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Reverse translation of the rodent SC-CPT reveals that the impaired
attention of people with schizophrenia is similar to scopolamine-

induced deficits in mice

JW Young'?, MA Geyer'?, AJ Rissling’, RF Sharp', LT Eyler'?, GL Asgaard® and GA Light'?

Attentional dysfunction in schizophrenia (SZ) is a core deficit that contributes to multiple cognitive deficits and the resulting
functional disability. However, developing procognitive therapeutics for neuropsychiatric disorders have been limited by a
‘translational gap’—a lack of cognitive paradigms having cross-species translational validity and relevance. The present study was
designed to perform an initial validation of the cross-species homology of the 5-choice Continuous Performance Test (5C-CPT) in
healthy nonpsychiatric comparison subjects (NCS), SZ patients and mice under pharmacologic challenge. The 5C-CPT performance
in SZ patients (n=20) was compared with age-matched NCS (n=23). The effects of the general muscarinic receptor

antagonist scopolamine on mice (n=21) performing the 5C-CPT were also assessed. SZ subjects exhibited significantly impaired
attention in the 5C-CPT, driven by reduced target detection over time and nonsignificantly increased impulsive responding.
Similarly, scopolamine significantly impaired attention in mice, driven by reduced target detection and nonsignificantly increased
impulsive responding. Scopolamine also negatively affected accuracy and speed of responding in mice, although these
measures failed to differentiate SZ vs NCS. Thus, mice treated with scopolamine exhibited similar impairments in vigilance as seen
in SZ, although the differences between the behavioral profiles warrant further study. The availability of rodent and human
versions of this paradigm provides an opportunity to: (1) investigate the neuroanatomic, neurochemical and genomic architecture

of abnormalities in attention observed in clinical populations such as SZ; (2) develop and refine animal models of
cognitive impairments; and (3) improve cross-species translational testing for the development of treatments for these

impairments.
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INTRODUCTION

Current medications for patients with schizophrenia (SZ) exhibit
primary efficacy at treating positive symptoms, but limited efficacy
for treating negative symptoms or cognitive dysfunctions.'™
Functional outcome correlations with cognitive performance,
particularly in the domain of attention,*> have galvanized
research to identify procognitive treatments with the hope that
amelioration of these deficits will lead to improved functional
outcome.

Developing procognitive therapies for SZ will be facilitated by:
(1) an understanding of the neural systems underlying the
targeted cognitive processes; (2) knowledge of the neuroanato-
mical changes that underlie deficits in patients; (3) identifying
manipulations that can recreate these deficits in animals; and (4)
cognitive paradigms having cross-species translational validity to
assess potential therapeutics.® Unfortunately, the development
of such procognitive therapeutics has been ‘overwhelmingly
disappointing’ to date,” in part because of the use of ‘fast and
dirty’ cognitive paradigms with limited cross-species translational
validity.?

Since,>'° it has been clear that patients cannot maintain atten-
tion over time. More recently, two initiatives funded by National
Institute of Mental Health, the Measurement And Treatment

Research to Improve Cognition in Schizophrenia (MATRICS)'"'2

and the Cognitive Neuroscience Treatment Research to Improve
Cognition in Schizophrenia (CNTRICS),"® highlighted the need to
improve attentional functioning in SZ and to develop appropriate
animal models in order to quickly screen for potential therapeutic
response properties.”'*'® Attentional deficits appear to be core
aspects of cognitive dysfunction in SZ, as they are present at first
episode'”"® and persist across remitted and active phases of
iliness.'”?° The detrimental impact of impaired attention in SZ is
underscored by the finding that more severe deficits assessed by
continuous performance tests (CPTs) are robustly associated with
substantially higher costs of caregiving in these patients.?' The CPT
is the ‘gold standard’ test of attention in SZ, and although
numerous human CPTs exist with differing demands on differing
aspects of cognition, for example, perception, working memory
and/or contextual processing demands,? all CPTs use both target
and nontarget stimuli?®> Thus, CPTs assess a specific aspect of
attention, that is, the maintenance of vigilance over time where
subjects must respond to signals (target stimuli) and inhibit from
responding to noise (nontarget stimuli).?**> Despite the fact that
CPTs are commonly used to demonstrate poorer vigilance in people
with SZ throughout the session,'®?® there are few animal CPT
paradigms available that have demonstrable translational validity.
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In reviews of preclinical test batteries for MATRICS'® and
CNTRICS,?” the 5-choice continuous performance test (5C-CPT),
5-choice serial reaction time task (5-CSRTT) in the Cambridge
Neuropsychological Test Automated Battery®® and the distractor
sustained attention task (dSAT)?° were proposed as putative cross-
species tests for assessing attention in rodents. Although human
CPTs assess various aspects of attention, the necessity of inhibiting
from responding to nontarget stimuli is considered a core feature
of human CPTs and their assessing vigilance,?>3° yet this aspect is
lacking in most rodent attentional tasks. Whereas the 5-CSRTT
contains only stimuli to which the rodent must respond, the dSAT
requires rats to determine the presence or absence of a stimulus
and respond appropriately.?” Given that a prevailing theory of the
cognitive dysfunction occurring in SZ results from their
inappropriate attention to irrelevant external stimuli, to model
and treat such dysfunction would require the presence of
irrelevant stimuli. Consistent with human CPTs, the 5C-CPT
presents two stimulus types and requires both responses to
relevant stimuli and the inhibition of responses to irrelevant
stimuli. Hence, the 5C-CPT is a promising candidate for cross-
species test for assessing the attentional construct (vigilance)
measured in such tasks. In support of its cross-species relevance, a
standard requirement of the validation of human CPTs is the
detection of a vigilance decrement—poorer attentional perfor-
mance over time—which has been demonstrated in both mice
and rats in the 5C-CPT.3""3*

Current human CPTs commonly utilize culturally specific
symbols (for example, letters or numbers), limiting their use across
cultures and especially in rodent studies. To address
these limitations, we developed the human 5C-CPT that incorpo-
rates a spatial array and utilizes distinct noncultural stimuli. To
assess the clinical relevance of such a task, SZ patients and
age-matched healthy nonpsychiatric subjects (NCS) were tested on
the 5C-CPT. We hypothesized that SZ patients would exhibit
significant impairments in vigilance driven primarily by poor target
detection over time, consistent with other CPT studies>*™*

Table 1. Healthy nonpsychiatric comparison subjects and patient
demographics

Nonpsychiatric Patients with
comparison schizophrenia
Demographic and clinical subjects (n=23) (n=20)

characteristics (% s.d., min-max) (% s.d., min-max)

Gender (% male) 52 60
Mean age (years) 436 (9.9, 20-59) 42.8 (+8.8, 28-62)

Education 13.9 (£25,9-20) 12.0° (£ 1.9, 9-16)
Smoking 26.1 % 42.1 %
Right handedness 87.0 % 90.0 %

Age of illness onset
(years)

Duration of illness (years)
SAPS total score

SANS total score

19 (£ 1.1, 12-30)

24 (£9.2, 8-42)
9.9 (+44, 4-17)
17.3 (£3.3,7-22)

GAF 41.2 (£ 0.9, 36-47)
Patients receiving medication type, no.

No AP 2

Typical AP (exclusively) 5

Atypical AP (exclusively) 13

Typical + atypical AP 0

Abbreviations: AP, antipsychotic; GAF, Global Assessment of Functioning
Scale; SANS, Scale for the Assessment of Negative Symptoms; SAPS, Scale
for the Assessment of Positive Symptoms.

Patient symptoms are also included. P <0.05 when compared with healthy
subjects.
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This impairment may relate to reduced expression of musca-
rinic acetylcholine receptors (mAChRs) M1 and M4 in SZ
patients*? because of the importance of the cholinergic system
to attention.”* Thus, we also hypothesized that administering
the nonspecific  mAChR antagonist scopolamine to mice
would impair their 5C-CPT performance in a pattern similar to SZ
patients.

MATERIALS AND METHODS
Human participants

Clinically stable SZ (n=20) and gender- and age-matched NCS (n=23)
were recruited and tested in accordance with our established methods.***>
All participants were assessed for capacity to provide informed consent
and, after receiving a detailed description of the study, written informed
consent was obtained in accordance with University of California San
Diego (UCSD) institutional review board-approved procedures (numbers
030510 and 040564). All participants received a urine toxicology screen to
rule out recent drug use. Exclusion criteria also included recent substance
abuse or dependence. Participants were assessed diagnostically using the
Structured Clinical Interview for Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition,*® the Scale for the Assessment of Negative
Symptoms (SANS),*” the Scale for the Assessment of Positive Symptoms
(SAPS)*® and the modified Global Assessment of Functioning Scale.*® SZ
patients did not have an Axis | diagnosis other than SZ, and NCS did not
have any Axis | diagnosis. All participants had not experienced a neurologic
insult such as significant head trauma and/or loss of consciousness. NCS
were recruited through newspaper advertisements, postings on the
Internet and fliers posted at UCSD Medical Center. SZ patients were
recruited from community residential facilities and via physician referral.
Table 1 shows demographic characteristics of the sample and clinical
characteristics of the groups including the numbers receiving antipsychotic
treatment. All participants were able to tolerate the testing procedures and
completed the entire task, demonstrating the basic feasibility of this test in
NCS and SZ.

Human 5C-CPT apparatus

A Dell PC with E-Prime2 software (Psychology Software Tools, Sharpsburg,
PA, USA) was used for stimulus presentation and data acquisition. Subjects
sat in front of a 56-cm cathode ray tube (CRT) computer screen (60 cm
away). An arcade joystick was provided that subjects used with their
dominant hand. The joystick was spring-mounted so that after every
response the joystick would return to center.

Human 5C-CPT task

The participants were given a brief introduction to the task. The subjects
were forewarned that they would see 5 white lines (3cm) in an arc on a
black background and if a white circle (~2 cm diameter) appeared behind a
line then they should move the joystick in that direction (target stimuli).
Subjects were also instructed to inhibit responding if circles appeared
behind every line (nontarget stimuli). See Figure 1 for an example of
presentations of stimuli. Stimuli appeared for only 100 ms, although the
subjects could still respond up to 1s after the stimuli disappeared. Trials
were separated by a variable intertrial interval (ITl; 0.5, 1 or 1.55) occurring
1s after the stimulus of the previous trial was presented. The ITI was
presented in a pseudorandom order so that no more than 3 of a specific ITI
appeared consecutively. Variability of stimulus presentations was introduced
in order to reduce temporal predictability of stimuli, precluding a mediating
strategy that could aid performance. Moreover, this variability is consistent
with the rodent 5C-CPT. Before testing in the full task, subjects were given a
practice session consisting of 12 trials (10 target and 2 nontarget stimuli
randomly presented). The full task consisted of 270 trials, 225 target and 45
nontarget stimuli, presented in a pseudorandom order so that no more than
3 presentations of a specific stimulus appeared consecutively. Similarly, the
Conners CPT assesses attention and vigilance, utilizing a target/nontarget
ratio of 9:1, and is sensitive to inattention in SZ patients.38'5°'51 However,
most CPTs present more nontarget stimuli. The high ratio of target vs
nontarget stimuli is required in the rodent 5C-CPT to ensure the
maintenance of responding. Hence, this ratio was maintained in the
human 5C-CPT. Responses were recorded according to Table 2 and include
hits and misses to target trials or false alarms (FAs) or correct rejections (CRs)
to nontarget trials. Numerous calculations were also used in the analysis of
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Figure 1. Schematic of the mouse and human 5-choice continuous performance test (5C-CPT). There are five locations in which stimuli can be
presented. For mice, stimuli are presented in a 5-hole operant chamber in which cue light stimuli are presented and responses of the mice are
monitored using infrared (IR) beams (a). For humans, stimuli are presented in one of five locations in an arc on a computer screen, with
responses made using a five-way joystick (b). In both cases, a single light stimulus represents a target trial in which subjects must respond in
that location. A nontarget trial is represented by all five stimuli being presented simultaneously, to which the subject must inhibit from
responding. Because there are five targets for every one nontarget trial, responding in the presence of a cue stimulus represents the
prepotent response, whereas inhibiting from responding requires the control of attention. Target trials generate measures of hits and misses
(target responses and omissions) resulting in a subjects’ Hit Rate, whereas nontarget trials generate measures of correct rejections and false
alarms, resulting in a subjects’ False Alarm Rate. These two rates are utilized in signal detection theory (SDT) to generate the nonparametric
measure of performance, the sensitivity index (Sl). Thus, the overall combined performance can be measured (SI) and the two components of
that performance can also be measured to determine whether one more than the other drives changes in Sl. The table provides examples of
what permutations of Hit and False Alarm Rates result in various Sl and Rl levels, as well as provides a description of the behavior such scores

would entail.

performance, including hit rate (HR) and false alarm rate (FAR):

CumulativeCorrectLatency

ReactionTime =
Corrects
Hit iss
Accuracy = —— % Omissions = ( ————
Y = i Fincorrect ! <TotaITriaIs> *
Hi FA
R——M™ _ pap—
Hit + Miss FA+CR

Based upon these basic parameters, signal detection indices®>>> were

then calculated to assess both sensitivity index and responsivity index bias.
The sensitivity and responsivity indices were calculated using the following
formulas:

L HR — FAR
Sensitivitylndex = 5
2[HR + FAR] — [HR+ FAR]
HR+ FAR —1
Responsivitylndex = +72
1 — [FAR—HR]

Sensitivity index provides a nonparametric assessment of sensitivity to
appropriate responding.>* Values for sensitivity index vary from —1to + 1
(see Figure 1), with + 1 indicating that all signal events were responded to
while all nonsignal events were inhibited from responding to, whereas 0
indicates chance levels of distinguishing between signal and nonsignal
events. To mirror the use of sensitivity index, the nonparametric
response bias measure responsivity index>* was chosen to provide a
measure of the ‘tendency to respond’, with lower numbers indicating a
conservative response strategy, whereas higher numbers equating to
liberal responding.®*~>® Both sensitivity index and responsivity index are
based on the same geometric logic and are appropriate for use with single
choice procedures (that is, responding or not).>®

© 2013 Macmillan Publishers Limited

Animal subjects

Male C57BL/6N mice (n=16) were obtained from Jackson Laboratories
(Bar Harbor, ME, USA) at ~ 3 months of age (20-30 g). Mice were housed
separately in groups of maximum 4 per cage and maintained at 85% of
free-feeding weight, with water available ad libitum, and housed in a
vivarium on a reversed day/night cycle (lights off at 0700 and on at 1900 h).
Mice were brought to the laboratory 30 min before testing between 0900
and 1200 h. Procedures were approved by the UCSD institutional animal
care and use committee and conformed to the National Institutes of Health
(NIH) Guidelines.

Animal 5C-CPT apparatus

Training and testing took place in four 5-hole operant chambers (25 x
25 x 25 cm, Med Associates, St Albans, VT, USA). Each chamber consisted of
an array of five square holes (2.5 x 2.5 x 2.5cm) arranged horizontally on a
curved wall 2.5cm above the grid floor opposite a food delivery magazine
(Lafayette Instruments, Lafayette, IN, USA) at floor level and a house light near
the ceiling. The chamber was located in a sound-attenuating box, ventilated
by a fan that also provided a low level of background noise. An infrared
camera installed in each chamber enabled the monitoring of performance
during training and testing. Mice were trained to respond with a nose-poke
to an illuminated LED recessed into the holes. Responses were detected by
infrared beams mounted vertically located 3 mm from the opening of the
hole. Liquid reinforcement in the form of strawberry milkshake (Nesquik
(Vevey, Switzerland) plus non-fat milk, 30 ul) was delivered by peristaltic
pump (Lafayette Instruments) to a well located in the magazine opposite the
5-hole wall. Magazine entries were monitored using an infrared beam
mounted horizontally, 5mm from the floor and recessed 6 mm into the
magazine. The control of stimuli and recording of responses were managed
by a SmartCtrl Package 8-In/16-Out with additional interfacing by MED-PC for
Windows (Med Associates) using custom programming.*

Translational Psychiatry (2013), 1-10
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Table 2. Description of measures produced in the 5-choice
continuous performance test
Measure Description
Hit Response to target stimulus in correct location
Miss Nonresponse (failure to respond) to target
stimulus
Incorrect Response to target stimulus but in another
location
Correct rejection Appropriate nonresponse to nontarget
stimulus
False alarm Inappropriate response to nontarget stimulus
Premature Response to no stimuli during the intertrial
response interval
Cumulative Cumulative latencies to responses, including
Latencies correct, incorrect, false alarms and premature
responses
Hit rate Proportion of appropriate responses to target

stimuli

False alarm rate Proportion of inappropriate responses to

nontarget stimuli
Sensitivity index
(attention)

Nonparametric measure examining the
difference between hit and false alarm rates to
determine performance

Responsivity Nonparametric measure examining the

index (bias) combination of hit and false alarm rates to
determine responsivity to stimuli
Accuracy Proportion of correct compared with incorrect

responses
% Omissions

Percentage of misses

Animal 5C-CPT training and testing

In order to learn the basic response patterns required for the 5C-CPT, mice
were first trained in the 5-CSRTT daily, 5 days per week as described
previously.57 Each session lasted 30min or 120 trials, whichever was
completed first. Each trial was initiated by the mouse nose-poking, then
removing its nose from the magazine. After a 5-s ITl, a light stimulus
appeared in one of the five apertures located opposite the magazine. A
nose-poke in the lit aperture during the stimulus duration (SD) plus a 2-s
limited hold period resulted in a correct (Hit) response being registered and
a reward being delivered in the magazine. A nose-poke in any other
aperture over this period was registered as an incorrect response
and resulted in a 4-s timeout (TO). Failure to respond in any aperture
during the SD+limited hold was registered as an omission
(omission + incorrect = Miss) and also resulted in a TO. Response in any
aperture during the ITl registered a premature response and triggered a TO.
The next trial began when the mouse entered, then exited the magazine.
The SD started at 20's and was reduced to 10, 8 and 4 s after the attainment
of each criterion (a mean correct latency less than half the current SD for two
consecutive days) across sessions. At this point, mice were transferred to a
variable ITI (3-7s). Once performance stabilized (~3 days), the mice were
then transferred to the 5C-CPT (Figure 1). For the 5C-CPT, 100 trials were
target trials, identical to trials described in the 5CSRTT where a cue stimulus
appeared in any 1 of the 5 apertures, and 20 trials were nontarget trials,
unique to the 5C-CPT, in which all 5 apertures were illuminated and the
mouse was required to inhibit from responding. Consistent with human
CPTs,*® successful inhibition of a response to a nontarget stimulus resulted
in a correct rejection being recorded and reward delivered. Responding to a
nontarget stimulus however, resulted in a false alarm (FA) being registered
and a TO occurring. These nontarget stimuli were interspersed
pseudorandomly within the 100 target trials (maximum of 3 sequential
nontarget trials). False alarm latency was also recorded. Training took ~45
training sessions from 5-CSRTT to criterion in the 5C-CPT.

Assessing the effects of scopolamine on animal 5C-CPT

All C57BL/6N mice had been exposed previously to nicotine in a single
study.>® After a 2-week washout period, scopolamine was administered
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(vehicle, 0.1, 0.3 and 1mg kg”, intraperitoneal, 15 min preinjection) in a
crossover design. Vehicle (saline) was administered on Thursday, Friday
and Monday to acclimate the mice to receiving injections. Allocated doses
of scopolamine or vehicle were administered on Tuesday and Friday for 2
weeks, with vehicle administration occurring on the day before
scopolamine administration. On each drug-challenge day, the 5C-CPT
performance of mice was challenged in the extended session task
challenge of 240 trials with a variable SD (0.75, 1.25 and 2.005).

Drug preparation

Scopolamine hydrobromide was purchased from Sigma-Aldrich (St Louis,
MO, USA), and dissolved in saline. Scopolamine was administered at
5mlkg " intraperitoneally in a 15-min preinjection time. Doses were
chosen based on scopolamine-induced disruption of preference in mice>®
and impairment of mouse 5-CSRTT performance.®®%?

Statistical analysis

Human 5C-CPT performance was analyzed using a one-way analysis of
covariance with groups as a between-subject factor, trial block as a within-
subject factor and years of education entered as a covariate because
groups differed on this measure. Performance was also analyzed over
three-trial blocks and compared between groups using a two-way
repeated measures analysis of covariance with trial block as a within-
subject factor, group as a between-subject factor and years of education as
a covariate. Tukey's post hoc analyses were performed on main effects or
interactions with trial block. Mouse 5C-CPT performance was analyzed
using a two-factor repeated measures analysis of variance with drug and
trial block as within-subject factors. Data were analyzed using SPSS 19.0
(Chicago, IL, USA). The o was set to 0.05.

RESULTS
Human 5C-CPT assessment

Overall performance. People with SZ exhibited significantly
poorer performance relative to NCS as measured by their
sensitivity index (F(,40)=5.5, P<0.01; Figure 2a). There were no
significant differences between groups in response strategy (bias),
as measured by responsivity index (F(, 4= 1.9, nonsignificant
(NS); Figure 2b) or reaction time (F(,40)= 2.2, P=0.12; Figure 2c).
As hypothesized, the poorer performance of SZ patients was
driven by fewer responses to target stimuli (F(, 40)=5.1, P<0.05;
Figure 2d), as no differences in nontarget responding were
observed (F(, 40)= 1.5, NS; Figure 2e). SZ patients also exhibited
greater reaction time variability (F, 40)=4.8, P<0.01; Figure 2f).
Not a single premature response was recorded for either group
and accuracy to responding to the target location also did not
differ (F<1, NS; Figure 2h).

Within-session performance. No effects of trial period or trial
period x group interaction were observed for overall measures of
sensitivity or responsivity indices, reaction time or accuracy
(F<1.8, NS). A group x trial block interaction was observed for
percent omissions (F, go) = 4.2, P<0.05; Figure 2g), however, with
post hoc analysis of covariances revealing a significant block effect,
indicative of performance decrements over time that was evident
in both NCS (F(2142):4.5, P<0.05) and SZ (F(2'36):4.3, P<0.05)
groups. Tukey’s post hoc analyses revealed that NCS exhibited a
higher proportion of omissions in trial period 3 compared with
trial period 1 (P<0.05), whereas SZ subjects exhibited higher
proportion of omissions in trial periods 2 and 3 compared with
trial period 1 (P<0.05). Finally, when analyzed within trial periods,
patients exhibited increased omissions compared with NCS in
trial periods 2 (F(3,40)=3.7, P<0.05) and 3 (F,40)=4.2, P<0.05),
but not trial period 1 (F,40 =20, NS) that, taken together,
demonstrate that SZ patients exhibited a greater decrement in
performance over time in a manner that is indicative of a
sustained attention impairment.

© 2013 Macmillan Publishers Limited
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Figure 2. The performance of people with schizophrenia (SZ) and healthy nonpsychiatric comparison subjects (NCS) in the 5-choice
continuous performance test (5C-CPT). People with SZ (n = 20) exhibited impaired attention compared with NCS (n=23) as measured by a
reduced sensitivity index (a). This attentional deficit was unlikely because of changes in bias of responding given the lack of difference in
responsivity index between the two groups (b). Reaction times were slower in SZ but not significantly so (c). Poorer attention was driven by a
significant reduction in hit rate (d), with only a modest increase in false alarm responses (e). Variability in reaction time was significantly larger
in patients with SZ (f). The poorer overall hit rate of SZ subjects was driven by increased misses over time with a decrement in performance
occurring earlier and to a greater extent than NCS (g). Although the accuracy of performance was reduced in people with SZ compared with
NCS, this difference was not significant (h). Data presented as mean -+ s.e.m., *P < 0.05 when compared with NCS, *P<0.05 when compared

with trial period 0-80.

The effects of scopolamine on mouse 5C-CPT performance
Consistent with findings in SZ, scopolamine impaired mouse
5C-CPT performance as demonstrated by reduced sensitivity index
(F3,48y=9.2, P<0.0001; Figure 3a) at the highest dose when
compared with vehicle (P<0.05). Importantly, a vigilance decre-
ment was observed in vehicle-treated mice (F, 34 = 3.9, P<0.05;
Figure 3a), where their sensitivity index in trial period 3 was worse
than trial period 1 (P<0.05), and trending worse than trial period 2
(P<0.1). However, the sensitivity index did not differ over trial
periods in mice treated with scopolamine at any dose (F<1, NS).
Scopolamine deleteriously affected the sensitivity index in each
trial period (Fs 45>7, P<0.001), where 0.3 and 1mgkg ™'
lowered performance in trial periods 1 and 2, whereas 1 mgkg '
also lowered performance in trial period 3 when compared with
vehicle (P<0.05).

Overall, scopolamine treatment did not affect bias of respond-
ing in mice (F3 48y=1.5, NS; Figure 3b) although there was an
interaction with trial period (Fe 102 =28, P<0.05). Only

© 2013 Macmillan Publishers Limited

Tmgkg ™" significantly affected bias over time (Fp,34=5.8,

P<0.01), with a higher response rate in trial period 3 compared
with 1 and 2 (P<0.05). This effect was consistent with a lower bias
in 1mgkg " scopolamine-treated mice in trial period 1 (P<0.05),
a trend to lower in trial period 2 (P<0.1) and equivalent to vehicle
in trial period 3 (P>0.1).

Scopolamine-treatment tended to slow target responding in mice
(F3,489=23, P<0.1; Figure 3c), which interacted with time
(F6,102) = 2.2, P=0.055). No dose individually differed from vehicle
(P>0.1), nor did any dose change across trial periods (F<2, NS).
Significant post hoc analyses were limited to 1mgkg ' scopola-
mine-treated mice being slower than vehicle-treated mice in trial
period 1 only (P<0.05). Latencies to incorrect, false alarm or
premature responses were not affected by scopolamine (F < 1.4, NS),
nor did they interact with trial period. Scopolamine treatment
decreased the variability in the latency of target responding
(F3,48y=4.5, P<0.01; see inset in Figure 3c), an effect that did
not interact with trial period (F<1, NS). Scopolamine treatment

Translational Psychiatry (2013), 1-10
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Figure 3. The effects of scopolamine (Scop; 01 0.3 and 1.0mgkg ~') on mouse performance of the 5-choice continuous performance test
(5C-CPT). Scopolamine at 0.3 and 1.0mgkg ™ ! impaired the attention of mice as measured by the sensitivity index, which occurred in all three
trial perlods at 1.0mgkg ', but only in the first and second trial periods at 0.3 mg kg ~ 1 because of performance dropping in saline-treated
mice in the third trial perlod (a). Bias was largely unaffected by trial period except in the mice treated with 1.0mgkg ™' scopolamine who
exhibited an initially more conservative response profile (reduced responsivity index) that normalized with saline by trial period 3 (b).
Scopolamine |mpa|red attention in mice primarily by increasing the number of targets missed, occurring at every trial period for mice treated
with 1.0mgkg ™ ', aIthough performance improved over time (c). Slowed reaction time of mice treated with scopolamine (1.0mgkg ~ ) was
primarily observed in the first trial period only (d), with the highest dose reducing the variability of reaction time (inset). Scopolamine
treatment tended to increase the probability [P] of make a false alarm response to nontargets (e). Scopolamine treatment reduced accuracy of
responding in mice to lit vs unlut holes (f). Finally, scopolamine |ncreased the propensity of mice to respond before a stimulus appearing
(premature responses; g). Data presented as mean * s.e.m., *P<0.05; 'P<0.1 when compared with vehicle-treated mice; *P<0.05 compared
with trial period 1.

at Tmgkg ' reduced such variability compared with vehicle treatment and trial period interacted on the effect of target

(P<0.05). responses (F, 102 =2.6, P<<0.05). No trial period effect was
Consistent with SZ, the scopolamine-induced impairment of observed for saline-treated mice (F<1.2, NS), whereas scopola-
attention was driven primarily by increased percent omissions mine doses affected target responses over time with a trend at
(F(s,48 = 6.0, P<0.005; Figure 3d), with 0.3 and 1mgkg ' doses 0.1mgkg~ " (Fo3n=3.1, P<0.1), a significant effect at
differing from vehicle (P<0.1 and 0.05, respectively). Scopolamine 03mgkg ™" (Fu34 =46, P<0.01) but no effect at 1mgkg ™~
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(F<1.8, NS). Both 0.1 and 0.3mgkg ~' scopolamine-treated mice
exhibited lower percent omissions in trial period 3 compared with
1, whereas 0.4 mg kg ~ ' also differed between trial periods 2 and 1
(P<0.05).

Again, similar to SZ, scopolamine also modestly increased
nontarget responses (F 48 =3.1, P<0.05; Figure 3e), as
1mgkg ' produced a trend-level increase in the false alarm rate
(P<0.1). No interaction of scopolamine treatment and trial period
was observed (F<1, NS). Unlike SZ, however, scopolamine
treatment reduced the accuracy of responding in mice
(Fis,48 = 3.1, P<0.05; Figure 3f) at 0.3 and 1.0mgkg ™' doses
(P<0.05 compared with vehicle). Scopolamine treatment also
increased premature responding in mice (Fz 48)=3.6, P<0.05;
Figure 3g) at both 0.3 and 1mgkg ' when compared with
vehicle (P<0.05). Scopolamine effects did not interact with trial
period in either accuracy or premature responses (F<1, NS).

DISCUSSION

The ability of people to maintain vigilance to relevant stimuli over
a period of time is a necessity for optimal functioning in daily
activities. The results of this study indicate that the human 5C-CPT
is sensitive to detecting specific and global impairments of
vigilance in SZ. These deficits are driven by misses to target stimuli
that become exaggerated over time (that is, a vigilance
decrement). Importantly, mice can also perform the 5C-CPT and
exhibit performance indices that are comparable to those
observed in humans. Treatment with the general mAChR
antagonist scopolamine impaired mouse 5C-CPT performance in
a pattern that shared some parallels with, but did not exactly
recreate, the deficit profile exhibited by SZ patients. Thus, the
present results support the emerging view of the 5C-CPT as a
reverse-translational cross-species test that can characterize
specific attentional deficits in people with SZ. The 5C-CPT provides
a methodology for cross-species studies to develop animal models
and screen putative proattentive therapeutics.

Impaired vigilance in patients with SZ

As noted above, the present data indicate that the 5C-CPT is
sensitive to impaired vigilance in SZ. These deficits are manifested
primarily via reduced target responses with a concomitant
increased variability in reaction time, consistent with many other
CPT tasks that have been widely used in human studies>3¢
including the Conner's CPT>”*® and the degraded stimulus-CPT.3%*'
Indeed, people with SZ exhibit similar impaired CPT performance
irrespective of the use of auditory, visual or combined auditory/
visual stimuli®® An apparent increase in nontarget responses,
although not significant, also suggested that SZ subjects exhibited
difficulties in inhibiting responses to nontarget stimuli. Thus, despite
a reduced rate of detecting targets, the bias (rate of responding)
was unaltered in people with SZ, which is consistent with other CPT
studies®*® The lack of altered response bias supports the
hypothesis that the impaired sensitivity index of patients with SZ
reflects impaired attentional performance.3841%6

The significant increases in missed targets in SZ across testing
blocks in the 5C-CPT is consistent with the long-standing view
since Kraepelin and Bleuler that patients cannot maintain their
vigilance over time.” Although SZ subjects in the Raindrops
Attentional Task designed by Hahn et al®” demonstrated
increased missed targets after 10 min, modest deficits were
detectable in the 5C-CPT after only 6 min. When the 5C-CPT task
length is extended to 24 min, even greater vigilance decrements
are observed (Young JW and Light GA, unpublished observations).
That the Raindrops Task and the current 5C-CPT revealed such
impaired attention over time contrasts with other studies in SZ
(see, for example, refs, 19 and 26) and could reflect the use of
multiple stimuli that the subject must attend to requiring selective
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attention, as opposed to one stimulus in the center of the visual
field as is typical for most CPTs.2>3%68

The 5C-CPT measures other aspects of attention that are also
measured in the 5-CSRTT. For example, accuracy of responding to
stimuli (lit) vs blank locations and responding before a stimulus
presentation (premature response) can be measured in both tasks.
In the present 5C-CPT studies, SZ patients exhibited comparable
accuracy to NCS. In addition, no premature responses were
registered in either group, supporting the hypothesis that this
variable does not reflect impaired attention and/or impulsivity
associated with SZ. Moreover, these data support a dissociation in
the mechanisms subserving false alarms and premature
responses, as has been demonstrated in mice.3* Patients with SZ
and NCS responded to nontarget stimuli (false alarms), but did not
respond when no stimuli were present (premature responses).
Premature responses have been observed in children with
attention deficit hyperactivity disorder performing a stop signal
reaction time task® or a CPT variant,”® although the latter is not
always observed in children with attention deficit hyperactivity
disorder’" or children at risk for SZ’? in this CPT variant. Premature
response errors may therefore be more prominent in children
than adults, in some clinical populations more than others, or
require specialized equipment to detect.”?® Future studies are
needed to investigate whether premature responses can be
observed in patients with attention deficit hyperactivity disorder
and/or in NCS with manipulations to the current task. When SZ
patients were tested in the human 5-CSRTT, which requires only
responses to targets, premature responses have not been
reported, nor have differences in accuracy, but patients
exhibited increased variability of reaction time.”* This deficit has
been described as evidence of poor attention and/or visual motor
skills in patients.”>’® The present data therefore support the
importance of including nontarget stimuli for disentangling the
inattention associated with SZ, as measured by increased
nonresponses to relevant (target) stimuli over time.

Although some studies suggest an association of attentional
dysfunction as measured by CPTs and severity of positive”””® or
negative’’ symptoms in people with SZ, no significant
associations of performance in the 5C-CPT and clinical
symptoms (SAPS/SANS) were observed in this cohort. A robust
negative correlation (r= — 0.66) was observed, however, between
responsivity bias and clinician ratings of psychosocial functioning,
with more conservative responding being associated with better
daily functioning.

Scopolamine-induced disruption of attention in mice

Before the human and rodent 5C-CPT paradigms are deployed in
larger-scale clinical trials or in more extensive preclinical assays,
some critical questions must be answered. For example, how well
do the rodent 5C-CPT studies model the similarly observed deficits
in people with SZ? In this initial proof-of-concept study, mice
undergoing a scopolamine challenge were assessed in order to
compare human and rodent behavioral patterns of responding.
As predicted, scopolamine impaired overall mouse performance
of the 5C-CPT with many similarities to people with SZ.
A scopolamine-induced deficit in vigilance was observed, with
no evidence of an effect on biased responding or reaction time.
As in SZ, the poorer performance of scopolamine-treated mice
was driven by a reduction in target responses, with a modest
increase in nontarget responses. Unlike SZ, however, scopolamine-
treated mice exhibited other effects including impaired accuracy
with reduced rather than increased reaction time variability. These
mice also exhibited increased premature responses whereas none
were recorded in humans. Scopolamine may therefore exert
a wider range of effects that do not parallel those seen in
patients with SZ. The present data are consistent with the
literature whereby scopolamine-induced effects on accuracy and
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premature responses were also reported in mice performing the
5-CSRTT.%0-¢2

In contrast to mouse 5-CSRTT studies, the present study
demonstrated a vigilance decrement in task performance of mice
treated with saline, which is consistent with other reports in mice
and rats.>'* This contrast between studies is likely because this
decrement was observed as a reduced sensitivity index (not
available in the 5-CSRTT) but not accuracy (the primary 5-CSRTT
performance variable). However, scopolamine-treated mice did
not exhibit a vigilance decrement, with vigilance being worse in
every trial period. On examination of the percentage of target
omissions, the measure affected over time in SZ subjects, mice
treated with scopolamine actually improved over time. This
improved performance over time after scopolamine treatment is
likely a result of its pharmacokinetic properties with a half-life
of 40min® Scopolamine-induced deficits of human CPT
performance are observed for up to 7 h, which likely reflects the
longer half-life of scopolamine in humans.2'#2

Thus, with the primary attentional deficits of people with SZ
being impaired vigilance that worsens over time, scopolamine-
induced disruption in performance is an imperfect model. Of
course, in the present study we examined the performance in
patients currently stable on a variety of antipsychotic medications,
and hence a proper comparison would be to coadminister to mice
scopolamine with chronic dopamine D2 blockade.®® Although
future studies could explore the effects of such coadministration,
the effects of scopolamine alone may better model the impaired
attention observed in patients with Alzheimer's disease,2*%> where
an exacerbation of deficits over time only occurs with degraded®®
but not distinct®® stimuli. Given that distinct mAChRs
differentially affect pre- and post-synaptic activity in the
cortex,®® producing more distinct behavioral effects,®*° future
studies could also compare the effects of more selective mAChR
ligands on mouse 5C-CPT performance.

Cross-species 5C-CPT performance comparison

It is clear that mice,*33*°" rats®*'3? and humans (present studies)
can perform the 5C-CPT. The current study enables the
comparison of performance of mice and humans on the task.
Because verbal instructions are available for humans, extended
training is not required, although a practice session was provided
to acclimatize the subject to the joystick and stimulus
presentation. Mice, on the other hand, took ~4 months to train
to a stable level of performance in the 5C-CPT. The human task
lasted only 8 min, whereas the mouse challenge lasted 60 min in
the present studies. The difference in length may mediate the
clear vigjilance decrement described here in mice and in previous
studies,>® whereas only an increase in omissions was observed in
humans. This possibility is supported by observations of the
emergence of a significant vigilance decrement in a longer
(that is, 24min) human 5C-CPT (Young JW and Serences J,
unpublished observations). In terms of absolute performance on
the task, mice exhibit poorer performance across all measures (for
example, sensitivity index scores of 0.4 compared with human
scores of 0.9; 1.0 being perfect, see Table 1). Although the
proportion of target responses is lower in mice (0.62) compared
with humans (0.94), this difference is not driven by a reduced
response rate as the proportion of nontarget responses is higher
in mice (0.26) as compared with humans (0.02). Hence, humans
(—0.13) and mice (— 0.13) exhibit a comparable response bias,
indicating that they are less likely to respond than at chance
levels. The quantitative performance levels differed between the
two species with human vigilance levels almost perfect (0.92),
whereas mice were roughly between human levels and chance
(0.45). Such differences between rats and humans were also
observed in the sustained attention task. In contrast, qualitatively
similar effects of distraction were observed between the two
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species.? Similarly, in the present studies, although quantitative
differences in attentional performance were observed between
mice and humans, the similar drop in performance over time
provides a qualitative similarity, supporting that the 5C-CPT
assesses similar attentional processes across species. When
attempting to match human and rodent performance levels in
another paradigm,”® were required to use longer SDs and larger
stimuli. By maintaining the mouse task parameters for
consistency with previous reports,>>*°!" meaningful compari-
sons could be made to these reports. Interestingly, the level of
bias shown by mice and humans is similar to that reported in
rats,>'3? suggesting similar strategies of responding at least.
Investigating the differential effects of distractors on task
performance across species, as has been done in the dSAT,*
may provide further information on possible qualitative differ-
ences between the species. Interestingly, genetic abnormalities
such as 5-HT3 and catechol-O-methyltransferase allelic variations
can affect CPT performance.>> Transgenic mice with these
humanized allelic variants could enable further cross-species
comparisons mediating attentional performance. Given that the
5C-CPT was: (1) originally developed for use in mice;**>* (2) has
also been used to study rat models of behavior relevant to 5z;*'>?
(3) is amenable to functional magnetic resonance image
testing;®®” and (4) is sensitive to impaired attention in patients
with SZ (present studies), the 5C-CPT may provide a viable
translational tool with which to examine vigilance deficits
in neuropsychiatric patients,?’ test putative models®®**° and
discover treatments for such disorders.>® Although future
studies will incorporate each of these points, they will also
determine the consistency of human 5C-CPT performance with
more established attentional measures.

In summary, the human 5C-CPT is sensitive to impaired
attention in patients with SZ. Specifically, people with SZ appear
more sensitive than NCS to a decrement in hit rate over time.
Although there was significant overlap in the pattern of human/
mouse results in the four conditions presented (NCS and SZ,
placebo- and scopolamine-treated mice), the scopolamine-
induced 5C-CPT deficits appear to provide an imperfect model
of attentional dysfunction in SZ because of the lack of vigilance
decrement sensitivity. Nonetheless, the present studies demon-
strate substantial translational homology using this attentional
task. Finally, although the cross-species availability of the 5C-CPT
may benefit SZ research, impaired CPT performance is also
present in other neuropsychiatric populations such as bipolar
disorder, attention deficit hyperactivity disorder and Alzheimer’s
disease. It will therefore be useful to assess these clinical
populations to determine the pattern of the responding they
exhibit and compare this pattern with the abnormalities seen in
people with SZ.
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