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Abstract

Rationale Performance on the Cambridge Neuropsychological
Test Automated Battery touchscreen paired-associates learning
(PAL) test is predictive of Alzheimer’s disease and impaired in
schizophrenia and chronic drug users. An automated computer
touchscreen PAL task for rats has been previously established.
A pharmacologically validated PAL task for mice would be a
highly valuable tool, which could be useful for a number of
experimental aims including drug discovery.

Objectives This study sought to investigate the effects of
systemic administration of cholinergic agents on task
performance in C57Bl/6 mice.

Methods Scopolamine hydrobromide (0.02, 0.2, and
2.0 mg/kg), dicyclomine hydrochloride (M; receptor
antagonist; 2.0, 4.0, and 8.0 mg/kg), and donepezil
hydrochloride (cholinesterase inhibitor; 0.03, 0.1, and
0.3 mg/kg) were administered post-acquisition in C57Bl/6
mice performing the PAL task.

Results Scopolamine (0.2 and 2.0 mg/kg) and dicyclomine
(at all administered doses) significantly impaired PAL
performance. A significant facilitation in PAL was revealed
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in mice following donepezil administration (0.3 mg/kg).
Conclusions The present study shows that mice can acquire
the rodent PAL task and that the cholinergic system is
important for PAL task performance. M; receptors in
particular are likely implicated in normal performance of
PAL. The finding that mouse PAL can detect both impairments
and improvements indicates that this task could prove to be a
highly valuable tool for a number of experimental aims
including drug discovery.

Keywords Alzheimer’s disease - Schizophrenia -
Muscarinic - Aricept - M; receptors - Place memory -
Object memory

Introduction

Animal models of human disease are essential for drug
discovery. However, rodents are often assessed in
behavioral tests that do not closely resemble the
cognitive tasks that are currently used to examine human
subjects. Creating more translatable behavioral tasks for
testing rodents might provide results that are more
interpretable, yielding more useful information regarding
which treatments and therapeutic agents might aid human
patients. This was part of the motivation behind the
development of a touchscreen testing method for rats and
mice (Bussey et al. 1994; Bussey et al. 1997; Bussey et al.
2001b). This method allows the presentation of stimuli on
a touch-sensitive computer screen; the rodent can then
select an object or location by poking its nose toward the
screen. In this way, tests can be administered in which the
stimuli and responses are comparable to touchscreen
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neuropsychological tasks used in humans (e.g., Cambridge
Neuropsychological Test Automated Battery (CANTAB);
Robbins et al. 1994). Furthermore, like the human
touchscreen paradigm, the nature of the stimulus materials,
responses, feedback, and testing environment are consistent
across tasks, whether those tasks measure learning, memory,
perception, behavioral inhibition, or other aspects of
cognition. This feature of the method allows better
comparison between tasks than is possible in other task
batteries in which different aspects of cognition are
assessed using very different apparatus, stimuli,
responses, and feedback. Furthermore, food reward is
used as the reinforcer in all tasks, avoiding the use of an
aversive, stressful testing situation.

The object-in-place paired-associates learning (PAL)
task, part of the CANTAB, requires the subject to learn to
associate a given object with a particular location. CANTAB
PAL has been shown effectively to identify and predict
conversion from mild cognitive impairment to Alzheimer’s
disease (AD; Sahakian et al. 1988; Swainson et al. 2001;
Blackwell et al. 2004). This impressive sensitivity may be
due to the requirement for the use of both place and object
information, thought to depend on structures such as the
hippocampus and perirhinal cortex that are amongst the first
affected in the disease (Braak and Braak 1997). PAL is also
impaired in first-episode psychosis, chronic schizophrenics,
and chronic drug users (Wood et al. 2002; Barnett et al.
2005; Ersche et al. 2006). Furthermore, the performance of
AD patients in CANTAB PAL has been shown to be
significantly improved following oral administration of a
cholinesterase inhibitor (Greig et al. 2005). A touchscreen-
automated object-in-place PAL task has been recently
adapted for rats and has been shown to be sensitive to
manipulation of glutamatergic systems within the hippocampus
(Talpos et al. 2009).

Although the touchscreen testing method has been
successfully adapted for mice (Bussey et al. 2001b; Brigman
et al. 2005; Izquierdo et al. 2006; Morton et al. 2006;
Brigman et al. 2008), the utility of a mouse version of the
PAL task has not been demonstrated. Since mice are
commonly used for the screening of therapeutic agents and
for understanding human cognitive disorders, a validated
touchscreen-automated PAL task for the mouse would be a
highly valuable tool for a number of experimental aims
including drug discovery. Therefore, in the present investi-
gation, the same touchscreen-automated PAL task used for
rats (Talpos et al. 2009) was used with mice. Since
CANTAB PAL measures retention of paired associates,
rather than acquisition of these pairs across trials, the present
study examined retention of paired associates that had been
previously acquired. Furthermore, since CANTAB PAL is
commonly impaired in AD and schizophrenic patients and
AD, and to a lesser extent schizophrenia, has been associated
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with cholinergic dysfunction (Bartus et al. 1982; Raedler et
al. 2007; Scarr and Dean 2009), our initial studies focused
on cholinergic agents. Scopolamine (a competitive non-
selective muscarinic acetylcholine antagonist) was predicted
to impair PAL task performance. Dicyclomine (M; receptor
antagonist) was used to begin to understand the specific
cholinergic mechanisms involved in PAL. Finally, the effect
of systemic administration of one of the most commonly
prescribed therapeutic drugs for AD, donepezil (Aricept®),
was also examined and was predicted to have a facilitatory
effect on performance of the PAL task.

Materials and methods
Subjects

The subjects were ten male C57Bl/6 mice (Harlan Olac,
Bicester, UK) aged 7-10 weeks old at the start of
behavioral testing. In Experiment 1, one mouse did not
reach criterion on the task before the drug studies and was
excluded from all analyses. In addition, one mouse died
after the first drug study; therefore, nine mice were included
in data analysis for drug study A and eight mice were
included for drug studies B and C. Mice were housed in
groups in a room with a 12-h light/dark cycle (lights off at
7:00 p.m.). All behavioral testing was conducted during the
light phase of the cycle. Mice were maintained on a
restricted diet and kept at 85% of free-feeding body weight
during behavioral testing. Mice were fed wet food mash in
home cages following behavioral testing. Water was
available ad libitum throughout the experiment. All
experimentation was conducted in accordance with the
United Kingdom Animals (Scientific Procedures) Act
(1986).

Apparatus

Testing was conducted in a touchscreen-based automated
operant system for mice (e.g., Bussey et al. 2001b; Morton
et al. 2006; Brigman et al. 2008). The apparatus consisted
of a standard modular testing chamber housed within a
sound- and light-attenuating box (40%x34x42 cm; Med
Associates Inc., St. Albans, Vermont). The inner operant
chamber consisted of a metal frame, clear Perspex walls,
and a stainless steel grid floor. The box was fitted with a fan
(for ventilation and masking of extraneous noise) and a
pellet receptacle (magazine), which was illuminated by a 3-
W light bulb and fitted with a photocell head entry detector
attached to 14 mg pellet dispenser (situated outside of
the box). A 3-W houselight and tone generator (Med
Associates) were fitted to the back wall of the chamber.
Behavioral testing programs were controlled with a



Psychopharmacology (2011) 214:537-548

539

computer software program written in Visual Basic
(Microsoft, Redmond, WA).

At the end of the box opposite the magazine was a
flat-screen monitor equipped with an infrared
“touchscreen” (16 cm high and 21.20 cm wide; Craft
Data Limited, Chesham, UK) mediated by ELO
touchscreen software (ELO Touchsystems Inc.). Since
the “touchscreen” uses infrared photocells, the mouse
was not required to exert any pressure on the monitor
screen in order for a nose-poke to be detected.
Furthermore, black Perspex “masks” with response
windows were placed over the screen, through which
the mouse could make a nose-poke toward the screen.
The mask (4 11.80 cm x w 22.8 cm) had three response
windows (4 5.80 cm x w 5.0 cm) which were positioned
0.8 cm apart from one another and located 3.0 cm from the
sides of the mask.

Pretraining

Prior to testing, mice were handled daily for 1 week, and
body weights were closely monitored. During the first
session, mice were habituated to the testing chamber for
two consecutive daily sessions. The houselight remained on
during the entire session and food pellets were placed in the
magazine and the mice were left in the testing chamber for
15 min. After the habituation stage, mice were trained to
collect pellets delivered under a variable interval 30 s
schedule, which coincided with illumination of the magazine
light and presentation of a tone. Training stimuli (40 stimuli
varying in brightness, shape, and pattern) were presented (one
per trial) for 30 s on the touchscreen located on one of the
three response windows. A large set of training stimuli were
used to minimize subsequent generalization from a particular
stimulus feature. A single reward pellet was delivered
immediately following stimulus offset. If the mouse touched
the stimulus, the stimulus immediately disappeared from the
touchscreen and the mouse was rewarded with the tone,
magazine light, and three food pellets. Completion of this
stage was not dependent on the mouse touching the stimuli on
the screen; therefore, the mice were removed from the testing
chamber after the 30 min session, regardless of the number of
trials completed.

The next training session required the mouse to respond
to the stimulus presented on the touchscreen in order to
receive a pellet reward. On each trial, a training stimulus
was shown in one of the three response windows and
remained on the screen until the mouse responded to the
stimulus. The mouse was rewarded with a pellet, tone, and
illumination of the magazine light, followed by a 20-s ITI
after which the next trial commenced, and a new stimulus was
presented on the touchscreen. Once a mouse successfully
completed 30 trials in a 1-h session, the mouse was then

required to initiate trials in the next training stage.
During this stage, after collecting a reward following a
response to the stimulus, and exiting the food magazine,
the mouse was required to again poke their head in the
magazine in order for the next stimulus array to be
presented on the screen. Once the mouse was success-
fully initiating trials and had completed 30 trials in 1 h,
the last training stage began.

During the final stage, a cue to signal incorrect responses
(responses to a window in which no stimulus was
displayed) and a correction procedure were introduced. A
stimulus was presented in one of the three response
windows and the mouse was required to nose-poke the
stimulus. Correct responses were followed by stimulus
offset, presentation of the pellet, tone, and illumination of
the food magazine (followed by a 20-s ITI). Incorrect
responses resulted in the houselight being extinguished,
disappearance of the stimulus, and a time-out period of 5 s,
which was followed by the 20 s ITI. A correction procedure
was implemented whereby the trial was repeated until the
mouse made a correct choice. Once the mouse completed
this stage at 70% correct (correction trials were not
included; the 70% correct measure pertains to non-
correction trials only; 21/30) over two consecutive sessions,
mice began the PAL task.

PAL task

After successful completion of pretraining, mice were
trained on the PAL task (see Fig. la; Clelland et al.
2009). At the beginning of a session, the mouse was
required to initiate the first trial. Then, a pair of stimuli
would appear on the screen in two of the three locations:
left, middle, and right; one stimulus was the correct S+ and
the other was the incorrect S—. There were six possible trial
types and three different stimuli were used (flower, plane,
and spider). Within the six trial types, the flower was
rewarded only when presented in the left location, the plane
was rewarded only when presented in the middle location,
and the spider was rewarded only when presented in the
right location (see Fig. 1b). Therefore, the mouse was
required to learn the paired-association of stimulus and
location. A nose-poke to the correct S+ resulted in a tone,
magazine light, and reward pellet. Incorrect responses
resulted in a 5-s time-out period, followed by correction
procedure. Nose-pokes to response windows in which no
stimulus was presented were ignored. The ITI during the
task was fixed at 20 s. During the first 60 sessions, each
mouse was required to complete 72 trials (each of the six
trial types occurred 12 times, and the maximum number of
times a trial type could occur consecutively was 2) or
complete as many trials as possible in 1 h. However, some
mice were not completing the 72 trials within a 1-h session.
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Fig. 1 Illustration of the PAL task. a) Figure depicting trial type 1, in
which flower is the S+ and plane is the S—. b) Figure depicting three of the
six possible trial types that could occur in the PAL task. Flower is the S+

Therefore, starting at session 60, mice were required to
complete 36 trials in 1 h (each trial type could occur six
times, and the maximum number of times a trial could
occur consecutively was 2). Mice were then required to
complete all 36 trials with 80% accuracy over three
consecutive days (chance level is 50%) to reach criterion.
After a mouse reached criterion, testing of that mouse
stopped. After all mice reached criterion (all mice reached
criterion within 35 sessions), mice were re-baselined on the
task for 4 days for stable performance, and then the first
drug study began. Following the drug study A, mice were
re-baselined on the PAL task for 7 days prior to drug study
B. Following drug study B, mice were re-baselined on the
task for 7 days prior to drug study C. During all drug
studies, two washout days were used between treat-
ments, and on these days mice were baselined on the
PAL task.

Pharmacological challenges

The role of the cholinergic system in the PAL task was
assessed using a variety of cholinergic drugs. All drugs
were administered intraperitoneally with injection volumes
of 0.1 ml per 20 g of the weight of the mouse. Drugs were
dissolved in physiological saline (0.9% sodium chloride,
pH 7.0; Aquapharm; Animalcare, York, UK) to create
appropriate stock solutions. The first pharmacological study
(drug study A) used a Latin square design to examine the
effects of administering the commonly used acetylcholin-
esterase inhibitor used to treat AD, donepezil (Aricept,
donepezil hydrochloride, Toronto Research Chemicals,
Canada). Donepezil was also given at three doses (0.03,
0.1, and 0.3 mg/kg) and was administered 1 h prior to
behavioral testing. Previous studies have utilized a wide
range of pharmacological doses of donepezil in order to
improve behavior in mice (e.g., Spowart-Manning and van
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when it is located in the leff location, plane is the S+ when located in the
middle location, and spider is the S+ when located in the right location.
From Clelland et al. (2009). Reprinted with permission from AAAS

der Staay 2004; Csernansky et al. 2005; Dong et al. 2005;
Riedel et al. 2009). However, treatment of donepezil using
a 0.3 mg/kg dose has been shown to reverse behavioral
deficits in middle-aged mice completing an episodic
contextual memory task (Béracochéa et al. 2007), improve
Morris Water Maze performance in a APP23 mutant mouse
model of AD (Van Dam et al. 2005), and improve short-
term working memory in aged mice (Marighetto et al.
2008). Pirenzepine (0.02, 0.2, and 2.0 mg/kg) was also
given to these animals in a crossed Latin square design;
however, there were no effects of this drug (data not
shown), likely due to its suspected inability to cross the
blood-brain barrier (Piper 1995). The second pharmaco-
logical study (drug study B) was carried out using a Latin
square design to investigate the role of the non-specific
muscarinic antagonist, scopolamine. Twenty minutes prior
to behavioral testing, scopolamine (scopolamine hydro-
bromide, Sigma-Aldrich, UK) was administered at three
doses (0.02, 0.2, and 2.0 mg/kg) and methylscopolamine
(Sigma-Aldrich, UK) was administered at the highest
scopolamine dose (2.0 mg/kg). Previous studies have used
identical (Humby et al. 1999) and similar doses (0.3, 1,
and 3.0 mg/kg; Dodart et al. 1997) to investigate behavior
in mice in automated and object recognition tasks,
respectively; therefore, we believe our dose range is
ideal for the present study. Methylscopolamine was used
to dissociate the central from peripherally mediated
effects of scopolamine, since this drug cannot cross the
blood-brain barrier. The final pharmacological study
(drug study C) examined the effects of the M;-preferring
antagonist dicyclomine (dicyclomine hydrochloride, Sigma-
Aldrich, UK; Giachetti et al. 1986; Doods et al. 1987) in the
PAL task. Dicyclomine was administered 20 min prior to
behavioral testing and was given at three doses (2.0, 4.0, and
8.0 mg/kg). Although higher doses of dicyclomine (16, 32,
and 64 mg/kg; Soares et al. 2006) have been used to
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investigate behavior in rats, recent studies have shown
behavioral impairments in mice in spatial tasks following
systemic dicyclomine treatment at lower doses (8.0 mg/kg;
Caccamo et al. 2006).

Data analysis

Group means of accuracy (percent correct) were analyzed
for each drug study. Reaction time and magazine latency
were analyzed if a drug study resulted in a main effect on
accuracy. Group means of reaction time (the length of time
between an initiation (nose-poke to magazine at the back of
the chamber) and nose-poke to the touchscreen) were
analyzed and incorrect trials (not including correction
trials). Group means of magazine latency (the length of
time between a correct choice nose-poke to the touchscreen
and a nose-poke for food in magazine) were analyzed for
correct trials (including correction trials). Group means of
the total number of correction trials committed during each
drug study were analyzed in order to determine whether the
drugs had a perseverative effect on mice in PAL. Data were
excluded from analysis when a mouse completed less than
80% of trials during a session. Means were submitted to
one-way ANOVA with repeated measures for drug.
Planned comparisons ¢ tests were used when hypotheses
predicted a greater effect of drug with the highest
experimental dose. Paired-samples ¢ tests were used for
post hoc analyses of within-subject effects of drug. When
data were significantly non-normal, appropriate trans-
formations were performed (Howell 2002). All statistical
analyses were conducted with a significance level of p=
0.05.

Results
Drug study A

Donepezil a selective AChE inhibitor, was administered
systemically at three dose levels: low (0.03 mg/kg), middle
(0.1 mg/kg), and high (0.3 mg/kg) and was predicted to
produce an improvement in performance in the PAL task.

Accuracy

There was no overall effect of drug following administration
of donepezil in the PAL task (F(324=2.43, p=0.09). We
predicted the greatest improvement in PAL performance
would be revealed following administration of the high dose
(0.3 m/kg) of donepezil since recent studies have reported
behavioral improvements in mice using this dose. In the
present study, planned comparisons revealed that the high
dose of donepezil (0.3 mg/kg) produced significantly higher

performance in PAL as compared to saline trials (zg,=2.84,
p=0.02; see Fig. 2 for graph and Table 1A for paired-
samples ¢ tests post hoc comparisons of accuracy).

Reaction time

Reaction times for correct trials (/3 24y=1.47) and incorrect
trials (F324)=2.12) were not affected by donepezil (see
Table 1B for mean reaction times+SEM for the correct
trials and incorrect trials).

Magazine latency

Magazine latency for correct trials was also not affected by
injections of donepezil (F(3,4=1.59; see Table 1B for
mean magazine latencies+=SEM).

Correction trials

Administration of donepezil significantly affected the
number of correction trials committed by mice in the PAL
task (F(324y=3.34, p=0.04; see Fig. 1b for mean correction
trials+SEM and Fig. 1c for paired-samples ¢ test post hoc
comparisons).

Drug study B

Following drug study A, which showed that donepezil can
produce facilitations in the PAL task, drug study B was
designed to examine whether antagonizing the effect of
cholinergic muscarinic receptors would produce deficits in
the PAL task. Therefore, three doses of the non-selective
muscarinic antagonist scopolamine: low (0.02 mg/kg),
middle (0.2 mg/kg), and high (2.0 mg/kg), methylscopolamine
(2.0 mg/kg), and saline were injected prior to behavioral
mm— Saline
0.03 mg/kg Donepezil

s 0.1 mg/kg Donepezil

0.3 mg/kg Donepezil
100 *

\ * \

90

80 |

70 1

Percent Correct

60 |

50 -
Fig. 2 Facilitation in accuracy is produced following systemic

administration of 0.3 mg/kg donepezil in the PAL task. Data are
presented as mean accuracy+=SEM; *p=0.02
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Table 1 Results of the donepezil drug study

ACCURACY

Paired-samples

Saline — Low Donepezil

(t(g) = 157)

Saline — Middle Donepezil

Saline — High Donepezil

*(1g = 2.84, p = 0.02)

Low Donepezil — High Donepezil

*(tg = 2.76, p = 0.02)

Low Donepezil — Middle Donepezil (13 =0.23)
A | Middle Donepezil — High Donepezil (15 =1.43)
0.03 mg/kg 0.1 mg/kg 0.3 mg/kg
Saline Donepezil Donepezil Donepezil
RT Correct
Trials 6.38+425s | 473+ 131s | 462+1.87s | 9.72+£5.65s
RT Incorrect
Trials 720+435s | 649+ 1.78s | 425+2.55s | 6.59+2.07s
Magazine
Latency 236+1.07s | 3.12+1.39s | 1.60+0.26s | 1.39+£0.11s
Correction
B Trials 9.55+4.44 9.66 £4.15 8.22+£5.19 4.77 £ 1.98
CORRECTION TRIALS Paired-samples

Saline — Low Donepezil

(15 =0.94)

Saline — Middle Donepezil

(ts) = 0.60)

Saline — High Donepezil

**(15, = 2.84, p = 0.009)

Low Donepezil — High Donepezil

(14, = 2.76, p = 0.001)

Low Doncpezil — Middle Donepezil

(f¢s, = 0.50)

Middle Donepezil — High Donepezil

(¢ = 0.08)

A Paired-sample ¢ tests of accuracy in the donepezil drug study, B Means of reaction time for correct trials, reaction time for incorrect trials,
magazine latency, and committed correction trials in mice in the donepezil drug study, C Paired-samples ¢ tests of correction trials for the

donepezil drug study

testing. Since increasing ACh activity produced an improve-
ment in performance following donepezil injections, adminis-
tration of scopolamine was predicted to decrease accuracy in
the PAL task.

Accuracy

Administration of scopolamine produced a highly signifi-
cant effect on performance in the PAL task (F428=14.22,
»<0.0001; see Fig. 3 for graph and Table 2A for paired-
samples ¢ tests post hoc comparisons of accuracy).

Reaction times

Reaction times for correct trials (F(45)=4.10, p=0.01) and
incorrect trials (F428)=4.86, p=0.004) were significantly
affected by scopolamine (see Table 2B for mean reaction
times+SEM for the correct trials and incorrect trials and
Table 2C for paired-samples ¢ tests post hoc comparisons of
mean reaction times for correct trials and Table 2D for
paired-samples ¢ tests post hoc comparisons of mean
reaction times for incorrect trials).

@ Springer

Magazine latency

Magazine latency was significantly affected by injections of
scopolamine (F(4s), p=0.01; Table 2B for mean reaction
times+SEM and Table 2E for paired-samples ¢ tests of
mean reaction times for latency).

Correction trials

Administration of scopolamine significantly affected the
number of correction trials committed by mice in the PAL
task (F428=16.90, p<0.0001; see Table 2B for mean
correction trials+SEM and Table 2F for paired-samples ¢
test analyses of correction trials).

Drug study C

Since drug study B revealed that cholinergic muscarinic
receptors are necessary for PAL, drug study C was designed to
investigate if M; receptors, in particular, are involved in the
PAL task. Therefore, drug study C examined the potential
effect an M, preferring antagonist (dicyclomine) might have
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2.0 mg/kg Methylscopolamine
s 2.0 mg/kg Scopolamine
100 - 0.2 mg/kg Scopolamine
==== 0.02 mg/kg Scopolamine
*%*
1
90 o *****
5 ‘ dekdk
[
t !
c 80 - 7
o
-
o
e 70 -
=Y
[H]
o
60 4 % |
50 2 I

Fig. 3 Impairments in accuracy is produced following systemic
administration of scopolamine in the PAL task. Data are presented
as mean accuracy+=SEM, paired-samples: methylscopolamine—mid-
dle scopolamine, **p=0.003; methylscopolamine—high scopolamine,
***p<0.0001; saline—middle scopolamine, **p=0.001; saline—high
scopolamine, ***p<0.0001; low scopolamine—middle scopolamine,
*p=0.02; low scopolamine—high scopolamine, *p=0.03

on the PAL task. Three doses of dicyclomine: low (2.0 mg/kg),
middle (4.0 mg/kg), and high (8.0 mg/kg) were injected prior to
behavioral testing. Since scopolamine produced profound
deficits in PAL, administration of dicyclomine was predicted
to also decrease accuracy in the PAL task.

Accuracy

Administration of dicyclomine produced a highly significant
effect on performance in the PAL task (F321)=6.96, p=0.002;
see Fig. 4 for graph and Table 3A for paired-samples ¢ tests post
hoc comparisons of accuracy).

Reaction time

Reaction time for correct trials (F321y=14.77, p=0.00002)
and incorrect trials (F(31)=15.34, p<0.0001) was signifi-
cantly affected by injections of dicyclomine (see Table 3B
for mean reaction times+SEM for the correct trials and
incorrect trials and Table 3C for paired-samples ¢ tests post
hoc comparisons of mean reaction times for correct trials
and Table 3D for paired-samples ¢ tests comparisons for
reaction times for incorrect trials.

Magazine latency
Magazine latency was also significantly affected by

injections of dicyclomine (F3,1,=5.37, p=0.007; see
Table 3B for mean magazine latencies=SEM and

Table 3E for paired-samples ¢ tests post hoc comparisons
of mean magazine latencies).

Correction trials

Administration of dicyclomine did not significantly affect
the number of correction trials committed by mice in the
PAL task (F(351)=2.11; see Table 3B for mean correction
trials=SEM).

Discussion

The present study sought to test the utility of a mouse
version of the rodent touchscreen PAL task (Talpos et al.
2009) for pharmacological investigations. We found that
dose-dependent effects of a variety of agents could be
detected using mouse PAL. Specifically, the current series
of experiments implicates the central cholinergic system in
mediating PAL performance. Administration of scopolamine
impaired accuracy of mice performing the PAL task at the
middle doses (0.2 and 2.0 mg/kg), and administration of the M,
preferring antagonist, dicyclomine, also impaired accuracy.
Performance was impaired at even the lowest dose of
dicyclomine, thus this study did not identify a dose at which
performance was unaffected. Nevertheless, these results
suggest that cholinergic muscarinic receptors, and more
specifically M; receptors, may be involved in performance
of rodent PAL.

In addition, we found that donepezil (Aricept) at a dose
of 0.3 mg/kg was able to produce improvements in
accuracy on mouse PAL. Donepezil is in a class of AChE
inhibitor drugs that are commonly prescribed for mild,
moderate, and severe AD (Birks and Harvey 2006; Lleo et
al. 2006). Previous studies have shown that donepezil
treatment in AD patients (Rogers et al. 1998; Burns et al.
1999; Winblad et al. 2001), transgenic mouse models of
AD (Dong et al. 2005; Van Dam et al. 2008), and aged
monkeys (Buccafusco and Terry 2004) improves cognition
and behavior. Donepezil has also been used to reverse
scopolamine-induced behavioral impairments in healthy
animals (Buccafusco et al. 2008; Cachard-Chastel et al.
2008). Furthermore, an in vivo imaging study has revealed
that AD patients taking donepezil have a better preservation
of M; receptor binding than AD patients receiving placebo
treatment (Kemp et al. 2003; consistent with our finding of
a role for M; receptors in the performance of PAL; see
below). The current study indicates that systemic adminis-
tration of donepezil can also produce behavioral facilita-
tions in mouse PAL in normal, healthy mice and indeed,
because the facilitation was observed at the highest dose
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Table 2 Results of the scopolamine drug study

ACCURACY

Paired-Samples

Methylscopolamine - Saline

Methylscopolamine - Low Scopolamine

Methylscopolamine - Middle Scopolamine

Methylscopolamine — High Scopolamine

Saline - Low Scopolamine

Saline - Middle Scopolamine

(1= 5.66,p= 0,001

Saline - High Scopolamine

#(15,= 6.5, p < 0.0001

Low Scopolamine - Middle Scopolamine

*(f(7) = 297,p =0.02

Low Scopolamine - High Scopolamine

)
)
)
)
(1= 1.87)
)
)
)
)
)

Middle Scopolamine - High Scopolamine
2.0 mg/kg 0.02 mg/kg 0.2 mg/kg 2.0 mg/kg
Methylscopolamine Saline Scopolamine Scopolamine | Scopolamine
RT Correct
Trials 594+1.71s 472£2.04s 454£175s 19.73£16.68s | 20.02410.21 s
RT Incorrect
Trials 6.67+2.83s 458+2.74s 563+227s 18.13+9.76s | 21.32+8535s
Magazine
Latency 2294096 1.14£0.16s 1.55+0.78s; 236+ 1.10s 261068
Correction
Trials 1237+7.28 935+3.88 1587797 1637+891 38.5+13.80
RT Correct Trials Post Hoc Analysis RT Incorrect Trials Post Hoc Analysis
Methylscopolamine - Saline (t=0.23) Methylscopolamine - Saline (tg=154)
Methylscopolamine - Low Scopolamine (tn=0.81) Methylscopolamine - Low Scopolamine (t) —0 53)
Methylscopolamine — Middle Scopolamine (17, =0.002) Methylscopolamine — Middle Scopolamine *(t =2.54,p=0.03)
Methylscopolamine — High Scopolamine (tn=0.10) Methylscopolamine — High Scopolamine (t 0= —0 08)
Saline — Low Scopolamine (b2 =0.16) Saline — Low Scopolamine (t=1.11)
Saline - Middle Scopolamine (t)=0.07) Saline - Middle Scopolamine (1 =4.86,p=0. 002)
Saline — High Scopolamine (t7=0.08) Saline - High Scopolamine ¥ty =2.53,p=0.03)
Low Scopolamine — Middle Scopolamine (tn=3.33,p=0.01) Low Scopolamine — Middle Scopolamine ¥t =4.56,p=0. 003)
Low Scopolamine — High Scopolamine (£ =0.09) Low Scopolamine - High Scopolamine (tn=0.14)
Middle Scopolamine — High Scopolamine (tn=0.75) | D | Middle Scopolamine — High Scopolamine (toy 0 1)
Magazine Latency Post Hoc Analysis Correction Trials Post Hoc Analysis

Methylscopolamine - Saline (t=345,p=001) Methylscopolamine - Saline (tp=130)
Methylscopolamine - Low Scopolamine (tn=0.11) Methylscopolamine - Low Scopolamine (tny=1.20)
Methylscopolamine — Middle Scopolamine (tn=0.99) Methylscopolamine — Middle Scopolamine (tn=0.87)
Methylscopolamine — High Scopolamine (tn=039) Methylscopolamine - High Scopolamine 1 =5.14,p=0.001)
Saline — Low Scopolamine (tn=024) Saline - Low Scopolamine (tn=220)
Saline — Middle Scopolamine *tm=1 16 p=001) Saline - Middle Scopolamine (tn=192)
Saline - High Scopolamine ¥t =5.11,p=0.001) Saline - High Scopolamine *(tp=5.97,p=0.001)
Low Scopolamine — Middle Scopolamine (t,=0.12) Low Scopolamine - Middle Scopolamine (tpn=0.17)
Low Scopolamine - High Scopolamine (ty=445,p=0.003) Low Scopolamine - High Scopolamine (1= 4.88,p=0.002)
Middle Scopolamine — High Scopolamine (ty=038) | F [ Middle Scopolamine — High Scopolamine (1 =4.72,p=0.002)

A Paired-sample ¢ tests of accuracy in the scopolamine drug study. B Means of reaction time for correct trials, reaction time for incorrect trials,
magazine latency, and committed correction trials in mice in the scopolamine drug study. C Paired-samples ¢ tests of reaction time for correct
trials. D Paired-samples ¢ tests of reaction time for incorrect trials. £ Paired-samples ¢ test for magazine latencies. F' Paired-samples ¢ tests for
committed correction trials

tested, still greater improvements in performance might be
observed at higher doses.

The findings that scopolamine and dicyclomine impair
mouse PAL are consistent with the finding that scopolamine

impairs performance of CANTAB PAL (Rusted and Warburton
1988; Robbins et al. 1997) and a non-human primate version
of PAL (Taffe et al. 2002). It should be noted, however, that
the effect in humans appears to be relatively mild unless the
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Fig. 4 Impairments in accuracy is produced following systemic
administration of dicyclomine in the PAL task. Data are presented as
mean accuracy=SEM, paired-samples: saline—low dicyclomine, *p=
0.01; saline—middle scopolamine, *»=0.05; saline—high scopolamine,
**p=0.001

task is made more challenging, for example by removing
features such as colors on which the stimuli can be
discriminated (Rusted and Warburton 1988). This suggests
that at least part of the impairment seen on CANTAB PAL and
in the present study may be due to difficulties in visual
discrimination. It is likely that the visual discrimination
component of rodent PAL is more challenging for rodents
than the visual discrimination component of CANTAB PAL is
for humans. This idea is consistent with the very robust effects
of scopolamine on mouse PAL in the present study. Important
targets for future studies using mouse PAL include testing with
other drugs that affect paired-associate learning in humans, for
example diazepam (Robbins et al. 1997).

Where are these drugs having their effects? We know
that hippocampal dysfunction impairs rodent PAL; however,
intra-hippocampal administration of scopolamine in rats
leaves PAL performance intact (Talpos et al. 2009). This
finding suggests that in the present study, systemically
delivered scopolamine and dicyclomine produced impair-
ments due to actions of the drug outside of the hippocampus.
Results from other object-in-place associative learning tasks
(Gaffan and Parker 1996; Bussey et al. 2001a) indicate roles
for both the hippocampus and perirhinal cortex. Whereas the
hippocampus may contribute to the location component of
the task, perirhinal cortex may contribute “object” informa-
tion. Consistent with this suggestion and with the present
findings, muscarinic receptors in the perirhinal cortex have
been implicated in object learning and memory (e.g., Turchi
et al. 2005; Winters et al. 2007) and object-in-place
associative recognition memory (Barker and Warburton
2008).

The rodent PAL task was inspired by the PAL task that is
part of the CANTAB cognitive testing battery, which is
highly sensitive to, and indeed predictive of, AD (Swainson

et al. 2001; Blackwell et al. 2004). Although the rodent
PAL task has similarities in to the CANTAB PAL task, a
major difference is that in CANTAB PAL, a subject is given
an acquisition phase, in which pairings of stimulus and
location are presented, followed by a recall phase. In rodent
PAL, there are not two phases; instead object—place
associations are learned across trials. The question is
whether this difference is important. We would argue that
it is likely that a critical factor contributing to the sensitivity
of CANTAB PAL to neurodegenerative diseases such as
AD is that the task requires simultaneous activation of both
object and spatial representations. These representations are
thought to be mediated by medial temporal lobe structures,
which are the first to show pathology in AD. Consistent
with this interpretation, imaging studies indicate that these
structures are recruited in CANTAB PAL (M. De Rover, V.
A. Pironti, P.C. Fletcher, T.W. Robbins and B.J. Sahakian,
unpublished observations). Furthermore, the idea that the
critical factor may be the representations necessary for
solution of the task, and not the rate of learning, is
supported by experiments showing that the rate of learning
has no bearing on whether a task recruits temporal lobe
regions. Instead, the critical factor is the material that is
being learned and indeed, slowly acquired tasks can be the
ones that most strongly require the temporal lobe (Bussey et
al. 2001a, b; Barense et al. 2005). Thus, it seems likely that
the object-in-place learning requirement of the task is
perhaps the most critical factor in the sensitivity of the
task to AD. This requirement is present in both the human
and rodent versions of the task.

At some doses, some of the drugs used in the present
study, such as scopolamine, affected choice reaction times,
as well as magazine latency (although numbers of trials
completed was not affected in any case). The relationship
between the altered reaction times and choice accuracy is
unclear. It could be that reaction times and choice accuracy
are unrelated, perhaps mediated by non-overlapping brain
systems mediating motor behavior and cognition, respec-
tively. Alternatively, the slower reaction times could have
been secondary to the primary effect of the drug on
cognition, which resulted in fewer correct trials and
therefore lack of motivation. It seems somewhat less likely
that taking longer to respond might have detrimentally
affected choice accuracy. The first interpretation seems
most likely, as impairments in PAL are not always
accompanied by slower reaction times, and intra-
hippocampal scopolamine lengthens reaction times but
leaves accuracy unaffected on PAL in rats (Talpos et al.
2009).

Donepezil and scopolamine significantly affected the
mean number of correction trials committed in PAL as
compared to saline (and the overall effect of drug was
significantly greater in the scopolamine study). However,
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Table 3 Results of the dicyclomine drug study

ACCURACY Post Hoc Analysis
Saline - Low Dicyclomine *tn=332,p=001)
Saline - Middle Dicyclomine ¥t =2.35,p=10.05)
Saline - High Donepezil (=315 p 0. 00 )
Low Dicyclomine - High Dicyclomine (tn =2.15)
Low Dicyclomine - Middle Dicyclomine (tu 0 39)
A [ Middle Dicyclomine - High Dicyclomine (tn=2.01)
2.0 mgkg 4.0 mgfkg 8.0 mgkg
Saline Dicyclomine | Dicyclomine | Dicyclomine
RT Correct
Trials 5.00£ 1225 0.82+387s | 15.01£3.06s | 21.17£2.565s
RT Incorrect
Trials 5.15+1.225 9.71£639s | 2812225725 | 3095 13.00s
Magazine
Latency 110£0.17s 14320825 | 30122245 | 346+236s
Correction
B | Trials 825324 12251084 | 170041000 | 15124793
RT Correct Trials Post Hoc Analysis RT Incorrect Trials Post Hoc Analysis
Saline - Low Dicyclomine (tn=157) Saline - Low Dicyclomine (ty=1.05)
Saline - Middle Dicyclomine *(tn)=343,p=001) Saline - Middle Dicyclomine (1 =387,p=0. 006)
Saline - High Donepezil (1, =1.07,p=0.0001) Saline - High Donepezil * (1= 8.87, p < 0.001)
Low Dicyclomine - High Dicyclomine | **¥(t,=6.76,p=0.0002) Low Dicyclomine - High Dicyclomine *¥(tp=3.31,p=0.001)
Low Dicyclomine - Middle Dicyclomine (1 =3.05,p= O 01) Low Dicyclomine - Middle Dicyclomine ¥t =3.02,p=0.01)
C [ Middle Dicyclomine - High Dicyclomine (tn=141)] p [Middle Dicyclomine - High Dicyclomine (1n=03)
Magazine Latency Post Hoc Analysis
Saline - Low Dicyclomine (t,=3.66)
Saline - Middle Dicyclomine *ty=3.19,p=0.01)
Saline - High Dicyclomine ¥ty =3.55,p=0.009)
Low Dicyclomine - High Dicyclomine *(tpy=2.54,p=0.03)
Low Dicyclomine - Middle Dicyclomine (ty=0.07)
Middle Dicyclomine - High Dicyclomine (t,=0.70)

A Paired-sample ¢ tests of accuracy in the dicyclomine drug study, B Means of reaction time for correct trials, reaction time for incorrect trials,
magazine latency, and committed correction trials in mice in the dicyclomine drug study, C Paired-samples ¢ tests of reaction time for correct
trials, D Paired-samples ¢ tests of reaction time for incorrect trials, E Paired-samples ¢ test for magazine latencies

perseveration (mice committing a greater number of
correction trials after systemic administration of cholinergic
drugs) was not observed in the dicyclomine drug study.
Although there is evidence to suggest that lesions to the
ventrolateral prefrontal cortex produce perseverative inter-
ference in object-in-place scene learning (Baxter et al.
2008), further investigation is necessary to examine
whether cholinergic manipulations in mouse PAL produce
similar perseveration impairments.

The present investigation introduces the touchscreen-
automated mouse PAL task as a valuable tool for
pharmacological investigations in mice. As many other
tests of cognition can be run in the touchscreen apparatus

@ Springer

(e.g., (Bussey et al. 1997; Bussey et al. 2001b; Chudasama
et al. 2001; Morton et al. 2006; Brigman et al. 2008;
Bussey et al. 2008; McTighe et al. 2009), mouse PAL can
be used as part of a cognitive battery in which stimulus
material, responses, reinforcers, and testing context can be
held constant across all tasks. Such a battery may prove
particularly useful in drug discovery applications.
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