The Impact of Social Isolation on

Rat Behaviour

Malini Veronica Porkess

Thesis submitted to the University of Nottingham for the degree of Doctor of
Philosophy

March 2008



Abstract

Schizophrenia is a psychiatric disorder with symptoms including delusions,
social withdrawal and cognitive deficits. The cognitive symptoms respond
poorly to current antipsychotic medication and in order to develop new
treatments it is necessary to model these deficits in animals. Rearing rats in
isolation from weaning causes behavioural, cognitive and neurochemical
alterations, some of which have relevance to the symptoms of schizophrenia.
The work described in this thesis aimed to further characterise the behavioural
and cognitive changes found isolation reared rats.

After five weeks of isolation rats demonstrated increased locomotor activity in
a novel environment and a gender specific impairment in recognition memory.
After six weeks of isolation rats developed attenuated prepulse inhibition of
acoustic startle. Isolation reared rats did not develop impairments in the
attentional set shifting test of behavioural flexibility. However, in a further
study isolated rats did show deficits in reversal learning (but not acquisition)
in the water maze, which were reversed by the pro-cognitive 5-HT4 antagonist
Ro 04-6790. Sub-chronic treatment with aniracetam, a modulator of the
AMPA receptor had no effect on fear-related memory impairments seen in
passive avoidance but aniracetam-treated isolation reared rats were able to
discriminate the novel object.

Finally, following controversial reports linking heavy cannabis use with
increased risk of schizophrenia, weanling rats were dosed with a component of
cannabis, Ag—tetrahydrocannabinol (THC). The interactions between isolation
rearing and two regimens of THC treatment (low: 4x 2mg/kg and high: 8x
Smg/kg) were observed in adulthood. The low dose of THC had no effect on
any behavioural test used. The high dose of THC led to impairments in
recognition memory but had no effect on attentional set shifting or prepulse
inhibition. High-THC and isolation rearing interacted to improve passive
avoidance performance in isolates, but impair social rats.

In conclusion, isolation rearing induces varied cognitive deficits which are
responsive to nootropic compounds and as such is an important tool in the

development of cognition enhancing and antipsychotic drugs.
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Chapter 1: General Introduction

1.1 Schizophrenia

In 1893 Emil Kreaplein made the first detailed description of a psychiatric
disorder which he called dementia praeccox (Ion and Beer, 2002).
Kraepelin described in great detail the symptoms, diagnosis, clinical
subtypes and possible causes of the disease as was known at that time
(Kraepelin, 1968 (1904)). In 1908 Eugen Bleuler was the first refer to

dementia praecox as schizophrenia (Kuhn, 2004), meaning “split mind”.

1.1.1 Symptoms

The foundation work of Kraepelin and Bleuler, along with many others
over the years, led to the development of diagnostic criteria for
schizophrenia, such as the Diagnostic and Statistical Manual of Mental
Disorders (DSM) (American Psychiatric =~ Association,  2000).
Schizophrenia is a heterogeneous disease characterised by 3 groups of
symptoms: positive, negative and cognitive (see below). For a diagnosis of
schizophrenia to be made the patient must exhibit two or more core
symptoms for a significant portion of one month and show some signs of
symptoms for approximately 6 months. The core symptoms include
delusions, hallucinations, disorganised speech and/or behaviour and
negative symptoms (American Psychiatric Association, 2000). Possible

other causes of the symptoms, such as substance abuse, must be excluded.

Positive Symptoms

The positive symptoms are behaviours which are not normally found in
unaffected individuals. These include delusions, which are often paranoid
and hallucinations. Another common positive symptom is hearing voices

that may be talking about the patient (Schultz et al., 2007).
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Negative Symptoms

Conversely, negative symptoms are characteristics that unaffected
individuals usually display, but which are absent in schizophrenia e.g.
social interactions are impaired in schizophrenia, leading to withdrawal
from society. Other negative symptoms include anhedonia (loss of feelings
of pleasure), apathy, and flattened affect (Tamminga and Holcomb, 2005,
Montgomery and van Zwieten-Boot, 2007).

Cognitive Symptoms

In addition, schizophrenics also suffer cognitive deficits (Tyson et al.,
2004, Bozikas et al., 2006), the severity of which is a major predictor of
successful re-integration into society (Green et al., 2004, Alptekin et al.,
2005, Hofer et al., 2005). These cognitive impairments are core features
of schizophrenia itself, not side effects of psychosis (Gold, 2004) or
negative symptoms (Bell and Mishara, 2006). The cognitive impairments
are poorly treated by currently available antipsychotic drugs and as such
represent a large unmet treatment area (Green et al., 2002). In 2003 the
National Institute of Mental Health (NIMH), with the support of the US
Food and Drug Administration (FDA), set up the Measurement and
Treatment Research to Improve Cognition in Schizophrenia (MATRICS)
initiative (Marder and Fenton, 2004). This group aimed to identify the
main cognitive domains which are affected in schizophrenia, the
behavioural tests which give the best indicators of functional ability in
these domains and the corresponding pre-clinical tests. This will provide a
battery of tests, covering the main cognitive aspects of schizophrenia for
use in the development of new cognition-enhancing drugs at both the
preclinical and clinical level. The seven main cognitive domains affected
in schizophrenia identified by MATRICS and targeted for drug
development are shown and briefly described in Table 1.1 (Nuechterlein et

al., 2004).
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Table 1.1: The cognitive domains identified by MATRICS (adapted from
(Kee et al., 2003, Geyer, 2005, Reichenberg and Harvey, 2007).

Cognitive Description Example Test Rodent test
Domain Measures
Speed of The speed with Naming words 5-Choice Serial
processing | which cognitive beginning with a Reaction Time
processes are certain letter as Simple reaction
executed. quickly as possible | time tasks
Attention/ The ability to Continuous 5-Choice Serial
vigilance maintain a Performance Tests | Reaction Time
readiness to PPI/ auditory
respond to a signal gating
over a period of
time.
Working Short-term memory | Recall of numbers | T-maze,
Memory holding a small of digits over a Delayed non
(WM) amount of short time period- | match to
information for digit span tests. sample,
immediate use, e.g. Radial Arm
remembering a maze
telephone number
Verbal Memory of words | Recall of word lists | No animal
learning and | and language. (longer than WM) | correlate
memory and paragraph-long
stories
Visual Memory of visual | Facial recognition | Novel Object
learning and | stimuli. Reproduction of Recognition
memory line drawings
Reasoning | Also referred to as | Wisconsin Card Attentional set
and ‘executive Sort Test (WCST), | shifting
problem function’. High card category Maze tasks
solving level decision- sorting.
making and
strategic planning.
Social Interpretation of Recognition of Social
Cognition facial and vocal emotion on faces. Interactions
emotions. Social
Recognition
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1.1.2 Sub-types of Schizophrenia

There are five types of schizophrenia: paranoid, disorganised, catatonic,
undifferentiated and residual (American Psychiatric Association, 2000).
Paranoid schizophrenia is typified by mainly delusions and hallucinatory
symptoms, with fewer negative symptoms or disordered thought. Catatonic
schizophrenics exhibit catalepsy, stupor or meaningless excessive motor
activity, bizarre posturing or prominent grimacing and extreme negativism
including a resistance to all instruction and mutism. A diagnosis of
disorganised schizophrenia is made when disordered speech or behaviour
and flattened affect are present, but the symptoms do not meet criteria for
the catatonic subtype. Residual schizophrenics usually do not suffer from
prominent positive symptoms or catatonic behaviour, but exhibit negative
symptoms and some core features of schizophrenia in a less severe form,
such as having eccentric ideas and mildly disorganised speech.
Undifferentiated schizophrenia is diagnosed if patients have some core
symptoms, but do not meet the criteria for the paranoid, catatonic or

disorganised sub-types (American Psychiatric Association, 2000).

1.1.3 Treatments

There are two classes of drugs used to treat schizophrenia, typical
antipsychotics and atypical antipsychotics. The first typical antipsychotic,
chlorpromazine, was discovered serendipitously in the early 1950s
(Kurland, 1955) and this class of drugs is typified by haloperidol (Kapur
and Mamo, 2003). The antipsychotic efficacy of typical antipsychotics
correlates well with their dopamine (DA) D, receptor affinity where they
act as antagonists (Seeman et al., 1976). The typical antipsychotics are
effective at controlling the positive symptoms of schizophrenia, but have
little effect on the negative symptoms or cognitive impairments (Murphy
et al., 2006). They are also ineffective in up to 30% of patients (Wong and
Van Tol, 2003).
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Typical antipsychotics also cause a number of unpleasant side effects,
especially extra pyramidal side effects (EPS) which include tremors and
rigidity similar to that seen in Parkinson’s Disease. Furthermore EPS can
develop into uncontrollable movements, called tardive dyskinesia, which

can be irreversible (Wong and Van Tol, 2003).

In 1958 the first atypical antipsychotic, clozapine, was synthesised (Kapur
and Mamo, 2003). Clozapine has affinity for many receptors including
serotonergic, dopaminergic, adrenergic and muscarinic (Wong and Van
Tol, 2003). This drug, and the others that have followed, show efficacy at
treating some of the positive and negative symptoms of the disease, in
some patients, as well as having a reduced propensity towards
development of EPS (Lublin et al., 2005). Clozapine has also proved
effective in many patients resistant to treatment with typical
antipsychotics. However, atypical antipsychotic treatment does not appear
to improve the cognitive deficits seen in schizophrenia (Green et al., 2002,
Fenton et al., 2003), which is important to enable the patient to
successfully reintegrate into society (Alptekin et al., 2005). It is therefore
necessary to find either a new type of antipsychotic or an add-on therapy

to treat these cognitive deficits.

1.1.4 Aectiology

Although schizophrenia affects 1% of the population, the cause of the
disease is not known. The risk factors for developing schizophrenia are
both genetic and environmental, with monozygotic siblings of affected
individuals showing 50-80% risk of developing the disease (Lewis and
Lieberman, 2000) (Sullivan et al., 2003). Various theories of the

underlying neurochemistry of schizophrenia have been proposed. Initially
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the neurotransmitter dopamine was implicated, but more recently a

glutamatergic role has been suggested.

Dopamine Hypothesis

The dopamine hypothesis proposed that schizophrenia is caused by an over
activity of the mesolimbic dopamine system. This theory was based on two
observations (Meltzer and Stahl, 1976): firstly, all the typical
antipsychotics are potent dopamine D, receptor antagonists and the
efficacy of these drugs at treating schizophrenia is strongly correlated with
their D, receptor affinity (Seeman et al., 1976, Miyamoto et al., 2005).
Secondly, it was noted that treatment with amphetamine, an indirect
dopamine agonist, induced psychoses in humans that are very similar to
the positive symptoms of schizophrenia (Johnson and Milner, 1966).
According to this hypothesis a hyperactive subcortical/ mesolimbic
dopamine system causes the positive symptoms of schizophrenia, whereas
the negative symptoms arise from hypoactivity of mesocortical dopamine,
which may contribute to the reduced activation of the frontal cortex seen in

schizophrenia, so-called hypofrontality (Goldman-Rakic et al., 2000).

However, the typical antipsychotics do not treat all the symptoms of
schizophrenia, which indicates there is more to the disease than simple
changes in DA. The discovery of the atypical antipsychotics, specifically
clozapine which has comparatively weak affinity for the D, receptor,
suggested that this was not the only desirable pharmacological property for
an effective antipsychotic. Clozapine has been shown to have moderate
affinity at many receptors including D;, D;, D4, 5-hydroxytryptamine (5-
HT) 5-HTja, 5-HT2a, 5-HTyc, muscarinic acetylcholine (ACh) M;
receptor, histamine H; and o, adrenoceptors (Ashby and Wang, 1996).
Importantly, whereas D, receptor antagonists seem to be efficacious
against only the positive symptoms of schizophrenia, clozapine and the
other atypical antipsychotics can also improve the negative symptoms in

some, but not all, patients.
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Glutamate Hypothesis

Glutamate is the primary excitatory neurotransmitter in the brain and has
both ion-channel (ionotropic) and G-protein coupled (metabotropic,
mGluR) receptors (Konradi and Heckers, 2003). There are 3 types of
ionotropic  glutamate receptor, the N-methyl-D-aspartate (NMDA)
receptor, the a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid

(AMPA) receptor and the kainate receptor, based on their ligand affinity.

The role of glutamate in schizophrenia began to be investigated more
closely when it was noticed that the NMDA receptor antagonists
phencyclidine (PCP) and ketamine induced psychoses in normal
individuals which were almost indistinguishable from those seen in
schizophrenia (Allen and Young, 1978).  Furthermore schizophrenics
taking PCP experienced very similar symptoms to their individual
schizophrenia related psychoses. As PCP is an NMDA receptor antagonist
it was hypothesised that schizophrenia is caused by NMDA receptor or
glutatmatergic hypofunction (Olney and Farber, 1995). Consistent with
this hypothesis the density of AMPA, kainate and NMDA receptors have
all been reported to be altered in the post mortem brain of schizophrenics

(Eastwood et al., 1997, Nudmamud and Reynolds, 2001).

Modulating Gluatamatergic Neurotransmission
If schizophrenia is caused by reduced NMDA receptor activation then

increased activation of this receptor could be an effective treatment of the
disease. However, excessive activation of the NMDA receptor (e.g. with
an NMDA receptor agonist) may lead to excitotoxicity (cell death), so
current research efforts are focussing on indirect modulation of NMDA

receptors.
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NMDA receptor activation requires the presence of a co-agonist, glycine,
as well as glutamate. Increasing glycine availability by either giving large
doses of glycine or using agonists (D-serine) and partial agonists (D-
cycloserine) (Goff and Coyle, 2001), activates the NMDA receptor. Such
compounds improve some of the positive, negative and cognitive
symptoms (although the partial glycine agonist D-cycloserine actually
exacerbates symptoms at high doses when it acts as an antagonist
(Heresco-Levy, 2003)). This data further implicates NMDA receptor
hypofunction in schizophrenia. NMDA receptor activation has also been
potentiated by increasing glycine availability at the synapse by inhibiting
the glycine transporter 1 (GlyT1) (Chen et al., 2003, Sur and Kinney,
2004).

As well as requiring the presence of glycine, NMDA receptor activation is
also modulated by a number of other receptors. It is possible that altering
the activity of these other receptors may offer a mechanism by which
NMDA receptor activation can be increased, without excitotoxic effects.
At the normal resting membrane potential Mg>" blocks the NMDA
receptor ion channel. Depolarisation of the AMPA or kainate receptors
removes this Mg”" blockade, allowing influx of Na’, K™ or Ca*" through
the NMDA receptor channel. Therefore modulation of AMPA or kainate
receptors may offer a possible new treatment strategy. Initial preclinical
studies with positive AMPA receptor modulators looked promising, with
improved performance in delayed match to sample (Black, 2005), although
preliminary clinical trials did not show any antipsychotic or precognitive
effects either alone (Marenco et al., 2002) or in combination with

antipsychotics (Tuominen et al., 2005).

As well as being modulated by AMPA and kainate receptors, NMDA
receptors are also modulated by some mGluRs. Eight mGluRs have been
cloned and these have been divided into 3 groups, based on their
pharmacology, sequence and signal transduction mechanisms (Swanson et

al., 2005). Group 1 consists of mGluR 1 and 5. They are positively
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coupled to phospholipase C (PLC). Group 2 consists of mGIluR 2 and 3
and Group 3 consists of mGluR 4, 6, 7, and 8, which all inhibit adenylate
cyclase. Of these receptors mGluR 2, and 5 are of particular interest as
targets to treat schizophrenia (Moghaddam, 2004). mGluR; is mostly
expressed pre-synaptically at glutamatergic synapses where it suppresses
glutamate release (Moghadddam, 2003, Swanson et al., 2005), so
antagonists could increase glutamatergic function. mGluRs is found post-
synaptically at glutamatergic synapses where the mGluRs is positively
coupled to the NMDA receptor. Activation of group I mGluRs has been
shown to potentiate NMDA function (Kinney et al., 2003) and it has been
seen that mGluRs knock-out mice have a deficit in NMDA mediated long
term potentiation (Jia et al., 1998). Therefore stimulation of mGluRS may
be beneficial in the treatment of schizophrenia by increasing NMDA

receptor activation.

Genetic Risk Factors

Schizophrenia is a polygenetic disorder, i.e. rather than one or two large
gene effects schizophrenia is controlled by the cumulative effects of many
risk genes. Several genome wide scans have searched for genes linked to
schizophrenia and between them have associated much of the genome with
the disease. However, the most of the regions implicated in any one study
have not been replicated in others (Harrison and Weinberger, 2005). Given
that schizophrenia is a heterogeneous disease with patients exhibiting a
wide range of symptoms, it is not surprising that each patient carries a
different set of risk genes. In a recent review Harrison and Weinberger
considered the strength of evidence of several putative schizophrenia risk
genes (Harrison and Weinberger, 2005). Harrison previously observed that
most of the susceptibility genes are involved in synaptic function (Harrison
and Owen, 2003) and the additional genes reviewed more recently
strengthen this hypothesis (Harrison and Weinberger, 2005), with
glutamatergic synapses being particularly affected (Eastwood and

Harrison, 2005). Some of the genes with the most compelling evidence for

24



Chapter 1: General Introduction

an association with schizophrenia, based on genome scans, are discussed

briefly in Table 1.2 below. However it must be reiterated that no risk gene

has been found to be associated with schizophrenia in all studies.

Table 1.2: Function of protein products of schizophrenia risk genes

Protein Function

Catechol-O- Metabolises catechol amines, including dopamine

methyl- Expressed in neurons, mainly in the prefrontal cortex

Transferase and hippocampus. The vall58met polymorphism in the

(COMT) COMT gene leads to decreased activity in the
methionine containing enzyme.
Val-COMT has been associated with schizophrenia and
poor pre-frontal cortex function due to hypofrontality
caused by increased metabolism of dopamine in frontal
cortex (Harrison and Weinberger, 2005, Tunbridge et al.,
20006).

Dysbindin Dysbindin is involved in functioning of the post-synaptic

density (PSD), including receptor and signal
transduction  protein trafficking. (Harrison and
Weinberger, 2005)

Neuregulin 1

Neuregulin 1 protein has several isoforms. All the
isoforms are involved in cell-cell signalling, via various
mechanisms. (Harrison and Weinberger, 2005)
The functional effects of neuregulin signalling include
neuronal migration, synaptogenesis, neurotransmission
and synaptic plasticity (Stefansson et al., 2004).

Regulator of RGS4 negatively modulates G-protein mediated

G-protein signalling at some dopamine, mGluR and muscarinic

signalling 4 receptors and is regulated by dopamine (Harrison and

(RGS4) Weinberger, 2005).

Disrupted in Role of DISCI protein is not fully understood (Harrison

Schizophrenia | and Weinberger, 2005).

1 (DISC1) DISC1 associates with cytoskeletal proteins involved in
cell migration and trafficking of receptors.

Metabotropic | A SNP is associated with abnormal prefrontal activation,

glutamate poor episodic memory and attention (Harrison and

receptor 3 Weinberger, 2005).

(mGluR3) Modulates 5-HT and dopaminergic transmission
(Cartmell and Schoepp, 2000, Spooren et al., 2003).
Polymorphisms predict response to olanzapine (Bishop
et al., 2005).

G72 and D- G72 activates DAAO.

amino acid DAAO metabolises D-serine, an agonist at modulatory

oxidase glycine site on the NMDA receptor. (Harrison and

(DAAO) Weinberger, 2005, Kapoor et al., 2006, Boks et al.,

2007).
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Calcineurin Involved in pre and post-synaptic plasticity, especially in
glutamate-dopamine  interactions  (Harrison  and
Weinberger, 2005)

Nicotinic a7 Involved in modulating dopamine and glutamate
receptor neurotransmission (Harrison and Weinberger, 2005).
Proline PRODH knock-out mice exhibit PPI deficits and

Dehydrogenase | decreased glutamate levels (Harrison and Weinberger,
(PRODH2) 2005).

Environmental Risk Factors

As with genes, there are several environmental factors which appear to
increase risk of developing schizophrenia, although no one factor is
present in all cases. These include maternal infection or stress during
gestation, obstetric complications and winter birth (Lewis and Lieberman,
2000, Cannon and Clarke, 2005). It is currently believed that exposure to
a combination of risk genes and environmental factors early in life can, in
the future, lead to the development of schizophrenia.  Therefore
schizophrenia is now thought of as a neurodevelopmental disorder. Home
video footage of schizophrenics as children, taken long before the disease
symptoms appeared, show evidence of motor abnormalities (Lewis and
Lieberman, 2000, Rapoport et al., 2005). Social and cognitive deficits
have also been seen in teenagers, before they fully develop the disease,
suggesting that there are underlying problems in existence before the
disease manifests completely (Rapoport et al., 2005). There is also
considerable evidence that gender plays a role in the development of
schizophrenia, with men generally having an earlier age of onset than
women (Castle et al., 1993). This gender effect is discussed in more detail
in Chapter 2. The role of cannabis abuse in the development of
schizophrenia has also attracted much attention in recent years, following
controversial studies suggesting that heavy cannabis use during
adolescence can increase risk of developing schizophrenia later in life
(Zammit et al., 2002). The link between cannabis and schizophrenia is

discussed further in Chapter 6.
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If schizophrenia is caused by a combination of genetic and early life (pre-
natal or early post-natal) events, why do the main symptoms of the disease
not develop until young adulthood? Brain development is not complete
until after adolescence when the brain undergoes various maturational
processes, such as apoptosis, synaptic pruning and myelination (Lewis and
Lieberman, 2000, Woo and Crowell, 2005). If the genetic differences and
environmental insults suffered by schizophrenics have led to impaired
brain development, it is possible that the defect may not show up until the
brain has undergone this re-organisation. Young adulthood is also a period
of change in a person’s life, when they first start work or leave home. This
stressful period may put added pressure on the brain, leading to the

development of schizophrenia.

This developmental hypothesis is supported by evidence of reduced
pyramidal cell size and fewer dendritic spines in the hippocampus of
schizophrenics, as well as decreased pre-synaptic markers such as
synaptophysin and growth associated protein-43 (GAP43) (Eastwood et
al., 1995, Wong and Van Tol, 2003, Honer and Young, 2004, Chambers et
al., 2005, Harrison and Weinberger, 2005). It has also been found that
brain organisation is impaired in schizophrenia, with evidence suggesting
impaired neuronal migration, leading to misplaced cells in the dorsolateral
prefrontal cortex (PFC) and entorhinal cortex (Harrison and Weinberger,
2005, Tamminga and Holcomb, 2005). As this neuronal migration occurs
during brain development, this is strong evidence for a developmental

component to schizophrenia.
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Glutamate and Brain Development
During brain development the presence of glutamate allows young neurons

to form excitatory synapses containing NMDA receptors (Bolton et al.,
2000). Once these synapses have been made the pre- and post synaptic
membranes must synchronise to form a functional, stable synapse, which
requires NMDA receptor activation. The new synapse must release
glutamate for the NMDA receptors, which are present on the postsynaptic
membrane, at the same time as a depolarisation dislodges the Mg*"
blockade (Konradi and Heckers, 2003). Once this has occurred AMPA
receptors are recruited to the synapse to allow further depolarisation and
functional development. This process requires the presence of
Ca”*/calmodulin dependent kinase II (CaMKII), the expression of which
has been found to be decreased in schizophrenia (Cochran et al., 2002). It
is clear that if synapses require glutamate and functioning NMDA
receptors to form correctly, a deficit in either could have severe

consequences for the development of brain circuitry.

Post mortem studies of schizophrenic brains have found a reduction in the
expression of the calcium binding protein parvalbumin in the prefrontal
cortex (PFC) and hippocampus (Beasley et al., 2002, Hashimoto et al.,
2003, Morris et al., 2005). Parvalbumin is found in a subpopulation of
inhibitory y-aminobutyric acid (GABA)-ergic interneurones known as
chandelier cells and basket cells. NMDA receptors are involved in the
basal activity levels of chandelier cells. The activity of PFC pyramidal
neurones is normally suppressed by chandelier cells. If NMDA receptor
activity on the interneurones is reduced, PFC pyramidal neurones will be
disinhibited, leading to excessive firing. PFC pyramidal neurones are part
of a cortico-limbothalamic circuit thought to be involved in schizophrenia,
running from the PFC to the ventral striatum to the ventral palladium to
the mediodorsal thalamic nucleus and back to the PFC. Interestingly, the
GABAergic interneurones continue development in the post-natal period,
making them vulnerable to early life events. In rhesus monekys the

distribution and density of these neurones continues to change into
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adolescence, which means an impairment in their function may not
manifest until after that time, consistent with the age of onset of

schizophrenia (Cruz et al., 2003).

1.2 Animal Modelling of Schizophrenia

When modelling psychiatric diseases in animals one is faced with two
problems. Firstly, how to induce the symptoms of a psychiatric disease in a
rat and secondly, how to detect them? Numerous behavioural tests have
been designed to assess some of the core symptoms of schizophrenia in

rodents, as described below.

1.2.1 Rodent Correlates of Aspects of Schizophrenia

Positive Symptoms

While it is not possible to know whether rats are experiencing
hallucinations or delusions, there are behavioural tests which do show
face, construct and predictive validity for some of the core symptoms of

the disease.

Sensorimotor gating is an inhibitory response thought to allow the brain to
filter out incoming sensory stimuli to allow prior or weaker stimuli to be
processed without being drowned out (Swerdlow et al, 2000).
Sensorimotor gating is well conserved across species and can be assessed
in both animals and humans by measuring the ability of a subthreshold
stimulus to reduce startle response to an intense stimulus, such as a loud
noise (a pulse). This phenomenon is known as prepulse inhibition (PPI) of
acoustic startle and is thought to be a measure of sensorimotor gating,
which is attenuated in schizophrenia. However it is important to note that
schizophrenia is not the only psychiatric disease to exhibit PPI deficits,
obsessive compulsive disorder, Huntington’s disease and Tourette’s

syndrome also share this symptom (Geyer et al., 2001b).
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The DA releasing agent amphetamine causes hyperactivity in animals, as
well as inducing psychoses in humans (Johnson and Milner, 1966,
Sahakian et al., 1975). This hyperactivity is believed to arise from
excessive DA activation in the mesolimbic system, especially the nucleus
accumbens (NAcc) (Geyer and Ellenbroek, 2003). Reversal of
amphetamine induced locomotor hyperactivity has been used as a screen
for antipsychotic drugs for many years, although not it is not always

predictive of clinical success (Moser et al., 1996).

Negative Symptoms

The negative symptoms of schizophrenia include social withdrawal, which
is measured in animals by watching the interactions between them. The
ability to measure anhedonia in animals is controversial, but has been
proposed to be achieved by measuring the amount an animal is prepared to
work for a reward. Ellenbroek suggests using a breaking-point schedule in
which rats are trained to press a lever to receive a reward (Ellenbroek and
Cools, 2000). Once trained, the number of lever presses required to obtain
the reward is increased. Eventually the breaking-point is reached at which
the reward is no longer worth the effort required. In this paradigm an
anhedonic rat will reach breaking-point earlier as the perceived reward is

less.

Cognitive Tests

Many cognitive tests have been developed for rodents to assess different

types of memory.

Novel Object Discrimination (NOD)
NOD tests recognition memory by taking advantage of the natural

preference of rats for novelty (Ennaceur and Delacour, 1988). Rats placed
in a familiar chamber with a two unseen identical objects will explore

them. The rat is removed from the chamber and one of the objects is
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replaced with a novel object. Recognition of the original, familiar, object
will lead to more interest in and exploration of the novel object. If the
original object has been forgotten equal time will be spent exploring both
objects. Visual learning and memory and recognition memory are, at least
partly, dependant on the entorhinal cortex, perirhinal cortex and

parahippocampal cortex (Bear et al., 2007).

Attentional Set-shifting
Set-shifting measures behavioural flexibility, testing the ability to learn

rules and then adapt to a change in rules. In humans the Wisconsin Card
Sort Test is used to measure behavio