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Abstract

Rationale Mice are useful tools for dissecting genetic and
environmental factors in relation to the study of attention
and impulsivity. The five-choice serial reaction time task
(5CSRTT) paradigm has been well established in rats, but
its transferability to mice is less well documented.
Objectives This study aims to summarise the main results
of the SCSRTT in mice, with special focus on impulsivity.
Methods The SCSRTT can be used to explore aspects of
both attentional and inhibitory control mechanisms.
Results Different manipulations of the task parameters can
lead to different results; adjusting the protocol as a function
of the main variable of interest or the standardisation of the
protocol to be applied to a large set of strains will be
desirable.

Conclusions The SCSRTT has proven to be a useful tool to
investigate impulsivity in mice.

Keywords Five-choice serial reaction time task -
Impulsivity - Attention - Task parameters - Mice

Background

A constellation of neuropsychiatric disorders, such as
ADHD, personality disorders, mania, Alzheimer’s disease
(AD), Parkinson’s disease and substance abuse, has been
associated with attentional disruptions and impulsive
behaviours (Clark and Robbins 2002; Evenden 1999).
Several operant tasks have been developed to assess both
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attention and impulsivity in rodents, including the now
well-established five-choice serial reaction time task
(SCSRTT). This technique has been proven to be a useful
tool in rat studies and is increasingly used in mouse studies.
Mice are particularly useful in the dissection of genetic and
environmental factors that might influence behaviour in the
task. This review is aimed at presenting the evidence
generated from mouse studies and will discuss the nature of
the results found among different studies in relation to the
particular procedures implemented. The surveyed data
suggest that the results obtained may depend on the
particular parameters of the test. Hence, information
regarding the extent to which the parameters of the task
detect (or even produce) differences in impulsivity will be
examined and future directions for research suggested.

Measuring attention and impulsivity: SCSRTT

In 1983, Robbins and colleagues initially reported a test for
assessing attention in rats. This paradigm was based on
another procedure used to monitor attentional function in
humans, the continuous performance task (Carli et al. 1983;
Robbins 2002). Briefly, the SCSRTT assesses attentional
performance by the detection of a brief visual stimulus
presented pseudorandomly across several spatial locations,
in a five-hole box, though variations with nine holes or
even one hole have also been used. The SCSRTT also
provides information about aspects of inhibitory response
control: premature responding (responding before the light
stimulus is presented) into the holes is viewed as a failure
of response inhibition where the animal has to withhold
responding until the stimulus light is illuminated and
provides a measure of impulsivity (Robbins 2002); persev-
erative responding occurs when the animal continues
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(unnecessary) nose-poking into the holes after a correct
detection and may represent a measure of compulsivity
(Dalley et al. 2008). As indicated by other excellent reviews,
attention and impulsivity are not unitary constructs (Evenden
1999; Robbins 2002; Winstanley 2007), and only one
specific form of impulsivity is measured by the SCSRTT.
This impulsivity subtype was initially described as ‘motor’
impulsivity (Winstanley 2007), but has been more recently
characterised as ‘waiting’ impulsivity (Robinson et al. 2009).

The flexibility and non-aversive nature of the SCSRTT
makes it suitable for several testing purposes and its use has
been well described in rats (Robbins 2002). However, due
to the availability of techniques to manipulate the mouse
genome, it is important to be able to perform these studies
in mice. A complete analysis of all the variables of the
S5CSRTT is beyond the scope of the present review; instead,
we will focus on premature responses, which provide our
main impulsivity measure, and other variables will be
introduced as secondary measures.

The focus of interest when approaching the study of
attentional and impulsive phenotypes in the mouse can be
subdivided into different domains which we will categorise
into four main topics. Of increasing interest in recent years
have been the (1) exploration of the genetic basis of
attention and impulsivity, (2) discovery of neurochemical
pathways mediating processes of attention, (3) neurophar-
macological assessment of drugs and their role in impul-
sivity and attention and (4) examination of the role of
affective states in attention and impulsivity. Although the
early reports using mice focused mainly on attentional
function, later studies have emphasised other variables such
as premature or perseverative responding in the analysis,
expanding the use of the task to study aspects of inhibitory
control.

Evidence from the mouse: test parameters influence
the results

The possible trial sequence that a mouse has to follow to
obtain a reinforcer is illustrated in Fig. 1, a similar protocol
to that described for rats (Robbins 2002). Considering all
variables together, attention is measured mainly by accura-
cy of performance and omissions and also by a measure of
processing speed—the reaction time or latency to perform a
correct response. Accuracy (percentage of responses that
are correct) provides a conservative measure of attention,
and if latencies or total trials completed are not impaired,
we can assume that any disruptions of the task are true
attentional deficits. Taking the reaction time for a correct
response, increases in correct latency in the absence of
changes in another reaction time measure (i.e. latency to
retrieve the reward) suggest that the animal’s locomotor
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function and motivation for the reward are unaffected; thus,
this measure is likely to reflect a true slowing of processing
speed. The average latency to make an incorrect response is
rarely reported, presumably because it is affected similarly
to the latency to perform a correct response (Amitai and
Markou 2010). The second common measure of attention,
omissions (failures to respond), can also reflect failures of
signal detection and/or motivational/motor deficits (Davies
et al. 2007; Humby et al. 1999). On the other hand,
inhibitory control variables, premature and perseverative
responses, can also affect attentional performance and can
be associated with each other, as has been argued by Dalley
et al. (2011). The aforementioned considerations, therefore,
illustrate a crucial point about the SCSRTT: it is critical to
consider the various measures of the task in combination
before a final interpretation is made.

SCSRTT parameters are well defined in rat studies
(Robbins 2002). However, the SCSRTT protocol used in
mice varies and the use of different procedures, according
to the particular question asked, can make comparison
between studies and laboratories sometimes difficult.

Pre-training

A number of stages of pre-training in the SCSRTT, starting
with behavioural shaping, gradually introduce the subjects
to the different aspects of the SCSRTT. As reported by
Humby et al. (2005), animals perform behavioural shaping
to learn how nose-pokes in the magazine lead to a
reinforcer, during a small number of sessions, often no
more than two. Studies often limit this pre-training session
to 50 reinforcers, but the number of total trials will be
increased in subsequent stages of the training. Secondly,
during the proper SCSRTT training, nose-pokes into the
signalled holes are required to obtain the reward. Stimuli
are initially presented for a longer period of time (usually
starting from 30 s) and are subsequently reduced according
to specific criteria (de Bruin et al. 2006; Hoyle et al. 2006;
Humby et al. 1999). Next, parameters are adjusted accord-
ing to the performance of each animal, also depending on
the study. For instance, when using animals modelling AD-
like attentional deficits, the standard task was adjusted to
less restrictive conditions: the duration of the session was
set to 50 trials or 1 h (which allows the analysis of possible
deficits in sustained attention), the inter-trial interval (ITT)
was set at 20 s and then a larger-than-usual punishment of
10 s and a less attentionally demanding stimulus duration of
4 s were used (Romberg et al. 2011). In Relkovic et al.
(2010), animals were trained to baseline performance at
0.8 s stimulus duration, but only 30 total trials were
required to be completed and criteria of 80% of accuracy
and <25% of omissions were established. In contrast, when
the assessment of attention was the main priority, the
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Fig. 1 Sequence of a session in a SCSRTT chamber. Different steps
may lead to a reward or to a timeout where no reinforcer (R) is
available. Correct responses made into the illuminated hole are
rewarded by the presentation of a reinforcer in the magazine entry.
Omissions (failure to respond to the signalled stimulus within a
concrete period of time), incorrect responses (nose-pokes into a non-
designated hole) and premature responses (responses into the apertures
during the ITI, prior to the stimulus presentation) are generally
followed by a period of ‘timeout’, perseverative responses (responding
repeatedly into the apertures after a correct detection and before
collecting the reward) can also be punished by a timeout in some
protocols. Specifically, mice have to nose-poke into the magazine to
start a new trial, and then withhold responding during the ITI (in
seconds) until the stimulus is presented. If the animal makes a
response into one of the holes during this interval, a premature
response is recorded. When the ITI period is terminated, the animal is
required to nose-poke into the illuminated hole within a limited time
(correct response) in order to obtain a reinforcer in the magazine entry.
The times to make the correct response and to collect the reinforcer
are also recorded (correct latency and magazine latency, respectively).

number of trials was set at 50, since overtraining could be a
confounding factor (Wrenn et al. 2000): attention rather
than the ability to learn is being assessed. However, daily
sessions of 30 min duration or limited to 100 trials

For a Limited Hold (LH)

Premature response
in any hole

No Response
Omission

e

Time out (s)

If the animal nose-pokes in a non-illuminated hole, this is recorded as
an incorrect response. Both correct and incorrect responses provide a
measure of attention (accuracy), usually assessed by the percentage of
correct responses (correct/correct+incorrect). However, the animal can
also display no response, and this is recorded as an omission. At the
same time, some animals tend to nose-poke repeatedly into the holes
after a correct response, this measure being considered a form of
compulsivity and recorded as a perseverative response. An additional
measure of compulsivity, unfortunately not usually reported, could be
responses during timeout (i.e. nose-pokes made during the timeout
interval) (Amitai and Markou 2010). To signal appropriateness of
behaviour, incorrect, omission, premature and perseverative responses
can be followed by a timeout, generally signalled by a period of
darkness (or by illuminating the chamber, depending on the protocol);
during timeout, no reinforcer can be obtained. Finally, the total
number of trials completed (77) can be examined, providing a
measure of motivation. A camera located inside the box may be
useful to detect scanning strategies not easily inferred with the
analysis of the variables (Humby et al. 1999)

(whichever comes first) are the most commonly used
(Greco et al. 2005; Patel et al. 2006). Testing is routinely
carried out daily (5—6 days/week) (Hoyle et al. 2006; Oliver
et al. 2009; Patel et al. 2006). Animals can also be tested
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during the dark phase (Pattij et al. 2007), although is
important to note that the time at which animals are trained,
tested and fed should be constant throughout the experi-
ment (Bari et al. 2008), since circadian changes can lead to
different results (Yan et al. 2011).

Another aspect of the protocol that needs particular
attention is whether punishment is used. In some studies,
omissions (failures to respond when a stimulus is pre-
sented) and incorrect responses are recorded and punished
with a timeout in which no reinforcer is available for a set
period of time; in most studies, as originally set up in rats,
premature responses are also punished by a timeout
(Humby et al. 1999). The use of the timeout has the
consequence of suppressing inappropriate behaviour and
thus narrowing the sequence of actions needed to obtain the
reward (Bari et al. 2008). Some studies perform the timeout
punishment less rigorously, using a 2-s period (e.g. Greco
and Carli 2006; Hoyle et al. 2006; Pozzi et al. 2010),
whereas others use 4 s (Kerr et al. 2004; Young et al. 2004)
or even 10 s (Romberg et al. 2011; Wrenn et al. 2006); 5 s
is the most common timeout interval used (e.g. Bailey et al.
2010; Davies et al. 2007; Humby et al. 1999; Lambourne et
al. 2007; Loos et al. 2009; Oliver et al. 2009; Pattij et al.
2007; Relkovic et al. 2010; Yan et al. 2011). The timeout
might be signalled by a period of darkness (e.g. Hoyle et al.
2006; Oliver et al. 2009; Walker et al. 2011) or might be
signalled by the illumination of the house light (Davies et
al. 2007; Humby et al. 1999; Kerr et al. 2004; Lambourne
et al. 2007; Wrenn et al. 2006; Young et al. 2004).
Responses in the holes during the timeout period may
restart the timeout (Greco and Carli 2006). Some studies
add the possibility of avoiding/terminating this timeout
through a panel push (Davies et al. 2007; Lambourne et al.
2007). To what extent do these variations in the timeout
procedure lead to the same consequences for behaviour?
The importance of this topic is discussed in the study by
Hoyle et al. (2006) in which two experiments with different
protocols were carried out. In the first experiment, where
premature responses were not punished and time available
to complete a response (limited hold; LH) was long (LH=
5 s), mice showed high levels of premature responding and
low levels of accuracy; after modifying task parameters so
that time allowed for responding was shortened (LH=2 s)
and premature responses were punished by a timeout, mice
presented normal anticipatory responding and accuracy
levels, but more omissions (Hoyle et al. 2006). Similarly,
Bizarro et al. (2003), using rats, found, in the absence of a
timeout, that acute alcohol decreased premature responding,
whereas Oliver et al. (2009), using mice and a timeout of
5 s after a premature response, found an increase in
premature responses after acute ethanol treatment under
long ITT conditions. As noted in Amitai and Markou 2010,
the absence of a timeout decreases the incentive to withhold
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premature responding. However, punishment for premature
responding is not always necessary, and the punishment of
perseverative responses has been reported to disrupt
training (Bari et al. 2008). In particular, during the training
period or when only attentional assessment is relevant,
some studies (de Bruin et al. 2006; Lee et al. 2002) prefer
to use a protocol in which premature responses are not
punished.

Similarly, the duration of the LH (time available to
perform the response after the stimulus presentation) has
also been proven to be important. Both Patel et al. (2006)
and Hoyle et al. (2006) argued that a long LH offers more
time to make an incorrect response, and they proposed that
some of these supposedly ‘incorrect’ responses are,
actually, impulsive responses—the animal that failed to
detect the stimulus presentation ‘thinks’ that the stimulus
has not yet been presented and, consequently, makes a
response into a random hole. Thus, a long LH diminishes
accuracy and could hypothetically increase premature
responses (false incorrect), especially when the subjects
are not punished (perhaps resembling more compulsive
responses). However, when the LH is reduced and
premature responses are punished, although the omission
rate is increased, animals make fewer anticipatory
responses and display normal accuracy (Hoyle et al. 2006).

Therefore, as discussed, the task may be adjusted, depend-
ing on the main variable of interest, by modifying the training
length, the baseline criteria and/or the task parameters (Bari et
al. 2008). It needs to be borne in mind that such
methodological differences in the protocol may account for
apparently different findings across laboratories.

SCSRTT in mice: a summary of main findings

As outlined above, different test parameters can lead to
different outcomes. We will divide this section into the
different steps and modifications that can be implemented
in order to vary task demands. After a period of extensive
training in the task and upon the stabilisation of perfor-
mance under baseline parameters, a variety of behavioural
manipulations can be designed to affect specific aspects of
attention and impulse control.

In order to investigate stable differences between groups,
or the impact of certain drugs, animals are commonly tested
under the particular standard conditions used during
training. A complementary approach, following training
under standard conditions, is to introduce probe sessions
from time to time in which particular parameters are varied.
One example is the use of ITIs (the time that the animal has
to wait before the stimulus is presented) that are varied
from the ITI used during training. Variations that have been
reported in the literature involve lengthening the ‘waiting
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time’—long ITI condition, by shortening it—short ITI
condition or by making the presentation of the stimulus
unpredictable—variable ITI (VITI) condition. Another
option might consist of varying the attentional load (e.g.
by the manipulation of the characteristics of the stimuli—i.e.
short stimulus duration (short SD) condition.

Acquisition of the task/training

Generally, mice display no problems in their ability to
perform the basic task and to advance across the different
stages of training in the SCSRTT (Davies et al. 2007; Hoyle
et al. 2006). Under low attentional demands, mice display
high levels of accuracy and short reaction times (de Bruin
et al. 2006; Marston et al. 2001) with no particular
problems arising from premature responding (Humby et
al. 1999). The task has been proven suitable for the testing
of mice genetically manipulated to mimic Alzheimer
disease-related dysfunctions (3xTgAD; Romberg et al.
2011). Even aged animals (mice of 14, 20 and 27 months
old overexpressing human caspase 3, implicated in cell
death following neurodegeneration), showed no difficulties
in learning the task and did not show differences in
performance in comparison to their age-matched wild-type
(WT) control littermates (Kerr et al. 2004). As previously
described for rats (Dalley et al. 2002), mice are able to
reach high levels of performance. Indeed, comparing mice
and rats, under baseline conditions, the level of premature
responding in mice is lower than that seen typically in rats
(Humby et al. 1999); on the other hand, the omission rate
can be higher in mice (Oliver et al. 2009; Wrenn et al.
2006). This impairment may be associated with different
motivational processes among different strains of mice and/
or a more acute decrement in vigilance within the session in
mice, compared to rats (Dalley et al. 2004), but it may also
be related to satiation, a common problem with the
procedure in mice (de Bruin et al. 2006). For this reason,
the murine version sometimes consists of shorter sessions
than are typically used with rats (Wrenn et al. 20006).

Choice of the reinforcer used, liquid reinforcer or food
pellets, will help to rule out this confounding variable.
When delivering pellets (preferred in order to facilitate
comparisons with rats’ performance (de Bruin et al. 2006;
Patel et al. 2006), sessions will be of shorter duration. On
the other hand, liquid reinforcement allows sessions to have
a higher number of total trials (100 TT or 30 min; Oliver et
al. 2009). In the case of liquid reinforcers, the volume used
might be reduced to avoid satiation but also to appropri-
ately restrict body weight; type of reinforcer, on the other
hand, can also be used as a motivational factor.

Although the performance of mice generally rivals that of
rats, some differences in training are seen in mice with specific
mutations or depending on the strain. For example, in the

study by Greco and Carli (20006), investigating the effects of
deletion of neuropeptide Y2 receptors in memory, attention
and inhibitory response control, the less anxious Y2~ mice
took twice as many sessions as WT mice to nose-poke
consistently into an illuminated hole, showing lower accura-
cy and more premature responding during the training (as
well as in long ITI and variable SD sessions) in comparison
to the Y2"* mice, suggesting a possible role for anxiety in
the learning of the SCSRTT (Greco and Carli 2006). Also, a
Prader—Willi syndrome (PWS) mouse model, the PWS-IC"",
with learning impairments thought to arise from attentional
deficits, took twice as many sessions and had impaired
accuracy, increased omissions and elevated correct reaction
times than their WT controls, but no differences were found
in premature responses or motivation (latency to collect and
consume the reinforcer) (Relkovic et al. 2010).

Baseline performance under standard conditions

Once the criteria of stability of performance are reached, data
from the last days of training can be used to provide a baseline
index of execution. Generally, baseline performance is calcu-
lated from the values obtained over the last 2 days (Romberg et
al. 2011; Relkovic et al. 2010), 3 days (Greco et al. 2005;
Humby et al. 1999; Kerr et al. 2004; Pattij et al. 2007), 4 days
(El-Kordi et al. 2009) or even 10 days (Davies et al. 2007) of
training in the SCSRTT in which asymptotic performance at
the final SD is reached (e.g. 1 s; Loos et al. 2010).

Baseline performance has been generally used to study the
differences between strains (Greco et al. 2005; see Table 2):
for example, F1 C57BL/6xDBA/2 vs C57BL/6x129Sv
(Humby et al. 1999), C57BL/6 vs DBA/2 (Loos et al
2010; Patel et al. 2006) and C57BL/6JOlaHsd vs 129S2/
SvHsd vs DBA/20laHsd (Pattij et al. 2007) and to compare
different genetic manipulations. Some examples include
studies of the effects of X-monosomy on visuospatial
attention (Davies et al. 2007), a mouse model of PWS
(Relkovic et al. 2010), studies of mice with overproduction
of corticoid-releasing hormone (van Gaalen et al. 2003),
caspase 3 mutant mice (Kerr et al. 2004) and transgenic mice
for the human FTDP-17 tauV337M mutation (Lambourne et
al. 2007). Baseline rates have also been used to examine the
role of nicotinic &5 (Bailey et al. 2010) and &7 (Young et al.
2004) subunits in attention. Lastly, pharmacological chal-
lenges are also generally implemented under standard
conditions, as we will explore later.

Challenge condition
Altering the duration of the ITI: short, long and variable ITI

In order to provoke impulsive responding, a number of
experimenters have varied the ITI away from the training
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conditions. Both shortened (0.5, 1.5, 3.0 or 4.5 s) (Humby
et al. 1999; Lambourne et al. 2007; Wrenn et al. 2006) or
lengthened (5, 6, 7, 8 or 10 s) ITIs have been used, usually
by interleaving occasional long ITI sessions within baseline
training sessions; in order to allow sufficient time to
complete the same number of trials per session, session
duration is usually increased to 45 min. Increasing the ITI
from a baseline value of 5 to 7 s in the long ITI session has
been shown consistently to increase premature responding
in both rats (Dalley et al. 2007; Dalley et al. 2008; Fletcher
et al. 2007) and mice (Oliver et al. 2009).

Altering the length of the ITI itself has little effect on
attentional functioning in the rat, and similar findings
apply to mice (de Bruin et al. 2006; Robbins 2002) (see
Fig. 2).

Nevertheless, although the main effects of increasing the
ITI in mice are seen in impulsivity measures, Marston et al.
(2001) additionally described impairments in attention that

were, however, strain-dependent: lengthening the ITI
caused greater accuracy deficits in C57BL/6J than in
129P2/OlaHsd mice. In detail, when increasing the ITI,
C57BL/6] mice seem to show greater impairments in
accuracy in comparison to 129P2/OlaHsd mice, whereas
when reducing the SD, 129P2/OlaHsd mice were more
affected. At the same time, Yan et al. (2011), using a mouse
model with cognitive and inhibitory control deficits that
resemble diagnostic features of ADHD (inattentiveness,
impulsivity and compulsivity; NK1R "), reported that long
ITI sessions increased omissions, perseverative responses
and latency to collect the reward in NKIR™™ mice in
comparison to their WT control group. On the other hand,
the same authors report that, using a vITI procedure,
perseverative responding and premature responding were
increased in the NK17/~ mice, and accuracy diminished,
indicating that the long ITI and vITI conditions may give
rise to rather different outcomes.

Fig. 2 a Effects of increasing A)
the ITI on SCSRTT performance % Prematures
in C57Bl/6JOlaHsd mice. Once 25 _
stable baseline levels have been —e—C57
achieved, C57B1/6JOlaHsd mice 204
were tested in five long ITI @
sessions (L/—L5) in which the ::,: 154
stimulus predictability was ©
disrupted by increasing the g 10
length of the ITI from 5 to 10s. a
The number of premature 2
responses was accentuated when 51
mice were confronted with a 0
long I.TI.se.:ssmn, but this effect 0 LI 1 LI2 LI3 LI 4 LI5
was diminished by repeated .
sessions (Oliver et al. 2009). b Session
Effects of a vITI on SCSRTT
performance in ethanol-treated B) Day 14 Day 28
and control C57BL/6J mice. 100 1 100
Once stable baseline levels had -O-CTR
been achieved, the animals were 75 75 | @ ETH
tested in four vITI sessions
(Day 14, Day 28, Day 42 and 50 50 4
Day 56) in which the stimulus
predictability was disrupted by 8 o5 25 -
varying the ITI from 2 to 15 s. §
The number of premature © o- T T T 0-
1S 2s 5s 10s 15s 2s 5s 10s 15s

responses exacerbated at longer °
ITIs. Premature responding o Day 42 Day 56
decreased over sessions (Walker N
et al. 2011) o100 100

75 A 75 4

50 50 A

25 1 25 A

0 - T T T 0-
2s 5s 10s 15 2s 5s 10s 15s
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In the vITI condition, the stimulus can be presented
using different inter-trial delays, for example, 4-6-8-10s,
in a semi-random fashion, within a single session. By
disrupting the temporal predictability of the stimulus onset,
the possibility of mice using temporal mediating strategies
is minimised. Although mainly implemented in a single
session, it may also be interesting to repeat the vITI
procedure more than once to study the evolution of the

behaviour and analyse how impulsive responses show
adaptation over time and/or repeated testing (Walker et al.
2011). In rats, when introducing a vITI condition, at the
longest ITI values, levels of premature responding are
increased (Fletcher et al. 2007). The same phenomenon is
seen in mice (Walker et al. 2011; de Bruin et al. 2006; see
Fig. 3), regardless of the strain (Relkovic et al. 2010).
Increasing the ITI (from 5 to 6, 7, 8 s) produced significant

5 Choice
___________________________ .
: - i Motivation/Sedation/Motor
Attention Impulsivity H / . / '
(N Impairment P
. - Speed Wait!
Sustained Divided Focused Peacass Withhold
Long sessions Spatial Distracting Long sessions
TITI Locations TITI
T sD TsD
= o | | = ! Magazine
= . Correct diK . = . Total
Accuracy | Om|55|ons/1\| Lat | ‘ Premature /ﬁ\dl’l ‘ Perseverative | Latency/ Omissions Trials
atency | | Nose Pokes

Fig. 3 The diagram exemplifies the complex relationship between the
SCSRTT variables. Some of the variables covary but, at the same
time, can be controlled by independent mechanisms. Symbols indicate
positive (plus sign) or negative (minus sign) correlations (Spearman’s
r) from data from 12 BXD recombinant inbred strains and their
progenitors (C57Bl/6J and DBA/2J), during the baseline and the three
long ITI challenge sessions (Pefa-Oliver, in preparation). Firstly, from
the bottom left to the right, we can see that accuracy shows a negative
correlation with omissions; that is, strains that perform more
accurately during the challenge sessions, also show fewer omissions
(r=-0.790). Furthermore, the BXD study also suggests a negative
correlation between accuracy and correct latency, during the long ITI
condition. As expected, strains that perform more accurately take less
time to make a correct response (r=—0.507). At the same time,
accuracy, during baseline but also during the long ITI sessions,
correlates with inhibitory control variables in the SCSRTT: negatively
with premature responding, as reported by others (Dalley et al. 2008;
Greco et al. 2005), but not in agreement with Loos et al. (2010), and
positively with perseverative responses, but not in a model of mice
3xTgAD where animals with diminished accuracy also increased
perseverative responses, similar to rat models of AD and patients
(Romberg et al. 2011). Focussing on omissions, values during
baseline, second and third long ITI positively correlate with premature
responding, but not with perseverative responses. In the bottom central
part of the figure, we can see that the inhibitory control variables have
a negative correlation between them: strains with higher number of
perseverative responses, show lower premature responding. Those
results indicate that perseverative and premature responses might be
under different mechanisms, as also suggested in other studies (Greco
et al. 2005; Oliver et al. 2009; Loos et al. 2010). Moreover, it is also

interesting to assess the stability of those variables over time (symbols
inside the boxes), not only during the standard conditions but also
under challenge sessions. Accuracy and, especially, perseverative
responses, tend to remain stable over time. Omissions and premature
responses, on the other hand, show increments during long ITI
sessions compared with baseline conditions, as also reported in other
studies (Walker et al. 2011). However, premature responses tend to
decrease over time, whereas omissions show a less consistent pattern;
indeed, the rate of omissions shown during the baseline does not
predict long ITI performance. Above all, as we highlight, special care
needs to be taken with motivational, sedation and motor impairment
since they can affect overall SCSRTT performance, as also reported by
Bari et al. (2008). If motivation is decreased, fewer trials will be
completed by the end of the session, and the latency to collect the
reward and the number of head pokes into magazine will increase and
decrease, respectively. In the case of sedation, an increase in response
latencies and reward collection will be seen. More concrete to this
study, a positive correlation is seen between magazine latency during a
long ITI and perseverative responses (+0.608) and correct latency
(+0.559); and this last measure correlating negatively with number of
total trials (—0.650). In detail, strains that during the long ITI take
more time to collect the reward are also more compulsive and
completed fewer total trials. Although the high magazine latency may
come from lack of motivation, the increase in number of perseverative
responses suggests that delay in retrieving the reinforcer is attributable
to a longer time spent repeatedly nose-poking: high responding into
the stimulus hole may indicate a high motivation or excitatory effects
towards the potential reward (or perhaps, insecurity as to whether the
nose-poke was effective). In sum, a cautious approach would be
required in the analysis of SCSRTT variables
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differences in impulsive responding in young mutant tau
V337M mice, the deficit being more acute when the
animals were older (Lambourne et al. 2007), though
changes in accuracy or correct response latency did not
occur. In a study comparing 40,XX and 39,XO mice
(Davies et al. 2007), both groups showed a similar increase
in the levels of premature responding in a vITI session. In a
later study by the same authors, premature responding was
especially higher in 40,XY in comparison with 39,XY"O
mice (Davies et al. 2009). Consistent with these findings,
Greco and Carli (2006) also found premature responses to
be increased by VITI, especially in the less anxious Y2/~
mice, whereas no additional effects on accuracy or
omissions were reported. Although not consistently
reported, impairments in attention can accompany increases
in premature responding when using the vITI condition
(Yan et al. 2011). Humby et al. (1999) report that vITI also
resulted in an increase in omissions and a decrease in
correct reaction times, in C57BL/6xDBA/2 mice. Although
vITI is usually implemented as a challenge session, Hoyle
et al. (2006) trained animals under a vITI, so that they could
be compared for their abilities in coping with temporally
unpredictable stimuli. Results under this training procedure
showed that fewer reinforcers were obtained and higher
correct response latencies were seen, in comparison with
the animals trained in a fixed ITI protocol.

Under the standard ITI procedure, the stimulus light
informs about the correct location for a response. Since the
ITI is fixed, timing of the response may be mediated by
either the light onset or by internal timing. Under the vITI
procedure, stimulus onset informs both about the location
of nose-poke and the appropriate time of responding. If the
animal has been trained using a fixed ITI, and thus had the
opportunity to employ internal timing to solve the delay
aspect of the task, introduction of a vITI requires a change
in strategy to use only the stimulus onset and to ignore
internal timing. In contrast, under the long ITI condition, as
in the standard configuration, the stimulus informs about
the place, but a possible strategy is for the animal to adjust
its internal timing to the new contingencies (wait 7 s not
5 s), a strategy that is not available for the vITI procedure.
The standard and long ITI procedures may thus have
elements in common with differential reinforcement of low
rates procedures, in which the animal is required to estimate
the passage of time to perform efficiently (Ripley et al.
2001; Stephens and Voet 1994). We may speculate that, in
the VITI condition, because the animals cannot rely on
internal timing, they will pay more attention to the stimulus
and, for that reason, in the vITI condition, animals may also
perform with higher accuracy. On the other hand, under the
long ITI condition, animals might still use internal timing,
appropriately adjusted, and thus rely less on stimulus
detection; greater deficits in accuracy might then be
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expected. To test this notion, we performed correlational
analysis using unpublished data from our laboratory from
46 mice (C57BL/6J and DBAZ2/J obtained from Jackson
Laboratories, C57BL/6J from Charles River and C57BL/
60laHsd from Harlan, UK). Since in these experiments we
used a 10-s ITI in the long-ITI version of the task, we
compared the performance of these mice with mice of the
same strains performing the vITI version, selecting the 10-s
ITI data from the vITI sessions for comparison. Figure 4
illustrates this comparison. Accuracy and percentage of
premature responding in the 10-s condition of the vITI
session were only weakly negatively correlated (Spearman’s
rho=-0.325, p=0.03), whereas these two variables in the
long ITI condition appear highly negatively correlated
(Spearman’s tho=-0.673, p<0.0001). Correlations between
accuracy and percentage of premature responses were
significantly different between the variable and long ITI
conditions (z=3.276, p<0.0116), suggesting that the increase
in premature responding obtained using the two procedures
is achieved by different mechanisms.

The foregoing discussion raises the possibility that
differences in impulsivity between mouse strains or result-
ing from pharmacological treatment or lesions may arise
from differences in internal time estimation or ‘internal
clock’ (Coull et al. 2011; Wittmann and Paulus 2008). We
recently examined this possibility in substrains of C57BL/
6J mice that differ in the expression of alpha-synuclein, a
protein involved in the regulation of dopamine function
(Abeliovich et al. 2000; Anwar et al. 2011). Mice lacking
alpha-synuclein (either snca KO mice or the CS57BL/
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Fig. 4 Scatter plot of accuracy and percentage of premature responding
for the long ITI and VITI conditions for C57BL/6 and DBA/2J strains
(C57BL/6J and DBA/2J from Jackson laboratories, C57BL/6J from
Charles River laboratories and C57BL/60laHsd from Harlan; pooled
data, n=46) (Pena-Oliver and Stephens, unpublished data). Levels of
premature responding are strongly negatively correlated with levels of
accuracy when animals are tested under the long ITI condition
(Spearman’s tho=-0.673, p<0.0001). In contrast, levels of premature
responding and accuracy show only a low negative correlation in the
vITI condition (Spearman’s rho=-0.325, p=0.03). Regression lines for
the long ITI (dotted line) and the VvITI condition (straight line) are
significantly different (z=3.276, p<0.0116)
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6JOlaHsd substrain that exhibits a spontaneous loss of
chromosomal material carrying the snca gene) showed
lower levels of premature responding than WT C57BL/6J
mice, indicating lower levels of impulsivity, but there were
no differences among the groups in their overall timing
behaviour, leading us to conclude that, at least in this
example, differences in impulsivity in the SCSRTT were
not caused by differences in timing behaviour (Pefna-Oliver
et al. 2011).

Altering the characteristics of the stimulus: attentional
challenge

When the assessment of attentional function is the main
goal of the study, due to a ceiling effect as a consequence of
extensive training, it is sometimes difficult to discriminate
between groups when comparing performance under
baseline parameters. The use of testing sessions specifically
designed to increase the attentional load are thus sometimes
useful in exploring differences between strains or to
elucidate pharmacological actions. Typically, attentional
challenges are achieved by reducing or varying the stimulus
duration (SD; 0.2, 0.4, 0.6 and 0.8 s) or reducing stimulus
brightness (percentage of reduction=52, 30, 21 and 12), or
imposing a tone distracter. As well as increasing attentional
demands, such manipulations may also lead to changes in
response patterns leading to premature responding.

Reducing or varying the stimulus duration Reduction in
stimulus duration has been reported to produce effects on
impulsive responding. For example, when stimulus dura-
tion was reduced from 1 to 0.3 s, premature responses were
increased in three inbred strains tested, the C57BL/6JOlaH,
DBA/2N and 129SvHsd (Pattij et al. 2007). Reducing the
stimulus duration to 0.5 s caused an increase in premature
responding in DBA/2 mice, whereas C57BL/6 (substrain
unspecified) showed higher accuracy (Patel et al. 2006).
Another author to report an increase in premature respond-
ing as a consequence of reducing the stimulus duration was
de Bruin et al. (2006), who described in C57NL/6Jx129sv
F2 mice (B6129F2), an increase not only in impulsivity
when the SD was reduced from 2 to 1 s, but also in
perseverative responding when the SD was further reduced
to 0.6 s. But these manipulations of stimulus duration
generally have greater effects on measures of attention. For
instance, in de Bruin et al. (2006), an increase in omissions
and a decrease in accuracy were also reported, and these
were more evident with further reductions of the SD to
0.5 s. Marston et al. (2001) described more profound
deficits in accuracy in 129P2/OlaHsd mice than in C57BL/
6] in sessions employing short SD.

In another study, with the 3xTgAD mice, the reduction
in SD to 0.6 s caused a decrease in accuracy accompanied

by an increase in perseverative responses into the holes,
deficits consistent with rat models of AD and AD patients
(Lawrence and Sahakian 1995; Romberg et al. 2011).
Moreover, these same 3xTgAD mice, that showed no
problems sustaining attention during the less attentionally
demanding condition (1.5 s), experienced a decrease in
performance across the short SD session, possibly due to
impairments in vigilance, as shown by an increase in
omissions towards the end of the session. Generally, in the
short SD session, there is a decrease in accuracy accompa-
nied by an increase in the number of omissions (Relkovic et
al. 2010), but these two variables can help to discriminate
between strains, as in Humby et al. (1999), in where
C57BL/6x129sv showed an increase in omissions at 0.4 s
SD, while C57BL/6xDBA mice increased the omissions
only when the SD was set at 0.2 s, suggesting better
attentional abilities in the latter strain. Sometimes the
increase in omissions is not accompanied by a decrease in
accuracy, as in Wrenn et al. (2006) when the stimulus
duration was reduced to 0.8 s. Since this reduction (0.8 s) is
not as low as that used in other studies, and taking into
account that they also found an increase in latency to
collect the reinforcer, perhaps this attentional disruption
was more related to motivational factors.

The short SD challenge has also been used to study the
potential cognition enhancer, erythropoietin, in reversing
the increment in omissions, with positive results in C57BL/
6NCrl mice (El-Kordi et al. 2009; see Table 1, section H).
Surprisingly, mice can learn to perform at very low SDs:
Bailey et al. (2010) used one of the lowest SD challenges
(0.125 s), reporting that nicotinic alpha5 KO mice were less
accurate than their WT control group under this protocol.
Another study investigating the genetics of attention used
an extremely short SD of 0.1 s, but in a one-choice
procedure, and found that the procedure could discriminate
between strains (Davies et al. 2009).

A few studies have employed a variable SD presentation
(SDs 0.25, 0.5, 1.0, 2.0 and 4.0). Under this modification,
Y2 mice (anxious phenotype), showed less accuracy and
more premature responses than the less anxious WT control
group (Greco and Carli 2006). Moreover, a variable SD can
also be used during standard training in a two-choice serial
reaction time task (Lee et al. 2002). In that investigation,
the SD was varied (1, 2 or 5 s) according to the days of the
week. As expected, and in accordance with other results,
when animals were presented the highest SD (5 s), the rate
of omission was lower, as well as the correct response
latency.

Reducing stimulus brightness (52%, 30%, 21% and 12% of
full) Reducing stimulus brightness has also been shown to
discriminate between levels of attentional ability in mice:
Humby et al. (1999) reported an increase in correct latency
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ERach in C57x129sv and C57BL/6xDBA/2 mice and described a
g €D§ é% larger impairment in accuracy and omissions in the former
k) —2 2 f N group. The authors suggested that the differences in
. % g% % .%0 disruption of attentional variables could be due to different
2 § }“j?} Z g '§ strategies in the two strains or to differences in visual
% E g é E ’;‘ 2 acuity. No differences in other variables were reported.
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. 2 %D; 2:% Imposition of white noise distractor The main effects seen
% & 8 % é 3 as a consequence of the white noise distractor challenge are
%‘ = g i/ S5 ;z decrements in accuracy (Davies et al. 2007) or in omissions
2 . 2 K l@ % § (Humby et al. 1999), but no effects in premature respond-
E‘ N 5 2382 s ing have been described (Davies et al. 2007, Humby et al.
gg%: o 1999; Wrenn et al. 2006). Nevertheless, de Bruin et al.
B s e <= § (2006) found no disruptive effects of this challenge on
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- -;) %g ;; § number of perseverative responses.
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|2 E ey L= ‘g.‘é’a ;% baseline parameters, the effects of a series of drugs are
g P N E) tested. Results of some of th§ key drugs are summgrlsed in
B § %é g Table 1, based upon the findings from mouse studies.
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E @ . gg 3 § g We will limit this review to the impact of different drugs on
g LTz Ex ; g g 253 2 impulsive behaviour. As can be seen in Table 1, little is
& ga38nasg O Z 2 2 E & known with respect to the possible role of dopamine in the
s z %i 9 E modulation of inhibitory control and visuospatial attention
g S o =z g in mice (Table 1, section A). Loos et al. (2010) studied the
£ 4 B %z %: 2| E2Ex é effects of the psychostimulant amphetamine and the DA
2 © T ‘;"t:: i‘; g E g i 5 gx J; = uptake inhibitor, GBR12909, in the 5CSRTT (standard
A s <as = 0o % é g £ condition) and a go/no-go task in C57BL/6] and DBA2/J
B f;é 6§ oy mice. As in rats (Harrison et al. 1997; Robbins 2002),
! g {a“:_:; <2TE amphetamine increased premature responses, but only in
— - 5| =& ; o3 > g C57BL/6J mice (which were showing lower baseline levels
:" - - § E E” Zi 3 § of premature responding in comparison with DBA/2J
5 % go; E: g gé % § “§ mice). On the other hand, amphetamine had no effects on
S = S g g ¢§> b= S ° ? attentional measures. GBR12909, given at the highest dose
= 8 = 3 2. 5 s £ 3 (10 mg/kg), decreased accuracy and increased premature
o g ‘2 = | £E = < gtg responses in C57BL/6J mice, compared with saline. In
%’ % % E § _; g Q= E summary, Loos et al. (2010) found that amphetamine and
2 é a . 2 § % =g Z, GBR12909 modulate inhibitory control mechanisms in
£52 2 g gl 5599 ég C57BL/6J but not in DBA2/J mice. Moreover, amphet-
2 8 &8 2 3 % g8 = 8o amine seems to increase impulsivity without affecting
=l G STE R > §§ 5 22 accuracy, while a higher dose of GBR12909 increased
g = § g § % g % premature responding and decreased accuracy in C57BL/6]
g é 2 § E E é 5 mice. Nevertheless, inconsistent results were found when D-
: £ g % §8 &lg amphetamine was tested in a model of ADHD in mice
= © RN § = (NKIR™"; Yan et al. 2011). As mentioned in the previous
= O = | Z2 % SR section, those animals presented increased perseverative
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and omission rate during a long ITI challenge, and also
increased premature and decreased accuracy during the
vITI. When D-amphetamine was administered under the
long ITI condition, it decreased the number of perseverative
responses and omissions. In contrast, when the psychosti-
mulant was administered on a vITI condition, it increased
premature responding.

Glutamate

In a study performed by Greco et al. (2005), the role of
glutamate neurotransmission in impulsivity and attention
was investigated using DBA/2N and C57BL/6N mice (see
Table 1, section B). PCP, a non-competitive glutamate
receptor antagonist, and LY379268, an mGluR2/3 receptor
agonist, were tested. PCP, when given at a 1.5 mg/kg dose,
on standard conditions, increased the number of premature
responses only in the animals that were already more
impulsive (DBA/2N mice) and caused disruptions in
accuracy, compared to CS57BL/6N. Surprisingly, when
administering LY379268, premature responses were dimin-
ished, but only in the mice that showed low levels during
the baseline (C57BL/6N). Three aspects of this study need
to be considered: first, PCP increased impulsivity only in
baseline high-impulsive mice, whereas LY379168 reduced
premature responses only in baseline low-impulsive mice;
second, strain contributed to the different effects of PCP
and LY379168; and third, perseverative and premature
responses seemed to be controlled by different mechanisms,
since PCP only affected perseverative responses in DBA/
2N but not C57BL/6N mice. Furthermore, accuracy and
premature responding might be associated, since PCP
increased premature responding and reduced accuracy in
DBA/2N mice. However, this apparent relationship should
be treated with caution, since the effects of administering
LY379168 were limited to premature responding without
modifying accuracy (Greco et al. 2005).

A similar result is reported by Pozzi et al. (2010); again,
PCP impaired inhibitory response control in DBA/2 mice,
but this time increased not only premature but also
perseverative responding. This result was accompanied by
a decrease in accuracy, in agreement with Greco et al.
(2005). However, while Greco et al. (2005) found
LY379168 to decrease premature responding only in
C57BL/6N mice, in contrast, in the study by Pozzi et al.
(2010), the 5-HT2A antagonist, M100907, was able to
reverse the effects induced by PCP, by increasing accuracy
and preventing perseverative and premature deficits, in both
C57BL/6N and DBA2/N mice. Thus, this study adds
evidence supporting a role for glutamate and serotoninergic
neurotransmission in attention and impulsivity. Similar
results were also described in rats, where M100907 reduced
and SB242084 increased premature responding in a long
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ITI session; no treatments in this study significantly
impaired accuracy (Fletcher et al. 2007).

In keeping with NMDA receptor blockade increasing
impulsive behaviour, Oliver et al. (2009) found that the
NMDA receptor antagonist ketamine (10 and 20 mg/kg)
increased premature responses in CD1 mice, but not in the
C57BL/6JOlaHsd strain. No disruptions in perseverative
responding or in accuracy were seen.

Ethanol possesses some pharmacological effects as an
antagonist of NMDA receptors, but no effects of ethanol
were seen during baseline conditions of the task; when the
mice were confronted by long ITI sessions, ethanol (1 g/kg)
increased premature responding in both C57BL/6JOlaHsd
and CDI1 mice (Oliver et al. 2009), in contrast to a study
reported in rats, where ethanol 1.2 and 1.6 g/kg resulted in a
reduction of impulsivity (Bizarro et al. 2003). In a later
study (Walker et al. 2011), we found that chronic ethanol
treatment induced no impairments in impulsivity in baseline
conditions of the task. However, when given a vITI
challenge, ethanol-treated C57BL/6]J mice took more
sessions to diminish premature responding (after repeated
testing) in comparison to control mice. Even though no
differences in impulsive responding were seen between
groups during the first challenge, the ethanol-treated mice
remained impulsive for longer. As in Oliver et al. (2009),
the disruption in premature responding was not accompa-
nied by disruptions in attentional ability. Alcohol with-
drawal may increase glutamatergic transmission, leading to
hyperexcitation, which dissipates over time, perhaps
explaining the temporary nature of the learning deficits
(Stephens and Duka 2008). If the vITI procedure requires a
switch in strategy from the use of internal timing to predict
stimulus onset under baseline conditions to one in which
the timing of the response is externally cued by light onset,
these observations might suggest that chronic alcohol
impairs the ability to flexibly switch strategies to fit the
new requirements, consistent with human data on alcoholic
patients (Duka et al. 2011).

Additionally, ethanol may have also resulted in a
decrease in sensitivity to TO punishment, taking into
account that, when animals are not trained under TO
periods, they acquire the task more slowly (Christakou et
al. 2004)

GABAergic system

Oliver et al. (2009) reported premature responses to be
increased in strains C57BL/6JOlaHsd and CDI, after
diazepam administration, with no disruptions in persever-
ative responding or in accuracy. In this experiment,
diazepam mimicked the effects of ethanol in both strains.
GABAergic pharmacological manipulations have also
been used to test the hypothesis of impulsivity being
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associated with anxiety (see Table 1, section D). The same
anxiolytic drug diazepam increased premature responding
in an anxious group of mice (van Gaalen et al. 2003). The
opposite result was found by Greco and Carli (2006) who
reported that diazepam increased premature responses in
Y27~ and WT mice, but this increase was greater in the
animals that presented a less anxious phenotype (Y2 ). In
the same study, the anxiogenic compound FG7142 de-
creased premature responding again in the non-anxious
Y2 mice. No effects on perseverative responding were
found with any of these compounds. These results seem to
indicate the existence of a possible relationship between
anxiety and impulsivity, low levels of anxiety being
indicative of higher impulsivity in the S5CSRTT, as
proposed by Loos et al. (2009).

Interesting results were found by Davies et al. (2009)
where the neurosteroid dehydroepiandrosterone sulphate
(DHEAS), a compound with activity at both GABA, and
NMDA receptors and hypothesised to influence ADHD
endophenotypes (attention, motor impulsivity and activity),
proved to enhance attentional functioning but showed no
effects on inhibitory control (see Table 1, section G). These
findings are not easy to integrate with the above, possibly
because DHEAS has a number of additional actions (Yadid
et al. 2010).

Cholinergic mechanisms

Administration of nicotine increased the number of prema-
ture responses and decreased correct latency in nicotinic &5
KO and WT mice when tested under a short SD session
(Bailey et al. 2010).

But apart from the study of impulsivity, most inves-
tigations using the SCSRTT have been focused in the
evaluation of attentional function (see Table 1, section E).
In the very first study using the SCSRTT in mice, Humby et
al. (1999) studied the role of other cholinergic compounds,
such as the muscarinic antagonist scopolamine, describing
disruptions in accuracy and omissions but reporting no
effects in premature or perseverative responding. In line
with this report, as replicated in subsequent studies (de
Bruin et al. 2006; Siegel et al. 2011), ACh mechanisms
proved to be important for attentional functioning in mice,
but not for inhibitory control. Specifically, Romberg et al.
(2011) investigated the impact of donepezil, a cholinester-
ase inhibitor, in attentional performance of 3xTgAD mice, a
mouse model with cholinergic deficits used as a model of
human AD. Donepezil selectively increased accuracy of
responding, reducing decrements in vigilance throughout
the session, while no effects in omissions or perseverative
responding were reported.

With regard to nicotine, several studies have described
an enhancement in attentional performance in mice in the

5CSRTT, in line with effects in humans and rats (Hahn et
al. 2002; Hahn and Stolerman 2002) (see Table 1, section
F). Specifically, nicotine improved attention in comparison
to the vehicle-treated mice (Young et al. 2004; de Bruin et
al. 2000), the effect persisting after chronic nicotine
treatment (Pattij et al. 2007). Nevertheless, when another
protocol (limited LH and punished premature responding;
Hoyle et al. 2006) and manipulations (short SD condition;
Bailey et al. 2010) were implemented, nicotine failed to
show the mentioned attentional benefits. If anything,
nicotine caused a general impairment in omissions, exacer-
bated in nicotinic alpha7 KO mice, suggesting that alpha7
nAChR may be involved in mediating the effects of
nicotine in the task (Hoyle et al. 2006). Thus, the beneficial
effects of nicotine are restricted to certain conditions
(Bailey et al. 2010). Consistent with a role for alpha7
nicotinic receptors in attentional performance, KO mice for
«7 nAChR were unable to perform the task equally to the
WT (Young et al. 2004). Similarly, mice lacking apolipo-
protein E (4poe ") could not acquire the task performance
criteria in terms of attention (Siegel et al. 2011), which
suggested that apolipoprotein E may alter ACh neurotrans-
mission and, consequently, impair cognition.

So far, pharmacological experiments strongly support the
hypothesis that results depend on parameters of the task.
Figure 3 exemplifies the complex relationship between the
SCSRTT variables. All those variables build an intrinsic
structure where one variable is associated with others but, at
the same time, are also controlled by independent mecha-
nisms. Moreover, we emphasise the need to test drugs in
other paradigms of attention and impulsivity in order to
draw a more complete picture (Dalley et al. 2008; Pattij and
Vanderschuren 2008).

Looking for candidate genes

As introduced in the first paragraphs of the present review,
the use of the SCSRTT in mice allows the study of the
contribution of both genetic and environmental factors, and
their interactions, in the study of impulsivity, compulsivity
and attention. The publications reviewed here are an
example of the increasing number of investigations using
different inbred strains with the aim of unravelling the
genetics of impulsivity (Humby et al. 1999; Isles et al.
2004; Loos et al. 2009, 2010; Patel et al. 2006; Pattij et al.
2007) (see Table 2). For instance, Isles et al. (2004) used
the strategy of testing four inbred strains to investigate the
genetic contribution to impulsive behaviour by using a
delayed-reinforcement paradigm, which evaluates impul-
sive choice. Furthermore, Loos et al. (2009) measured
locomotor activity and impulsivity in the SCSRTT in 12
different inbred strains of mice: after repeated testing in a

@ Springer



Psychopharmacology (2012) 219:253-270

266

1 qQ v 191 eD/VEADX[LSD  LOOT '[e 30 SUINOquIe’] NLEEA ne)
Jaod boe 10N e 0 L20dvrL$D 10T 'Te 1 [o3918 d%IN_,_20dy
1 P
s1°0 e | °
= qe p-e[ AX ‘OF 600T 'Te 10 salae( 0, X'6€
= syo1yop a8e oN ® VIIX[LSD £00T 'Te 10 1oy ¢ asedse)
ASojooeuneyd oog q Juounedn Odd ON  600T ‘Te 30 IPIOY-[4  YDLSO
i = 9
= = 1 1 q o1 qowa $00T Te 10 00010 YDLSD
[LrsLye? [LIsLIel ILIsL¥e | [LLIsziel p e[ - [10T e 10 I[BA  [LSD
1 1 e e[ 1ao 600T Te 10 A0 HLSD
zall ‘mel ° H6CI
6C1 uey LD T vdaapue? vdapue] 1 q e[ Nza L00T Te ¥ fmed  HLSO
£Ls01 o
Lol SGT0 0
ASETTXLSO=VEAAXLSD v e[ H6TI [00T ‘[e 19 UOISIEIN  [LSD
40LSOT ° q = 600T 'Te 3R IPIOY-[A  YDLSO
= = 6T1XLSD! poqt °
= vaax,sot poql = p 671X
= q e[ Tax 6661 'Te 10 Aquny LSO
1 l q
= e 0 a 900T Te 1 [oIRd LSO
1 1 = = q
= e e rea 010T Te 10 SO0T  [LSD LSD
1 J
= p
ST 18 sAep) l sge
= ! = )
= v el IM 900T [e 10 uuaIpm 31-eD
= poq?t °
1 v gl [LSD 010z Te 10 Aapreg Y
boe| 1 = v el #+[LSD £00T 'Te 10 Sunox
= l = el
! 1 e 0 #[LSD 900¢ '[e 10 9]AoH WAY
RLIJLIO/ LT AJSIDJ waId 18] SR\ 10 UoISSI()  AJBINdOY
Sururea| Anatsindw)  uoneAano uonuayy  uonipuo)) juswysiung uostedwo)) QIUAIRJY urens

SOqeLEA [ TMSDS UTRW AU} Ul SIOUIIP UIeNS T JqEL

pringer

Qs



267

Psychopharmacology (2012) 219:253-270

pajodor jou s20pds yup)q ‘SuoryeIdUIS XIS JOYMNJ B JOJ PISSOIONORq UIRNS SYSLIDISD 2]qnop ‘| S6Z| IOUOP YSLIdJSp 2u0 ‘UONIPUOD UOTRUIWN[I
JUBISUOD 2pj1y “90IOJUIAL Y ‘SUOISSAS JO Idquunu ssas ‘@oueuniofrod fiad ‘uonismboe hop :a1e uwnjod SuruIed] oy) Ul SUONBIAJIQQY "S[BL) [0} 77 ‘sosuodsar oanerasssiad aasiag ‘sesuodsar
armpeward wa.g ‘Koudye] duizeSew 1v] Sopy ‘KOUdIE] 109110 7)) 1SE PAIBIAAIQQE 1B XdPUI dY) Ul S9POD) "PSHAS/TS6TI HE6ZI ‘0N UDVU L0, /0 ‘O YDVU §% _, ¢0 “PSHEIOLY/1ALSD HLED
T9NILSD ££8D NINLLSD NLED 9NALSD £§D PSHRIOY/VEA Hed ‘17/VEAd (2d ‘NY/VEA NZd ‘VAA I SMO[[0J S PILIAdIqQe 2l SUONEIIUSPI Ureng (SASUL[[EYD [euonuane 2 ‘(LA
P ‘ILI Suo] o ‘auraseq g ‘Sururen} p) s} oY) Ul payudwA[dwr UONIPUOd Ay} dJeIIPUI SIPOD Jo)dT “paystund sasuodsar daneIorssiad 7 ‘(uo sjySiy) ynoswn e Yhm paystund sosuodsar axmeword ¢°7
‘poreuruLId) 9q UBD Inodwy 77 ‘(330 syy3Iy) noawn e ym paystund sasuodsar axmeward 77 ‘paystund jou sasuodsar armjewald () payuswd[duwr [090301d 9y} UT SOOULIQJIP SUIIIPUN SIPOD JIQUINN

ASojooeunreyd oog 0 =~ 900T '[e 1o umig op TA(6TIX(LSD)
H p
! 1 °
'$508), l ’ 1 ® e[ d PUB N [LSD  010T '[e 10 oLA0[oy _,OI-Smd
A3ojooeureyd oog ql - 010T ' 10 1220g ryvaa
= = p
! woqt 3
= qQ €°1 LAXO LOOT [e 10 saIAe( OX'6¢ “oumg,
I 1 o
= s7'q el [LSD  TI0T e 19 Sroquoy avsIXg
T T LINSOT @ 0 LSO T00T T 19 3] SING-d'T
= ! = = P
= = ! 1 )
= e 1 e e[ +CA900T 118D puE 00210 LTA
1 H ! e
At 1 ’ 1 (ss’0) @ q LM €00T e 10 ud[eeD uea 31 HID
- I 1 = ’ ! 1 p
$S9S ], 1 1 = l = e
- ! = ! = ’ = o e[ HLSOXAS6TI 110T e 10 uex _ADIN
woql °
poql p
BLIQJLIO/ L AJSIDJ wId 18] SeIN 10 uoIssIQ)  AJeINdoY
Sururea| Aaisindw]  uoneAnON uonudyy  UoOnIpuo)  juswysiung uostredwo) Q0UQIRJOY urens

(panunuod) g dqer,

pringer

As



268

Psychopharmacology (2012) 219:253-270

vITI condition, the authors concluded that both genetic and
environmental factors contribute to the stability of impul-
sivity over time. The authors reported genetic correlations
between impulsivity and the expression of the genes Frzb,
Snx5 and BC056474 in dorsal mPFC (Loos et al. 2009).
The Frzb gene inhibits the Wnt signalling pathway, which
has shown an important role in axon path finding
(Bovolenta et al. 2006) and synapse structure and function
(Ataman et al. 2008), and the Snx5 in intracellular
trafficking (Otsuki et al. 1999) and in response to ethanol
treatment (Kerns et al. 2005).

Inbred strains of mice represent a powerful tool to study
the contribution of genetic factors in behaviour, and taking
this approach a step further, the BXD recombinant inbred
strains of mice have proven to be an invaluable tool for
behavioural genetics (Chesler et al. 2003; Crabbe et al.
1999). BXD mice were derived from the cross of C57BL/6J
and DBA2/J mice, two strains that differ in a variety of
behavioural traits (see present review, also Crawley et al.
1997; Phillips et al. 1998). Because this inbred panel is
composed of genetically identical individuals (within each
strain), they can be repeatedly tested and data collected
from different laboratories can be compared and added to a
large database to allow multi-trait analysis. Using web QTL
database (http://www.webqtl.org; Chesler et al. 2003), data
collected from Affymetrix microarrays in the BXD strains
can be used to carry out genetic correlation analysis of gene
expression with any other trait of interest, such as with
behavioural traits, i.e. impulsivity or compulsivity in the
S5CSRTT (Chesler et al. 2003).

In our laboratory, we have collected data from 12 BXD
recombinant inbred strains and their progenitor C57BL/6J
and DBA/2J mice in the SCSRTT (using long ITI probe
sessions; Pena-Oliver, in preparation) with the aim of
finding candidate genes responsible of the impulsive
phenotype.

Conclusions

Mice are just as good as rats in the SCSRTT. The results
presented illustrate that mice are capable of learning the
complex 5CSRTT, and show many similarities to rats.
Findings across laboratories are reproducible, provided that
the same procedures are used. However, variations in
procedure and differences between strains can give rise to
quite marked differences in outcome. Thus, bear in mind to
choose the strain and task parameters depending on the
question being asked. The SCSRTT paradigm is based on
appetitive learning and, therefore, the confounding effects
of stress are less likely to affect the animal performance,
especially in stress-reactive strains. This offers the oppor-
tunity to test transgenic and knockout mice with similar

@ Springer

background as animal models of human psychiatric and
neurological diseases. However, understanding the meaning
of the different variables and the way they interact is crucial
to understanding the mechanisms that lead to different
phenotypes. New research approaches, such as the use of
inbred strains, will bring us a step closer to the discovery of
the genetics of impulsivity and attention.
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