
Pharmacology Biochemistry and Behavior, Vol. 53, No. 1, pp. 115-122, 1996 
1995 Elsevier Science Inc. 

Printed in the USA. All rights reserved 
0091-3057196 $15.00 + .OO 

ELSEVIER 

0091-3057(95)02002-Q 

Effects of Chlorpromazine and 
Diazepam on Time Estimation Behavior 

and Motivation in Rats 

S. A. FERGUSON’ AND M. G. PAULE 

Division of Neurotoxicology, National Center for Toxicological Research, 
3900 NCTR Road, Jefferson, AR 72079 

Received 13 May 1994 

FERGUSON, S. A. AND M. G. PAULE. Effects of chlorpromazine and diazepam on time estimation behavior and 
motivation in rats. PHARMACOL BIOCHEM BEHAV 53(l) 115-122, 1996. -The effects of chlorpromazine and diaze- 
pam on performance of two operant tasks, one modelling time estimation and the other motivation to work for food 
reinforcers, were investigated in rats. These same tasks had been used previously in rhesus monkeys to assess the effects of 
chlorpromazine and diazepam. Rat performance of the time estimation task [temporal response differentiation (TRD)] was 
nearly identical to that previously described in monkeys. This performance similarity across these two species occurred despite 
slightly different methodologies. Performance of the motivation task [progressive ratio (PR)] was clearly different between 
rats and adult monkeys in that rats exhibited lower values on all PR endpoints. Acute administration of chlorpromazine 
[0.03-5.6 mg/kg, intraperitoneally (IP)] caused decrements in rat TRD and PR performance at doses 2 1 .O mg/kg. Acute 
administration of diazepam (0.25-4.0 mg/kg, IP) altered TRD performance only. The effects of chlorpromazine and diaze- 
pam in rats were similar to those previously noted in the monkey, indicating the potential utility of rat performance in these 
operant tasks to predict drug effects in the rhesus monkey. 

Operant test battery Progressive ratio 
Temporal response differentiation 

Chlorpromazine Diazepam Motivation Time estimation 

THE NATIONAL CENTER for Toxicological Research 
(NCTR) operant test battery (OTB) has been used to evaluate 
the cognitive performance of children (18) and rhesus mon- 
keys [see (14) for a general description] on five tasks that 
are thought to model different central nervous system (CNS) 
functions. Cross-species comparisons indicated that OTB per- 
formance of well-trained rhesus monkeys is nearly identical to 
that of 4- to S-year-old children (19), suggesting extremely 
close parallels in certain aspects of brain function. In that 
report, it was suggested that operant behaviors in other ani- 
mals may also serve as useful models of complex brain func- 
tion (19). Because OTB performance has been previously in- 
vestigated in two primate species (i.e., the child and the rhesus 
monkey), modeling these neurobehavioral functions in a non- 
primate animal model could provide greater insight into cross- 
species comparisons of operant performance. Accordingly, 
the current study reports on the use of similar operant para- 

digms in rats, comparing baseline performance and perfor- 
mance after acute drug administration to that previously de- 
scribed for rhesus monkeys. 

Cross-species comparisons of operant behavior can be par- 
ticularly useful in pharmacology and toxicology, especially 
when human and/or monkey performance can be compared 
with that of rodents. Certain evaluations (e.g., neurochemical, 
neurohistological) are more easily conducted in rodents than 
primates. If rodents and monkeys exhibit similar performance 
on identical operant tasks and the administration of pharma- 
cological compounds alters performance similarly, future in- 
vestigations can then search for similar neurological processes 
controlling such behavior. As an initial step in this direction, 
Pang and colleagues (13) described similar performance be- 
tween rats and humans on an attentional task and suggested 
that rats could potentially be used to examine neuronal mecha- 
nisms underlying attentional processes. 

’ Requests for reprints should be addressed to S. A. Ferguson, Ph.D., Division of Reproductive & Developmental Toxicology, National Center 
for Toxicological Research, 3900 NCTR Road, Jefferson, AR 72079. E-mail: sferguson@fdant.nctr.fda.gov 
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For comparison to previously described monkey perfor- 
mance, two tasks were chosen from the NCTR OTB for use 
in the current study: the temporal response differentiation 
(TRD) and progressive ratio (PR) tasks. The TRD task is 
thought to model time estimation behavior (14), although it 
differs from performance in differential reinforcement of low 
response rate (DRL) schedules that are typically used to assess 
this type of behavior. In the TRD task, subjects must initiate 
and maintain a response for a specific period of time, rather 
than withhold responding for a specific period of time as in 
DRL schedules. TRD behavior has rarely been assessed in rats 
(but see Refs. 9 and 10 for a similar task, and Ref. 2); how- 
ever, TRD behavior in rhesus monkeys has been studied in this 
laboratory for several years. To date, the only cross-species 
comparison on timing behavior is an early report (10) describ- 
ing human, monkey, and rat performance. In that study, how- 
ever, the time estimation required was 1 .OC-1.27 s whereas in 
our laboratory, the time estimation required is significantly 
longer (lo-14 s). Finally, McMillan and Patton (10) used dif- 
ferent reinforcers for rats and monkeys (water and food, re- 
spectively). Here, the reinforcer was food for both species. 

The PR task is thought to model motivation to work for 
reinforcers [food pellets in the previous monkey studies and 
money (nickels) in the previous human studies] in that the 
subject must make an increasing number of responses for each 
subsequent reinforcer. Rat PR performance as an index of 
motivation has been studied previously (7,8,28); however, a 
cross-species comparison has not been previously reported. 

In addition to extensively describing rhesus monkey op- 
erant performance, the NCTR monkey OTB has been used in 
a variety of psychopharmacological assessments. Those stud- 
ies have demonstrated the differential sensitivity of the five 
OTB tasks in rhesus monkeys to the acute effects of a variety 
of psychotropic agents (e.g., caffeine, pentobarbital, physo- 
stigmine, phencyclidine, MK-801, cocaine, d-amphetamine, 
morphine, A-9-tetrahydrocannabinol, marijuana smoke, diaz- 
epam, and atropine) (1,4,16,19,20-27), indicating that such 
compounds affect neurobehavioral functions in unique ways 
(see Ref. 14 for a discussion). 

Whether such compounds might differentially affect rat 
neurobehavioral functions in a manner similar to that pre- 
viously described in the monkey was of particular importance 
for the current study. The phenothiazine chlorpromazine and 
the benzodiazepine diazepam were selected for investigation 
because of their effects on TRD and PR performance in the 
monkey. Specifically, TRD and PR behavior were equally sen- 
sitive to the acute effects of chlorpromazine (3); however, 
TRD behavior was more sensitive to disruption by diazepam 
administration than was PR behavior (27). Such a psycho- 
pharmacological comparison of drug effects on rat and pri- 
mate behavior using identical tasks modeling time estimation 
and motivation has not been previously reported. 

The acute effects of chlorpromazine and diazepam on fore- 
limb and hindlimb grip strength were also measured in the rat 
as a general indication of motor effects. Similar assessments 
were not performed as part of the previous monkey studies; 
however, such measurements in the rat have been described 
as providing valuable information about fore- and hindlimb 
neuromuscular function, particularly with regard to the ef- 
fects of psychopharmacological compounds (11). Thus, if per- 
formance of the operant tasks indicated drug-induced impair- 
ments, grip strength data allowed concomitant assessments of 
the fore- and hindlimb neuromuscular alterations caused by 
these drugs. In addition, these measurements allowed an eval- 
uation of whether drug-induced operant deficits might be re- 

lated to a more generalized drug effect on neuromuscular dys- 
function. 

METHODS 

Subjects 

The subjects were six male Sprague-Dawley rats (non- 
littermates) obtained from the NCTR breeding colony. Sub- 
jects were individually housed at weaning [postnatal day 
(PND) 211 in standard Plexiglas cages lined with wood chips 
with ad lib access to water. The housing room was maintained 
on a 12 : 12 hour light cycle, and temperature and humidity 
were maintained at 21 OC and 45-55%, respectively. 

Apparatus 

All operant test sessions were conducted in two identical 
operant behavior chambers with internal measurements of 
24.8 x 22.9 x 21.0 cm. Each chamber contained a front pan- 
el instrumented with two retractable response levers, each po- 
sitioned below a stimulus light and separated by a reinforcer 
trough. Individual chambers were inside a sound-attenuated 
box. Reinforcer (45 mg dustless precision food pellet, Bio- 
Serve, Frenchtown, NJ) delivery was accompanied by the 
noise of the pellet dispenser operation and illumination of a 
light above the reinforcer trough. Each chamber and panel 
were controlled by a microcomputer, which administered the 
behavioral tasks and recorded the behavioral responses. 

Forelimb and hindlimb grip strength were measured using 
a push-pull strain gauge apparatus (Chatillon Model DPP, 
San Diego Instruments, San Diego, CA) (see Ref. 11 for a 
description of the apparatus). 

Behavioral Procedure 

Operant testing. Beginning on PND 70, subjects were grad- 
ually food-deprived to 80-85% of their free-feeding weights 
and maintained at this weight throughout the experiment. On 
PND 90, training for the TRD task began, and after a specific 
criterion (i.e., subjects were working at a minimum 7 s dura- 
tion lever hold) was achieved on that task, training for the PR 
task began. Details of the training and final parameters for 
these tasks are described in Ferguson et al. (2). All subjects 
were performing under the final TRD and PR parameters by 
PND 170. Each test session was 50 min (40 min for the TRD 
task and 10 min for the PR task) and sessions were conducted 
Monday through Friday at the same time each day and in the 
same operant chamber for individual subjects. 

Grip strength. Beginning on PND 150, forelimb and hind- 
limb grip strengths were measured three times a week (Tues- 
day, Thursday, and Friday) immediately after completion of 
operant testing. Each rat was placed on the apparatus and 
pulled gently by the tail until its forelimbs first grasped and 
then pulled away from the forward-facing bar. The subject 
was then pulled by the tail until its hindlimbs contacted, 
grasped, and released the rear bar. Three trials were conduct- 
ed per test day and the daily means were used in the data 
analyses. 

TRD 

The TRD task was identical to that previously described 
for rats (2) and to that used in the NCTR operant test battery 
(see Refs. 3 and 4 for details). Here, the left lever was extended 
(the right lever was retracted) and the stimulus light above it 
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was on. Subjects were required to hold the lever in the de- 
pressed position for a minimum of 10 s but no longer than 
14 s. Releasing the lever within this 4 s window resulted in 
reinforcer delivery; releasing the lever too early or too late 
ended the ongoing trial, after which the subject could immedi- 
ately begin another trial. The maximum number of reinforcers 
allowed during any TRD session was 120. The TRD task 
ended if subjects obtained the maximum number of rein- 
forcers or 40 min had elapsed. 

PR 

The PR task was identical to that previously used in rats 
(2) and to that used in the NCTR operant test battery (see 
Refs. 3 and 4 for details). Here, the right lever was extended 
(the left lever was retracted) and the stimulus light above it 
was on. Initially, one or two lever presses (depending upon the 
individual subject but the same for each subject every test 
day) resulted in reinforcer delivery. The number of responses 
required for the next reinforcer was increased by the initial 
number of lever presses required for the first reinforcer. Thus, 
if two lever presses were required for the initial reinforcer, 
four lever presses were required for the next, then six, eight, 
and so forth. The ratio increments were chosen such that 
marked periods of pausing generally occurred during each 
baseline or vehicle PR session. The PR task began immedi- 
ately after the TRD task and lasted 10 min. Subjects rarely 
earned more than 30 reinforcers during any PR session (maxi- 
mum number of reinforcers allowed during any PR session 
was 120). 

Drug and Dosing Procedure 

Beginning on PND 251, each subject was injected intraperi- 
toneally (IP) with physiological saline on Tuesdays, Thurs- 
days, and Fridays 15 min prior to operant testing as a control 
for chlorpromazine injections. Beginning on PND 380, each 
subject was similarly injected with the vehicle for diazepam 
[propylene glycol 40070, EtOH lo%, benzyl alcohol IS%, 
benzoic acid in water (0.015 mg/ml) 48.5%) on Tuesdays, 
Thursdays, and Fridays 15 min prior to operant testing as 
a control for diazepam injections. Drug (chlorpromazine or 
diazepam) injections were given 15 min prior to operant test- 
ing on Tuesdays and/or Fridays while vehicle injections were 
given on Tuesdays, Thursdays, and/or Fridays. Testing with- 
out prior injection was conducted on Mondays and Wednes- 
days. The chlorpromazine portion of the study was completed 
prior to beginning the diazepam portion of the study. 

Chlorpromazine (Sigma Chemical, St. Louis, MO) was dis- 
solved in saline so that the final injection volume was 1 .O ml/ 
kg. Doses of chlorpromazine (0.03, 0.1, 0.3, 1 .O, 3.0, and 5.6 
mg/kg) were injected IP and administered in a randomized 
order and all doses were given twice. After the last dose, sub- 
jects continued to receive IP injections of saline on Tuesdays, 
Thursdays, and Fridays for 2 weeks. 

Diazepam (Elkins-Sinn, Inc., Cherry Hill, NJ) was diluted 
with vehicle such that the final injection volume was 1.0 ml/ 
kg. Doses of diazepam (0.25, 0.5, 1 .O, 2.0, and 4.0 mg/kg) 
were injected IP and administered in a randomized order and 
all doses were given twice. After the last diazepam dose, sub- 
jects continued to receive IP injections of vehicle on Tuesdays, 
Thursdays, and Fridays for 2 weeks. 

Behavioral Endpoints 

Endpoints measured in the operant tasks were identical to 
those used in the NCTR OTB (3,4) and included: percent task 

completed (PTC), response rate (RR), accuracy (TRD only), 
duration of lever hold (TRD only), and breakpoint (PR only). 

PTC. The PTC data were measures of a predetermined 
performance criteria and are functions of both RR and re- 
sponse accuracy (ACC). The PTC measure for each task was 
calculated by dividing the total number of reinforcers deliv- 
ered by 120 (the maximum number of reinforcers possible for 
each task) and multiplying this quotient by 100. The PTC 
endpoint is a convenient and comprehensive measure showing 
intra-animal stability in rhesus monkeys and has proven useful 
for comparing drug effects on performance across tasks (14). 

RR. RRs were calculated by dividing the total number of 
lever presses by the total task time (in seconds). 

ACC. ACCs were calculated for the TRD task by dividing 
the total number of correct lever holds by the total number of 
lever holds and multiplying this quotient by 100. ACC was not 
applicable for the PR task (i.e., no incorrect responses were 
possible). 

Duration of lever hold. Duration of lever hold was calcu- 
lated for the TRD task by dividing the cumulative duration of 
lever holds (in seconds) by the total number of lever presses. 

Breakpoint. For the PR task, breakpoint was defined as 
the number of lever presses made for the last reinforcer 
earned. 

Grip strength. Forelimb and hindlimb grip strengths (in 
kg) were averaged over the three trials/test day, providing a 
single forelimb and single hindlimb measurement/test day. 

Statistical Analysis 

Between the end of the chlorpromazine portion of the 
study and the beginning of the diazepam portion of the study, 
one subject died of unrelated causes. Another subject died of 
unrelated causes after receiving only one of each of the test 
doses of diazepam. Data for those test sessions for this animal 
were similar to those of other subjects receiving the same dose; 
thus, these data (one test session/dose, rather than two) were 
included in the analyses. 

Separate repeated measures analyses of variance (ANOVAs) 
were conducted for the chlorpromazine and diazepam por- 
tions of the study. Data from the two drug sessions at each 
dose were pooled and the mean of these two sessions was used 
in statistical analyses. All rats exhibited stable preexposure 
baselines for the TRD and PR tasks and for grip strength 
assessments. As in previous monkey studies, stable perfor- 
mance was defined as that having a standard error of less than 
15% of the mean for saline or vehicle sessions. For TRD data 
to be included in the accuracy analyses, a minimum of three 
trials (i.e., three lever presses) must have been completed. For 
each behavioral endpoint in each task, the overall effect of 
drug treatment on performance was determined using a one- 
way repeated measures ANOVA. Thus, for the chlorproma- 
zine portion of the study, there were 10 separate repeated 
measures ANOVA (TRD PTC, PR PTC, TRD ACC, PR RR, 
etc.). If overall significance was evident (p < 0.05), then per- 
formance at each dose was compared to vehicle performance 
using a Bonferroni correction (12). 

RESULTS 

Overall Effect of Control Injections 

When compared to baseline (noninjection) data, vehicle 
injections during both the chlorpromazine and diazepam por- 
tions of the study produced no statistically significant effects 
on any of the endpoints examined. 
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TRD Task 

Chlorpromazine effects. Chlorpromazine produced signifi- 
cant decreases in TRD performance at doses of 3.0 and 5.6 
mg/kg in PTC, RR, accuracy, and mean duration of lever 
hold (see Table 1 and Fig. 1). Doses lower than 3.0 mg/kg had 
no significant effects on any TRD measure. 

Diazepam effects. Diazepam produced a significant dose- 
dependent decrease in PTC at the 2.0 mg/kg dose; perfor- 
mance at 4.0 mg/kg was aIso decreased but increased variabil- 
ity at this dose prevented demonstration of a significant effect 
(see Table 2 and Fig. 3). RR was unaffected at any dose. 
Accuracy and mean duration of lever press were decreased at 
4.0 mg/kg; however, increased variability at this dose also 
prevented the demonstration of significant effects. 

PR Task 

Chlorpromazine effects. Chlorpromazine produced signifi- 
cant dose-dependent decreases in PTC at doses of 1.0, 3.0, 
and 5.6 mg/kg (see Table 1). RR and breakpoint were also 
significantly decreased at doses of 3.0 and 5.6 mg/kg. 

Diazepam effects. PTC, RR, and breakpoint were not 
significantly affected by any dose of diazepam tested (see 
Table 2). 

Grip Strength 

Chlorpromazine effects. Both forelimb and hindlimb grip 
strengths were dose-dependently decreased by chlorproma- 
zine. This effect was significant at the highest dose of 5.6 mg/ 
kg (see Table 1). 

Diazepam effects. At 4.0 mg/kg, diazepam significantly 
decreased forelimb grip strength; hindlimb grip strength was 
unaffected by any dose tested (see Table 2). 

Comparison to Monkey Data 

Vehicle data from the corresponding monkey studies (3,27) 
are reprinted in Figs. 2 and 4 and Tables 1 and 2 for the sake 
of comparison. 

DISCUSSION 

Rat performance of two tasks contained in the NCTR OTB 
after acute administration of chlorpromazine or diazepam was 
assessed and compared with data from earlier studies of per- 
formance on identical tasks by rhesus monkeys. In the TRD 
task that which is thought to model time estimation, baseline 
performance of rats was very similar to that of well-trained 
rhesus monkeys. In the PR task that is thought to model 
motivation to work for food reinforcers, baseline RRs and 
breakpoints for rats were similar to those of adolescent mon- 
keys but less than half those of adult monkeys. Acute adminis- 
tration of chlorpromazine or diazepam produced significant 
alterations in rat TRD and PR behavior. The order of sensitiv- 
ity across these two tasks was similar in the rat and monkey 
models for diazepam administration; specifically, TRD per- 
formance was more sensitive to disruption than was PR per- 
formance. In the rat, chlorpromazine administration appeared 
to affect PR performance at a lower dose than that which 
altered TRD performance. Fore- and hindlimb grip strength 
assessments demonstrated that alterations in operant behavior 
occurred at doses lower than those causing grip strength de- 
creases. 

Rats performed the TRD task under the same parameters 
and exhibited nearly identical performance as well-trained 

monkeys. This might imply that performance of this time esti- 
mation behavior (i.e., lever press of lo-14 s) is controlled by 
similar neurological processes in these two species. Acquisi- 
tion of a shorter, but more precise, time estimation response 
also appears similar between rats and monkeys. When mainte- 
nance of a 1.00-l .27 s bar press was the correct response, rats 
and monkeys acquired and performed the response similarly 
(10). In the current study, rats and monkeys also exhibited 
similar types of errors; that is, both species made very few 
responses of 2-8 or 14-16 s duration. Most responses were 
either less than 1 s or in the correct range. 

McMillan and Patton (10) described a “least effort” effect 
displayed by rats performing their very short time discrimina- 
tion task. Specifically, rat performance was characterized by 
a mean duration of hold that was only slightly above the 
required minimum duration of 1.00 s, whereas monkeys aver- 
aged a slightly longer hold duration although it was still less 
than the maximum correct hold of 1.27 s. In the current and 
previous studies using a lo-14 s discrimination, neither rats 
nor monkeys exhibited mean durations of hold within the 
required response range of 10-14 s due to bursts of very short 
duration lever presses (see Figs. l-4). If observations are re- 
stricted to lever holds within the accurate range (lo-14 s), the 
most frequent responses occurred in the lo-11 s range (see 
Figs. 1 and 3). This could be interpreted to indicate a similar 
“least effort” response behavior in rats; however, a similar 
effect was apparent in monkeys (4). 

Unlike TRD performance, PR performance appeared strik- 
ingly different between rats and adult rhesus monkeys. In 
monkeys, a developmental shift in PR performance seems to 
occur during maturation that may be similar to the cognitive 
changes that occur at adolescence in humans (6). Alterna- 
tively, there may be an effect of PR training history. Specifi- 
cally, adolescent monkeys do not exhibit the relatively high 
RRs and breakpoints noted in adult monkeys with a relatively 
long history of PR responding (15). The data listed in Table 2 
were obtained from adolescent monkeys (i.e, 3-6 years of age; 
27). Some of those same subjects served in the chlorpromazine 
study at 6-10 years of age and exhibited adult-type PR perfor- 
mance (see Table 1 and Ref. 3). Thus, PR performance by rats 
is more similar to that of adolescent monkeys; adult monkeys 
with a long history of PR performance exhibit much higher 
RRs and breakpoints. 

Task presentation order did not appear to be responsible 
for the PR performance differences noted between monkeys 
and rats. PR was the second task presented in the rat OTB, 
although it was the first task presented in the monkey OTB. 
However, reinforcers earned on the first task do not seem 
to have a satiation effect on performance of the following 
task(s). Additionally, we found that substantial prefeeding 
0.25-6 h prior to OTB assessment in rats had no significant 
effect on performance of either the TRD or PR task (5). Thus, 
the number of TRD reinforcers earned probably has little ef- 
fect on PR performance, indicating that task presentation or- 
der contributes little to the species differences observed here. 

Gross anatomical differences between the rat and the mon- 
key do not seem to affect TRD responding; however, they do 
appear to influence PR responding. Anecdotal observations 
of adult monkeys performing under a PR schedule indicate 
that al1 four limbs are used to maintain a high rate of respond- 
ing (i.e., when an arm appears to tire, a foot or the other 
arm may replace it and responding continues). In addition, 
monkeys can maintain responding with a foot while retrieving 
a reinforcer with a hand. Such responding is impossible for 
the rat in the current apparatus and observations of PR re- 
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FIG. 1. Effect of chlorpromazine on mean duration of lever hold of rats in the temporal 
response differentiation (TRD) task. The first bar represents the frequency of lever holds 
with a duration of 0.1-0.9 s, the second bar represents the frequency of lever holds with 
a duration of 1.0-1.9 s, and so forth. Darkened bars represent those responses within the 
correct range (lo-14 s). 

sponding indicate that only the rat’s forepaws are used. Addi- diazepam were similar across the two species (3,27). This simi- 
tionally, a short pause in responding occurs after reinforcer larity is interesting because there were some significant differ- 
delivery during which rats retrieve and consume the food pel- ences in methodologies. The route of administration differed 
let. Such differences might explain the disparity in RRs be- across the two species [IP in the rat and intravenously (IV) 
tween the rat and the adult monkey. in the monkey] and this probably partially accounts for the 

In general, the behavioral effects of chlorpromazine and differences in doses required to produce significant behavioral 

TABLE 2 

DOSE OF DIAZEPAM (n&kg) 

Monkey Vehicle* Rat Vehicle 0.25 0.50 1.0 2.0 4.0 

Temporal response 

differentiation 
(n = 5) 

PTC 

RR (resp/s) 
ACC 
Mean duration of 

lever hold (s) 
Progressive ratio 

(n = 5) 
PTC 

RR (resp/s) 
Breakpoint 

Grip strength 
(n = 5) 

Forelimb 

Hindlimb 

19.07 + 6.22t 54.57 f 8.48 46.67 + 9.20 47.00 t 9.99 31.42 * 8.23 23.83 * 7.71$ 27.00 + 13.41$ 

0.08 f 0.01 0.08 * 0.01 0.09 + 0.02 0.06 + 0.01 0.07 f 0.01 0.06 f 0.01 0.06 * 0.01 
30.36 f 6.44 35.48 f 6.21 28.50 k 5.07 34.51 + 8.64 23.04 + 4.47 16.84 + 6.66 20.02 ? 10.16 

6.91 + 1.19 7.56 + 0.64 7.16 k 0.78 6.47 + 1.01 5.81 ? 0.48 6.46 ? 0.54 5.03 ? 1.65 

11.59 + 2.09 16.97 k 1.65 16.42 + 3.69 15.50 + 2.61 16.50 * 2.21 21.00 + 2.26 16.25 k 1.57 

0.33 * 0.10 0.59 + 0.17 0.65 + 0.27 0.53 + 0.15 0.58 + 0.16 0.87 + 0.28 0.55 + 0.16 
17.97 + 3.57 29.12 + 6.66 29.50 + 9.39 26.90 + 6.91 29.00 + 7.31 36.20 + 8.63 28.00 + 6.50 

N/A 0.78 f 0.06 0.66 f 0.05 0.76 + 0.10 0.71 -+ 0.06 0.63 + 0.10 0.62 + 0.05$ 

N/A 0.85 Z!Z 0.05 0.75 + 0.03 0.86 + 0.05 0.81 + 0.05 0.76 + 0.06 0.87 + 0.07 

*Data exhibited by adolescent monkeys (Ref. 27) (n = 4 for the TRD task and n = 9 for the PR task) (see discussion for explanation of 
adolescent vs. adult monkey PR performance). 

tThe TRD PTC measure was calculated by dividing the total number of reinforcers delivered by 120 (the maximum number of reinforcers 
possible) and multiplying this quotient by 100. Because the TRD task for the monkey is one-half the length as in the rat (monkey TRD 20 min, 
rat TRD 40 min), the apparent difference in PTC is due primarily to the difference in task length. 

SSignificant differences from vehicle controls (p < 0.05). 
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FIG. 2. Effect of chlorpromazine on mean duration of lever hold of 
monkeys in the temporal response differentiation (TRD) task. The 
first bar represents the frequency of lever holds with a duration of 
0.1-0.9 s, the second bar represents the frequency of lever holds with 
a duration of 1.0-l .9 s, and so forth. Data from Ferguson & Paule, 
1992 (Ref. 2). 

alterations. Maximum TRD task session length differed be- 
tween the two species (40 min in the rat and 20 min in the 
monkey). Additionally, the monkeys performing the NCTR 
OTB were trained on five tasks and the TRD and PR tasks 
were presented on alternate test days. In the current study, 
rats were trained to perform only the TRD and PR tasks and 
these two tasks were presented each test day. 

In the rat, chlorpromazine affected both PR and TRD re- 
sponding at about the same doses; at 1.0 mg/kg PR PTC 
was decreased by approximately 20% whereas TRD PTC was 
decreased by approximately 25%. In the monkey, PR and 
TRD responding were also equisensitive to disruption by 
chlorpromazine (3). 

PR behavior was not altered by diazepam at doses up to 
4.0 mg/kg in either the rat or the monkey (27). TRD perfor- 

FIG. 3. Effect of diazepam on mean duration of lever hold of rats 
in the temporal response differentiation (TRD) task. The first bar 
represents the frequency of lever holds with a duration of 0.1-0.9 s, 
the second bar represents the frequency of lever holds with a duration 
of 1.0-1.9 s, and so forth. Darkened bars represent those responses 
within the correct range (lo-14 s). 

FIG. 4. Effect of diazepam on mean duration of lever hold of mon- 
keys in the temporal response differentiation (TRD) task. The first 
bar represents the frequency of lever holds with a duration of 0.1-O 9 ,._ 
s, the second bar represents the frequency of lever holds with a du- 
ration of 1.0-1.9 s, and so forth. Data from Schulze et al., 1989 
(Ref. 27). 

mance, however, was affected by diazepam in both species. In 
the rat, 2.0 mg/kg diazepam decreased TRD PTC; however, 
accuracy, RR, and mean duration of lever hold were not sig- 
nificantly affected by doses up to and including 4.0 mg/kg. In 
the monkey, TRD PTC and RR were not altered but accuracy 
was decreased at higher doses (2 1 .O mg/kg). Thus, TRD be- 
havior is more sensitive than PR behavior to disruption by 
diazepam in both species. 

Grip strength measurements were included in the current 
study to compare the sensitivity of operant tasks with those 
related in a more general way to limb motoric function. These 
assessments indicated that only at relatively high doses of 
chlorpromazine and diazepam were fore- or hindlimb grip 
strengths affected. For example, the highest doses of chlor- 
promazine (5.6 mg/kg) and diazepam (4.0 mg/kg) were neces- 
sary to significantly decrease grip strength. The motor perfor- 
mance associated with grip strength is very different from that 
of lever pressing; however, the effects observed in operant 
behavior at lower doses are likely due to drug effects on as- 
pects of cognitive performance rather than on general de- 
creases in motor abilities. 

Decrements in cognitive performance that occur at doses 
lower than those required to decrease fore- or hindlimb grip 
strength indicate the prospective utility of a rat OTB. Pre- 
viously, we demonstrated that rats can readily acquire and 
perform the TRD and PR tasks (2). Data from the current 
study add to evidence showing that rat performance of the 
TRD task is very similar to that of rhesus monkeys. Further- 
more, relative task sensitivity to disruption by chlorpromazine 
and diazepam is similar in rats and monkeys. Thus, not only 
is baseline performance nearly identical across these species, 
but responses to the psychotropic compounds studied here are 
also comparable. 

Continued validation of rat OTB behavior as a model of 
complex behavior will involve further comparisons of the ef- 
fects of drugs in rats with those in monkeys and when possi- 
ble, other species. The NCTR OTB presents an opportunity to 
develop a phylogenetic analysis of learning sets, with specific 
reference to these tasks. Data from performance of other Old 
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World monkeys and New World monkeys, as well as other 
rodent species and adult humans, would greatly enhance the 
comparative utility of the OTB (e.g., Ref. 7). Currently, the 
availability of a rat model will make possible studies, such as 
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