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Abstract

Higher levels of cognition, such as executive functions, are known to be disrupted in psychiatric disorders such as schizophrenia. As a
potential model of executive function, rats were trained in a three-lever operant conditioning chamber to respond on two of the three levers in
one of six possible correct sequences. When the rat completed a two-response sequence correctly for 10 consecutive trials, the correct
sequence was randomly changed to another two-response sequence without signaling the rat. Rats readily acquired the behavioral baseline
and completed all six response-sequences within a 60-min session. Phencyclidine, MK-801 ((5S,10R)-(+)-5-Methyl-10,11-dihydro-5H-
dibenzo[a,d]cyclohepten-5,10-imine), apomorphine, scopolamine and triazolam all produced dose-related decreases in the total number of
sequences completed. Phencyclidine and MK-801 markedly increased all errors while scopolamine produced modest increases; triazolam
increased only total and intrarule errors, while apomorphine had no significant effect on errors. The present results suggest that within-session

repeated acquisition of response sequences has the potential to be a useful model for studying executive function in rats.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Since its earliest conception as ‘dementia praccox’ (i.e.,
early onset dementia), impaired cognitive function has
been recognized as an important part of the symptomatol-
ogy of schizophrenia (e.g., Kraepelin, 1919; Bleuler,
1950). Patients with schizophrenia exhibit deficits in a
variety of cognitive domains, including sensorimotor
gating, attention, memory, language, and executive func-
tion (e.g., Goldberg and Gold, 1995; Nathaniel-James et
al., 1996; Weickert et al., 2000; Kuperberg and Heckers,
2000). There are well-known animal models for studying
sensorimotor gating (e.g., Braff et al, 1978, 1992),
attention (e.g., Muir, 1996) and memory (e.g., Spear et
al., 1990). However, animal models for studying executive
function are relatively unknown; and therefore, there is a
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need to develop animal models for studying executive
function.

Executive function is a hypothetical construct which
refers to a collection of loosely related higher-order
cognitive processes which include planning, hypothesis
generation, cognitive flexibility, decision making, judg-
ment and feedback utilization (e.g., Lezak, 1982). In
humans, one method for investigating executive function
is the Wisconsin Card Sort Test (WCST; e.g., Goldberg
and Gold, 1995). The WCST requires subjects to sort into
groups, according to one of four possible rules, cards that
vary simultaneously in a number of dimensions (color,
form and number of elements). The subject is told only
whether each placement is correct or incorrect, and must
discover the correct sorting rule from this feedback. When
a rule has been learned, the correct rule is changed
without informing the subject of this change. An animal
model of executive function, therefore, might then involve
requiring animals to respond according to a ‘rule’ until it
has exhibited mastery of the rule, and then to change the
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rule without signaling the change to the subject. Behav-
ioral models similar to the Wisconsin Card Sorting Test
would require animals to learn several rules within each
session, thereby requiring the animal to utilize executive
function.

Boren (1963) first introduced a behavioral method
where subjects are required to learn one sequence of
behavioral responses (e.g., lever presses or key pecks) that
was varied between each experimental session. The
subjects were thus required to learn a different ‘rule’ each
session, and this method has become known as repeated
acquisition of response sequences (e.g., see review by
Cohn and Paule, 1995). This general procedure has
permitted the investigation of steady states of ‘rule’
learning across experimental sessions and has been an
important behavioral baseline for determining the effects of
drugs on learning (e.g., Cohn and Paule, 1995; Campbell
et al., 1999). A behavioral procedure which might more
closely parallel the WCST might therefore be one in which
the subject is required to learn more than one sequence of
behavioral responses within each experimental session, that
is, within-session repeated acquisition of behavioral
sequences.

A major purpose of the present study was to train animals
to perform under a schedule of within-session repeated
acquisition of behavioral responses. Rats were trained in a
three-lever operant conditioning chamber to respond on two
of the three levers in one of six possible correct sequences to
obtain food reinforcement. When the rat completed the two-
response sequence correctly for 10 consecutive trials, the
correct sequence was randomly changed to another two-
response sequence without signaling the rat. A second
purpose of the present study was to compare the effects on
executive function-related behavior of representative drugs
that previously have been shown to affect cognitive function
in humans and/or animals: phencyclidine (e.g., Javitt and
Zukin, 1991; Ellison, 1995), MK-801 ((5S5,10R)-(+)-5-
Methyl-10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5,10-
imine) (e.g., Wiley et al., 2003; Ahlander et al., 1999),
apomorphine (e.g., Davis et al.,, 1990), triazolam (e.g.,
Greenblatt, 1992) and scopolamine (e.g., Robbins, 1997;
Iversen, 1997). Accordingly, dose-response curves were
determined for phencyclidine, MK-801, apomorphine,
triazolam and scopolamine on within-session repeated
acquisition of response sequences.

2. Materials and methods
2.1. Subjects

Twelve experimentally naive male Fischer-derived
F344 rats (300 to 325 g; Harlan Sprague—Dawley,
Indianapolis, IN) were housed individually in a colony
room with a 12-h light-dark cycle (lights off at 6:00
PM.). All sessions were conducted during the light part of

the cycle. The rats were maintained at approximately 85%
of free-feeding weights by food earned during the session
and supplemental food (approximately 7.5 g of rat chow
per day) after sessions. The rats had constant access to
water in their home cages. All experiments were
conducted in accordance with the “Principles of laboratory
animal care” (NIH publication No. 85-23, revised 1985)
and were approved by the Eli Lilly Institutional Animal
Care and Use Committee.

2.2. Apparatus

The apparatus consisted of operant conditioning cham-
bers located within sound- and light-attenuating enclosures
(model E10-10, Coulbourn Instruments, Lehigh Valley,
PA). The chambers were equipped with a tone generator
centered near the top of the front panel. Directly below
the tone generator was a white house light. A food hopper
was centered below the house light. During food
availability, a white light located within the food hopper
was illuminated. Below the food hopper, three response
levers were located 2.5 cm above the cage floor with 1.5
cm between response levers. Operation of the house light,
food hopper, tone generator, delivery of food pellets (45-
mg Dustless Precision Pellets, BioServ, Frenchtown, NJ),
and recording of data were controlled by a computer
using Med-State Notation software (Version 2; Med
Associates, St. Albans, VT).

2.3. Procedure

Initial training included acclimation of the rats to the
operant chamber, magazine training and training of the
animals to respond on each of the three response levers.
Upon completion of this training, behavior was maintained
under a two-link chain schedule of food reinforcement
where the rats were required to complete a two-lever
response sequence in order to earn a food pellet. The rats
were required to learn a new two-lever response sequence
(i.e., ‘rule’) each session. Sequences requiring the rat to
press any particular lever twice, e.g., left-left, were
excluded. Thus, there were six possible two-lever sequen-
ces: LR, RL, CL, RC, LC and CR, where L is left, R is
right and C is center. In order to obtain reinforcement, rats
were required to press the required two-lever sequence, e.g.
CL, without making an error; that is, a response on any
lever that was not correct during each component of the
chain. Sequences were presented across sessions in a
different order for each rat using a Latin-square design.
Each session began with a presession blackout lasting 5
min, followed by the illumination of the house light. A
response on the correct lever in each link produced a 0.2-s
tone. An incorrect response produced a 4-s blackout.
During the 4-s blackout, the chamber was dark and
responses had no scheduled consequences. After the 4-s
blackout, the house light was again illuminated, and the rat
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was required to begin the two-link sequence again. When
the rat completed a correct two-link chain of responses, the
hopper light was illuminated, and a food pellet was
presented, followed by a 5-s blackout. The session ended
after 60 min had elapsed or the rat had completed 200
correct two-lever response chains (thereby obtaining 200
reinforcements), whichever occurred first. Each rat received
at least 30 training sessions where the two-lever sequence
was held constant throughout each session, but was
changed between each session.

In the terminal schedule, the sequence, or “rule,” was
changed within each session (i.e., within-session repeated
acquisition of response sequences). Upon completion of 10
consecutive correct two-lever sequences under one rule, the
computer program randomly selected another two-lever
sequence from the remainder of the six possible two-lever
sequences (i.e., random selection without replacement).
There was no explicit stimulus that signaled the change in
the required two-lever sequence. All other schedule con-
tingencies remained as described above. The session ended
after 60 min had elapsed or after the six possible two-lever
sequences had been completed.

2.4. Drugs

Phencyclidine hydrochloride, MK-801 HCI, apomor-
phine hydrochloride hemihydrate, (—)scopolamine hydro-
bromide, (Sigma, St. Louis, MA) and triazolam (RBI,
Natick, MA) were used. Phencyclidine, MK-801, apomor-
phine and scopolamine were dissolved in deionized water;
triazolam was dissolved in 25% 2-hydroxypropyl-p-cyclo-
dextrin. Drugs were administered in a volume of 1.0 ml/kg
subcutaneously, except triazolam, which was administered
intraperitoneally. A dose of drug or the appropriate vehicle
was administered 30 min before the start of a session, except
for apomorphine, which was administered 5 min before the
start of a session.

2.5. Data analysis

Total session time was recorded to the nearest second. A
rule was recorded as completed (i.e., learned) when 10
consecutively correct chains were emitted; there was a
maximum of six rules per session. Total errors were the
sum of all errors made within the session. Intrarule, or
sequence, errors were responses that were to a lever
required by the current rule in effect, but in the incorrect
sequence. Interrule, or perseverative, errors were responses
that would have been correct according to the immediately
preceding response sequence rule but were incorrect
according to the current rule. By definition, there were
no interrule errors in the first rule of each session, and thus
the number of interrule errors was always smaller than the
number of intra-rule errors. Inter- and intrarule errors were
not necessarily mutually exclusive, depending on the order
in which the rules were presented; thus, in a few instances,

an incorrect response could be counted as both an inter-
and an intrarule error if it met the definition for both. A
correct chain was defined as a two-lever sequence
completed without an error of any type. The total number
of chains completed, as well as the number of correct
chains, incorrect chains and the percent correct chains
(percentage of those chains completed which were correct)
was recorded for each session. The number of total chains
divided by the number of rules completed as well as the
number of total errors per number of rules completed was
also calculated each session.

Dose-response curves were analyzed using one-way
analysis of variance (ANOVA), and comparisons of drug-
treated groups to the appropriate vehicle-treated group were
made using a Dunnett’s z-test in JMP statistical software
(SAS Institute, Cary, NC). Data were expressed as means+
S.E.M.

3. Results

Under the terminal schedule, all of the animals com-
pleted all six of the possible rules within the allotted session
duration after vehicle administration (upper left panel of
each Figure). Moreover, after administration of vehicle, the
rats completed all six of the rules in an average of
approximately 1800 s (upper middle panel of each Figure).

Each of the drugs produced a dose-dependent decrease in
the total number of rules completed (upper left panel of
Figs. 1-5). The maximum number of rules completed was
reduced to two or less by each of the drugs at the highest
dose tested. The number of rules completed was signifi-
cantly decreased after the administration of doses of 3.0 and
5.6 mg/kg of phencyclidine, 0.056, 0.1 and 0.3 mg/kg of
MK-801, 0.1 and 0.3 mg/kg of apomorphine and scopol-
amine and by 0.3 mg/kg of triazolam. Thus, the approximate
order of potency of the drugs was MK-801=>apomorphine=
scopolamine=>triazolam>phencyclidine.

After administration of each of the vehicles, the animals
completed all six rules in an average of approximately
1600 to 2000 s, i.e., 25 to 35 min (upper middle panel of
Figs. 1-5). Total session time was increased in a dose-
dependent manner, to the maximum value of 3600 s (i.e.,
60 min), by each of the drugs tested. Total session time
was significantly increased after doses of 3.0 mg/kg and
higher of phencyclidine, 0.1 mg/kg and higher of MK-801,
0.03 mg/kg and higher of apomorphine and scopolamine
and 0.1 mg/kg and higher of triazolam. Thus, the drugs
significantly increased total session time at doses similar to
the doses required to significantly decrease the number of
rules completed.

Rates of responding on the levers are presented in Table
1. Rates of responding were significantly decreased after
doses of 5.6 mg/kg of phencyclidine, 0.3 mg/kg of MK-801,
0.03 mg/kg and higher of apomorphine, 0.3 mg/kg of
triazolam and 0.03 mg/kg of scopolamine.
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Fig. 1. Dose-response curves for phencyclidine on behavioral parameters in rats required to learn up to six two-lever response sequences (within-session
repeated acquisition of response sequences) in order to earn food presentation. Each point represents the mean+S.E.M. of one observation in each of five rats.

Veh, vehicle. *P<0.05 vs. vehicle, Dunnett’s test.
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Table 1
Effects of the drugs tested on rates of responding averaged across the test
session

Drug Dose (mg/kg) N Rate of responding
(responses/s)
Phencyclidine 0 5 0.88+0.11
0.3 5 0.8740.05
1 5 0.89+0.21
1.75 5 0.86+0.12
3 5 0.66+0.07
5.6 5 0.19+0.09*
MK2801 0 6 0.61+0.13
0.01 6 0.74+0.17
0.03 6 0.86+0.15
0.056 6 0.9340.08
0.1 6 0.66+0.10
0.3 6 0.03+0.01°
Apomorphine 0 5 0.85+0.03
0.003 5 0.82+0.13
0.01 5 0.84+0.09
0.03 5 0.33+£0.02%
0.1 5 0.17£0.02*
0.3 5 0.04+0.01°
Triazolam 0 6 0.75+0.08
0.01 6 0.77+0.14
0.03 6 0.77+0.16
0.1 6 0.40+0.07
0.3 2 0.1240.03*
Scopolamine 0 5 0.75+0.10
0.01 5 0.61+0.06
0.03 5 0.36+0.07°
0.1 5 0.20£0.02*
0.3 5 0.10£0.02°

% P<0.05 vs. vehicle, Dunnett’s ¢-test.

either by apomorphine or scopolamine over the dose
range tested.

The animals required an average of approximately 150—
175, out of a maximum of 200 total correct chains to
complete all six rules after vehicle administration (lower left
panel of Figs. 1-5). Increasing doses of phencyclidine and
MK-801 first produced a dose-related increase in total
chains, with significant increases after doses of 3.0 and 0.1
mg/kg, respectively (Figs. 1 and 2, lower left panels). After
a dose of 5.6 mg/kg of phencyclidine, the total number of
chains completed was not different from control. After a
dose of 0.3 mg/kg of MK-801, behavior was disrupted and
the animals completed less than approximately 10 trials
during the 60-min session. Apomorphine and triazolam
were without significant effect on the total number of chains
completed except at the highest dose tested of each drug
(0.3 mg/kg; Figs. 3 and 4, lower left panels). Scopolamine
produced a more graded decrease in the total number of
chains completed but significantly decreased the total
number of chains completed only after 0.3 mg/kg (Fig. 5,
lower left panel). The changes in the absolute number of
correct chains completed are also presented for purposes of
comparison (Figs. 1-5, lower left panels, open symbols).

After vehicle administration, the animals completed the
six rules with an average of approximately 75-110 total

errors/session (Figs. 1-5, lower middle panel, closed
symbol). Phencyclidine (Fig. 1), MK-801 (Fig. 2) and
triazolam (Fig. 4) first produced an increase and then a
decrease (or had less effect on) total errors with increasing
dose. Total errors were significantly increased after doses
of 1.0 and 3.0 mg/kg of phencyclidine, 0.056 and 0.1 mg/
kg of MK-801 and 0.1 mg/kg of triazolam. MK-801
produced the largest increase in total errors per session. On
the other hand, apomorphine (Fig. 3, lower middle panel)
did not affect the total number of errors except at the
highest dose tested (0.3 mg/kg) where it significantly
reduced the number of errors. Scopolamine produced a
modest increase in total errors after 0.1 mg/kg, but this
increase was not statistically significant.

The number of intrarule errors was approximately 50 to
75 per session and the number of interrule errors was
approximately 30 to 50 per session after vehicle admin-
istration [Figs. 1-5, middle panel; (A) and (O) above
Veh, respectively]. With increasing doses, phencyclidine
first produced an increase and then had less effect or
decreased intra- and interrule errors (Fig. 1, lower middle
panel, open symbols). Doses of 1.75 mg/kg and higher of
phencyclidine significantly increased intrarule errors, while
interrule errors were significantly increased after a dose of
3.0 mg/kg; after a dose of 5.6 mg/kg of phencyclidine, the
animals failed to complete even one rule, and therefore,
there were no interrule errors. Similarly, doses of 0.056
and 0.1 mg/kg of MK-801 significantly increased intrarule
errors; 0.3 mg/kg decreased intrarule errors (Fig. 2, lower
middle panel). Interrule errors were not significantly
altered by MK-801, with the exception that after a dose
of 0.3 mg/kg, the rats failed to complete even one rule,
and therefore, there were no interrule errors. Apomorphine
was without significant effect on the number of intra- and
interrule errors except at the highest dose (0.3 mg/kg)
where it significantly decreased errors (Fig. 3, lower
middle panel). Triazolam was without significant effect on
intrarule errors, but first increased and then had less effect
on interrule errors, significantly increasing interrule errors
after a dose of 0.1 mg/kg (Fig. 4, lower middle panel).
Scopolamine significantly increased both intra- and inter-
rule errors after 0.1, but not 0.3, mg/kg (Fig. 5, lower
middle panel).

After vehicle administration, the number of total
(correct+incorrect) chains per rule change was approx-
imately 25 to 30 and the number of total error responses
per rule change was approximately 15 to 20 (Figs. 1-5,
lower right panel, closed symbols). Phencyclidine pro-
duced dose-related increases in both the total number of
chains and errors per rule change, with significant
increases after a dose of 3.0 mg/kg (Fig. 1, lower right
panel). MK-801 similarly increased the total number of
chains and errors per rule change, but only the number of
errors per rule change was statistically significant (Fig. 2,
lower right panel). Triazolam and scopolamine also
increased the total number of chains and errors per rule
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session, the rats were required to correctly acquire each of
six possible response sequences in random order in the
absence of any explicit stimulus to indicate which of the
response sequence rules was in effect. The rats required
approximately 150 to 175 response sequence chains to
complete the six possible sequence rules to an accuracy
level of 10 consecutively correct sequences for each rule;
thus, the rats acquired each new rule in an average of
approximately 15 to 20 chains, excluding the final 10
which were required to be consecutively correct. Further-
more, the rats emitted on average approximately 75 to 110
total errors during the session or approximately 13 to 18
errors per each rule before completing 10 consecutively
correct chain sequences. The rats made slightly more
intrarule, or sequential, errors than interrule, or persever-
ative, errors per session. Not unexpectedly, the most
common type of error was the rat responding during the
first part, or first link, of a sequence on the lever that
produced the food pellet if emitted correctly in the second
part of the sequence, i.e., on the lever most closely
associated with immediate food presentation. Random
errors; that is, those which could not be classified as
either intra- or interrule errors, were the least frequent and
there were typically less than 10 to 20 such errors per
session (data not shown). Thus, the within-session acquis-
ition of response sequences appears to be a viable
procedure for investigating cognitive behavior relating to
executive function.

Phencyclidine, MK-801, apomorphine, triazolam and
scopolamine, which are known to disrupt cognitive function
in animals as well as humans (see also below), each
disrupted the within-session acquisition of response sequen-

ces. All four of these drugs produced dose-related decreases
in the number of rules completed and increases in the total
session time; the latter perhaps reflecting increased cogni-
tive processing time. However, changes in locomotor
activity could also have influenced the number of rules
completed and session time. On the other hand, there were
differences in the manner in which these drugs altered the
numbers of error responses as well as error response types.
Apomorphine was without appreciable effect on the
percentage of correct chains, total errors, or, intra- or
interrule errors, and did not significantly alter the number
of chains or errors per rule change, up to the highest dose
tested (0.3 mg/kg). Thus, the effect of apomorphine was
primarily to decrease response output, as measured by, e.g.,
the total number of chains completed per session, without
increasing errors. Scopolamine produced a nonsignificant
decrease in the percentage of correct chains and produced
modest but significant increases in intra- and interrule, but
not total, errors, as well as errors per rule change. Triazolam
significantly decreased the percentage of correct chains and
also increased total and interrule, but not intrarule, errors
and increased the number of errors/rule change. Thus,
scopolamine and triazolam produced modest increases in
error measures up to doses that markedly decreased
response output. In contrast, phencyclidine and MK-801
produced large increases in all three types of errors as well
as increases in the average number of errors and chains per
rule change. The increase in error responding produced by
phencyclidine and MK-801 was accompanied by large
increases in behavioral output up to the highest doses of
phencyclidine (5.6 mg/kg) or MK-801 (0.3 mg/kg) tested,
which decreased behavioral output. Thus, phencyclidine and
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MK-801 uniquely produced large increases in all error
measures.

Dopamine and acetylcholine have long been demonstra-
ted to have an integral involvement in cognition (e.g., see
reviews by Levin et al., 1990; Robbins, 1997; 2000).
Apomorphine has been well documented to disrupt the
(pre-) attentional process of sensorimotor gating in rats (e.g.,
Mansbach et al., 1988; Davis et al., 1990), and it has been
suggested that the sensorimotor gating deficits observed in
patients with schizophrenia may be due to hyperdopaminer-
gic function (Braff et al., 1992). The dopamine system has
also been implicated in attentional processes, and sub-
optimal dopaminergic functioning has been suggested to
underlie attention deficit disorders (e.g., Solanto, 2000). The
prefrontal cortex dopaminergic system, in particular dop-
amine DI1-like receptors, has also been implicated in
executive functions in monkeys, including working memory
(e.g., Goldman-Rakic, 1999; Robbins, 2000). The present
findings that the mixed dopamine D1/D2 receptor agonist
apomorphine disrupted the within-session acquisition of
response sequences, without increasing error measures,
suggests that hyperdopaminergic function may not only
disrupt sensorimotor gating, but may also disrupt executive
function. However, in the present study, doses of apomor-
phine as low as 0.1 to 0.3 mg/kg disrupted repeated
acquisition behavior, whereas doses approximately 10-fold
higher are required to disrupt sensorimotor gating in rats
(Mansbach et al., 1988; Davis et al., 1990). The lower doses
of apomorphine which were disruptive in the present study
may have been acting primarily presynaptically to inhibit
dopamine release, whereas the higher doses of apomorphine
required to disrupt prepulse inhibition would be expected to
act primarily by stimulating postsynaptic receptors. It will be
of interest to determine in future studies if apomorphine
administered into the prefrontal cortex disrupts performance
in the present task and if typical and/or atypical antipsychotic
drugs reverse the effects of apomorphine in this model of
executive function.

The muscarinic acetylcholine receptor antagonist scopol-
amine has long been known to disrupt cognitive function.
For example, scopolamine has been demonstrated to disrupt
sensorimotor gating in rats (Wu et al., 1993; Jones and
Shannon, 2000) as well as working memory as measured by
delayed spatial alternation behavior in rats (e.g., Heise et al.,
1976; Shannon et al., 1990a,b). Moreover, scopolamine has
been demonstrated in numerous clinical studies to disrupt
cognitive processes in humans (e.g., Drachman, 1978;
Rusted and Warburton, 1988; Little et al., 1998). As with
apomorphine, lower doses of scopolamine (0.03 to 0.3 mg/
kg) were required to disrupt repeated acquisition behavior
than were required to disrupt prepulse inhibition (1 to 2 mg/
kg) in previous studies (Jones and Shannon, 2000).
However, even lower doses of scopolamine (0.003 to 0.1
mg/kg) produced disruption of delayed alternation behavior
(Shannon et al., 1990a,b), a potential model of working
memory. The present results extend previous findings that

scopolamine disrupts between-session repeated acquisition
behavior (Cohn et al., 1992; Savage et al., 1996). Taken
together, the present findings provide further evidence that
both dopamine and acetylcholine have important roles in
cognitive processes, including attention, working memory
and executive function, but that different domains of
cognitive processes differ in their sensitivity to alterations
in these neurotransmitter systems.

The major excitatory and inhibitory neurotransmitters in
the central nervous system (CNS), glutamate and y-amino-
butyric acid (GABA), are also well known to play important
roles in cognitive processes. For example, glutamate N-
methyl-D-aspartate (NMDA) receptor antagonists such as
phencyclidine and ketamine have been demonstrated to
disrupt cognition in both monkeys and humans (e.g.,
Ellison, 1995; Jentsch et al., 1999). The present findings
that the noncompetitive N-methyl-D-aspartate (NMDA)
receptor antagonists phencyclidine and MK-801 disrupted
within-session repeated acquisition behavior is consistent
with previous findings that phencyclidine and MK-801
disrupted between-session repeated acquisition behavior
(e.g., Thompson et al., 1986; Cohn et al., 1992; Campbell
et al.,, 1999) as well as working memory as evaluated by
delayed alternation behaviors (e.g., Baron et al., 1998;
Pontecorvo et al., 1991). Although further studies are
needed, it appears that phencyclidine disrupts all cognitive
domains at approximately the same doses (ca. 3.0 mg/kg),
suggesting either that NMDA receptors are involved to
similar extents in several, if not all, cognitive domains, or,
that antagonism of NMDA receptors nonspecifically dis-
rupts performance of cognitive behaviors. In contrast to the
disruptive effects of reducing glutamate neurotransmission,
enhancing GABAergic neurotransmission can disrupt cog-
nition. The present findings that triazolam, which acts at
benzodiazepine receptors to enhance GABAergic neuro-
transmission, disrupted within-session repeated acquisition
behavior extends previous findings that triazolam disrupted
between-session repeated acquisition behavior in squirrel
monkeys (Pakarinen et al., 1996; Winsauer et al., 2002) and
humans (Rush et al., 1999). In humans, triazolam, as well as
other benzodiazepines, have been reported to impair a broad
range of cognitive processes (Nikaido and Ellinwood, 1987;
Weingartner et al., 1992), including attentional processes
such as prepulse inhibition and working memory, and also
produces anterograde amnesia. Additional studies are
needed to further delineate if there are cognitive domains
in animals that exhibit greater sensitivity to enhanced
GABAergic neurotransmission relative to other neurotrans-
mitter systems.

The present studies have demonstrated that rats can be
trained to perform a within-session repeated acquisition of
response sequences and that this behavior may be a viable
model for investigating executive function in rodents. Like
executive function behaviors in humans, within-session
repeated acquisition was disrupted by a dopaminergic
agonist, a muscarinic acetylcholine receptor antagonist,
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NMDA receptor antagonists and a positive allosteric
modulator of GABAergic neurotransmission. Further stud-
ies are needed to fully evaluate the functional similarities
between the present methods in rodents and methods such
as the WCST in humans and to determine if drugs used in
the treatment of schizophrenia can impact baseline behavior
and/or reverse the effects of apomorphine or phencyclidine
in this model. Moreover, the present model may serve as a
behavioral baseline to more fully evaluate the relative role
of different neurotransmitter systems in executive function.
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