjects were magazine trained for four days begin- 
ning 24 hours after food deprivation was initiated. Subjects 
were then trained to barpress for food on a fixed ratio 1 
(FR1) reinforcement schedule for four days. Next,  the rein- 
forcement schedule was changed to a random interval 
schedule with a mean interreinforcement time of  ten seconds 
(RI 10-sec) for five days. On the third day of RI 10-sec train- 
ing, an audio cue (approximately 1800 Hz) was presented 
during the training session. For  the next six days, subjects 
responded on a multiple random interval (MULT RI) 
schedule consisting of ten  minutes o fRI  10-sec, a one-minute 
time-out period, and ten minutes of  RI 20-see. After respond- 
ing on the RI 10- and RI 20-sec schedules stabilized, addi- 
tional one-minute time-out and ten-minute RI 40-sec compo- 
nents were introduced. After three days of training, another 
one-minute time-out and an RI 80 schedule were added. 
After seven days of training, a final 1-minute time-out and an 
RI 160-sec component were added. Training on this five 
component MULT RI schedule continued for 24 days until 
the response rates stabilized to less than + 10% change over 
three test sessions. 

Thus, the MULT RI schedule consisted of five random 
interval schedules with mean interreinforcement times of 10, 
20, 40, 80 and 160 seconds. Each of the five components 
lasted for ten minutes and was accompanied by an audio tone 
cycling on and off at different frequencies. The RI 10-second 
component was accompanied by a constant tone, RI 20 by a 
tone cycling on and off at a rate of 1 per second, RI 40 by a 
tone cycling on and off 2 times per second, RI 80 by a tone 
cycling on and off4  times per second, and RI 160 by a tone 
cycling on and off 10 times per second. Each of  the five 
components were separated by a one-minute time-out period 
during which the house lights were extinguished, tones were 
silent, and responding was not reinforced. For  nine animals 
the MULT RI schedules were presented in order of  decreas- 
ing reinforcer density: 10, 20, 40, 80, 160. For  the other six 
animals the order of the five RI schedules was reversed (RI 
160, 80, 40, 20, 10 sec) and the accompanying audio cues 
were reversed. 

Photocell activity data was collected during the last ten 
days of the 24-day training period in order to adapt the 
animals to the photocell  chambers.  Photocell activity was 
recorded for fifteen minutes immediately prior to operant 
sessions. Each pimozide and vehicle dose was administered 
once in a counterbalanced order with a minimum of  three 
nondrug test days between each drug day. The number of 
responses,  number of  reinforcers, the total length of time (in 
seconds) the response lever was held down during each 
ten-minute component (response duration), and the total 
number of  responses emitted during the time-out periods 
were recorded for each session. Mean response duration per 
barpress was calculated for each component by dividing the 
total length of time the response lever was held down (to the 
nearest l/lo of a second) by the number of responses during 
that component.  Immediately prior to operant sessions on 
drug days,  subjects were placed in the photocell chambers 
for 15 min and the number of interruptions of  each photocell 
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beam was recorded. Activity data were not collected on 
nondrug day (except for the 10-day adaptation period during 
training). 

Data Analysis 

Dependent measures for operant sessions and photocell 
activity were analyzed with repeated measures analysis of 
variance (ANOVA). A preliminary analysis was performed 
to test for possible order effects for the rats tested with either 
an ascending or a descending order of RI schedule during the 
test sessions. The main effect for order was not significant, 
F(1,13)=3.99, p>0.05,  therefore, the data for these two 
groups of rats were combined for all further analyses. For  
responses per minute, reinforcers per hour, and mean dura- 
tion per barpress (in sec) both Dose and Schedule were in- 
cluded in the ANOVA. Where appropriate,  post hoc com- 
parisons were made in a Duncan's  Multiple Range Test (3). 

The Matching Equation constants k and Re were calcu- 
lated individually for each subject for each drug dose from 
the response rate (responses per minute) and reinforcement 
rate (reinforcers per hour) data in the same manner as 
Heyman (22). The method of least squares was used to de- 
termine the best-fitting values of k and Re for each drug 
dose. The Matching Equation is a nonlinear equation, and 
therefore, the least-squares solution produces nonlinear 
equations for k and Re. The procedure described by 
Wetherington and Lucas (40) was used for solving these 
nonlinear equations, representing the best-fitting values to 
near-machine accuracy. When k and Re are calculated, the 
percent of variance accounted for (VAF) by the Matching 
Equation is also determined. Because of the large variability 
in this measure in the present study, a selection criterion was 
established that the percent of variance accounted for had to 
be 50% or greater in order to include the estimates of k and 
Re for a subject for a given dose. The number of observa- 
tions included for each dose for analysis is shown in Table 3. 
The constants k and Re and percent of variance accounted 
for were analyzed separately with a Dunnett 's  test (3) in 
which each dose of  pimozide was compared to the vehicle 
condition. In order to access the relationship between the 
dependent measures,  Pearson product-moment correlation 
coefficients were calculated between k, Re, responses per 
minute, response duration, and photocell activity. Because 
of  the limited amount of  data (i.e., number of observations) 
available for each dose of pimozide and vehicle for the 
analysis of the matching equation constants, the data for all 
39 observations (see Table 3) were combined for the calcula- 
tion of  these correlation coefficients. Significant differences 
for all statistical analyses were at p<0.05. 

R E S U L T S  

Response Rates 

Figure 1 shows the mean responses per minute for each 
dose of pimozide for each component of the MULT RI 
schedule. Pimozide produced a significant (/9<0.001) dose- 
dependent suppression of  responding and there was a signifi- 
cant (p<0.001) decrease in response rates as the density of 
the RI schedules decreased (i.e., from RI 10-sec to RI 160- 
sec). The Dose x Schedule interaction also was significant 
(p<0.001). Post hoc tests revealed that responding was sig- 
nificantly (p<0.05) suppressed by the 0.25, 0.50 and 1.0 
mg/kg doses of pimozide relative to vehicle response rates 
during all five RI schedules. Post hoc comparisons within 
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FIG. 1. Mean responses per minute for each dose of pimozide are 
shown for each random interval schedule. 

doses of  pimozide revealed that the interaction was due to 
the lack of significant differences between the RI 20-see, RI 
40-sec and RI 80-sec response rates for the 1.0 mg/kg dose of 
pimozide. The response rates for these RI schedules were 
significantly different for vehicle and the 0.125 and 0.25 
mg/kg doses. For  the 0.50 mg/kg dose the difference be- 
tween the RI 20-sec and RI 40-see response rates was not 
significant. 

While the significant Dose x Schedule interaction indi- 
cates that different doses of pimozide had differential effects 
on response rates dependent on the RI schedule, it does not 
address possible rate-dependent effects of the drug. A rate- 
dependency analysis [see (5)] assesses the effects of a single 
drug dose over a range of control response rates. Therefore, 
a rate-dependency analysis on the response rate data was 
performed separately for each dose of  pimozide by plotting 
ratios of  drug response rate/vehicle response rates as a func- 
tion of vehicle response rates. In this analysis vehicle re- 
sponse rates were used as the control response rates, The 
results are shown in Table 1 for each dose of  pimozide. As 
the slopes for each dose indicate, there was no rate- 
dependent effect evident as all four slopes were essentially 
zero. The decreasing values of the Y-intercept indicate the 
dose-dependent effect of  pimozide that was evident from the 
ANOVA on response rates (see Fig. I). 

Reinforcement Rates 

The ANOVA on mean reinforcers per hour revealed that 
the only significant factor was Schedule (p<0.001). As ex- 
pected, the mean number of reinforcers per hour decreased 
as the RI length became longer. The mean reinforcers per 
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TABLE 1 
RATE-DEPENDENCY ANALYSIS ON RESPONSE RATES 

Pimozide Dose 

Vehicle 
Response Rates 0.125 mg/kg 0.25 mg/kg 0.50 mg/kg 1.0 mg/kg 

30.45 0.95 0.62 0.46 0.28 
(RI 160-sec) 
40.35 0.84 0.69 0.60 0.31 
(R1 80-sec) 
59.01 0.95 0.69 0.45 0.28 
(R1 40-sec) 
68.51 1.06 0.78 0.51 0.26 
(RI 20-sec) 
65.68 0.97 0.79 0.49 0.31 
(RI 10-sec) 

Y-Intercept 0.79 0.51 0.53 0.30 
Slope 0.003 0.004 -0.0006 -0.0003 

Ratios of drug response rates/vehicle response rates as a function of vehicle re- 
sponse rates (responses/minute) are shown for each dose of pimozide. The 
Y-intercept and slope for each function are also shown. The random interval (RI) 
schedule for each vehicle response rate is shown in parentheses. 

hour for each RI schedule (averaged across all doses of 
pimozide) were: RI 10-sec=339.1; RI 20-sec=174.1; R! 40- 
sec=84.5; RI 80-sec=41.0; RI 160-sec=22.2. 

Response Duration 

Figure 2 shows the mean duration (sec) per barpress for 
each dose of  pimozide for each component of  the M U L T  RI 
schedule. Pimozide produced a significant (p<0.001) dose- 
dependent increase in mean duration. As the density of the 
RI schedules decreased, the response duration increased 
significantly (p<0.01). While the increase in duration was 
most evident for the higher doses of pimozide, the Dose x 
Schedule interaction failed to reach significance (p<0.07) 
because of  the large amount of  variability in the data. Dun- 
can's post hoc tests showed that response duration was sig- 
nificantly (p<0.05) increased by the 0.50 and 1.0 mg/kg doses 
of  pimozide. 

Time Out Responding 

Table 2 shows the mean number of  responses made dur- 
ing the Time Out components for each dose of  pimozide. 
Pimozide produced a significant (p<0.02) decrease in re- 
sponding during the Time Out components. Post hoc tests 
showed that Time Out responding for the 1.0 and 0.50 mg/kg 
doses of pimozide was significantly (p<0.05) less than for 
vehicle. 

Photocell Activity 

Mean photocell activity (mean number of beam interrup- 
tions) for each dose of pimozide also is shown in Table 2. 
ANOVA revealed a significant (p<0.001) decrease in photo- 
cell activity, and post hoc tests revealed significant (p<0.05) 
decrease in activity for the 0.50 and 1.0 mg/kg doses. 
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pimozide is shown for each random interval schedule. 
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TABLE 2 

MEAN NUMBER OF RESPONSES DURING THE TIME OUT COMPONENTS AND MEAN 
PHOTOCELL ACTIVITY FOR EACH DOSE OF PIMOZIDE 

Pimozide Dose 

Vehicle 0.125 mg/kg 0.25 mg/kg 0.50 mg/kg 1.0 mg/kg 

Time Out 68.3 54.7 41.0 31,1" 18.9" 
Responding (19.7) (12.0) (14.8) (8,1) (6.0) 
Photocell 341.8 311.1 258.3 214.3" 141.3* 
Activity (25.6) (31.3) (28.5) (34.5) (19.5) 

*Significantly different from vehicle (p <0.05). 
SEM is shown in parentheses. 

TABLE 3 

MATCHING EQUATION CONSTANTS k AND Re AND THE PERCENT OF VARIANCE 
ACCOUNTED FOR (VAF) FOR EACH DOSE OF PIMOZIDE 

Vehicle 0.125 mg/kg 0.25 mg/kg 0.50 mg/kg 1.0 mg/kg 
(N = 9) (N = 8) (N = 8) (N = 6) (N = 8) 

k 107.95 121.00 96.22 67.12 45.54* 
(13.8) (14.4) (13.0) (15.8) (2.7) 

Re 92.41 130.22 303.85 174.57 386.07* 
(30.0) (35.4) (84.1) (63.1) (133.7) 

%VAF 74.07 81.07 82.65 84.61 85.65 
(4.9) (4.3) (1.9) (4.8) (3.3) 

*Significantly different from vehicle (p<0.05). 
The number of observations (N) for each dose and SEM are shown in parentheses. 

Matching Equation Constants 

In addition to determining the constants k and Re, the 
solutions for the nonlinear equations also determine the per- 
cent of variance accounted for (VAF). A selection criterion 
of 50% or greater was used to determine inclusion of a sub- 
ject 's  data for each dose of pimozide. The number of obser- 
vations included for anlaysis for each dose of pimozide is 
shown in Table 3, along with mean values for k, Re and 
percent of variance. The Dunnett 's  tests revealed that the 1.0 
mg/kg dose of pimozide produced a significant (p<0.05) in- 
crease in Re (i.e., a decrease in reinforcement efficacy) and a 
significant (p<0.05) decrease in k (i.e., a decrease in motor 
capacity), but there was no significant change in percent 
VAF across the different doses of pimozide. 

Correlations 

Table 4 presents the correlation coefficients between k, 
Re, responses per minute, response duration, and photocell 
activity for the 39 observations (Table 3) that met the percent 
VAF selection criterion. There was no significant correlation 
between k and Re; however, Re was negatively correlated 
(p<0.01) with response rates and positively correlated 
(p <0.05) with response duration. Response rates were posi- 
tively correlated (p<0.01) with k and negatively correlated 
(p<0.001) with response duration. Photocell activity was 
positively correlated (p<0.05) with the constant k and nega- 
tively correlated (p<0.05) with response duration. 

TABLE 4 

CORRELATION COEFFICIENTS BETWEEN k, Re, RESPONSES 
PER MINUTE (R/M), RESPONSE DURATION (DUR) AND PHOTOCELl_ 
ACTIVITY (PC) FOR THE 39 OBSERVATIONS USED TO CALCULATE 

THE MATCHING EQUATION CONSTANTS 

k R/M DUR PC 

Re -0.049 -0.481t 0.404* -0.176 
k 0,464t -0.259 0.366* 
R/M -0.6625 0.264 
DUR -0.395* 

*p<0.05; t-p<0.01; :~p<0.001. 

DISCUSSION 

The present results demonstrated that the neuroleptic 
pimozide impaired both motor capacity and reinforcement 
efficacy in rats responding for food reward on a MULT RI 
reinforcement schedule. Significant correlations were found 
between photocell activity and response duration and the 
Matching Equation parameter k. All three of these depend- 
ent variables are believed to provide measures of the per- 
formance (i.e., motor) capacity of the animal. Reinforcement 
efficacy was significantly reduced (as indicated by an in- 
crease in Re) by the 1.0 mg/kg dose of pimozide. Inter- 
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estingly, the correlation between k and Re ( r= - .049 )  was 
not significant, suggesting that the two Matching Equation 
parameters  do provide independent measures of  motor ca- 
pacity and reinforcement efficacy, respectively. 

The dose-dependent reduction of  response rates by 
pimozide in this study confirms numerous previous studies 
that have demonstrated the suppression of operant respond- 
ing by neuroleptics [see (4,42)]. While the vast majority of 
these studies have used a single reinforcement schedule (of- 
ten fixed ratio 1), the use of  MULT R1 schedule in this study 
allowed a rate-dependency analysis to be performed. This 
analysis showed that there was no rate-dependent effect for 
any of the pimozide doses tested in this study. Heyman (22) 
also reported that pimozide did not produce a rate-dependent 
effect when responding by rats was reinforced according to a 
multiple variable interval schedule (mean interreinforcement 
intervals were 10, 20, 40, 80, and 160 sec). 

While response rates were suppressed in a dose- 
dependent manner in the present study, rates of  reinforce- 
ment were not significantly changed. This obviously is in 
contrast to results seen in studies using fixed or variable 
reinforcement schedules. Kaempf  and Porter (29) found that 
a 1.0 mg/kg dose of  pimozide significantly reduced the 
number of  reinforcers earned on a fixed interval (FI) 60-sec 
schedule, although the rats still received about two-thirds of 
the available reinforcers. Also, these rats continued to dis- 
play a fixed interval pattern of  responding (i.e., a FI "scal-  
lop").  Greenshaw, Sanger and Blackman (17) reported a 
similar decrease in response rates for rats responding on a FI  
60-sec schedule as a function of increasing pimozide dose. 
Examination of  cumulative records suggests that the FI  
" sca l lop"  was not disrupted as much as response rates by 
the 1.0 mg/kg dose of  pimozide; also, there was no systema- 
tic change in the postreinforcement pause at this dose. How- 
ever, there was an increase in session length in order to 
complete 60 fixed intervals. These findings suggest that 
while response rates are suppressed by pimozide, rats are 
still capable of  earning most or all of  the available reinforcers 
on an interval-based reinforcement schedule by responding 
in a pattern appropriate for the schedule. 

The motor deficit hypothesis (6, 10, 32, 35) attributes the 
disruption of operant behavior by neuroleptics to the motor 
side effects of these drugs. The results of the present study 
clearly support the notion that suppression of  operant re- 
sponding is at least partially attributable to the motor side 
effects of  pimozide (certainly at the higher doses). Photocell 
activity, which provides a measure of spontaneous motor 
activity (34,36), was significantly suppressed by the two 
highest doses of  pimozide. This confirms numerous previous 
reports of  the effects of neuroleptics on motor activity meas- 
ures [e.g., (2%29, 37)] and correlates with clinical reports of 
the motor side effects of  neuroleptics drugs in humans [e.g., 
(14, 31, 38)]. Fowler  and his colleagues (7-9, 11-13, 15, 16, 
39) contend that response duration provides a measure of 
motor effects not obtained with simple response rates. In the 
present study response duration was significantly increased 
by the 0.25, 0.50, and 1.0 mg/kg doses of  pimozide and there 
was a significant correlation between photocell activity and 
duration. There also was a significant correlation between 
photocell  activity and the Matching Equation parameter  k. 
Heyman (22-26) and others [see (30)] have argued that k 
provides a measure of  the motor capacity of  the animal and 
have reported that neuroleptics produce a decrease in the 
value of k. The present study also found that k was signifi- 
cantly decreased by pimozide (1.0 mg/kg dose). 

The anhedonia hypothesis [see (42)] suggests that 

neuroleptic drugs decrease the reward (hedonic) value ot 
reinforcers. As discussed in the Introduction, the Matching 
Equation parameter  Re is believed to provide a measure of 
reinforcement efficacy in operant studies [see (18, 22-26)]. 
Thus, the use of  this parameter  provides an estimate of 
changes in the reinforcement efficacy not available from 
simple response rates. In the present study reinforcement 
efficacy was significantly decreased by the highest dose of 
pimozide (as indicated by an increase in the parameter  Re). 
Thus, the highest dose of pimozide produced both reward 
and motor impairments in rats responding for food reward. 
These results are in agreement with a study by Hamilton, 
Stellar and Hart (19) that found similar changes in k and Re 
in self-stimulating rats with 0.125, 0.25, and 0.5 mg/kg doses 
of pimozide. 

The results of the present study and the study by Hamil- 
ton et al. (19) differ from studies by Heyman (22) and 
Heyman et al. (24). In these studies, it was found that low 
doses of pimozide (22,24) and chlorpromazine (24) produced 
an increase in Re (i.e., decreased reward) without changing 
k. High doses of  both neuroleptics produced changes in both 
parameters (i.e., both motor and reward deficits). There are 
a number of procedural differences among these studies that 
may explain these discrepant results. For  example, the 
Hamilton et al. study (19) used self-stimulation as the re- 
ward, whereas the other studies used food (22) or water (24) 
as the reinforcer. In the present study, there was more var- 
iability in the percent variance accounted for when the 
Matching Equation parameters were calculated than in the 
other studies. Because of  this variability, a selection crite- 
rion of 50% or greater was used to include estimates of  k and 
Re for a given subject for a given dose. [A similar criterion 
was used in the Hamilton et al. (19) study.] The mean percent 
VAF in the present study ranged from 74.07%, to 85.69~, 
whereas the other studies typically reported values greater 
than 90% [although the variability of this measure was 
greater in the Hamilton et al. study (19) than in the Heyman 
(22) study]. Referring to Table 3, increases in Re were evi- 
dent at the lower doses of  pimozide, although these differ- 
ences failed to reach significance. With better matching (i.e., 
greater percent VAF), perhaps these doses of pimozide 
would have produced significant increases in Re in the pres- 
ent study. As can be seen in Fig. l ,  response rates were 
higher during the RI 20-sec schedule than during the RI 
10-sec schedule (except for the 1.0 mg/kg dose ofpimozide) .  
We are currently determining if better  matching can be ob- 
tained by omitting the RI 20-sec schedule and using a four 
component multiple schedule. 

While the present and other studies (19, 22-26) have 
found that pimozide changed both k and Re, one study (33) 
reports a possible exception. Morley et al. inferred from 
their data that pimozide decreased k without changing Re 
(i.e., a motor deficit only). However,  they only tested the 
rats on two variable interval schedules and therefore did not 
have enough data points to actually estimate the parameters 
k and Re. Thus, it is difficult to directly compare these find- 
ings with other studies in which k and Re have actually been 
estimated from the data. 

In conclusion, the present study clearly demonstrated the 
importance of  obtaining measures other than simple re- 
sponse rates in order to assess subtle drug effects. Response 
duration and the Matching Equation parameter  k both pro- 
vided a measure of  motor capacity and both were signifi- 
cantly correlated with an independent measure of motor ac- 
tivity (i.e., photocell activity). 

The changes in the Matching Equation parameter  Re indi- 
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cated that  pimozide also produced  reward deficits. Again,  
because  of  the small number  of  observat ions  available for 
analysis,  only the increase in Re for the 1.0 mg/kg dose 
reached significance. The  utility of  the Matching Law for 
interpret ing drug action seems to be clear when  an analysis 
o f  individual subjects is used [see (19, 22-24)]. Its use on 

analysis of  group data as in the present  study was hampered  
in part by the variability evident  in the data. Hopeful ly ,  as 
the behaviora l  procedures  are ref ined and variabili ty in 
matching is reduced,  the usefulness o f  the Matching Law for 
interpreting drug effects with group data will be increased. 
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