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a b s t r a c t
Negative symptoms in schizophrenia remain an unmet clinical need. There is no licensed treatment
speciﬁcally for this debilitating aspect of the disorder and effect sizes of new therapies are too small to
make an impact on quality of life and function. Negative symptoms are multifactorial but often considered in terms of two domains, expressive deﬁcit incorporating blunted affect and poverty of speech and
avolition incorporating asociality and lack of drive. There is a clear need for improved understanding
of the neurobiology of negative symptoms which can be enabled through the use of carefully validated
animal models. While there are several tests for assessing sociability in animals, tests for blunted affect in
schizophrenia are currently lacking. Two paradigms have recently been developed for assessing negative
affect of relevance to depression in rats. Here we assess their utility for studying negative symptoms
in schizophrenia using our well validated model for schizophrenia of sub-chronic (sc) treatment with
Phencyclidine (PCP) in adult female rats. Results demonstrate that sc PCP treatment produces a significant negative affect bias in response to a high value reward in the optimistic and affective bias tests.
Our results are not easily explained by the known cognitive deﬁcits induced by sc PCP and support the
hypothesis of a negative affective bias in this model. We suggest that further reﬁnement of these two
tests will provide a means to investigate the neurobiological basis of negative affect in schizophrenia,
thus supporting the assessment of efﬁcacy of new targets for this currently untreated symptom domain.
© 2016 Elsevier B.V. All rights reserved.

1. Introduction
Despite the wide range of antipsychotic medication available
for the treatment of schizophrenia, negative symptoms remain
an unmet clinical need [43]. A recent large meta-analysis of 168
studies demonstrated small effect sizes of current therapeutic
strategies, ranging from atypical antipsychotics and antidepressants to psychological interventions, that failed to reach the
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threshold for clinically meaningful improvement [21]. Persistent
negative symptoms have a substantial impact on patients’ functional outcome, leading to disability and reduced quality of life
[20]. Davis et al. provide a recent update on new pharmacological
treatments for negative symptoms including examining important
methodological consideration for future clinical trials [16]. Recent
on-going clinical trials are reviewed in Ref. [5]. However in spite
of recent advances in this area, effective therapies are still lacking. Carefully validated animal models combined with appropriate
tests for negative symptoms in animals form a critical part of the
development of new therapeutic strategies for negative symptoms
[6,39]. However, many aspects of negative symptom domains have
been poorly investigated in animal studies and when they have,
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the most successful work has been conducted on the social withdrawal domain in rats [23,37–39,44]. These studies are certainly
valuable and of ethological relevance in such a gregarious species.
However such studies lack analysis of emotional regulation or affective state, processes essential for effective human social interaction
and communication. There have been some attempts to investigate anticipatory motivation in animals, but the relevance of these
tests for schizophrenia symptomatology is debatable [6]. Perhaps
surprisingly, the other debilitating aspects of negative symptoms
have almost never been investigated in a well-validated animal
model for schizophrenia. That is of course partly due to the uniquely
human characteristics of certain domains such as poverty of speech
and blunted affect. However, there is still a major gap in the animal studies addressing other aspects of negative symptoms and
with carefully developed tests even these aspects may be studied. In order to improve our understanding of the neurobiological
mechanisms underlying negative symptom domains and therefore develop improved treatment strategies, it is essential to assess
these using carefully constructed test procedures in well validated
animal models for the disorder.
Although negative symptoms are deﬁned by ﬁve consensusbased domains, two have been especially considered as determinant factors in terms of best describing this facet of the illness.
The concept is called the ‘two factor model’. One of the factors
in this model reﬂects ‘diminished motivation and pleasure’ and
the other is related to ‘diminished verbal/non-verbal expression
or communicative output’ [27] describing avolition and expressive deﬁcit domains. As we suggested in our 2014 review, there
is a clear argument for separate tests for each speciﬁc domain of
negative symptoms [39] as MATRICS have recommended for cognition [45]. Sub-chronic (sc) treatment with phencyclidine (PCP) and
other N-methyl-d-aspartate receptor (NMDAR) antagonists have
been widely used in an attempt to mimic certain behavioural and
neuropathological deﬁcits observed in schizophrenia [34,36,38,39]
with animals tested at least 7 days following the PCP treatment
regimen. We have demonstrated that these deﬁcits are reversed
by several novel targets and low doses of atypical antipsychotics
[22,28,38,39]. When it comes to investigating negative symptoms,
we and others have shown that sc PCP induces social withdrawal
but not anhedonia in rodents [29,39] with the growing consensus that anhedonia per se. is not a feature of negative symptoms
[6,19] lending further support for the validity of this model. However, there have been no studies to date demonstrating the effect of
sc treatment with PCP or other NMDAR antagonists, probably the
best validated animal model for schizophrenia, albeit still requiring further validation, on anticipatory pleasure/motivation or on
affective state. Therefore, we aimed to investigate the effect of our
sc PCP treatment regime (2 mg/kg i.p. twice daily for 7 days followed by 7 days washout) on anticipatory motivation and affective
state in female rats. To address this issue, we employed two different paradigms: affective and cognitive bias tests. To our knowledge,
this is the ﬁrst study attempting to model anticipatory reward and
affect in an animal model for schizophrenia.
The task of optimistic cognitive bias used in our study was developed by [13] based on earlier studies with starlings [12,11,30].
The rationale for the task developed by [13] and variations used
by other laboratories, was based on Harding’s [24] original study.
In this study, the concept of cognitive/judgement bias, deﬁned as
the propensity of a subject to show behaviour indicating anticipation of either relatively positive or negative outcomes in response
to ambiguous stimuli [35] was ﬁrst introduced in animals [24]. In
their work, [13] devised an ethologically relevant methodology for
investigating the effect of environmental enrichment on optimistic
cognitive bias in rats. They showed that rats transferred from unenriched to enriched conditions gave more optimistic responses to
an ambiguous stimulus than control rats maintained in un-enriched

conditions. They argued that testing cognitive bias in this way could
provide information on an animal’s emotional state and that this
method could be used to develop novel therapeutic strategies for
mood disorders. We have adapted this test to assess optimistic cognitive bias in our animal model for schizophrenia, sc PCP treatment.
Recently Emma Robinson’s laboratory (41) developed a novel
behavioural test to measure changes in the affective state of
rodents. This test, known as the Affective Bias Test (ABT) is another
ethologically relevant test in which animals form an association
between an odour and food reward. In this study, strength and
valence (positive or negative) of this relationship is altered using
pharmacological and environmental manipulations. Replicating
ﬁndings in healthy human volunteers, this study showed that acute
treatment with typical (i.e. ﬂuoxetine, citalopram) and atypical
antidepressants (i.e. agomelatine, mirtazapine) induces a significant positive affective bias in healthy rats. Furthermore, certain
drugs associated with inducing negative affective state in humans
(eg. the anxiogenic agent, FG7142) also induced a negative affective
bias in rats as indicated by signiﬁcantly fewer choices for the odour
paired with these agents. This paradigm was also found to be sensitive to manipulation of the absolute reward value. These ﬁndings
support the translational and predictive validity of the ABT [41].
Our overall aim in this study is to investigate the potential of
these two tests to assess affect and anticipatory reward deﬁcits of
relevance to schizophrenia. In order to achieve this aim, we adapted
Brydges’s paradigm to investigate the effect of our sc PCP treatment
regimen on anticipatory behaviour of rats in a task of optimistic
cognitive bias. Secondly, we investigated effects of sc PCP treatment
on affective bias using the ABT. Due to the success of our initial
study, we believe we have identiﬁed two paradigms that could
be used with some further adaptations to enhance understanding of these two distinct aspects of negative symptom domains
and assist in the development of new therapies. These tests could
also be used to assess affective bias and anticipatory motivation
in various animal models for other CNS disorders [26]. However
these paradigms have certain limitations that should be taken into
careful consideration before adopting them for this purpose. The
use of one animal model is another limitation and we recommend
always testing efﬁcacy of new targets in several animal models representing different risk factors for the disorder eg. pharmacological,
neurodevelopmental and genetic.

2. Experimental procedures
2.1. Animals
Two separate batches of 20 and 14 adult female Lister Hooded
rats obtained from Harlan UK, were used as subjects for experiments 1 and 2 respectively, 34 rats were used in total. Rats
were housed in groups (4–5 rats/cage) and kept under standard
laboratory conditions (room temperature 21 ± 2 ◦ C and humidity
40%–50%) on a 12-h light/dark cycle with lights on at 0700 h. All
experiments were carried out between 9 am and 5 pm. Water was
available ad libitum, but food was restricted to 10 g per rat per day
for the duration of both experiments. Female rats were used as they
have consistently demonstrated reliable performance in our laboratory in a variety of cognitive tests at all stages of the oestrus cycle
[33,42], and robust deﬁcits following our sc PCP regimen [39]. There
has been an unfortunate over-reliance on male rodents in animal
studies in the past, a situation fortunately being rectiﬁed due to
a new and overdue NIH directive [15]. All experiments were conducted in accordance with the UK Animals (Scientiﬁc Procedures)
Act 1986 and were approved by the University of Manchester ethics
committee.
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bowls. The optimistic choice was deﬁned if the rat made a choice
for the bowl that was previously paired with HV reward (Fig. 2).

There were two distinct experimental designs in the present
study using two tasks for investigating the effect of sc PCP treatment on optimistic cognitive bias (Experiment 1) and affective bias
(Experiment 2).
For experiment 1, 20 rats weighing 160–190 g at the start of
training were randomly divided into two groups; vehicle and PCP
treatment groups. Vehicle (saline; 1 ml/kg, n = 10) or PCP (2 mg/kg,
n = 10) was intraperitoneally (i.p.) administered twice daily for
7 days followed by a wash-out period of 7 days. This treatment
schedule occurred after the rats were trained and tested for their
inherent optimistic cognitive bias. By the end of the wash-out
period, rats were re-tested in order to investigate the effect of our
sc PCP treatment regimen on optimistic bias. PCP hydrochloride
obtained from Sigma-Aldrich, UK, dissolved in distilled water and
administered in a volume of 1 ml/kg i.p. Using the same treatment
protocol as in experiment 1, 14 rats weighing 200–250 g at the start
of the experiment from a separate batch were randomly allocated
to receive PCP (n = 7) in experiment 2, prior to training and testing.
Remaining rats (n = 7) did not receive any treatment, hence were
injection, but not handling naïve, in order to compare no injection
with saline injection across experiments.

Each rat was ﬁrstly handled 5 min/day for 5 days and both of the
rewards were introduced into the rats’ home cages. After introducing the rewards, rats were habituated to the chamber in cage groups
for 20 min/day for two consecutive days (Phase A). In these sessions,
each rat was placed in the start box and the tunnel was lined with
a particular grade of sandpaper (P120; Halfords, Manchester, UK)
which remained constant for the habituation phase, and was different from those used in subsequent training sessions. After group
habituation, rats were put on restricted diet (10 g food/rat/day) and
the next day each rat was individually placed in the apparatus and
introduced to bowl-odour-reward pairings which remained constant for each rat throughout the study. During this phase (Phase
B), two foraging bowls as described above were placed either on the
left or the right of the goal box. For each rat, each reward was speciﬁcally paired with a particular bowl-odour-location which remained
consistent for that subject throughout the experiment but was
counter-balanced between individual animals. Phase B lasted for
4 days (2 sessions/rat/day).

2.3. Behavioural tests

2.5. Training (Phase C–E)

2.3.1. Experiment 1: the optimistic cognitive bias test
The chamber consisted of two identical Plexiglass boxes as
described in Ref. [13] (61 × 43.5 cm and 45.5 cm high, Fig. 1) one
start box and one goal box connected by a free-access tunnel
(10 cm × 80 cm × 12 cm). Speciﬁc grade sandpapers were used to
represent neutral cues which were presented in the tunnel according to the protocol described below. The goal box contained two
foraging bowls, one black and one white, ﬁlled with wood shavings. Each bowl was paired with particular odour, O (eg. O1:
pomegranate & raspberry, O2: aloe & soft linen) and with a particular reward (white chocolate drop or ½ honey nut cheerio® )
which remained constant throughout the study for each subject.
The odours were purchased from the Bodyshop UK and are the
same as those used in our set shifting studies where we reliably
show a scPCP-induced deﬁcit in the EDS phase [31]. We have previously determined no preference or bias for these odours used. The
chamber was set up in the experimental room which was separate
to the housing area. All experiments were conducted under regular
room lighting (Fig. 1).
The task of optimistic cognitive bias was conducted according
to the protocol developed by [13] with minor modiﬁcations. In this
task, there was one ‘positive’ and one ‘less positive’ event determined
by the values of the outcomes. In order to create such events, two
rewards with different values; white chocolate drop as high-value
(HV) reward and ½ honey nut cheerio® as low-value (LV) reward
were used for positive and less positive events, respectively. In
these events, each reward was associated with one neutral predictive cue, a particular grade of sandpaper (coarse or ﬁne; P40
or P1200 Halfords, Manchester, UK) lining the ﬂoor of the tunnel. To give an example of the sequence of events, one rat always
received HV reward if the tunnel was lined with coarse sandpaper and LV reward if the tunnel was lined with ﬁne sandpaper. In
both events, rats had to make an active choice in order to receive
the reward (ie choose one of the 2 bowls). The rat’s choice was
deﬁned as when the ﬁrst digging behaviour occurred. Once trained,
rats then underwent optimistic cognitive bias testing. This time
rats were confronted with an ambiguous trial in which they were
introduced to an ambiguous stimulus, novel grade sandpaper ie a
grade between the previous two (medium sandpaper; P180; Halfords, Manchester, UK) and there was no reward in the foraging

Training consisted of three consecutive phases; C–E, according
to the protocol of [13], each of which took 3–4 days depending on
the learning capabilities of each subject. Phase C served as a starting point for creating ‘positive’ or ‘less positive’ events as described
above by representing speciﬁc neutral cues, different grades of
sandpaper (Fig. 2). Each rat received 4 trials per day; 2 trials for
chocolate and 2 trials for ½ a cheerio® in a randomized trial order.
In every trial, rats were individually placed in the start box and time
to exit the tunnel, choose the ﬁrst bowl and correct bowl containing
the reward (if not chosen ﬁrst) was recorded by the experimenter.
In Phase C, the food rewards were placed on the surface of the
digging media, in Phase D the rewards were buried in the digging
media. The sandpaper and reward pairings were counterbalanced
within each group; e.g. half of the rats had coarse sandpaper in
the chocolate trial and ﬁne sandpaper in the cheerio trial, and vice
versa for the other half. In order to minimize olfactory trails, the
sandpaper was changed between the groups and the apparatus was
cleaned with 70% ethanol.
In phase E, the rewards were always at the bottom of the bowls
and, 1 out of 4 trials/rat/day was unrewarded (4 unrewarded trials/4 days in total) in a randomized order. Correct or incorrect
responses in these unrewarded trials provided information regarding how well the subjects were trained in terms of being able
to associate the cue (a particular grade of sandpaper) with the
outcome (reward) in the absence of any odours provided by the
rewards themselves. Subjects that were successful in making correct choices in these trials were moved on to phase F; the test of
optimistic cognitive bias.

2.4. Habituation (Phase A and B)

2.6. Pre-treatment testing (Phase F) of optimistic cognitive bias
and sub-chronic PCP treatment effects (Phase G)
In Phase F; the unrewarded ‘probe’ trials (1 out of 4 trials per
day) were this time paired with medium grade sandpaper as an
ambiguous stimulus. The rat’s choice was deﬁned as optimistic if
it chose the bowl that was previously paired with the HV reward
for that subject. The duration of phase F was 3 days meaning that
there were 3 probe trials in total (1 probe trial/day).
After completing pre-treatment testing, rats underwent PCP
dosing, phase G, as described above. Following 7 days of drug treat-

96

C. Sahin et al. / Behavioural Brain Research 312 (2016) 93–101

Fig. 1. A schematic diagram of the apparatus used in experiment 1.

Fig. 2. A schematic diagram showing an example of the pairings used in chocolate (HV) and cheerio (LV) trials. The probe trial is the test for optimistic cognitive bias. Each
bowl containing a speciﬁc reward is paired with a particular odour (not depicted here) (HV: High-value, LV: Low-value).

ment, extra training sessions (phase D2) were applied during the
wash-out period to ensure that rats were retaining the task. Finally,
rats treated with sc PCP or vehicle were re-tested in the paradigm
(phase F2) with one probe trial per day for 5 days (5 probe trials in
total) following the 7 day washout period. It is important to emphasize that in both paradigms, rats were tested in the drug-free state,
ie at least 7 days after the last PCP dose.

2.6.1. Experiment 2: the affective bias test
Animals were tested in a Perspex arena (length = 56 cm,
width = 36 cm and height = 19 cm) of three compartments that we
routinely use for our attentional set shifting studies [31]. The arena
ﬂoor was covered with sawdust. Compartments were created by
two removable panels and a central divider at one third of the
length of the cage. A digging bowl was placed in each of the two

small compartments throughout the experiment. Rats were given
access to the bowls by removing the dividers (Fig. 3).

2.7. Habituation
Rats were habituated to the experimental arena prior to the start
of the experiment. As for experiment 1, a bowl was introduced to
each home cage 4 days prior to training. On the fourth day, rats were
allowed to freely explore the testing arena with their cage-mates in
the absence of the bowls for 10 min for habituation. Then the bowls
were placed into the arena and rats were given 5 min of individual
habituation to the testing arena. Three half cheerios® were then
placed into each bowl to encourage the rat to attend to the bowl.
This was repeated three times. Retrieval of all cheerios marked the
end of the habituation session for each rat.
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ging, there was a one in three chance that neither bowl would be
baited with reward. For each single trial, the choice of the rat and
the digging latency was recorded.
2.11. Statistical analysis

19 cm

Fig. 3. A schematic diagram of the testing arena used in experiment 2, clay bowls
are separated by clear Perspex dividers from the larger compartment and from each
other.

2.8. Training to dig
This training session was designed to shape bowl digging
behaviour. Each rat was individually placed in the testing arena
and presented with 2 bowls, initially containing one half cheerio® .
Cheerio® halves were then placed on sawdust and then gradually
buried under thin and thick layers of sawdust, in a similar manner to Study 1. Each condition was repeated three times (total of
12 trials). Each training session lasted until all the cheerios® were
retrieved and consumed in twelve consecutive trials.
2.9. Affective bias test (general protocol)
The affective bias test was conducted according to the protocol
developed by [41]. Rats treated with sc PCP or vehicle underwent
the ABT. We followed a standard protocol of four pairing sessions
followed by a choice test on the ﬁfth day. In each pairing session,
rats were presented with two bowls (A; days 1 and 3 or B; days 2 and
4 and C all sessions), each of which was associated with an odour
(Bowl A = Caliber-bean odour, Bowl B = Vanilla). In this experiment,
Bowl A contained higher reward value (HR = 2 cheerio® halves)
and bowl B contained the lower reward value (LR = one cheerio®
half) throughout the pairing sessions. The second bowl (bowl C)
was always unrewarded and was associated with the pomegranate
odour. Each pairing session consisted of individual trials, whereby
choosing the reward-containing bowl (Bowl A on days 1 and 3; Bowl
B on days 2 and 4) was considered as the correct response. Upon
digging in a bowl, access to the other was immediately blocked and
the choices as well as digging latency were recorded in each trial.
The pairing session was completed when rats correctly chose the
reward containing bowl over 6 consecutive trials (Fig. 4).

All behavioural scoring was conducted by an experimenter
blinded to the rat’s treatment group. For experiment 1; unpaired
Student’s t-test was used in comparisons between 2 groups (chocolate versus cheerio® , sc PCP versus vehicle). Repeated measures one
way ANOVA was used for within group time data comparisons in
each phase. Post hoc comparisons with phase C were conducted
using Dunnett’s t-test. In experiment 2; student’s t-test was used
to analyze the percentage choice test results. To compare digging
latency and number of trials to criterion for days associated with
HV reward (1 and 3) and LV reward (2 and 4) between naive and
sub-chronic PCP groups, repeated measures ANOVA was used. This
was followed by student’s t-test when appropriate. All data are
represented as mean ± S.E.M, p < 0.05 was considered statistically
signiﬁcant.
3. Results
3.1. Optimistic bias test
3.1.1. Performance between the test phases
In the present study there was a phase effect for time taken to
leave the tunnel, choose the 1st and correct bowls. As expected,
rats took longer in these parameters in the initial learning phase
(phase C) compared to the other phases (Fig. 5). There was no signiﬁcant difference between the two groups.
In both groups rats took signiﬁcantly longer time to leave the
tunnel in phase C compared to all other phases (phase Evehicle;
P < 0.05, phase Fvehicle , D2vehicle , F2vehicle; P < 0.01,phase D PCP , phase
E PCP; D2 PCP , F2 PCP; P < 0.01, phase F PCP; P < 0.05) (Fig. 5A).
Time taken to choose the 1st bowl started to decrease after phase
D and remained signiﬁcantly faster in the other consecutive phases
compared to phase C in both groups (phase EPCP; p < 0.05, phase
Fvehicle&PCP; p < 0.05, phase D2vehicle p < 0.01, phase D2PCP; p < 0.001,
phase F2vehicle&PCP; p < 0.001) (Fig. 5B).
In both groups, time to choose the correct bowl gradually
decreased compared to the initial phase C, this decrease was statistically signiﬁcant throughout all phases except phase D for the PCP
group (phase D vehicle; p < 0.01, phase E-F2vehicle; p < 0.001, phase
E&F PCP; p < 0.01, phase D2 & F2PCP; p < 0.001) (Fig. 5C).

2.10. The choice preference test

3.2. Experiment 1: comparisons between overall chocolate versus
cheerio trials

On day ﬁve, rats were presented with the previously rewarded
bowls (A and B) over 30 trials. At this stage of the experiment, both
bowls carried equal reward value. To maintain motivation for dig-

Rats took signiﬁcantly less time to choose the ﬁrst (p < 0.01) and
correct bowl (p < 0.01), in chocolate trials compared with cheerio®
trials, demonstrating a preference for the HV reward. Time to exit

Fig. 4. Schematic diagram showing the protocol for experiment 2: High vs. Low reward value, Bowl A contains two cheerio halves (HV), Bowl B contains one cheerio half
(LV), Bowl C contains no reward. Rats are presented with Bowls A and C on days 1 and 3, and Bowls B and C on days 2 and 4. On the ﬁfth day, rats are presented with Bowls
A and B, both of which contain equal reward value.
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Fig. 6. Time to exit tunnel, to choose the 1st and correct bowl during chocolate (HV)
versus cheerio (LV) trials.
Data are expressed as mean ± S.E.M time (s) and analysed by unpaired student’s ttest (n = 10/group). **P < 0.01; signiﬁcant difference between chocolate and cheerio
trials. (HV: High-value, LV: Low-value).

the tunnel was not statistically different between the two rewards
(p = 0.27) (Fig. 6).
3.3. Experiment 1: the effect of sc PCP on optimistic choices
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3.4. Affective bias test
3.4.1. Effect of sc PCP in the affective bias choice test
Results of the paired t-test analysis on choice test data in the
ABT revealed that naïve rats formed a signiﬁcant positive affective
bias towards bowl A, which contained the higher reward, ie a whole
cheerio (t = 2.71, p < 0.05). In marked contrast, rats treated with PCP
did not form a preference for either bowl, suggesting the absence
of a positive affective state (t = 0.84, p = 0.41), (Fig. 8).
3.5. Effect of sc PCP on digging latency and trials to criterion;
comparison between HV reward (days 1and 3) and LV reward
(days 2 and 4) sessions

***
***

**

Before the treatment, there was no difference in the number
of optimistic choices between the two groups (p = 0.79) Cognitive
bias was in favour of optimism since each group made optimistic
choices in 2 out of 3 probe trials on average (Fig. 7A). After the
treatment, the mean number of optimistic choices was shown to be
signiﬁcantly decreased in the sc PCP group compared to the vehicle
group (p < 0.01) (Fig. 7B). The vehicle group remained in the optimistic state (optimistic choices, 2.7/5) after the treatment however,
the PCP group had markedly reduced optimistic choices, 1.3/5.

###

##
###

***

Investigation of effects of sc PCP on the number of trials to criterion and digging latency (Fig. 9) associated with HV and LV reward
trials revealed no signiﬁcant effects of HV versus LV reward or sc
PCP versus no treatment.

0
Phase C

Phase D Phase E Phase F Phase D2 Phase F2
(Post-treatment
(Pre-treatment
testing)
testing)

Fig. 5. A–C. Time to exit the tunnel (A), choose the 1st (B) and correct bowl (C)
throughout phases C-F2 of Experiment 1.
Data are expressed as ±S.E.M time taken in seconds (s). Data were analysed by oneway ANOVA (repeated measures). Signiﬁcant effects: *# P < 0.05, ##** P < 0.01, ###***
P < 0.001 signiﬁcant difference compared with Phase C, * = vehicle group, # = PCP
group, Dunnett’s t-test (n = 10/group). PCP (2 mg/kg i.p.) or vehicle (0.9% saline i.p.)
was administered twice daily for 7 days followed by 7 days washout.

4. Discussion
In fulﬁllment of our aims in this study, we evaluated the validity of two novel behavioural tests for exploring affective state
and anticipation deﬁcits of relevance to schizophrenia. We have
demonstrated that sc PCP treatment followed by washout, induces
a deﬁcit in anticipatory behaviour (experiment 1) and affective
processing (experiment 2) shown as negative evaluation of an
ambiguous situation and lack of preference for a high value reward.
Brieﬂy, in experiment 1, rats gave optimistic responses (foraging the bowl that was previously paired with the HV reward) in
the presence of an ambiguous stimulus before sc PCP treatment.
After treatment however, sc PCP-treated rats exhibited pessimistic
responses, in other words, they showed anticipatory deﬁcits com-
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Fig. 7. The mean number of optimistic choices during probe trials in pre-treatment (A) and post-treatment (B) testing phases.
PCP (2 mg/kg i.p.) or vehicle (0.9% saline i.p.) was administered twice daily for 7 days followed by 7 days washout. Data are expressed as mean ± S.E.M and analysed by student’s
t-test (unpaired). **P < 0.01 signiﬁcant difference between the vehicle and sc PCP group (n = 10/group). PCP (2 mg/kg i.p.) or vehicle (0.9% saline i.p.) was administered twice
daily for 7 days followed by 7 days washout.

Fig. 8. Percentage choice response of vehicle and sc PCP rats on the choice test day.
Data are shown as mean ± SEM and analysed by Student’s t-test (n = 7/group). *
P < 0.05 signiﬁcant increase in% selection of high versus low value reward paired
bowl. PCP (2 mg/kg i.p.) or vehicle (0.9% saline i.p.) was administered twice daily for
7 days followed by 7 days washout.

Fig. 9. The effect of sc PCP treatment on the number of trials to criterion (A) and
digging latency (B) between HV reward days (1 and 3) and LV reward days (2 and
4).
(n = 7/group). PCP (2 mg/kg i.p.) or vehicle (0.9% saline i.p.) was administered twice
daily for 7 days followed by 7 days washout.

pared to sc vehicle-treated rats. Another important ﬁnding here
was that chocolate was of a higher value than cheerios in our design,
conﬁrming the original results of [13]. Rats were signiﬁcantly faster
to choose the ﬁrst and correct bowl in chocolate compared to cheerio trials demonstrating enhanced motivation for the higher value
reward, as anticipated.
In the present study, we adapted the optimistic cognitive
bias protocol developed by [13] because it provides a number of
methodological advantages compared with previous studies in this
area. First of all, unlike previous studies using go/no-go tasks [8,24],
the Brydges task is an active choice paradigm in which rats have
to make an active response to both events, considered to provide
clearer insight into the rats’ behaviour in this paradigm (ie. was it an
active choice and therefore, decision?) Another important feature
of Brydges’s design is that they do not use punishment to create
a ‘negative’ event unlike previous studies [8,14,24] rather they created a ‘positive’ and ‘less positive’ event dependent upon the value of
the reward. This approach avoids the considerable disadvantages
of using negative events in animal studies. Exposure to repeated
punishments would be expected to inﬂuence affective state of the
animals apart from the model itself (in our case sc PCP model) in
addition to possibly interfering with the reaction/response of the
animals to the task. This point becomes even more important when
using a design requiring an extended training time as required in
the optimistic bias task used here. Alternatively, such a design better reﬂects real life situations which normally require motivation or
positive anticipation of a speciﬁc outcome in daily events. This positive anticipatory system is known to be disrupted in people with
a negative affective state such as those with persistent negative
symptoms. It is unlikely that our ﬁnding of reduced anticipatory
motivation induced by sc PCP is attributable to known cognitive
deﬁcits induced by this treatment regimen (see Refs. [38] and [39]
for reviews). Following treatment, each rat remained in training
until it made a correct response in the unrewarded probe trial,
showing that the rats were still able to make a correct association between a particular grade of sandpaper and the reward. Only
after being successful, were rats re-tested for their optimistic cognitive bias. Therefore, any learning deﬁcits induced by sc PCP in this
procedure would have been apparent at this stage. It is possible of
course that we may not have detected subtle cognitive deﬁcits, due
to our experimental design in which rats were fully trained prior
to the sc PCP treatment regimen. However in our operant reversal
learning task, rats are fully trained prior to sc PCP treatment and
still show a speciﬁc and selective reversal learning deﬁcit [32]. It
is important to note that in this case we started to re-train rats in
the washout period due to time constraints, unlike in our standard
protocol where we leave at least 7 days post-PCP before training or
testing the animals. One disadvantage of this paradigm in its cur-
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rent form is that it requires a relatively lengthy procedure (approx.
40 days in total) and we predict that it will be difﬁcult to re-use
the animals to test several pharmacological agents, rather like in
the attentional set shifting task. Once the rats have been exposed
to medium grade sandpaper, it stops being an ambiguous stimulus and either new stimuli will be required or new animals, not in
compliance with the 3Rs (Replacement, Reduction and Reﬁnement,
www.nc3rs.org.uk/the-3rs). In its current state therefore, this will
not provide a high throughput test. However, with further development, we believe that these obstacles will almost certainly be
overcome.
In the second experiment, non-injected rats showed sensitivity
to changes in the absolute reward value (choosing the bowl with
higher reward value), while this sensitivity was absent in the sc PCP
treated rats. Accordingly we concluded that there is reduced affect
(affective blunting), in the sc PCP-treated rats. The affective bias test
is heavily dependent on learning the association between an odour
and the reward-containing bowl. Given that our data shows no difference between the groups in number of trials to criterion, it could
be concluded that there is no difference between the control and
sc PCP group in learning the reward-odour association. This is further conﬁrmed by other paradigms in regular use in our lab, such as
attentional set-shifting, in which rats sub-chronically treated with
PCP retain the ability to form a reward-odour or digging medium
association [32].
Recently, Lydall and colleagues showed that sub-chronic treatment with PCP does not reduce the value of a reward which is
of high value for rats (sucrose) [29]. They conclude (as do we,
reviewed in Ref. [39] that scPCP does not induce anhedonia per se.
As discussed in the Introduction, anhedonia is not considered a key
component of negative symptoms of schizophrenia. Therefore, the
indifference of the sub-chronic PCP treated rats towards reward
value cannot be accounted for by a reduction in valuation of the
HV reward. Also the signiﬁcant positive bias formed by the control
rats towards the reward with higher value shows that this reward
carries high enough value to be distinct from the other reward.
The manifested deﬁcit in sc PCP rats, therefore, might be better
explained by the inﬂuence of sc PCP treatment on brain regions
involved in affective processing.
The role of the anterior cingulate cortex (ACC) in regulating
emotions in animals and humans [17] is well established. Based
on imaging and postmortem studies, the ACC is abnormal in terms
of activity [2], regional morphology (reduced gray matter density)
[10] and neurobiology (reduced N-acetylaspartate) [18] in patients
with schizophrenia. Sub-chronic treatment with PCP induces similar abnormalities including a signiﬁcant reduction of the number
of parvalbumin containing interneurons in hippocampus [1] and a
reduction of the grey matter density in prefrontal cortex as well as
amygdala, hippocampus and ACC [7]. The ACC also forms extensive
connections with the amygdala (important for emotional processing) [3] and with the prefrontal cortex (important for cognition)
[40]. These interconnections allow for appropriate appraisal of
stimuli and regulation of the appropriate affective response. Given
that these interconnections are reciprocal between these structures, it can be concluded that affect and cognition can inﬂuence
one another. This reciprocal interaction between cognition and
affect is the principle to which both the optimistic bias task and the
affective bias test both adhere (manipulating cognition to inﬂuence affect in the optimistic bias task and manipulating affect to
inﬂuence cognition in the affective bias task). Based on current evidence, we can speculate that the deﬁcits seen in the affective bias
and optimistic cognitive bias tests demonstrated here are due to
the fact that sc PCP treatment strongly inﬂuences this reciprocal
relationship by affecting functional connectivity. The way in which
the functional connectivity between these regions is affected by sc
PCP treatment however remains to be ascertained.

Our study has certain limitations. Across our two experiments
the rewards of choice, especially for HV rewards were inconsistent
with one another. Although this can be explained by our intention
to keep the protocols as similar to the original studies as possible,
the inconsistency may have compromised our conclusions. Indeed,
we observed that rats consumed chocolate drops faster than cheerios and were more motivated to seek chocolate over cheerios in
the optimistic cognitive bias task. However, this was not necessarily the case with the affective bias task which did not require
rats to expend much effort to retrieve the food reward. In future,
it will be important to conduct the ABT using chocolate as the
high value reward. In both tasks the size of the deﬁcit produced
by sc PCP is rather small which will make assessment of its reversal
rather difﬁcult. Currently and following discussion with the Robinson laboratory, we are in the process of reﬁning the ABT protocol
to include 3 pairing sessions. This would allow us to strengthen the
association of stimulus with reward. Moreover, the tests described
above rely on presumed alterations in affective state to induce cognitive bias using environmental manipulations. However, the true
inﬂuence of such manipulations on the valence of affective state
is rather ambiguous and the pharmacological validation of these
tests remains limited [4,35,41] In comparison to the optimistic bias
task, the ABT has been more thoroughly validated by pharmacological studies, supporting the validity of this test for measuring drug
effects on affective state [41]. Pharmacological manipulation in the
optimistic bias test remains to be studied. Indeed pharmacological
validation of both of these paradigms as tests for negative affect
of relevance to negative symptoms in schizophrenia in our sc PCP
model will be our next step.
An intact emotional/affective regulatory system and appropriate processing of such information plays an important role in social
interactions and is essential for effective communication. Deﬁcits
in this ability, as seen in schizophrenia patients, particularly those
with persistent negative symptoms therefore, greatly compromise
their social behaviour and functional outcomes. Treatments for
these and other negative symptoms remain a major problem as
this cluster of symptoms are unresponsive to current medication [9,25]. Therefore, accurate investigation of emotional/affective
state in animals is of great clinical importance, as it provides a
tool for identifying novel drug targets and therapeutic compounds
for treating anticipatory motivation and affective bias, aspects of
negative symptoms. Our ﬁndings show for the ﬁrst time that anticipatory deﬁcits and negative affect, core negative symptoms of
schizophrenia, are present in our sc PCP model and can be investigated using these two behavioural paradigms. It is our opinion that
further development of these novel paradigms will provide a tool
to investigate negative affect of relevance to schizophrenia in animals. This will enhance our understanding of the neurobiology of
such deﬁcits with the ultimate aim of developing new therapeutic
strategies for these particular aspects of negative symptoms.
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