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Abstract

Rationale A major obstacle in the pre-clinical study of mood-related disorders and novel affective state therapeutic evalua-
tion is the lack of animal models that fully recapitulate human symptomatology.

Objective In this study, we developed a touchscreen-based cognitive judgement bias (CJB) task for mice.

Methods In the CJB task, animals first learned to discriminate between two visual stimuli displayed on the touchscreen: one
associated with a reward (S+) and one associated with a time-out and flashing house light (S-). Once mice learned to respond
to the S+and to withhold responding to the S- consistently, a set of four ambiguous stimuli ranging in visual similarity to the
S+and S- stimuli were randomly interspersed in the stimulus presentation sequence. Responses to these ambiguous stimuli
were interpreted as a greater expectation of positive (‘optimistic bias’) or negative (‘pessimistic bias’) outcomes as a func-
tion of their similarity to the S+or S- stimuli.

Results The acute administration of the SSRIs fluoxetine and citalopram, and the SHT-2 C receptor antagonist SB 242084,
did not produce any effects on CJB task performance. However, the noradrenaline/dopamine reuptake inhibitor, bupropion,
increased responses to the ambiguous stimuli consistent with the induction of an ‘optimistic bias’, and the pro-depressant
tetrabenazine yielded the opposite effect.

Conclusion This study underscores the capacity of mice to respond to visually ambiguous stimuli in an ambiguity-dependent
manner, a phenomenon observed across various species, including humans. Furthermore, it establishes and validates an
operant behavioural task to assess CJB in mice delivered using the touchscreen platform, which has significant cross-species
translational potential.
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Introduction

Mood disorders are among the most prevalent psychopa-
thologies, with depression the leading contributor to the
global burden of disease (Lin et al. 2014). The preclinical
study of mood disorders, and specifically of depression, has
been challenging historically because of their complexity,
the heterogeneity of symptoms between and within patients,
and the intricate, subjective nature of human emotions
(Planchez et al. 2019). Combined, these factors have con-
tributed to the difficulty in developing animal models that
accurately recapitulate these clinical conditions.

Although there are preclinical tools available for measur-
ing and modeling some core mood disorder-related symp-
tomatology such as anhedonia (Scheggi et al. 2018), anergia
and lethargy (Salamone and Correa 2018), as well as addi-
tional symptoms like changes in weight and appetite, some
other pivotal symptoms like sadness or depressed mood
are difficult, if not impossible, to address in animal mod-
els. Traditional approaches for evaluating depressive-like
symptomatology are based on the assessment of despair-like
behaviors, as in the forced swim test (FST) and tail suspen-
sion test (TST) (Porsolt et al. 1977; Kulkarni and Mehta
1985; Steru et al. 1985; Castagné et al. 2011) which consist
of placing animals in unescapable, stressful situations. How-
ever, the behavioral endpoints of these assays (i.e., immobil-
ity, swimming, or struggling) do not reproduce the clinical
condition. Moreover, these methods, although used as gold
standards for antidepressant screening, have recently raised
both scientific and animal welfare concerns (Commons et al.
2017; Sewell et al. 2021; Trunnell and Carvalho 2021).

To address the issues associated with the preclinical
assessment of mood-related symptoms, the measurement
of cognition-related processes that are also compromised in
depression has been suggested (Pan et al. 2019; Panchal et
al. 2019). In particular, the measurement of cognitive judge-
ment bias (CJB), which assesses how specific emotions
influence biases in information processing or interpretation,
has been proposed as an indirect approach to measuring
changes in mood (Paul et al. 2005; Anderson et al. 2012;
Hales et al. 2014; Roelofs et al. 2016; Robinson and Roiser
2016). Negative cognitive biases (manifested as interpret-
ing ambiguous situations or stimuli as negative) have been
observed in patients with depression and in participants with
an increased vulnerability to this psychopathology (Mathews
and MacLeod 2005; Hayward et al. 2005), underlining the
clinical relevance of this metric. Changes in CJB have
also been observed in other mood disorders (MacLeod and
Mathews 2012), suggesting potential transdiagnostic utility.

Promisingly, previous studies have demonstrated the
existence of CJB across species, and assays targeting this
construct have been developed in mice (Krakenberg et al.
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2019, 2020), rats (Harding et al. 2004; Enkel et al. 2010;
Krakenberg et al. 2019, 2020), and non-human primates
(Bethell et al. 2012; Bethell and Koyama 2015). Taken
together, these tasks make use of a multitude of designs
and reward/punishment contingencies and involve
engagement with and discrimination between stimuli var-
ied across a range of domains and parameters (e.g. tones
or visual stimuli presented with varying properties and
in distinct spatial locations). The fact that it is possible
to engage CJB across multiple species via such highly
varied paradigms arguably speaks to the robustness of
the construct, but this heterogeneity of assay design also
makes inter-study and inter-species comparisons chal-
lenging. Further, while each assay has been optimized for
use in the particular species in which it was characterized,
successful translation to humans may also be problematic
for a variety of reasons. The use of touchscreen-based
devices for behavioural assessment addresses both of
these potential issues through rigorous standardization
of approach and stimulus parameters, the capacity for
the assays to be driven within session by multiple visual
stimuli of various sizes and shapes that can be presented
dynamically across multiple spatial locations (thereby
broadening flexibility of design relative to traditional
operant manipulanda-based approaches) and an estab-
lished record of preclinical to clinical assay translation
using these systems (Nithianantharajah and Grant 2013;
Nithianantharajah et al. 2015; MacQueen et al. 2018;
Heath et al. 2019; Chow et al. 2020; Benzina et al. 2021,
Lopez-Cruz et al. 2021).

While touchscreen-based CJB tasks for mice have been
characterized previously (Krakenberg et al. 2019), this
work aims to optimize and validate a mouse CJB para-
digm, the design principles of which have been previously
utilized in non-human primates (Bethell et al. 2012). Suc-
cessful characterization of such a CJB assay in mice would
enable evaluation of the capacity of this species to respond
across a varying range of ambiguous stimuli in the same
behavioural session, as reported previously in other species,
including humans (Enkel et al. 2010; Bethell et al. 2012;
Anderson et al. 2012). Moreover, unlike other touchscreen-
based tasks, it uses a single location for both optimistic and
negative responses, more than one ambiguous stimulus,
and a valence-based contingency (reward vs. no reward)
instead of reward-based contingencies (high reward vs. low
reward) as positive and negative discriminators (Kraken-
berg et al. 2019, 2020).

In the Bethell et al. (2012) non-human primate CJB
task, animals learned to discriminate between two visual
stimuli (rectangles of different lengths) displayed on
the screen. The “positive stimulus” was associated with
a reward, and the “negative stimulus” was associated
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with the absence of reward and a time-out. Animals had
to respond to the positive stimulus (i.e., ‘Go” response)
while withholding responses to the negative stimulus (i.e.,
"No Go’ response). Once animals learned to discriminate,
they were presented with intermediate-length rectangles
(ambiguous stimuli) which varied in similarity to the
positive and negative stimuli. With respect to validation,
Bethell et al. (2012) reported that animals in enriched
housing conditions made more responses to the ambigu-
ous stimuli, indicating a greater expectation of positive
outcomes (‘optimistic bias’). In contrast, those subjected
to stressful vet checks made less responses to ambigu-
ous stimuli, indicating a higher expectation of negative
outcomes (‘pessimistic bias’). Crucially, from a cross-
species perspective, this pattern of responses has also
been observed in humans with depression in tasks using
the same Go/No Go architecture, which feature human-
ized stimuli like words or emotional faces (Erickson et al.
2005; Schulz et al. 2007), suggesting significant transla-
tional potential for this approach.

To validate the new CJB task in mice reported here, its
sensitivity to changes in mood or affective-like state were
evaluated using a range of pharmacological manipulations
with established neurochemical profiles. These include the
Selective Serotonin Reuptake Inhibitors (SSRIs) citalo-
pram and fluoxetine (Anderson et al. 2013; Stuart et al.
2013), the noradrenaline and dopamine reuptake inhibitor
bupropion (which has been shown to decrease negative
bias in humans (Harmer et al. 2009), the SHT-2 C recep-
tor antagonist SB 242084 (Phillips et al. 2018), and the
pro-depressant vesicular monoamine transporter 2 blocker,
tetrabenazine (TBZ) (Stuart et al. 2017; Hales et al. 2022;
Carratala-Ros et al. 2023).

Materials and methods
Animals

Adult male C57BL/6 mice (n=45) (Charles River Labo-
ratories, Margate, UK), 8—-10 weeks old at the beginning
of the experiments, were housed in groups of 4 (lights
off 07:00, lights on 19:00). After facility habituation for
7 days, all animals were weighed for 3 consecutive days
to establish mean free-feeding weights. Mild food restric-
tion was initiated and sustained at 85-90% of free-feeding
weight by daily provision of specific amounts of standard
laboratory chow (RM3, Special Diet Services). Drinking
water was available ad libitum throughout the study. All
animals were tested/trained once daily 5-7 days a week
during the dark phase. All procedures were performed
in accordance the United Kingdom Animals (Scientific

Procedures) Act (1986) and the United Kingdom Animals
(Scientific Procedures) Act (1986) Amendment Regula-
tions 2012 and had been reviewed and approved by the
University of Cambridge AWERB.

Drugs

Bupropion (Tocris Bioscience, Bristol, UK) was dis-
solved in 0.9% (w/v) saline at the required concentra-
tions and administered intraperitoneally (IP) with a
30-min delay between injection and the start of behav-
ioral testing. Tetrabenazine (TBZ) [(R, R)—3-Isobutyl-
9,10-dimethoxy-1,3,4,6,7,11b-hexahydropyrido[2,1-a]
isoquinolin-2-one] (Sigma-Aldrich), was dissolved in
a 5% (v/v) dimethylsulfoxide (DMSO) solution mixed
with saline and pH adjusted with 1 N HCI to bring the
final solution to pH 6.5. TBZ was administered 100 min
before testing. Citalopram, fluoxetine, SB 242084 (Tocris
Bioscience, Bristol, UK) were dissolved in 0.9% (w/v)
saline at the required concentrations and administered IP
30-min before the start of behavioral testing. All injec-
tions were administered at an injection volume of 10 ml/
kg and treatment patterns were specified according to a
Latin square. Injection parameters were chosen based on
their effectiveness in eliciting relevant behavioral effects
in previous studies (Mombereau et al. 2010; Randall et
al. 2014; Phillips et al. 2018; Carratala-Ros et al. 2023;
Lopez-Cruz et al. 2018).

Cohort 1 (N=15) was tested with citalopram (2.5, 5.0,
and 10 mg/kg), TBZ (1.5 and 3.0 mg/kg), and bupropion
(5.0 and 10.0 mg/kg). Cohort 2 (N=15) was tested with
SB 242,084 (0.25 and 0.50 mg/kg) and fluoxetine (2.5 and
5.0 mg/kg). The dose ranges were subsequently expanded,
with Cohort 3 (N=15) tested with TBZ (6.0 mg/kg) and
SB 242,084 (0.50 and 1.0 mg/kg). A minimum of 3 drug-
free days (5 days for TBZ) was required following com-
pletion of each dose within the Latin square. Animals were
excluded if less than 50% of responses were made to the
S+ for all the doses within a test. Thus, two animals were
excluded from the TBZ (6.0 mg/kg) test, and one animal
was excluded from the SB 242,084 (0.25 and 0.50 mg/kg)
test. One saline 0.9% (w/v) injection was administered one
week before the first pharmacological treatment cycle to
habituate animals to handling and injection.

Apparatus
All training and testing was performed in standard

Bussey-Saksida mouse touchscreen chambers (Campden
Instruments Ltd, Loughborough, UK). These chambers
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have been described in detail elsewhere (Horner et al.
2013; Heath et al. 2015). Briefly, the trapezoidal operant
arena is housed inside a sound-attenuating chamber with
a touchscreen mounted at one end and a reward deliv-
ery magazine at the other. A speaker and house light are
mounted above the arena with a video camera for behav-
ioural monitoring. Behavioral schedules are programmed
using ABET 1I software (Campden Instruments Ltd,
Loughborough, UK) with details provided in the subse-
quent sections.

Habituation and initial operant training

On the day before habituation to the touchscreen cham-
bers, animals were exposed to the liquid reward (straw-
berry milkshake (Yazoo, FrieslandCampina UK Ltd,
Horsham, UK) in their home cages to reduce neophobia
by placing small bowls containing the milkshake in the
cages overnight. On the day following the milkshake pre-
exposure, animals were habituated to the chambers for
20 min. 200 pl of milkshake was provided in the reward
collection magazine at the start of the habituation session
with no programmed consequences.

Following habituation to the chambers, animals were
trained to touch the screen. This procedure was carried
out as per the standard ‘initial touch’ schedule (Horner
et al. 2013; Heath et al. 2015). At the beginning of the
session, one of two screen locations was illuminated and
remained so until 30 s had elapsed, at which point the
screen stimulus was removed, a tone (1000 ms, 3 kHz)
was issued, the magazine was illuminated, and 20 pL
of liquid reward delivered (feeder pulse: 800 ms). After
reward collection, the magazine light was turned off, and
a 5-s inter-trial interval (ITT) followed. A new trial then
began. If the mouse touched the stimulus location while
illuminated, the stimulus was immediately turned off, the
tone issued, and the magazine illuminated. A triple deliv-
ery of reward was provided on these trials. Animals were
considered successfully trained on this phase once 30
rewards were collected during a session.

CJB task

The CJB task consisted of four stages: stages 1-3 pro-
vided incremental training to touch and discriminate
between the rewarded (S+) and non-rewarded (S-) screen

stimuli, and stage 4 provided the CJB assessment.

Stage 1: Learning to touch
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In this stage, mice were trained to touch a white square
presented within a white-outlined frame centred on the
screen, with the bottom of the stimulus positioned 2 cm
above the grid floor. The stimulus presentation duration
(SD) in this stage was 10s, with an additional 0.5s limited
hold (LH) period immediately following stimulus offset
during which a response within the white frame would
be considered valid. The LH period was instantiated in
the schedule to enable capture of otherwise successful
responses initiated immediately before stimulus offset
(Kim et al. 2015).

If a successful touch response was made within the
white frame during the SD or LH period, the white square
stimulus was removed from the display (if present) and
20 pl of strawberry milkshake was delivered, along with
a 1000 ms tone and illumination of the magazine light. A
head entry into the magazine to collect the reward turned
off the magazine light and initiated an inter-trial interval
(ITI) of 2 s. A touch within the white frame during the
ITI period (‘blank touch’) reset the ITI, so delaying the
start of the next stimulus presentation. The criterion for
stage 1 was for mice to earn 60 rewards within a 45 min
session. The session was terminated either when 45 min
had elapsed or when the maximum number of rewards (60)
had been collected. Upon successful attainment of the cri-
terion, animals progressed to Stage 2. Mice reached the
60-reward criterion in 3—4 sessions.

Stage 2: Positive Stimulus (S+) introduction

In Stage 2, the white square stimulus was replaced by an
S+ stimulus (vertical or horizontal black lines (0% bright-
ness) on a white (100% brightness) background, counter-
balanced between animals) and the SD was reduced to 4 s
(with a LH of 0.5 s, thus animals had 4.5 s to respond)
an SD characterized by a low attentional load (Kim et al.
2015) to reduce as far as possible the effects of drugs on
attention being the driver for any observed behavioural
output. From stage 2 onwards, a head entry into the maga-
zine for reward collection initiated a brief ingestion delay
(ID) period of 4 s before proceeding to the next ITI. The
session was terminated either when 45 min had elapsed or
when the maximum number of rewards (80) had been col-
lected. All other parameters and performance criteria were
identical to those of Stage 1. Mice reached the 80-reward
criterion in 1-2 sessions.

Stage 3: Negative stimulus (S-) introduction and stimuli
discrimination training (DT)

In Stage 3, the S—stimulus (horizontal or vertical black
lines (0% brightness) on a white background (100%
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brightness), counterbalanced between animals) was
introduced and randomly presented in 50% of trials. The
ITI was also increased to 5 s. A touch to an S —stimulus
during the SD or LH periods resulted in stimulus removal
(if present) along with a 1000 ms tone and a 1000 ms
flashing light. This was followed by an ITI period prior to
a correction trial. On correction trials, the presented stim-
ulus was always the S —and consecutive correction trials
continued until no response to an S —was made during the
SD or LH periods. Correction trials, together with ‘blank
touches’ resetting the ITI (see stage 1), were included to
discourage non-selective responding to the stimulus and
screen, respectively. All other settings were identical to
those of Stage 2.

The proportions of responses and mistakes were calcu-
lated for the discrimination training as follows:

Responses

Res;])\/lnses-&-Mlsses
istakes

Mistakes+Correct rejections

Responses (P) =
Mistakes (P) =

A response was recorded when a touch to the rewarded
stimulus S+was made and a miss was recorded when no
response was made to the S+. A mistake was recorded
when a response was made to the S- and a correct rejec-
tion was recorded when animals withheld responding to
the S— (See Fig. 1). The performance criteria for this stage
required animals to achieve>75% responses. and <25%
mistakes to yield a d” >1.34 (see Data Analysis section).
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+ 200ms tone

Fig. 1 Discrimination training (Stage 3): On each trial, the S+stimulus
associated with reward and 200 ms tone delivery or the S- associated
with 1000 ms flashing house light and tone delivery was presented
within a white frame in the centre of the screen. After touching the
stimulus a blank screen with a central white frame was presented dur-
ing an inter-trial interval (ITI) preceding the next trial. Blue arrows
indicate a touch to the S+ (Response). Green arrows indicate no
response to the S+ (Miss) or no response to the S- (Correct rejection).
Red arrows indicate a response to the S- (Mistake). A Response to
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the S+resulted in reward delivery, with reward collection triggering a
brief (4 s) ingestion delay period prior to the ITI. A miss or a correct
rejection was followed by a new trial ITI, while a mistake was fol-
lowed by a 1000 ms flashing house light, a tone and a correction trial.
Ambiguous stimuli introduction: Cognitive Judgement Bias (CJB)
assessment: Ambiguous stimuli were randomly intermixed with the
S+and S- with no programmed consequences. The consequences for
S+and S- responding remained the same as in the discrimination train-
ing stage (Stage 3)
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Animals were trained in Stage 3 for approximately 30 days
to reach stability.

Stage 4: Ambiguous stimuli introduction and CJB
assessment

CJB assessment consisted of a discrimination task session
as described in stage 3, with the addition of four ambiguous
stimuli with intermediate features between the S+and the
S-. The ambiguous stimuli were named Al (most similar
to S+), A2, A3 and A4 (most similar to S-). Ambiguity was
introduced by modulating the percentage brightness of the
black lines (0% brightness) used in the S+and S- stimuli. As
an example (Fig. 1), for an animal where S +was represented
by vertical lines at 0% brightness and S- was represented
by horizontal lines at 0% brightness: Ambiguous stimulus 1
(A1) consisted of interwoven vertical and horizontal lines at
0% and 75% brightness, respectively; A2 consisted of 25%
and 50% brightness; A3 consisted of 50% and 25% bright-
ness and A4 consisted of 75% and 0% brightness.

Within a test session, 40 ambiguous stimuli (10 of each)
(see Fig. 1) were intermixed with 50 S+and 50 S- presenta-
tions. The proportion of responses and latencies to respond
to each stimulus were recorded as the main measures as in
Bethel et al., 2012. The other variables recorded during the
sessions are specified in the Data Analysis section.

Animals were pre-exposed to CJB for one session before
starting with pharmacological testing to ensure the pattern
of responses to ambiguous stimuli was congruent with the

Training
Initial Stage 1 Stage 2 Stage 3
touch Learning S+ Discrimination
training to touch Introduction training (DT)

level of similarity with the S+or S-, as observed in other
ambiguous interpretation-based CJB tasks (Harding et al.
2004; Enkel et al. 2010; Bethell et al. 2012). After this first
CJB exposure, animals were re-baselined on DT (stage 3)
and then tested on CJB after drug administration following
a within-subjects design, leaving 3—5 days washout between
tests while being re-baselined on DT (Fig. 2).

Data analysis

For response performance profiling, the proportions of
responses (Responses (P) and Mistakes (P) made by each
animal were calculated for each of the control trials (S+and
S-), and the ambiguous stimuli trials (Al, A2, A3, A4)
delivered within the behavioural session. However, rely-
ing exclusively on these two parameters may lead to mis-
interpretation of task performance. For example, a high
proportion of responses does not always indicate a good
performance profile and indeed, when combined with an
equally high mistake proportion, it is likely indicative of
high levels of non-selective responding. For this reason,
and to ensure that the proportions of hits to ambiguous
stimuli were not biased by the effects of the administered
drugs on the ability of the animals to discriminate or with-
hold responses, composite measures of Responses and Mis-
takes were used based on signal detection theory, yielding
an index of sensitivity (d’) and an index of response bias
(c). Sensitivity refers to the perceptual discriminability
between the S+and S—; i.e., higher values indicate better

Stage 4. CJB assessment

cJB Baseline cJB

Baseline
(o) test

(DT) test

— a
a
[72]
o S
e £
o 0
o
- =
[]
24
0 10 20 30 0 10 20 30 ’ 10 20 30
. . -0.5- .
Session Session Session

Fig. 2 Experimental timeline. Initial-touch training was followed
by pre-CJB training (Stage 1 to Stage 3). After reaching the criteria
in Stage 3 (Discrimination training (DT)), animals were exposed to
the CJB schedule (*) to test ambiguous stimuli feasibility to elicit an
ambiguous-dependent pattern of responses and to reduce task novelty
before pharmacological screening. After this, animals were re-base-
lined with the DT schedule and tested in CJB after the administration
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of drugs. In between tests, animals were re-trained in DT to main-
tain a stable baseline. Graphs a, b, and ¢, represent the proportion of
responses to S+, the proportion of mistakes, and the d” value during
Stage 3 (DT) for a representative group of animals (Cohort 3). Red
dashed lines represent the responses (a), mistakes (b), and the d’ (¢)
training performance criteria
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visual discrimination. Response bias refers to the criterion
or willingness to make responses, e.g. conservative (high c)
or liberal (low c) (Schulz et al. 2007; Kim et al. 2015).

The formulae for the calculation of these parameters are
as follows (where z refers to the z-score, representing the
standardized transformation of responses, assuming a mean
of 0 and a standard deviation of 1):

d’ = z (Responses (P)) — z (Mistakes (P))
c __ z(Responses (P))+z(Mistakes (P))
2

Prior to performing these calculations, all responses with a
latency of 100 ms or less were removed from the raw data
as they were likely to reflect non-specific responses. Addi-
tionally, the following measures were recorded: ‘blank’
touches to the empty frame during the ITI and proportion
of correction trials.

Responses (P) were analyzed by two-way repeated
measures ANOVA, followed by Sidak’s post hoc for mul-
tiple comparisons. Latencies to respond were analyzed
using mixed effects ANOVA to account for missing values
(withheld responses). d’, ¢, correction trials, and blank
touches were analyzed with a paired samples t-test when
only two doses were compared and by repeated measures
ANOVAs when analyzing and comparing the effect of
three or more doses.

To evaluate possible generalised effects on locomotion
that could bias interpretation of drug effects on CJB per-
formance, the rate of IR activity beam breaks across the

floor of the touchscreen chambers (Heath et al. 2015) was
calculated for each experiment. Data were analysed using
t-test or ANOVA as appropriate based on the number of
doses applied. None of the drugs/doses used had effects
on IR beam break rates (Supplementary Information (SI),
Table S3).

Analyses and graph plotting were performed using
GraphPad Prism 8.4.3 (GraphPad Software, San Diego,
California USA). Statistical significance was defined as
p<0.05.

Results

Bupropion increased responses to ambiguous
stimuli without affecting sensitivity and response
bias indexes

To investigate whether bupropion increased responses to
ambiguous stimuli compared to vehicle treatment, an inde-
pendent repeated-measures ANOVA was conducted and it
revealed significant main effects of bupropion treatment
and stimulus type on the proportion of responses (F (2,
42)=5.068, p=0.0433, Partial eta squared (np>)=0.1290;
F (3.743, 157.2)=190, p<0.0001, np*> = 0.8189, respec-
tively), as well as a significant stimulus type x treatment
interaction (F (10, 210)=1.925, p=0.0433, np> =0.0839)
(Fig. 3a). Post hoc tests revealed a significant increase in
the proportion of responses to ambiguous stimulus A3 after

1.0+ - Veh a -+ Veh b 4 ¢
= - Bup 5.0 mg/kg S 4 = Bup 5.0 mg/kg a .
e 0.8 - Bup 10 mglkg @ | -= Bup 10 mgkg 31 A 0o
[}] !’r 3' .
n 0.6 > o] 2- e o
c [¢) AA °
2 0.4 $ 2] s .
(7] i‘-v' 14
¢ 0.2 - 1
G T T
0.0 T T T T T T 0 T T T T T T 0 10
S+ A1 A2. A. A4 S- S+ A1 A2. A3. A4 S- Bupropion (mg/kg)
Stimuli Stimuli
1.0 d T1.5- e 0.20 f
2 ® *
0 ]
057 4 " s < 0.15- > .
Aad, am ®e0e® :1.0- A . 5 - LY
[3) 4 c o Em
0.0 S A + 0.10- °
A ¥ = - X : [ ] —2—
05{ 4 o* §9051 '!"= 1N S 005 Ad4 HE S
[ ] ) u
I ° S l%] Hgm oo o @ ;Tﬁ u o0
-1.0 T T T o 0.0 e L g 0.00 T T T
0 5 10 0 5 10 0 5 10

Bupropion (mg/kg)

Fig. 3 Effects of bupropion in the CJB task. Proportion of responses
(a), latency to respond (b), d’ (sensitivity index) (¢), ¢ (response bias
index) (d), the proportion of correction trials (e) and blank touches (f).

Bupropion (mg/kg)

Bupropion (mg/kg)

Data shown as mean (£ SEM). **p<0.01, *p<0.05 significant differ-
ences from vehicle treatment

@ Springer



Psychopharmacology

10 mg/kg bupropion (p=0.0017) and a significant increase
in the proportion of responses after 5.0 mg/kg bupropion to
ambiguous stimulus A4 (p=0.0324) compared with vehicle
treatment. There were no differences in the proportion of
responses to the S+and S- between bupropion and vehicle
treatment, thus the bupropion effect was specific under con-
ditions of stimulus ambiguity.

Mixed effect analysis on latencies to respond did not show
any effects of bupropion on this variable (F (2, 42)=0.2316,
p=0.7943, np? = 0.0109) nor a significant treatment x stim-
ulus type interaction (F (5.290, 106.9)=0.2919, p=0.9825,
np>=0.0142). There was a significant main effect of stimu-
lus type on latencies to respond (F(3.873, 49.96)=0.2860,
p<0.0001, np* = 0.3012) (Fig. 3b).

Further repeated measures ANOVA analyses did not
reveal effects of bupropion on the sensitivity index (d”) (F
(1.940, 27.16)=1.745, p=0.1943, np* = 0.1108), or on the
response bias index (¢) (F (1.677, 23.48)=2.236, p=0.1358,
np® = 0.0628) (Fig. 3c-d). The drug also did not affect the
proportion of correction trials (F (1.808, 25.31)=0.7172,
p=0.4844, np* = 0.0487) (Fig. 3e), In contrast, bupropion
did have a significant effect on blank touches (F (1.617,
21.02)=6.867, p=0.0076, np>=0.3457) and both the dose
of 5.0 and 10 mg/kg significantly increased these non-
specific touches compared with vehicle (p=0.0038 and
p=0.024, respectively) (Fig. 3f).Taken together, while the
effect of bupropion on blank touches is suggestive of a

potential simulant effect of the compound, the absence of
effect on the sensitivity and response bias indexes and the
proportion of correction trials suggests that any such effect
did not impact target-specific touches.

TBZ decreased ambiguous stimulus responses

Repeated measures ANOVA revealed significant effects
of stimulus type (F (3.677, 88.24)=84.24, p<0.0001, np>
= 0.7633) and treatment (F (1, 26)=15.54, p=0.0019,
np? = 0.2235) and a stimulus type x treatment interac-
tion (F (3.677, 88.24), p=0.0281 np*> = 0.1014), (Fig.
4a) on the proportion of responses under TBZ (6.0 mg/
kg). Post hoc analysis indicated a significant reduction
in the proportion of responses recorded under TBZ for
ambiguous stimuli Al (p=0.0400) and A2 (p=0.0023)
compared with vehicle treatment, with no effects of TBZ
administration on the proportion of responses for the
S+or S- stimuli (p=0.2699 and, p=0.3172 respectively),
indicating a pessimistic bias-like change in ambiguous
stimuli perception under the drug.

A significant main effect of stimulus type was detected
on latency to respond (F (3.083, 46.24)=10.27, p<0.0001,
np? = 0.5229), with no main effect of TBZ (F (2.503,
37.55)=0.6048, p=0.5872, np> = 0.2291) or a treatment
x stimulus type interaction (F (5,978, 84,89)=1,138,
p=0.3477, p*=0.0298) detected for this variable (Fig. 4b).
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TBZ did not affect the sensitivity index d’ (t(12)=0.8849,
p=0.3936, Cohen’s d (d)=0.2454) but a significant effect
on the response bias index (c) was detected (t(12)=1.446,
p=0.0315, d=0.5685) (Fig. 4c-d).

For the additional task performance measures, TBZ at
this dose (6.0 mg/kg) did not have significant effects on the
proportion of correction trials ((12)=0.5902, p=0.6663
d=0.1226) or blank touches (t(12)=0.9664, p=0.3529,
d=0.2680) (Fig. 4e-f).

CJB performance screening using lower doses of TBZ
(1.5 and 3.0 mg/kg) did not detect any significant effect of
treatment on any of the recorded variables (Supplementary
Information (SI) Fig. S1 and Table S1).

The SSRIs Citalopram and Fluoxetine and the 5HT-
2 Creceptor antagonist SB 242084 did not have
effects on CJB task performance

Two-way ANOVA indicated a main effect of stimulus type
on the proportion of Responses observed under citalopram
(F (4.160, 249.6)=242.2, p<0.0001, np?> = 0.8014) but no
main effects of treatment (F (3, 60)=0.7331, p=0.5363,
np? = 0.0297) or a treatment x stimulus type interaction (F
(15, 300)=0.2872, p=0.996, np> = 0.0139) were observed
(Fig. 5a). For latency to respond, a main effect of stimulus
type was detected (F (2.922, 43.83)=17.92, p<0.0001, np>
= 0.5443) in the absence of a main effect of treatment (F
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(2.473,37.09)=0.6636, p=0.5518,p> = 0.0424) and a treat-
ment x stimulus type interaction (F (5.961, 85.84)=0.4710,
p=0.827, np>=0.0316) (Fig. 5b).

Similarly, while a main effect of stimulus type on the
proportion of Responses to ambiguous stimuli was detected
under fluoxetine (F (3.426, 154.2)=227.5, p<0.0001,
np® =0.8348), no main effect of fluoxetine on the propor-
tion of responses to ambiguous stimuli (F (2, 45)=0.5071,
p=0.6056, np*> = 0.0183), or a treatment x stimulus type
interaction (F (6.852, 154.2)=0.8584, p=0.5191, np?
=0.0367) was detected (Fig. 5c). For latency to respond,
a main effect of stimulus type was detected (F(2.580,
38.70)=7.348, p<0.0009, np*> = 0.3288) in the absence
of a main effect of treatment (F(1.711, 25.67)=0.1485,
p=0.8309, np* = 0.0539) and a treatment x stimulus type
interaction (F(3.449, 43.11)=0.7112, p=0.5691, np?
=0.0268) (Fig. 5d).

For the SHT-2 C receptor antagonist SB242084, two-way
ANOVA indicated a main effect of stimulus type on the pro-
portion of Reponses (F (3.678, 154.5)=113.3, p<0.0001,
np® = 0.7295, Fig. 5e) but no main effect of treatment (F
(2, 42)=0.156, p=0.856, np> = 0.0042), or a treatment x
stimulus type interaction (F(10, 210)=0.655, p=0.765, np*
= 0.0302). The same pattern was observed on latency to
respond as SB 242084 did not have a main effect of treat-
ment (F(1.186, 16.61)=3.553, p=0.0714, np> = 0.2023)
and, although the main effect of stimulus type was signifi-
cant (F (2.680, 37.52)=17.20, p<0.0001, np*> = 0.9961),
the treatment x stimulus type interaction was not (F (4.89,
64.62)=1.728, p=0.142, np* = 0.1157) (Fig. 51).

Further CJB performance screening using a lower dose
of SB 242,084 (0.25 mg/kg) did not detect any significant
effect of treatment on any of the recorded variables (SI, Fig.
S2 and Table S2).

For the additional task performance measures, both cita-
lopram and fluoxetine did not have significant effects on the
sensitivity index (d’), response bias index (c), blank touches
or the proportion of correction trials (See Table 1). SB
242,084 had effects only on the proportion of blank touches
and Sidak’s post hoc showed that animals administered SB
242084 at 1.0 mg/kg made more blank touches than when
administered vehicle treatment (See Table 1).

Discussion

In the present study, we developed and validated a CJB task
for pro-depressant and antidepressant manipulation screen-
ing in mice using touchscreen technology that facilitates
assessment across species (Nithianantharajah et al. 2015;
Bethell 2016; Heath et al. 2019; Sullivan et al. 2021), thus
enhancing the significant translational potential of the study
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of cognitive-affective bias (Robinson 2018); (Anderson et
al. 2012).

Although there are already tasks available for assessing
CJB in rats (Rygula et al. 2013, 2015; Papciak et al. 2013;
Hales et al. 2014; Stuart et al. 2017; Drozd et al. 2019), the
number of tasks available for assessing this psychological
construct in mice (Novak et al. 2015) and particularly those
based on operant schedules and featuring interpretation of
ambiguous visual stimuli, is more limited (Krakenberg et al.
2019, 2020). The current study adapted a task used previ-
ously for assessing CJB via visual stimulus interrogation in
non-human primates (Bethell et al. 2012).

The use of multiple ambiguous stimuli presented in an
invariant spatial location within a session in this CJB task
ensures that observed responses to ambiguity are not biased
on stimulus novelty, position or chance. This multi-stimulus
design elicited a pattern of responding congruent with the
level of ambiguity (i.e., similarity to S+or S-) as shown in
all the vehicle groups of the present study (Fig. 3, 4, and
5). Mice made approximately 80-85% of the responses to
the S+and approximately 15-20% to the S-. The proportion
of responses to the ambiguous stimuli decreased as their
similarity to the S+decreased. This pattern of responding
was almost identical to the touchscreen-based Go/No Go
CJB task used in non-human primates (Bethell et al. 2012;
Bethell and Koyama 2015) and to the first Go/No Go CJB
task in rats using tone stimuli (Harding et al. 2004) which
validates the feasibility of using visual stimuli and the non-
human primate design in mice and emphasizes the potential
for translation across species.

Latencies to respond to ambiguous stimuli were also as
expected according to the literature in rodents, non-human
primates, and humans (Harding et al. 2004; Bethell et al.
2012; Hales et al. 2022). As in previous Go/No Go CJB
task designs (Harding et al. 2004; Bethell et al. 2012), the
latencies to respond to the S- were the longest compared
with the other stimuli. Mice responded faster to the S+and
became slower as the stimuli presented increased in simi-
larity to the S-, and this pattern was identical across all the
pharmacological studies. However, unlike the proportion of
correct responses to each stimulus, the effect of affective-
related manipulations on latencies to respond is more vari-
able depending on the task design (Anderson et al. 2013;
Barker et al. 2018).

Bupropion increased ambiguous stimuli responses

The noradrenaline-dopamine reuptake inhibitor bupro-
pion has antidepressant-like effects on classical models
of depression like the FST (Carratala-Ros et al. 2023),
improves apathy in rodents (Randall et al. 2014), and also
increases optimistic bias in humans (Walsh et al. 2018a, b).
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Blank touches

Correction trials (P)

Table 1 Effects of citalopram, Drug/Dose  d’
fluoxetine, and SB 242084 on d’, (mg/kg)
¢, blank touches, and proportion Citalopram

of correction trials. *p<0.05, 0

**p<0.01 significantly different 2452012
. 25 2.54+0.17
from vehicle treatment 50 2364012
10.0 2.71+0.25
F, p, np* F (2.77,41.55)=0.75,
p=0.52, 1p*=0.06
Fluoxetine
0 2.58+0.17
25 2.64+0.15
5.0 2.77+0.16
F, p, np° F (1.96, 29.47)=0.46,
p=0.63, np*=0.03
SB242084
0 2.13+0.14
0.5 2.15+0.23
1.0 2.11+0.17
F, p, np° F (1.720, 24.08)=0.03

p=0.96, np* = 0.002

—0.10+0.11
—0.03+0.12
—0.21+0.09
0.06+0.11

F (2.59, 38.91)=0.57,
p=0.62, np*> = 0.05

0.05+0.09
0.13+0.15
—0.07+0.16

F (1.23, 18.43)=1.22,
p=0.30), np°=0.03

—0.05+0.06
—0.13+0.06
—0.20+0.08

F (1.577,20.51)=1,881

p=0.18, 1p*=0.13

0.05+0.005
0.07+0.011
0.07+0.01
0.06+0.01

F (2.38,35.74)=2.84,
p=0.06, np*>=0.16

0.06+0.01
0.04+0.005
0.05+0.01

F (1.73, 26.00)=2.65,
p=0.10,np*=0.15

0.05+0.01
0.07+0.01*
0.07+0.01**

F (1.726, 24.16)=6.37,

p=0.008, np* = 0.312

0.19+0.05
0.29+0.08
0.24+0.05
0.24+0.05

F (2.38, 35.73)=0.57,
p=0.60, np* = 0.04

0.21+0.06
0.27+0.08
0.12+0.04

F (1.41,21.14)=1.81,
p=0.19, np*=0.11

0.19+0.04
0.25+0.07
0.36+0.08

F (1.967,27.53)=3.253,

p=0.054, np>=0.19

However, although selective noradrenaline uptake inhibi-
tors like reboxetine, and serotonin-noradrenaline reuptake
inhibitors like venlafaxine have been shown to increase
optimistic bias in rats (Stuart et al. 2013), the effect of
bupropion on cognitive-affective bias in rodents has not,
to our knowledge, yet been studied. In the present study,
this compound increased optimistic bias as shown by an
increase in responses to ambiguous stimulus 3 (A3) at
10.0 mg/kg and to ambiguous stimulus 4 (A4) at 5.0 mg/
kg. However, bupropion did not affect the percentage of
responses to the S+and S-, suggesting the effect of bupro-
pion is specific to conditions of stimulus ambiguity (Fig.
3a). Bupropion also did not affect either the perceptual dis-
criminability between the S+and S—(sensitivity index, d")
(Fig. 3c) nor did it bias the tendency of animals to emit or
withhold responses (response bias, ¢) (Fig. 3d), ruling out
these factors as potential contributors to the observed shift
in behaviour following administration of this compound.

TBZ decreased ambiguous stimulus responses

To further validate novel CJB task sensitivity to changes in
mood, TBZ was used based on previous research showing
pro-depressant effects of this drug on models of depression
like the FST (Carratala-Ros et al. 2023), on effort-related
choice (Lopez-Cruz et al. 2018; Yang et al. 2020) and in
cognitive-affective bias tasks (Stuart et al. 2017). In the
present study, TBZ at 6.0 mg/kg induced a negative bias,
manifested as a decrease in the proportion of responses to
ambiguous stimuli without affecting the sensitivity index
(d’). TBZ, therefore, did not affect animals’ discrimination
of the S+and S-, and so the observed responses were not

driven by changes in how animals responded to the S+or
withheld responses to the S-. (Fig. 4a, c¢). TBZ did affect
the response bias index parameter (c), making animals
more conservative overall (Fig. 4d). The effect of TBZ
resembles the pattern of results observed in similar Go/No
Go designs after pro-depressant manipulations like unpre-
dictable housing in rats (Harding et al. 2004) and stress-
ful routine vet checks in the primate version of our task
(Bethell et al. 2012) as both manipulations reduced the
proportion of responses to ambiguous stimuli.

TBZ did not significantly affect latencies to respond,
although animals under TBZ were slightly slower in
responding to ambiguous stimuli A2 and A4. This is
congruent with the lack of effects of TBZ on this vari-
able observed in other CJB tasks using high versus low
reward as positive and negative discriminators (Hales
et al. 2022). Also, although previous studies using the
primate version of this task showed that animals were
slower at responding to ambiguous stimuli after stress-
ful vet checks, the control group was environmentally
enriched (Bethell et al. 2012); thus the effect of TBZ in
this design may depend on subjects’ baseline latencies.
Lastly, although high/moderate doses of TBZ could cause
non-specific effects due to its effects on the monoamine
system (Podurgiel et al. 2013; Yang et al. 2020) which
could affect animals’ sensitivity to negative feedback
after a mistake (i.e. correction trials) or decrease locomo-
tor activity, at the dose used here, the drug did not affect
the number of correction trials (Fig. 4e) or decrease the
number of blank touches (Fig. 4f). Lower doses of TBZ
(1.5 and 3.0 mg/kg) did not have significant effects on
CIJB task performance (SI Fig. S1 and Table S1).
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The SSRIs Citalopram and Fluoxetine and the 5HT-
2 Creceptor antagonist 242084 did not have effects
on the CJB task performance

The SSRIs citalopram and fluoxetine did not increase opti-
mistic biases in the CJB task. This lack of effect is consis-
tent with previous studies that suggest these antidepressants
do not have an effect on CJB tests when administered
acutely in animals (Anderson et al. 2013; Golebiowska and
Rygula 2017; Hales et al. 2017). This is also consistent with
the effects of SSRIs in humans, as they typically demon-
strate therapeutic efficacy only weeks after treatment onset
(Anderson et al. 2000) (although acute citalopram has been
shown to increase happy face recognition in healthy volun-
teers (Murphy et al. 2009). In rats, both acute fluoxetine and
citalopram (1.0 mg/kg, IP) induced an optimistic bias in a
bowl-digging task (Stuart et al. 2013). However, in oper-
ant Go/Go paradigms, low doses of citalopram (1 mg/kg)
biased animals towards the positive interpretation of the
ambiguous stimuli (tones), while higher doses (5-10 mg/
kg) had the opposite effect (Rygula et al. 2014). However,
SSRIs have not previously been tested in Go/No Go tasks
involving ambiguous interpretation, making direct compari-
sons with the data presented here difficult.

SB 242084, a 5-HT2C receptor antagonist, has previously
shown anxiolytic effects (Kantor et al. 2005), fast-onset
antidepressant-like effects (Opal et al. 2014), and feedback
sensitivity modulation in mice (Phillips et al. 2018). In the
present study, the dose that modulated feedback sensitivity
in our laboratory (1.0 mg/kg) (Phillips et al. 2018) did not
affect ambiguous stimuli interpretation, nor the discrimi-
nation and sensitivity indexes. This dose (1.0 mg/kg) was
observed to significantly increase blank touches, which may
reflect a non-specific stimulant effect (Table 1), which could
explain the increasing trend in the proportion of correction
trials. This trend aligns with earlier findings of reduced sen-
sitivity to negative feedback following SB 242084 admin-
istration (Phillips et al. 2018). The effect of SB 242084
on latencies overall was not significant; however, a trend
was observed with the dose 0.5 mg/kg after which animals
responded to ambiguous stimuli A1-A4 more rapidly than
saline (Fig. 5f). The lower doses of SB 242084 used here
(0.25 and 0.5 mg/kg) did not have any other effects on CJB
task performance (SI, Fig. S2 and Table S2).

CJB task limitations and strengths

The present task may have certain limitations inherent
to the Go/No Go design. For instance, “pessimistic”
withholding responses (i.e., “No Go” responses) could
potentially be influenced by factors such as motiva-
tional or locomotor activity. However, these concerns
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have been mitigated through the evaluation of sensitivity
and response bias indices, as well as monitoring blank
touches and locomotion to control for non-specific effects
on task performance. Future experiments should reduce
the number of ambiguous stimuli to three to have a 50%
ambiguous stimulus (equal feature overlap with the
S+and S-) as in CJB tasks used in other species, which
feature visual (Bethell et al. 2012) or auditory stimuli
(Enkel et al. 2010; Rygula et al. 2014), which would also
increase statistical strength.

The observed lack of effect of antidepressants on perfor-
mance in this task, rather than a lack of sensitivity to this
type of manipulation when administered acutely, could be
due to within-subject ‘optimism’ or ‘pessimism’ at base-
line (Golebiowska and Rygula 2017). In the context of this
task, this could explain why TBZ induced the expected pro-
depressant effect by decreasing responses to stimuli A1 and
A2 (which elicited more responses in this task) and con-
versely why bupropion showed antidepressant effects on
stimuli A3 and A4, which are the ambiguous stimuli that
elicited fewer responses. Moreover, baseline responses in
the TBZ experiment were higher for unknown reasons,
which may have facilitated the induction of pessimistic bias
in this task. Future studies may incorporate reversal experi-
ments in which antidepressant manipulations could be given
to reverse pessimistic biases induced by pro-depressant
manipulations.

Another limitation concerns the absence of data col-
lected from female animals, restricting the applicability of
these findings. Mood disorders have different prevalences in
males and females, and it is known that there are sex-depen-
dent neurobiological differences and antidepressant sensi-
tivities (LeGates et al. 2019; Carvalho Silva et al. 2023).
Therefore, future studies using this task for pharmacological
screening or neurobiological explorations must include both
sexes, as data derived solely from male animals severely
limits translational value in the clinical context (Choleris et
al. 2018; Warthen et al. 2020).

Despite these areas for improvement, the present design
demonstrates that mice can respond in an ambiguity-depen-
dent manner to visual stimuli as observed in other CJB tasks
in other species. Unlike other tasks using the avoidance of a
mild electrical shock, or a smaller reward as a negative out-
come, the present task uses omission of reward as a negative
outcome and still replicates the ambiguity-dependent pat-
tern of responses observed in other tasks and species (Hard-
ing et al. 2004; Enkel et al. 2010).

Unlike other mouse touchscreen CJB tasks (Krakenberg
etal. 2019, 2020), the inclusion of stimuli exhibiting various
levels of ambiguity presented repeatedly in a fixed location
lead to the advantages that responses to the stimuli here are
not biased by stimuli novelty, risk-taking behavior, spatial
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location, or chance. and stimuli were also counterbalanced
to avoid stimuli preference that could bias the responses. The
present task was also shown to be sensitive to the effects of
antidepressant and pro-depressant drugs, thus it establishes
the basis for further optimization and screening of a wider
range of pharmacological or non-pharmacological manipu-
lations, including in the context of the assessment of animal
welfare (Bethell et al. 2012; Lopez-Cruz et al. 2021).

Finally, the novel Go/No Go CJB task for mice can be
integrated with over 20 other touchscreen-based tests (Sul-
livan et al. 2021), expanding the range of tools available
for assessing affective state-related constructs (Phillips et al.
2018; Krakenberg et al. 2019, 2020) in this apparatus. This
facilitates the deployment of focused ‘suites’ of touchscreen
assessments within single cohorts of animals, enabling
within-subject assessment of several behavioral domains
under the same conditions and using the same kinds of stim-
uli and responses. This, combined with the use of reward
omission as a negative outcome (rather than, e.g., mild elec-
trical shocks), aligns with the 3Rs Principles of Reduction
and Refinement (Lopez-Cruz et al. 2021).

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00213-025-06909-5.
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