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Evaluation of Attentive Functionsin Akt1l Mouse Model of Schizophrenia: Using

the Five-Choice Serial Reaction Time Task (5-CSRTT)

Ya-Shan Chen

Abstract

Schizophrenia is a severe and multifactor psychiatric disorder with a strong

genetic component, and accumulating evidence from human genetics and animal

studies suggest that AKT1 gene might play a role in the pathogenesis of schizophrenia.

Schizophrenia contains heterogeneous clinical symptoms marked by significant

cognitive impairments especially attentive dysfunction. Attention deficits measured

by the continuous performance test (CPT), the most popular clinical-based measure in

schizophrenia research, is commonly observed among schizophrenia patients and

those at genetic risk for the disease. The five-choice serial reaction time task

(5-CSRTT) has been considered to analogue to the CPT and increasingly used to

assess attentive functions in rats and mice. As a mutant mouse model is a simple and

relatively straightforward approach for determining the causal relationships and

biological functions of AKT1 in schizophrenia, this thesis aims to discover the

involvement of AKT1 in attetional functions of schizophrenia through investigating

whether Aktldeficiency in mice results in attentive impairments by using the

5-CSRTT. In this study, male Aktl homozygous (HOM) and heterozygous (HET)

\"



mutant mice and their wild-type (WT) littermates were tested in a modified version of

the 5-CSRTT. Mice were trained in a sequence of daily learning sessions until they

reached the baseline criteria with > 80% accuracy and < 20% omissions in the

condition with 2-sec stimulus durations for three consecutive days. After reaching

these criteria, each subject went over a sequence of four test conditions, which

required more attentive load, including manipulations of stimulus duration,

inter-trial-interval, stimulus brightness, and white noise distractors. Behavioral

analysis indicated that Aktl HOM mice have abnormal attention in the initially

learning stage of the 5-CSRTT. After reaching preset criteria, Akt1l-mutant mice

showed normal baseline performances to enter those following tests. Both tests of

brightness and white noise distractor inconsistently induced impulsive behavior

instead of attention-related responses in Aktl-mutant mice. Our findings suggest that

AKT1 may participate in attentive functions of schizophrenia.

Keywords: schizophrenia, Aktl, attention, continuous performance test, five-choice

serial reaction time task.
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Chapter 1

General Introduction

1. Overview of schizophrenia

Schizophrenia is characterized by symptoms that profoundly alter affect,

behavior, and cognition, particularly the pattern or form of thought as its name

meaning splitting of the mind (Kosslyn & Rosenberg, 2011). Schizophrenia mostly

often manifests in late adolescence and early adulthood, and approximately 1 % of the

population world-wide develops schizophrenia during their lifetime (Kulhara &

Chakrabarti, 2001; Tandon, Nasrallah, & Keshavan, 2009). Schizophrenia is

presumed as heterogeneity with multiple factors contributing to disease generation,

and there is no essentially consensus criterion that must be met the diagnosis of

schizophrenia. Meta-analyses of schizophrenic populations have demonstrated the

clustering of symptoms into at least three distinct symptom domains in schizophrenia:

(1) Positive symptoms: an excess or distortion of normal functions, including

hallucinations, delusions, thought disorder, and paranoia. (2) Negative symptoms: a

lessening or loss of normal functions, including anhedonia, social withdrawal, and

thought poverty. (3) Cognitive dysfunctions include inattention, impairment of

working memory, and deficits of executive functions (Tamminga & Holcomb, 2005).

According to their clinical symptoms, the Diagnostic and Statistical Manual of Mental
1



Disorders (2000) specifies five subtypes of schizophrenia: paranoid, disorganized,

catatonic, undifferentiated, and residual types (DSM-IV-TR, 2000). From human and

animal studies, various disease-associated physiological alterations have been noted in

morphology (e.g., enlarged lateral ventricles) and neurochemistry (e.g., dopamine and

glutamate). The etiology of schizophrenia is still controversy, and is considered as the

combination of environmental and genetic factors.

2. Cognitive symptoms of schizophrenia

2.1. Impaired cognitive functions in schizophrenia

Cognitive impairment is considered the core feature of schizophrenia and

strongly influences quality of life and function in people with this illness (Elvevag &

Goldberg, 2000). As a core feature, cognitive deficits are not the result of the

symptoms of schizophrenia or of the antipsychotic treatment of the illness (Green,

2006). Additionally, cognitive dysfunctions in schizophrenia often pre-date the

development of the illness (O'Carroll, 2000) and tend to be more severe and more

independent of symptomatic state than other neuropsychiatric disorders (Gold, 2004).

Therefore, cognitive impairment has emerged as a critical target in schizophrenia

therapeutics (Barnett et al., 2010). The National Institute of Mental Health’s (NIMH’s)

Measurement and Treatment Research to Improve Cognition in Schizophrenia



(MATRICS) identified some key cognitive domains and developed the MATRICS

Consensus Cognitive Battery (MCCB) to select corresponsive tests in the clinic for

schizophrenia to promote novel cognitive treatments. As represented in Table 1.1,

these candidate cognitive domains for schizophrenia are speed of processing,

attention/vigilance, working memory, verbal learning and memory, visual learning

and memory, reasoning and problem solving, verbal comprehension, and social

cognition (Nuechterlein et al., 2004). The MCCB further selected 10 tests covering

above seven domains of cognitive function (e.g., the continuous performance test for

attention/vigilance) for use in clinical trials of schizophrenia (Nuechterlein et al.,

2008).

2.2. The attentive deficiency in schizophrenic patients

Attention impairment as identified in the MATRICS is commonly observed

among schizophrenic patients and those at genetic risk for the disease (Cornblatt &

Keilp, 1994). It is considered as an endophenotype of schizophrenia with association

with this illness, state independent, heritability, and higher rate in unaffected relatives

than in the general population (Chen & Faraone, 2000; Gur et al., 2007). The

continuous performance test (CPT), which includes measures of vigilance, response

inhibition, and signal detection, is among the most popular objective measures of



attentive functions in the clinic for its high test-retest reliability and the absence of a

ceiling effect (Nuechterlein et al., 2008). In the CPT, subjects are required to visually

monitor a series of letters presented continuously and then follow demanded rules to

response to a rare target, like the letter ““X”’, and to withhold responding to all other

letters (Beck, Bransome, Mirsky, Rosvold, & Sarason, 1956). The performance

indices of the CPT have evolved from the hit rate or false alarm rates alone to indices

derived from signal detection theory: sensitivity (d’, the variable of interest in studies

on attention) refers to an individual’s ability to discriminate target stimuli from

non-target stimuli; whereas, the response criterion (Inf}) measures a subject’s tendency

either to overrespond or underrespond (Abdi, 2010; Chen & Faraone, 2000).

Schizophrenic patients and subjects at risk for schizophrenia are characterized by

lower d’s than controls, and the lower the d’, the poorer the processing capacity

(Cornblatt & Keilp, 1994).

3. Theneurochemistry of schizophrenia

3.1. Clues from the treatments of schizophrenia

Schizophrenia involves abnormal neurotransmitter levels, and most treatments

are based upon regulating neurotransmitters. The primal biological theories of

schizophrenia were established in the 1950s through the discovery of the



antipsychotic effect of chlorpromazine, the first antipsychotic drug. Conventionally,

antipsychotics can be classified into 2 major groups: typical (first-generation) agents

(e.g., chlorpromazine and haloperidol) and atypical (second-generation) agents (e.g.,

clozapine and risperidone). Typical agents are well known for effectively reducing

positive symptoms, but are only minimally effective for negative and cognitive

symptoms. As typical agents are associated with serious treatment burdens, including

extrapyramidal side effects (e.g., muscle stiffness, akathisia, tremors) and tardive

dyskinesia (i.e., a neurological syndrome involving involuntary movements in the

extremities, such as fingers, toes, or oral-facial region), atypical agents were

introduced in the late 1960s. Evidence suggests that atypical agents have a more

favorable side-effect profile and beneficial effects on cognitive function compared

with typical agents, although some of these apparent benefits can be achieved by the

relatively high dosages of typical agents used in many studies (Tandon, 2011). The

pharmacologic property shared by all available antipsychotics is blockade of the

dopamine D2 receptor either through direct or secondary blockade. Better effects of

atypical antipsychotics are the result of combination of dopamine and other

neurotransmitters (e.g., serotonin, glutamate, and y-aminobutyric acid). Through the

usage of clinical antipsychotics for the treatment of schizophrenia, numerous

neurotransmitter systems are revealed. Given the importance of dopamine D2



blockades in the mitigation of positive symptoms, the potential role of dopaminergic

system in the pathogenesis of schizophrenia are described in further details below.

3.2. The dopamine system and dopamine hypothesis of schizophrenia

3.2.1. The dopamine system and dopamine receptors

Dopaminergic neurons in the brain form four major projecting pathways which

mainly originate in the midbrain (Iversen & Iversen, 2007; Remington, Agid, &

Foussias, 2011). These four projecting pathways are depicted in Figure 1.1 and

described as below. The first, neurons of the nigrostriatal pathway originate in the

substantia nigra and terminate in the neostriatum (i.e., the caudate nucleus and the

putamen). The second, neurons of the mesolimbic pathway originate in the verntral

tegmental area and terminate in the limbic system, including the nucleus accumbens,

amygdale, and hippocampus. The third, neurons of the mesocortical pathway also

originate in the verntral tegmental area and terminate in the prefrontal cortex. Lastly,

neurons of the tuberoinfundibular pathway originate in the arcuate nucleus and

terminate in the pituitary gland.

There are five subtypes of mammalian dopamine receptors and they are grouped

into two classes, with the D1-class receptor composed of the D1 and D5 receptor

subtypes, and the D2-class receptor composed of the D2, D3, and D4 receptor



subtypes. All of the dopamine receptors are G protein-coupled receptors (GPCRs) and

their biological activities have been predominantly associated with the regulation of

cyclic adenosine monophosphate (cAMP) cascades. Activating D1-class receptors

increase the cAMP activity which D2-class receptors inhibit it (Neve, Seamans, &

Trantham-Davidson, 2004).

3.2.2. The dopamine hypothesis

The dopamine hypothesis of schizophrenia was initiated in the 1950s through the

discovery of antipsychotic drugs. These drugs were initially found that they blocked

monoamine receptors in animals, and further researches revealed that there

antipsychotics mainly blocked dopamine D2 receptors. Further evidences from

postmortem studies and in vivo positron tomographic data indicated the density of D2

receptors were elevated in schizophrenic patients (Seeman, 1987). Furthermore, the

antagonists of dopaminergic transmission, such as resperpine, relieved psychotic

symptoms of schizophrenia (Seeman, 1987). In contrast, agents increasing

dopaminergic transmission, such as amphetamine, provoked psychotic symptoms of

schizophrenia. Thus the overactivation of dopamine pathway in schizophrenia was

subsequently proposed as primal version of dopamine hypothesis of schizophrenia

(Seeman, 1987).



However, Clozapine, another antipsychotic that effectively alleviate refractory

symptoms in schizophrenic patients, displays lower binding affinities of dopamine

receptors than other antipsychotics. In vivo electrophysiological recordings in animals

and the measurement of plasma homovanillic acid (HVA), a metabolite of dopamine,

also revealed that antipsychotics acted by reducing dopaminergic activities in

mesolimbic dopamine neurons (Davis, Kahn, Ko, & Davidson, 1991). Higher

concentrations of dopamine and HVA were also reported in various subcortical

regions of post-mortem brains from schizophrenic patients (Davis et al., 1991).

However, negative symptoms of schizophrenia were associated with low dopamine

activity in the prefrontal cortex, and animal and human studies indicated that

prefrontal dopamine neurons inhibited subcortical dopamine activities (Davis et al.,

1991). These inconsistent findings suggested that dopamine seemed not to be

universally elevated in the brain of schizophrenic patients. Therefore, it was proposed

that schizophrenia might be characterized by abnormally low tonic activity of

ascending dopamine neurons to the cortex and subsequently high activity in the

subcortical dopamine nuclei, which could explain the concurrent presence of negative

and positive symptoms in schizophrenic patients (Davis et al., 1991). Accordingly,

negative symptoms of schizophrenia were resulted from frontal hypodopaminergia,

and positive symptoms were resulted from striatal hyperdopaminergia. This version



can be considered as an updated version of dopamine hypothesis of schizophrenia

(Davis et al., 1991).

To date, a newly updated version of dopamine hypothesis of schizophrenia was

further proposed. This updated version provided a conceptualized framework to link

dopamine dysfunction to real clinical expressions such as delusions and hallucinations

(Kapur, 2003). Presumably, these psychoses observed in schizophrenic patients were

induced by the dysregulation of dopamine transmission which resulted from

stimulus-independent release of dopamine. This hyperdopaminergic state was termed

“aberrant salience”. Accordingly, in the psychotic patients, dopamine served as a

potentional mediator to promote aberrant salience. Thus, delusions and hallucinations

could be a state of aberrant salience that were driven and represented through an

individual’s top-down cognitive explanation. Negative symptoms could be resulted

from dopamine dysregulation following increased noise in the system (Kapur, 2003;

Kapur, Mizrahi, & Li, 2005). Besides, the dopaminergic disturbance was just a state

that was abnormality associated with the dimension of psychosis in schizophrenia,

and schizophrenia was the combination of other factors and not the dopamine

dysfunction per se. Advances in neurochemical imaging further provided evidences to

support that the dopamine dysregulation was controlled by the presynaptic dopamine

(Howes & Kapur, 2009). Along the same line, additional evidence further support that



genetic factors and environmental risk factors are all involved in the alteration of

dopaminergic pathways (Howes & Kapur, 2009). Therefore, these findings leaded to

an updated version of dopamine hypothesis of psychosis in schizophrenia which

suggested that multiple hits (e.g., genetics, environment, and their interactions) could

result in presynaptic dopamine dysregulation and consequently cause a process of

aberrant salience (Howes & Kapur, 2009).

3.3. The glutamate system and glutamate hypothesis of schizophrenia

In addition to dopamine and dopamine hypothesis of schizophrenia, glutamate

and glutamate hypothesis have also drawn much attention and worthy of adding a few

words.

3.3.1. The glutamate system

Glutamate is the major excitatory neurotransmitter in the central nervous system,

and its receptors comprise two large families, including ionotropic and metabotropic

glutamate receptors. lonotropic glutamate receptors, which include NMDA

(N-methyl-D-aspartate), kainate, and AMPA

(a-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid) subtypes, contain

associated ion channels gated by agonist binding. By contrast, metabotropic glutamate

receptors (mGluRs) belong to the large superfamily of G protein-coupled receptors,

10



which modulate neurotransmission by activating G protein-coupled synaptic

transduction mechanisms (Nestler, Hyman, & Malenka, 2009). There are eight

subtypes of mGluRs that are divided into three subgroups: Group I (mGluR; and

mGluRs), group II (mGluR; and mGluR3), and group III (mGluR4, mGluRg, mGluR,

and mGluRg) mGluRs (Platt, 2007).

3.3.2. The glutamate hypothesis of schizophrenia

The glutamate hypothesis of schizophrenia was based on the low cerebrospinal

fluid glutamate levels in patients with schizophrenia (Kim, Kornhuber, Schmid-Burgk

& Holzmiiller, 1980) and expanded to other subtypes of glutamatergic receptors.

Blocking NMDA receptor through phencyclidine (PCP) or ketamine produces

schizophrenia-like symptoms, including all the three symptom clusters, in healthy

individuals and profoundly exacerbates preexisting symptoms in patients with

schizophrenia (Coyle, 2006; Javitt & Zukin, 1991). Thus, hypofunction of NMDA

receptor-mediated neurotransmission is considered to be another etiological

conceptualization of schizophrenia (Field, Walker, & Conn, 2011; Stahl, 2007).

Postmortem studies also showed alterations of binding, transcription, and subunit

protein expression of glutamate receptor in the prefrontal cortex, thalamus, and

hippocampus of schizophrenia (Clinton & Meador-Woodruff, 2004). Besides, similar

11



alternations of dopaminergic and GABAergic (y-aminobutyric acid; synthesized from

glutamate) transmission in schizophrenia are found in normal volunteers and animals

treated with NMDA receptor antagonists, hence both the impaired dopaminergic

regulation and the impaired GABAergic neurotransmission in schizophrenia are

implied the downstream of a primary deficit in NMDA function (Benes, McSparren,

Bird, SanGiovanni, & Vincent, 1991; Javitt, 2010).

On the other hand, a series of orthosteric agonists for group II mGluRs have been

identified (e.g., LY354740, LY379268, LY404039, MGS0008, and MGS0028) (Fell,

McKinzie, Monn, & Svensson, 2012). These agents attenuate many of the behavioral

and neurochemical effects of the most common psychotomimetic drugs used to model

psychosis (e.g., non-competitive NMDA receptor antagonists, dopamine agonists, and

serotonergic hallucinogens) in a variety of animal models (Moghaddam & Adams,

1998; Rorick-Kehn et al., 2007). However, studies of group II mGluR expression and

functions in the brains of patients with schizophrenia have not revealed consistent

changes compared to the brains of normal subjects (Corti et al., 2007;

Gonzalez-Maeso et al., 2008; Gupta et al., 2005). These suggest that the

pathophysiological mechanism underlying schizophrenia may involve the alternation

of group I mGluRs.

12



4. Theetiology of schizophrenia

The etiology of schizophrenia remains much unclear. Roughly, it can be divided

into environmental risk factors and genetic factors.

4.1. Environmental risk factors of schizophrenia

Variations in the occurrence of schizophrenia by spatial and temporal

distributions are indicative of environmental etiologies (Brown, 2011).

Epidemiological researches in spatial distributions have revealed high rates of

schizophrenia in developing countries, individuals living in large cities, and

immigrant populations (van Os, Rutten, & Poulton, 2008). The epidemiological

research in temporal distributions has consistent found that subjects born during the

winter and early spring have an increased risk of schizophrenia, and subjects born

during the autumn months have a declined in schizophrenia risk (Brown, 2011). These

environmental risk factors of schizophrenia can be further classified into biological

and social factors (Mueser & McGurk, 2004). Biological environmental factors in the

fetal life concern maternal pregnancy complications, prenatal maternal infection,

paternal age, and prenatal exposure to chemical agents; in the early life concern

abnormal rearing environment, and childhood trauma; in the middle

childhood/adolescence concern abnormal urban environments, cannabis using,

migration, stressful life events, and traumatic brain injury (Sullivan, 2005; van Os et

13



al., 2008). Social environmental factors concern the social fragmentation, the social

capital, and the social deprivation (Tost & Meyer-Lindenberg, 2012). The causal

relationships between these environmental risk factors and schizophrenia need further

investigation.

4.2. Genetics of schizophrenia

Twin, family, and adoption studies around the world indicate a familial basis for

schizophrenia and point to a genetic influence for this disorder (Calkins & Iacono,

2003). Pattern of familial heritability of schizophrenia suggests that risk of developing

schizophrenia is increased among closer relatives. The concordance rate of

schizophrenia for monozygotic twins, with 100 % identical genome, is approximately

50 %. In the case of dizygotic twins, with 50 % shared genome, 17 % is this chance.

The first-degree biological relatives with schizophrenia have about 10 % chance of

having the diagnosis whereas the risk for second-degree relatives is about 5 %

(Gottesman, 1991). From a multigroup twin model, the heritability of schizophrenia is

73 % to 90 % (Sullivan, Kendler, & Neale, 2003). Adoption and cross fostering

studies are also in favor of a large genetic contribution to risk for schizophrenia

(Mulle, 2012). Genetic analysis through linkage studies, association studies, candidate

gene studies, copy number variants studies, and de novo mutations studies have
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revealed many schizophrenia susceptibility loci and genes (e.g., AKT1, NRG1, DISC1)

(Mulle, 2012; Sullivan, 2005). However, the precise role of these candidate genes in

the involvement of schizophrenia remains unclear. It is thought to be a pool of genes

that increases the vulnerability of this illness (Austin, 2005).

5. What isAKT1?

5.1. AKT1 - a schizophrenia candidate gene

Among these schizophrenia susceptibility genes, AKT1 appears to be a promising

candidate. Emamian and colleagues (2004) first identified that variants of AKT1 gene,

located on human chromosome 14q32.32, are associated with schizophrenia and

implicated AKT1 as a schizophrenia susceptibility gene. The genetic association was

found between an AKT1 haplotype and schizophrenia in 268 affected families. Protein

extracts from lymphocyte-derived cell lines from these schizophrenic patients showed

68 % lower of AKT1 proteins than in controls. From postmortem brain tissue of

individuals with schizophrenia, AKT1 protein levels were also lower in the frontal

cortex and hippocampus compared with controls (Emamian et al., 2004). Further

evidence from the Japanese population (Ikeda et al., 2004), European sib-pair families

(Schwab et al., 2005), the Iranian population (Bajestan et al., 2006), the Chinese

population (Xu et al., 2007), Irish families (Thiselton et al., 2008), and the British
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population (Mathur, Law, Megson, Shaw, & Wei, 2010) have also supported the

association of AKT1 gene with schizophrenia. Individuals carrying genetic variants of

AKT1 had increased the hippocampal activation under a memory encoding and

retrieval task (Tan et al., 2011). Besides, AKT1 was further associated with attention

and other cognitive functions (e.g., executive function, processing speed verbal

learning, and memory) in schizophrenia (Blasi et al., 2011; Ohi et al., 2011;

Pietildinen et al., 2009; Tan et al., 2008).

5.2. AKT and the structure of AKT

AKT1 belongs to the AKT family. The cellular AKT gene is the homolog of the

v-akt oncogene transduced by AKT8, an acute transforming retrovirus (Staal, Hartley,

& Rowe, 1977), and encodes the cytoplasmic serine-threonine protein kinase AKT in

mice (Bellacosa, Testa, Staal, & Tsichlis, 1991; Bellacosa et al., 1993). AKT is related

to protein kinase A and C (PKA/PKC), hence it is also termed as protein kinase B

(PKB) (Coftfer & Woodgett, 1991; Jones, Jakubowicz, Pitossi, Maurer, & Hemmings,

1991). The AKT kinase family contains three homologous isoforms, AKT1 (PKBa),

AKT?2 (PKBp), and AKT3 (PKBY), all encoded by distinct genes localized on

different chromosomes (Franke, 2008). All AKT isoforms share similar signaling

pathways and structures: an N-terminal pleckstrin homology (PH) domain; a central
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kinase catalytic domain; a C-terminal extension containing a regulatory hydrophobic

motif (HM) (Kumar & Madison, 2005) (see Figure 1.2).

5.3. The activation and deactivation of AKT

As depicted in Figure 1.2, the AKT activity is induced by growth factor

receptor-mediated signaling cascades that elicit the production of PIP3

(phosphatidylinositol-3,4,5-triphosphates) by PI3K (phosphoinositide 3-kinase)

(Franke, 2008). AKT is maintained in an inactive state by the interaction of its PH and

kinase domains in the cytoplasm, and this conformation is recruited to the plasma

membrane and relaxed upon binding of PIP3 to the PH domain (Calleja et al., 2007).

AKT is subsequently activated through phosphorylation by the intracellular kinases

PDKI1 (3-phosphoinoitide-dependent protein kinase 1) at a threonine residue in its

kinase domain (Thr308 in AKT1, Thr309 in AKT2, and Thr305 in AKT3), and

phosphorylation at a serine residue in the HM domain (Ser473 in AKT1, Ser474 in

AKT?2, and Ser472 in AKT3) (Freyberg, Ferrando, & Javitch, 2010; Kumar &

Madison, 2005). Phosphorylation of the serine residue is the key step in the activation

of AKT because it stabilizes the active conformation state (Yang et al., 2002).

mTORC2 (mammalian target of rapamycin complex 2) is the main kinase activity that

through phosphorylation of the serine residue, and other kinases such as DNA-PK
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(DNA-dependent protein kinase) and ILK 1 (integrin-linked kinase-1) are also capable

of phosphorylating at the serine residue (Franke, 2008). Once activated, AKT

phosphorylates a number of its downstream molecules (e.g., glycogen synthase kinase

3, GSK3) to control an array of diverse functions including cell growth, survival,

proliferation and metabolism (Manning & Cantley, 2007). AKT can be inactive

indirectly through dephosphorylating PIP3 by the PTEN (phosphatase and tensin

homolog) which results in reducing production of PIP3. Besides, AKT also can be

inactive directly through dephosphorylating the serine residue and/or the threonine

residue by PP2A (protein phosphatase 2A) and PHLPP (PH domain and leucine rich

repeat protein phosphatases) (Franke, 2008), and directly through inhibiting

phosphorylation by CTMP (C-terminal modulator protein) (Maira et al., 2001).

5.4. The involvement of AKT in dopamine signaling

Decreased AKT1 levels are correlated with increased its downstream GSK3

activity in schizophrenic patients and this suggests that alterations in AKT-GSK3

signaling contribute to the pathogenesis of schizophrenia (Emamian et al., 2004).

Both a reduction of AKT activity and a concomitant activation of GSK3 were found

in dopamine transporter-knockout mice, and increased dopamine neurotransmission

also resulted in inactivation of AKT and concomitant activation of GSK3 (Beaulieu et
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al., 2004). Besides, using SCH23390 and raclopride (i.e., D1 and D2 dopamine

receptor antagonists), haloperidol (a typical antipsychotic), or mice lacking different

subtypes of dopamine receptors showed that AKT and GSK3 are regulated by

D2-class receptors in these mice (Beaulieu, 2011). Therefore, it was suggested that the

activation of dopamine D2-class receptors led to changes of AKT-GSK3 pathway

through a cAMP-independent pathway (Beaulieu, Del'guidice, Sotnikova, Lemasson,

& Gainetdinov, 2011). As presented in Figure 1.3, activation of dopamine D2 receptor

by dopamine leads to receptor phosphorylation by a GPCR kinase (GRK) following

the recruitment of B-arrestin 2, a scaffolding protein, to the membrane. AKT is also

recruited along with PP2A to form the Akt-B-arrestin 2-PP2A complex, and PP2A

consequently dephosphorylates and inactivates AKT resulting in increased GSK3

activity (Beaulieu, Gainetdinov, & Caron, 2009). These studies indicate the

involvement of AKT in dopamine signaling and dopamine-dependent activities.

6. Using animal modelsto study schizophrenia

6.1. Advantages of animal models

Animal models can offer an efficient and alterative platform to monitor disease

progression than in humans and offer the opportunity to perform invasive monitoring

of structural and molecular changes that underlie the cause of the disease, and test
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novel therapeutics not possible in patients (Jones, Watson, & Fone, 2011). An attempt

has been made to map brain areas in rodents that are responsible for functions played

by homologous parts of the human (Gainetdinov, Mohn, & Caron, 2001), and the high

level of genomic homology between rodents and humans justifies the use of animals

as a model of human disorder (Stubbs, 1996). Although animal models arose from

their obvious inability to model hallmark features of schizophrenia, such as delusions

and hallucinations, a combined approach that begins at the behavioral level and

culminates at the cellular, molecular, or genetic levels can provide an effective

approach to identify the psychopathology in human (Arguello & Gogos, 2006). All

available animal models of schizophrenia could fit into the following four different

induction categories: developmental, drug-induced, lesion, or genetic manipulation.

Besides, these useful animal models should have the appropriate triad of face

(symptom homology), construct (replicate the theoretical neurobiological rationale

and pathology) and predictive (show the expected pharmacological response, or lack

of it, to treatment by known antipsychotics and potential new adjunct therapies yet to

be developed) validity to schizophrenia (Jones et al., 2011). Schizophrenia-related

gene mutant rodents have achieved construct validity for schizophrenia (Nestler, &

Hyman, 2010), hence it will afford a better understanding details of pathogenesis of

schizophrenia through allowing for the identification of early mutational effects, the
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study of their developmental progression, and providing an opportunity to understand

how genetic, molecular, or environmental associations leading to this disease (Powell

& Miyakawa, 20006).

6.2. Taking advantage of Akt1 mutant mice as an animal model of schizophrenia

The expression of Aktl proteins in Akt1l-mutant mouse brains, including the

whole cortex, prefrontal cortex, hippocampus, cerebellum, and striatum, occurred in a

gene-dosage-dependent manner. Accordingly, Aktl heterozygous (HET) mice had

similarly decreased AKT1 expressions level as schizophrenic patients (Emamian et al.,

2004), and Aktl homozygous (HOM) mice expressed no Aktl protein in comparison

to wild-type (WT) controls (Chen et al., 2012). In comparison to WT mice, HET mice

were found no significant difference in the basal levels of dopamine and its

metabolites (e.g., L-3,4-dihydroxyphenylalanine, dopamine,

3,4-dihydroxyphenylacetic acid, and homovanillic acid) in their frontal cortex,

striatum, midbrain, somatosensory cortex, and hippocampus (Chen et al., 2012).

Besides, protein levels of tyrosine hydroxylase (an enzyme in dopamine biosynthesis)

and dopamine D2 receptors were revealed no difference between WT and HOM mice

in their PFC (Lai et al., 2006). Extracellular dopamine and its metabolite

3,4-dihydroxyphenylacetic acid in both PFC and striatum were also found no
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difference between WT and HOM mice (Lai et al., 2006). On the other hand, HOM

mice are born smaller with reduction body weight than their WT littermates and have

approximately 40 % increased neonatal mortality (Cho, 2001; Yang et al., 2004).

Normal spontaneous locomotor activity has been revealed in HOM mice under the

open field task (Chen & Lai, 2011; Lai et al., 2006). Both male and female HOM

mice also displayed normal performances in the dark/light transition test (for bright

light-induced anxiety), the elevated plus maze (for anxiety-like behaviors), the

auditory trace fear conditioning (for auditory learning and associative learning), and

the passive avoidance task (for hippocampus-related learning and memory) (Chen,

Chen, & Lai, 2011; Chen & Lai, 2011). But HOM mice exhibited impairments in the

recall of spatial memory in the Y-maze, mild impairment in the acquisition of Morris

water maze, and severely impairment in the relearning of a new platform location in

the maze (Chen et al., 2011). Furthermore, female HOM mice showed longer duration

of immobility in the tail suspension test (for depressive-like behaviors), and exhibited

deficient sensorimotor gating function in the prepulse inhibition task (Chen & Lai,

2011), which is also impaired in individuals with schizophrenia (Braff, Geyer, &

Swerdlow, 2001). In addition, male HOM mice exhibit a deficiency in the prepulse

inhibition task under the treatment of amphetamine (Emamian et al., 2004). Besides, a

prefrontal cortex-dependent cognitive function, working memory, is abnormal in male
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HOM mice under neurochemical challenge (i.e., quinpirole, SKF38393, guanfacine,

and scopolamine) of three schizophrenia-related neurotransmitter systems, and male

HOM mice are found alterations expression of prefrontal cortex genes controlling

neuron functions (Lai et al., 2006). From a reward prediction error of

dopamine-dependent decision making study, where subjects with schizophrenia

showed the abnormality (Gradin et al., 2011; Murray et al., 2008), Male HET mice

displayed a relatively efficient method of updating reward information from the

environment (Chen et al., 2012). These results may suggest that AKT1 is involved in

cognitive functions of schizophrenia and that schizophrenia-like cognitive functions

can be suitably modeled in Akt1-mutant mice.

6.3. The use of 5-choice serial reaction time task to measure attentive functionsin

rodents

Attention, a cognitive function, is not unique in human and it can also be directly

assessed in animals. The 5-choice serial reaction time task (5-CSRTT) is now among

the most widely used tests of attentive functions in rodents, and has been applied to

model attentive dysfunction in schizophrenia (Chudasama & Robbins, 2004). It has

been developed and extensively validated by the common neural circuits and

neurochemical modulation shared across species (Carli, Robbins, Evenden, & Everitt,
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1983; Chudasama & Robbins, 2004; Robbins, 2002). The 5-CSRTT contains high

face, predictive, and construct validity for CPT in human (Young, Powell, Risbrough,

Marston, & Geyer, 2009) and is analogous to Leonard's five-choice serial reaction

time task used in human (Leonard, 1959; cited in Wilkinson, 1963). The 5-CSRTT is

initially developed for assessing attention in rats (Carli, Robbins, Evenden, & Everitt,

1983) and recently its procedures are greatly modified and performed in mice

(Sanchez-Roige, Pefia-Oliver, & Stephens, 2011). This task essentially tests the ability

of the rodent to sustain spatial attention divided among a number of locations over a

large number of trials, and consequently they have to detect a brief visual stimulus

presented pseudorandomly across several spatial locations in a five-hole box (Bari,

Dalley, & Robbins, 2008; Robbins, 2002). Analyzing the behavior of rodents’

performed in the 5-CSRTT produces a variety of measures, including accuracy,

correct responses, incorrect responses, omissions, premature responses, perseverative

responses, as well as several response latency indices (Robbins, 2002). As presented

in Table 1.2, each measurement is corresponding to different cognitive functions (i.e.,

attention, impulsivity responses, processing speed, motivation, and cognitive

flexibility) and attentive functions are major linked to accuracy and omission

behaviors (Robbins, 2002; Young et al., 2009). Due to diversely cognitive functions

measured at a time, taking into consideration of all measures in the 5-CSRTT provides
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precisely attentive functions without other cognitive effects.

7. Theobjective of thisstudy

From above literature reviews, attentive impairments measured by the CPT are a

cognitive deficits commonly observed in schizophrenic patients. We also have learned

that the schizophrenia candidate gene, AKT1, encodes AKT1 protein which belongs to

AKT family modulating a great diversity of cellular functions. In addition to be

modulated by PI3K, AKTI1 is a downstream mediator of dopamine D2 receptors

which are mainly focused on the dopamine hypothesis of psychosis in schizophrenia.

The Aktl-mutant mouse has been found abnormities in schizophrenia-like and

dopamine-related cognitions; hence it is a suitable animal model to study cognitive

functions of schizophrenia. Therefore, in order to examine whether AKT1 participates

in attentive function of schizophrenia, the 5-CSRTT which paralleled to the CPT in

human was applied to understand attentive function in the Aktl mouse model of

schizophrenia.

In this study, Aktl HOM mice, Aktl HET mice, and their WT littermates were

trained and tested in the 5-CSRTT. The experimental design and purpose of each

experiment are listed in Table 1.3. Animals’ attentive functions were revealed under

both learning and testing conditions of the 5S-CSRTT. We first examined whether they
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had different attentive performances during the beginning of training. After they

reached preset testing criteria, their baseline performances were analyzed to confirm

that they had learned the task and they were ready for follow-up behavioral tests. Four

different testing conditions were conducted through modulating parameters of the

5-CSRTT procedure to examine whether there were genotypic differences on their

behavioral performances under difficult or high attentive load conditions. The details

of behavioral procedure were described in the following chapter.
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Chapter 2

Materialsand M ethods

1. Animals

All male Aktl homozygous mice (HOM, n= 19), Aktl heterozygous mice (HET,

n= 14), and their wild-type littermates (WT, n= 11) used in this study were generated

from Aktl heterozygous breeding pairs in C57BL/6J genetic background (n> 10) and

genotyped using PCR analysis of mouse-tail DNA, as described previously (Cho,

2001). After weaning, animals were housed in groups of maximum 5 per cage with

food and water available ad libitum in polysulfone individually ventilated cages

(Alternative Design Manufacturing & Supply, Arkansas, AR, USA) within the animal

rooms in the Psychology Department, National Taiwan University. All animals were

3-4 month-old at the beginning of experiments. Animals were handled at least 1 week

before the behavioral experiments, and behavioral experiments were conducted during

the dark phase at least half an hour after dark/light cycle (lights off at 8:00 A.M.)

began. Animals were brought to the behavioral room 60 min before experiments. All

animal procedures were performed according to protocols approved by the

appropriate Animal Care and Use Committees established by the National Taiwan

University.
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2. Experimental apparatus

Behavioral apparatus were two custom-built 5-aperture operant chambers (31.8 L
x 25.8 W x 29.1 H cm® ; Coulbourn Instruments, Whitehall, PA, USA) under red
lighting condition (11.4 lux). Each chamber had a stainless-steel grid floor, aluminum
front and back modular walls, aluminum top with a hole (4 cm diameter) in the center,
and clear acrylic sides. Five 1.5 cm diameter and 4 cm deep stimulus-response
apertures were spaced 3 cm apart, 1 cm above the grid floor, and centered on the front,
curved wall of the chamber. Each stimulus-response aperture contained three pair of
white light-emitting diode (LED) lights to generate a light stimulus and a photocell
sensor to signal nose poke responses. The food magazine was located in the low
center of the back wall of the chamber with a yellow LED light fitted in the magazine
as a cue of nose poke responses, and was spanned horizontally by a photocell sensor
to signal nose poke responses. Above the food magazine was a reward deliver to
dispense food pellets (20 mg chocolate sucrose reward tablet; TestDiet, 5-TUT,
Richmond, IN, USA). A 3 W house light was mounted above the food magazine. The
Graphic State 3.03 (Coulbourn Instruments, Whitehall, PA, USA) was used to
perform on-line control of this apparatus and data collection. Speaker to generate
white noise (Coulbourn Instruments, Whitehall, PA, USA) was also used in some

behavioral experiments.
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3. Experimental procedures
3.1. Food restriction schedule

Animals subjected to behavioral experiments were housed individually in the
animal room and their baseline body weights were recorded after a habituation period
of minimally 1 week. Animals were food-restricted by maintaining a restricted diet
and kept at 80-85% of free-feeding body weight throughout the behavioral
experiments with daily weighed. According to their weights, food was put daily in
their home cages at least an hour after they finished experiment. Water was available

ad libitum in their home cages throughout the behavioral experiments.

3.2. Locomotor activity before 5S-CSRTT

Before the beginning the 5-CSRTT procedure, animals underwent two locomotor
activity tasks. On the first day, each animal was placed in a clean transparent PVC
cage (47.2 L x 25.3 W x 21 H cm’) containing a thin layer of clean bedding for 30
min. Animals were allowed to explore this new arena and their distance movements
were recorded and analyzed by the EthoVision tracking system (Noldus, Wageningen,
the Netherlands). On the second day, their locomotion was individually monitored in
the 5-CSRTT apparatus. The 5-CSRTT apparatus was divided into three areas (i.e.,
aperture, middle, and magazine) as depicted in Figure 2.1. Each mouse was allowed
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to explore and habituate this new experimental environment for 30 min. Their

movements were recorded by videos, and analyzed off-line by a video tracking

system, TopScan 2.0 (Cleaver System Incorporated, Reston, VA, USA). Their travel

distances or duration in these 2 tasks were used as a measurement of locomotor

activity.

3.3. 5-CSRTT procedures

Animals were trained and tested in a modified version of the 5-CSRTT procedure

(Bari, Dalley, & Robbins, 2008; Debruin, Fransen, Duytschaever, Grantham, &

Megens, 2006; Humby, Wilkinson, & Dawson, 2005) and final trial sequences were

represented in Figure 2.2. Animals conducted sessions of 25 min duration with 1

session per day and 6 days per week for approximately 3 months. The 5-CSRTT

procedure consisted of 3 sequential phases, including shaping, learning, and testing

phases.

3.3.1. 5-CSRTT shaping phase

Mice were first trained to operate the 5-CSRTT apparatus by a series of shaping

stages. In each stage, each mouse was required to reach shaping criteria in 25 min,

and then they moved to next shaping stages. Under stage 1~3, a trial started with the

illumination of the house light, and ended after animals collected their earned reward
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pellets following a new trial started automatically. Stage 1: Animals were required

accumulating 10 nose pokes into either stimulus-response apertures or the food

magazine. Each nose poke was followed by the delivery of a reward pellet and the

illumination of the magazine light. Stage 2: Each mouse was required accumulating 5

nose pokes into one of the 5 stimulus-response apertures. Nose poke into the food

magazine was still followed by the delivery of a reward. But after accumulating 5

nose pokes into the food magazine, no reward was delivered from the food magazine

if the animal kept performing nose pokes into the food magazine. Stage 3: Each

mouse was required to accumulate 10 nose pokes into one of the 5 stimulus-response

apertures, and nose poking into the food magazine was no longer followed by any

delivery of a reward. Each nose poke into stimulus-response apertures was followed

by the delivery of a reward pellet and the illumination of the magazine light. Stage 4:

A trial started with the illumination of the house light, and then animals had to wait an

intertrial interval (ITT) of 5 sec for the illumination of light stimuli. After the ITI, one

of the 5 light stimuli illuminated for a stimulus duration (SD) of 32 sec. Animals were

required to accumulate 15 nose pokes into the illuminated aperture within the SD or

during the following 2 sec fixed limited hold (LH) after the light stimuli extinguished.

Each nose poke into the illuminated aperture within the SD or LH was followed by

the delivery of a reward pellet and the illumination of the magazine light. Each trial
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ended after animals collected their earned reward pellets or after the LH duration and

then a well-prepared new trial started automatically. Stage 5: Daily sessions started

with the illumination of the house light and the magazine light, and a trial started after

mice nose poked into the magazine. One of the 5 light stimuli illuminated for a SD of

32 sec after the 5-sec ITI. Each mouse that nose poked into the illuminated aperture

within the SD or the 2 sec LH earned a reward pellet followed the illumination of the

magazine light. Animals had 5 sec to eat their food pellet after collecting it. Each

mouse nose poked into the non-illuminated aperture within the SD was signaled a

punishment by a 5 sec time-out (TO) with 1 sec successive on and off of the house

light. Trials ended after the 5 sec for eating their earned reward pellets or after the LH

and TO duration and then a new trial started automatically. Each mouse was required

to accumulate 15 completed trials for 2 consecutive daily sections and then animals

underwent the training phase.

3.3.2. 5-CSRTT learning phase

Each session began with the illumination of the house light and the magazine

light. A nose poke into the magazine initiated a trial and extinguished the magazine

light. A fixed ITI of 5 sec preceded the illumination of stimulus-response apertures.

After the ITI, one of the 5 light stimuli illuminated during the SD. The animal had to
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respond with a nose poke into the illuminated aperture within the SD or during the

following fixed 2 sec LH period after the light stimuli extinguished. A nose poke into

the illuminated aperture resulted in the delivery of a reward food pellet following the

illumination of the magazine light. The magazine light remained on until the animal

collected its reward pellet and then the animal had fixed 5 sec duration to eat this

pellet. A trial was finished after this 5 sec duration ended following a well-prepared

new trial. The behavioral sequence described above was considered as a correct

response and recorded as a correct trial. If the animal did not follow such behavioral

sequence on any trial, the trial was considered as an improper trial and the response

was recorded as an improper response. There were 4 types of improper responses and

they were described as below. A premature response was recorded if the mouse did

not nose poke into one of the 5 stimulus-response apertures during the ITI, before

stimulus illuminated. An incorrect response was recorded if the mouse nose poked

into one of the non-illuminated stimulus-response apertures during the SD or the LH

period. An omission response was recorded if the mouse did not perform any nose

poke into one of the 5 stimulus-response apertures during the SD or the LH period. A

per sever ative response was recorded if the mouse repeatedly nose poked into one of

the 5 stimulus-response apertures, whether it illuminated or not, during the period of

collecting reward pellet. Immediately after an improper response, a punishment was
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signaled by a fixed 5 sec TO with 1 sec successive on and off of the house light. An
improper trial finished after the TO period following a well-prepared new trial. The
general parameters of the 5S-CSRTT were set as ITI = 5 sec, TO = 5 sec, and LH =2
sec. The learning phase of the 5-CSRTT was divided into 4 learning stages based on a
scheduled stepped descending sequence of SD at 16, 8, 4 and finally 2 sec. Each
mouse was required to reach the criteria (> 30 trials, > 70% accuracy, < 20%
omission) for 2 consecutive days in first three learning stages (SD = 16, 8, and 4 sec)
before passing to the next training stage. Each mouse was considered to have acquired
the task when they meet the baseline performances ( > 30 trials, > 80% accuracy, <
20% omission) for 3 consecutive days in the final stage of SD = 2 sec and then the

mice underwent the testing phase. The accuracy of responding expressed as a

percentage was calculated using the following formula:

Correct responses

Accuracy % = x100 %

Correct responses + Incorrect responses

The percentage of other behavioral measures (including correct, incorrect, omissions,

premature, and perseverative responses) were calculated along with the following

formula:

Behavioralresponses

Behavioralresponses’o = x100%

Totalcompletedtrials

The latency (in second) to correct nose poke after stimulus occurred (i.e., correct

latency), and the latency (in second) to collect earned food pellets (i.e., reward latency)
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were also calculated. According to our preliminary data, mice spent longer time to

learn the final learning stage (SD = 2 s). Thus a mouse that did not reach the learning

criteria for up to 18 days (i.e., 3 weeks of training; under SD = 16, 8, 4 s stages) and

24 days (under SD = 2 s stage) during the 4 learning stages was considered that it

could not acquire this task. Consequently, the mouse was excluded from this

experiment. Daily sessions were accumulated until animals finished required criteria

in one learning stage.

3.3.3. 5-CSRTT testing phase

Once baseline performance ( > 30 trials, > 80% accuracy, and < 20% omission

for 3 consecutive days of SD = 2 s) had been established in each mouse, the testing

phase began. The testing phase consisted of 4 tests in which the difficulty of the

5-CSRTT was managed by manipulations of the 5-CSRTT parameters. Each mouse

was sequentially tested in one of the 4 tests once it reached the baseline performance.

Each test lasted for 25 min or 50 trials whichever completed first. Each of the 4 tests

consisted of 2 testing conditions that were applied in a pseudo-random order from

trial to trial and they were described as below. (1) The alteration of the I'TI duration:

The duration of the ITI was either 2 or 8 seconds. (2) The alteration of the SD

duration: The duration of the SD was reduced to either 1 or 0.5 second. (3) The
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alteration of stimulus brightness: The brightness of the light stimuli was either

relatively lighter (i.e., enhanced approximately three times the illumination of daily

training) or relatively darker (i.e., the same brightness of daily training). (4) The

distracting test: A distractor condition (i.e., a 100-dB, 0.5-sec on and off white noise)

or no distractor condition were used and played during the duration of the SD. After

finishing one test, each mouse was re-trained to the baseline performance for 3

consecutive days and tested again until finished the 4 tests. A mouse that did not reach

the baseline performance for up to 24 days before the 4 tests was also excluded from

this experiment. The behavioral measures during the 4 tests were the same as

described above in the learning phase.

4. Dataanalysis

Behavioral data were first evaluated the homogeneity of variances by the Levene

statistic. If variances of behavioral data were equal, they were analyzed using the

one-way analysis of variance (ANOVA). F-values reaching significant difference (p

<.05) were evaluated further by post hoc analysis of a conservative test, the Scheffé

method. If variances of behavioral data were not equal, they were also analyzed using

the one-way ANOVA. But their F-values were adjusted by the Welch test. F-values

reaching significant difference (p < .05) were evaluated further by the Games-Howell
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post hoc test. We expected that each test differed from their baseline condition and the
2 test conditions of each test differed from each other, hence we also used a priori
comparisons and adjusted the critical p-value by the Bonferroni correction. The
Chi-squared test (x*) was also used in some behavioral data where appropriate. All
statistical analyses were conducted by the SPSS 17.0 for Windows (Chicago, IL,

USA). All behavioral data are depicted as means =+ standard error of the mean (SEM).
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Chapter 3

Results

1. Observed genotypic distribution of offspringsfrom Aktl heterozygous

breeding pairs

Genomic DNA isolated from animal’s tail was submitted to PCR (polymerase

chain reaction) to distinguish wild-type and recombinant alleles, and the 3 genotypes

of animals were detected by PCR genotyping with agarose gel electrophoresis (Figure

3.1). As represented in Table 3.1, fewer than expected HOM mice were generated

from Aktl HET breeding pairs when they were examined 3-4 weeks after birth. A total

of 700 mice were generated from this study and male mice of the 3 genotypes were

used. The sex ratios among each genotype were not much different. Both male and

female HOM mice appeared with the same lower than expected Mendelian frequency.

2.  Measurement of spontaneous locomotor activity in a new cage and the

5-CSRTT apparatus

In a new cage, no significantly genotypic difference was found in the total

moving distance (F(2, 41) = 0.0004, p=.9996; Figure 3.2). In the 5-CSRTT apparatus,

the time which animals in the 3 groups spent in the 3 areas was compared by the

one-way ANOVA (F(2, 15) = 68.88, p=.00000003 for WT; F(2, 12) = 59.51, p
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=.0000006 for HET; F(2, 21) = 61.08, p=.000000002 for HOM) and then the

Schefté post hoc test (all p <.05). All mice significantly spent most time in the area of

magazine and less time in the area of middle at the 5-CSRTT apparatus (see Figure

3.3). No significantly genotypic difference was found in the total time spent in the

areas of aperture (F(2, 16) = 0.18, p=.83), middle (F(2, 16) = 0.40, p=.68), or

magazine (F(2, 16) = 0.17, p=.85).

3. Behavioral performancein the 5-CSRTT learning phase

The learning phase consisted of 4 learning stages (i.e., SD = 16, 8, 4, and 2 sec).

Based upon the preset criteria, the passing rate and number of accumulated daily

sessions in each learning stage were used as indexes to compare the overall genotypic

differences during the 4 learning phases. Besides, special emphasis was given to the

first learning stage (i.e., SD = 16 s) because it represented an initial stage of learning

and it was not affect by the passing rate at each learning stage. The behavioral

performance during the last three consecutive days of the last learning stage (i.e., SD

= 2 s) was averaged and used as behavioral baseline for testing phase.

3.1. Passing rate in each learning stage

The total number of animals used in each learning stage and their passing rate

were summarized in Table 3.2. The passing rate was calculated as the total number of
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animals that reached the preset criteria in each learning stage divided by the total
number of animals that were used in each learning stage (e.g., 11 / 11 for WT in the
phase of SD =16, 10/ 11 for WT in the phase of SD = 8 s and so forth). A
marginally genotypic difference was found in the final learning stage (i.e., SD=2's,
v’ =5.299, p=.071). No significantly genotypic difference was found in the other 3
learning stages and their Xzz values were 4.49 (p=_.11) for SD =16s, 2.89 (p=.24)

for SD =8 s, and 2.44 (p=.30) for SD =4 s, respectively.

3.2. Accumulated daily sessions in each learning stage

In average, each mouse spent at least 7 accumulated daily sessions (i.e., 7 days)
to complete a learning phase. As depicted in Figure 3.4, the one-way ANOVA
revealed that there was no genotypic difference among the 3 groups in their
accumulated daily sessions (F(2, 39) =1.42, p= .25 for SD =16 s; F(2, 38) =2.04, p
=.14 for SD =8 s; F(2,36) =0.35, p=.70 for SD =4 s; F(2, 27) = 0.25, p=.78 for

SD =25).

3.3. Learning performances during thefirst learning stage (SD = 16 9)
Since the minimum learning days required for all animals was 2 days, their
behavioral performances on the first 2 days of the first learning stage were calculated
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as their learning ability. Daily behavioral performances were averaged from the first

day that animals participated in this stage to the final day that they reached the preset

criteria.

3.3.1. Behavioral performances on thefirst and second day of SD = 16 s

On the first day, most animals started to learn this task, except that two HOM

mice did not perform a correct nose poke or collect any reward, and one HET mice

did not collect reward. The Levene test revealed equal variances in all behavioral

measurements except premature responses. Thus the Welch test was used to adjust the

F value for the premature response. As depicted in Figure 3.5 (the left side of each

panel), significantly genotypic differences were found in the omission responses (F(2,

41) =6.16, p=.005), premature responses (F(2, 19.78) =4.97, p=.018), and latency

to correct nose poke (F(2, 39) =6.97, p=.003). The Scheffé post hoc test further

revealed that HOM mice displayed significantly higher omission responses compared

with WT mice (p=.012) and HET mice (p =.037). HOM mice also had significantly

longer latency to correct nose poke compared with HET mice (p =.003) and

marginally longer latency to correct nose poke compared with WT mice (p = .080).

The Games-Howell post hoc test revealed that HOM mice showed significantly lower

premature responses compared with WT mice (p = .048) and marginally lower

premature responses compared with HET mice (p =.092). There was no significantly
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genotypic difference in the accuracy responses (F(2, 41) = 0.46, p = .64),

perseverative responses (F(2, 41) = 0.06, p=.94), and latency to collect reward (F(2,

38)=1.93, p=".16).

On the second day, as depicted in Figure 3.5 (the right side of each panel),

significantly genotypic differences were revealed in omission responses (F(2, 41) =

5.73, p=.006), perseverative responses (F(2, 41) =4.55, p=.016), and latency to

correct nose poke (F(2, 41) = 3.38, p=.044). The Scheffé post hoc test further

revealed significantly higher omission responses in HOM mice compared with WT

mice (p=.017) and HET mice (p = .040). HOM mice also showed significantly lower

perseverative responses compared with WT mice (p=.019). The latency to correct

nose poke in HOM mice was marginally higher than the one in HET mice (p =.092).

No significant difference among the 3 groups was found in accuracy responses (F(2,

41)=2.32, p=.11), premature responses (F(2, 41) = 1.84, p=.17), and latency to

collect reward (F(2, 41) =2.01, p=.15).

3.3.2. Averaged daily behavioral performancein thefirst learning stage (SD = 16 9)

As shown in Figure 3.6, among our measurements, the one-way ANOVA

revealed that there were significantly genotypic differences in the omission response

(F(2,39) =6.25, p=.004) and the latency to correct nose poke (F(2, 39) =4.48, p
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=.018). The Schefté post hoc test further revealed that mice in the HOM group had

significantly higher omission responses compared with the WT group (p =.043) and

HET group (p=.011). HOM mice also had significantly longer latency to correct

nose poke compared with HET mice (p = .022). In contrast to omission responses, no

significant difference among the 3 groups was found in accuracy responses (F(2, 39)

=2.52, p=.09), premature responses (F(2, 39) = 0.20, p = .82), perseverative

responses (F(2, 39) = 0.83, p = .44), and latency to collect reward (F(2, 39) =0.93, p

=.40).

3.4. Baseline performancesin the last learning stage (SD = 2 9)

As depicted in Figure 3.7, no significantly genotypic difference was found in

accuracy responses (F(2, 27) = 0.14, p = .87), omission responses (F(2, 27) = 0.06, p

=.94), premature responses (F(2, 27) = 2.30, p = .12), perseverative responses (F(2,

27)=0.05, p=.95), latency to correct nose poke (F(2,27) =0.18, p=.84), and

latency to collect reward (F(2, 27) = 0.76, p = .48).

3.5. Summary of 5-CSRTT learning phase

WT, HET, and HOM mice were not significantly different in their pass rate and

daily accumulated sessions. But in the first learning stage (i.e., SD = 16 s), HOM
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mice consistently displayed higher omission responses on the first 2 days and in their
averaged daily performances. HOM mice also showed lower premature responses,
lower perseverative responses, and longer latency to correct nose poke on the first and
second days of the first learning stage. Once mice in each group learned the task and
reached the preset criteria in the last learning stage (i.e., SD = 2 s), no significant
genotypic difference was found in their behavioral baseline. These mice were further

tested in the testing phase of the 5-CSRTT.

4. Behavioral performancein the 5-CSRTT testing phase

The testing phase consisted of 4 tests (i.e., alternation of ITI, SD, brightness, and
white noise distractor). Behavioral performances of WT mice between baseline and
testing day were first used to evaluate the efficacy of each test. We expected that each
test differed from their baseline condition and the 2 test conditions of each test
differed from each other, hence we used a priori comparisons and adjusted the critical
p value by the Bonferroni correction. Behavioral measurements for the 3 groups were
analyzed to compare the overall genotypic differences in these 4 tests.
4.1. Behavioral performancesin the 1% test (ITI = 2 and 8 s) of testing phase

4.1.1. Behavioral performances for WT miceinthe 1¥ test (ITI = 2 and 8 5)

We conducted three a priori comparisons by paired t-test, thus the adjusted
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critical p value was 0.0167. As depicted in Figure 3.8, in the ITI = 2 s condition, WT

mice only showed significant longer latency to correct nose poke than their baseline

performances (1(6) = 5.07, p=.0022). Compared with the baseline condition, there

was no significant difference in accuracy response (1(6) = -0.54, p= .61, see Figure

3.8A), omission responses (1(6) = 1.52, p=.18, see Figure 3.8B), premature responses

(t(6) =-3.11, p=.021, see Figure 3.8C), perseverative responses (t(6) = -1.20, p= .28,

see Figure 3.8D), and latency to collect reward (t(6) = -3.02, p=.023, see Figure 3.8F)

of WT mice under the ITI = 2 s condition. In the ITI = 8 s condition, significantly

higher premature responses was found in WT mice compared with their performances

in the baseline (t(6) = 3.89, p=.0080) and the ITI = 2 s condition (t(6) = -4.48, p

=.0042). Accuracy responses (1(6) =-1.39, p=.21), omission responses (1(6) = 0.87,

p = .42), perseverative responses (1(6) =-1.46, p=.19), latency to correct nose poke

(t(6) = 2.53, p=.044), and latency to collect reward (t(6) = -3.02, p=.023) were

showed no significant difference in WT mice between the ITI = 8 s condition and the

baseline condition. WT mice also showed no significant difference in accuracy

responses (1(6) = 1.10, p=.31), omission responses (t(6) = 0.83, p=.44),

perseverative responses (1(6) =-0.33, p=.75), latency to correct nose poke (1(6) =

0.98, p=.37), and latency to collect reward (t(6) = -0.86, p = .42) between these 2 test

conditions.
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4.1.2. Genotypic comparisonsin the 1¥ test (ITI = 2 and 8 5)

In the baseline condition, as depicted in Figure 3.9 (the left side of each panel),

no significant difference among the 3 groups was found in accuracy responses (F(2,

27)=0.14, p= .87, see Figure 3.9A), omission responses (F(2, 27) = 0.06, p= .94,

see Figure 3.9B), premature responses (F(2, 27) = 2.30, p= .12, see Figure 3.9C),

perseverative responses (F(2, 27) = 0.05, p= .95, see Figure 3.9D), latency to correct

nose poke (F(2,27) =0.18, p= .84, see Figure 3.9E), and latency to collect reward

(F(2,27)=0.76, p= .48, see Figure 3.9F). In the ITI = 2 s condition, as depicted in

Figure 3.9 (the middle part of each panel), no significant genotypic difference was

found in accuracy responses (F(2, 27) = 0.22, p = .81, see Figure 3.9A), omission

responses (F(2, 27) = 0.14, p = .87, see Figure 3.9B), premature responses (F(2, 27) =

0.30, p= .74, see Figure 3.9C), perseverative responses (F(2, 27) = 0.55, p= .58, see

Figure 3.9D), latency to correct nose poke (F(2, 27) = 1.57, p= .23, see Figure 3.9E),

and latency to collect reward (F(2, 27) = 1.17, p= .33, see Figure 3.9F). In the ITI =8

s condition, the Levene test revealed that the assumption of equal variances was

violated in the accuracy response, thus the Welch test was used to adjust the F value

in this response. As depicted in Figure 3.9 (the right side of each panel), there was no

significant difference among the 3 groups in accuracy responses (F(2, 13.43) =0.57, p

= .58, see Figure 3.9A), omission responses (F(2, 27) = 1.50, p = .24, see Figure
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3.9B), premature responses (F(2, 27) = 0.05, p= .95, see Figure 3.9C), perseverative
responses (F(2, 27) = 0.02, p= .98, see Figure 3.9D), latency to correct nose poke
(F(2,27)=0.22, p= .80, see Figure 3.9E), and latency to collect reward (F(2, 27) =

0.66, p= .53, see Figure 3.9F) in the ITI = 8 s condition.

4.2. Behavioral performancesin the 2" test (SD = 1 and 0.5 s) of testing phase

4.2.1. Behavioral performances for WT micein the 2™ test (SD = 1 and 0.5 S)

Since we conducted three a priori comparisons by paired t-test, the adjusted

critical p value was 0.0167 for accuracy, omission, premature, and perseverative

responses. As depicted in Figure 3.10, in the SD = 1 s condition, WT mice displayed

significantly higher omission responses compared with their baseline performances

(t(6) =5.13, p=.0022, see Figure 3.10B). No significant difference was revealed in

accuracy (t(6) =-2.47, p=.049, see Figure 3.10A), premature (t(6) = 1.13, p= .30,

see Figure 3.10C), and perseverative (1(6) = 0.08, p = .94, see Figure 3.10D)

responses of WT mice between the SD = 1 s condition and the baseline condition.

In the SD = 0.5 s condition, significantly higher omission (t(6) =4.51, p =.0040,

see Figure 3.10B) and premature responses (1(6) = 3.46, p=.013, see Figure 3.10C)

were found in WT mice compared with their baseline performances. WT mice also

spent significantly less time to correct nose poke in the SD = 0.5 s condition than in
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the SD = 1 s condition (1(6) = 3.33, p=.016, see Figure 3.10E). There was no
significant difference in accuracy (t(6) = -3.01, p=.024, see Figure 3.10A) and
perseverative (1(6) =-7.01, p= .50, see Figure 3.10D) responses of WT mice between
the SD = 0.5 s condition and the baseline condition. Besides, no significant difference
was revealed in accuracy responses (1(6) = 1.75, p= .13, see Figure 3.10A), omission
responses (1(6) =-1.26, p= .26, see Figure 3.10B), premature responses (t(6) = -0.41,
p = .69, see Figure 3.10C), perseverative responses (1(6) = 0.51, p= .63, see Figure
3.10D), and latency to collect reward (t(6) = -0.67, p = .53, see Figure 3.10F) of WT

mice between the 2 test conditions.

4.2.2. Genotypic comparisonsin the 2™ test (SD = 1 and 0.5 s)

In the baseline condition, the Levene test revealed equal variances in all

behavioral measurements except omission responses; consequently, the Welch test

was used to adjust the F value in the omission response. As depicted in Figure

3.11A-D, no significant difference among the 3 groups was found in the accuracy

(F(2, 24) =2.33, p=.12), omission (F(2, 15.49) = 1.83, p="19), premature (F(2, 24)

= 1.28, p=.30), and perseverative (F(2, 24) = 0.52, p=.60) responses in the baseline

condition. In the SD =1 s condition, as depicted in Figure 3.11A-F, no significant

genotypic difference was found in accuracy responses (F(2, 24) = 0.69, p=.51),
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omission responses (F(2, 24) = 1.60, p = .22), premature responses (F(2, 24) = 0.35, p
=.71), perseverative responses (F(2, 24) = 0.12, p = .88), latency to correct nose poke
(F(2,24) =0.63, p=.54), and latency to collect reward (F(2, 24) = 0.04, p=.96). In
the SD = 0.5 condition, the assumption of equal variances had been violated in the
latency to collect reward by the Levene test, thus the Welch test was used to adjust the
F value in this response. Again, there was no significantly genotypic difference in the
accuracy responses (F(2, 24) = 0.52, p = .60), omission responses (F(2, 24) = 0.03, p
=.97), premature responses (F(2, 24) = 0.15, p = .86), perseverative responses (F(2,
24) =0.48, p = .62) responses, latency to correct nose poke (F(2, 24) = 1.26, p=.30),
and latency to collect reward (F(2, 10.64) = 0.44, p=.66) in the SD = 0.5 condition as

shown in Figure 3.11A-F.

4.3. Behavioral performancesin the 3% test (brightness) of testing phase

4.3.1. Behavioral performances for WT micein the 39 test (brightness)

We used paired t-test to conduct three a priori comparisons, thus the adjusted

critical p value was 0.0167 for accuracy, omission, premature, and perseverative

responses. As depicted in Figure 3.12, only latency to correct nose poke (t(5) = -2.59,

p=.049) in WT mice was found significantly shorter in the relatively darker

condition than in the relatively lighter condition. In the relatively lighter condition, as
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shown in Figure 3.12A-D, WT mice showed no significant difference in accuracy (t(5)
=0.56, p=.60), omission (t(5) = 0.20, p = .85), premature (t(5) = 0.55, p=.60), and
perseverative responses (1(5) = 0.21, p = .84) compared with their baseline responses.
In the relatively darker condition, WT mice also showed no significant difference in
accuracy (1(5) = 0.87, p=.42), omission (t(5) = 0.15, p = .89), premature (t(5) = -0.86,
p = .43), and perseverative responses (t(5) = -1.55, p=.18) compared with their
baseline responses. There was no significant difference in accuracy responses (1(5) =
0.23, p = .83), omission responses (1(5) =-0.02, p=.98), premature responses (1(5) =
-1.58, p=.17), perseverative responses (t(5) =-1.85, p=.12) responses, and latency

to collect reward (t(5) =-1.14, p=.31) of WT mice between the 2 test conditions.

4.3.2. Genotypic comparisonsin the 3 test (brightness)

As showed in Figure 3.13A-D (left side of each panel), in the baseline condition,

no significantly genotypic difference was found in accuracy (F(2, 23) = 0.73, p=.49),

omission (F(2, 23) =2.95, p=.07), premature (F(2, 23) = 2.34, p=.12), and

perseverative (F(2, 23) = 1.04, p=.37) responses. In the relatively lighter condition

(see Figure 3.13A-F), accuracy responses (F(2, 23) = 0.69, p=.51), omission

responses (F(2, 23) =0.21, p=.81), premature responses (F(2, 23) = 1.26, p=.30),

perseverative responses (F(2, 23) = 0.41, p=.67), latency to correct nose poke (F(2,
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23)=1.21, p=.32), and latency to collect reward (F(2, 23) = 2.16, p = .14) were also
found no significantly genotypic difference.

In the relatively darker condition (see Figure 3.13A-F, right side of each panel),
the assumption of equal variances was violated in premature responses and latency to
collect reward by the Levene test, thus the Welch test was used to adjust the F value
in these two responses. Significantly genotypic differences were revealed in
perseverative responses (F(2, 23) = 6.16, p=.0072, see Figure 3.13D) and latency to
collect reward (F(2, 12.30) = 4.26, p=.039, see Figure 3.13F) in the relatively darker
condition. The Scheffé post hoc analyses further revealed that HOM mice had
significantly higher perseverative responses compared with WT (p=.011) and HET
(p=.047) mice; the Games-Howell post hoc test revealed that only HET mice showed
marginally longer latency to collect reward compared with WT mice (p = .0698). No
significantly genotypic difference was found in accuracy responses (F(2, 23) = 0.54, p
=.59), omission responses (F(2, 23) = 1.17, p = .33), premature responses (F(2, 11.97)

=3.13, p=.08), and latency to correct nose poke (F(2, 23) =0.74, p = .49).

4.4. Behavioral performancesin the 4™ test (white noise distractor) of testing phase

4.4.1. Behavioral performances for WT micein the 4" test (white noise distractor)

Since we used paired t-test to conduct three a priori comparisons, the adjusted
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critical p value was 0.0167 for accuracy, omission, premature, and perseverative
responses. As represented in Figure 3.14A-D, in the no distractor condition, WT mice
displayed no significant difference in accuracy (t(5) = -0.78, p = .47), omission ({(5) =
2.58, p=.0495), premature (t(5) = -2.80, p=.038), and perseverative (1(5) =-0.42, p
=.69) responses compared with their baseline behavior. As depicted in Figure 3.14B,
WT mice had significantly higher omission response in the distracting condition
compared with their baseline (t(5) = 4.34, p=.0074) and no distractor condition ((5)
=-3.81, p=.013). No significant difference was found between the distracting
condition and baseline in the accuracy (1(5) = -0.52, p = .63), premature (t(5) =-1.02,
p =.36), and perserverative ({(5) = -1.60, p=.17) responses. There was also no
significant difference in accuracy responses (t(5) = 0.13, p=.90), premature
responses (1(5) =-0.45, p=.67), perseverative (1(5) = 0.45, p=.67) responses, latency
to correct nose poke (t(5) =-0.29, p=.78), and latency to collect reward (t(5) = -0.03,

p=.98) of WT mice between the 2 test conditions.

4.4.2. Genotypic comparisonsin the 4" test (white noise distractor)

As depicted in Figure 3.15A-D (left side of each panel), in the baseline condition,

there was no significantly genotypic difference in accuracy (F(2, 23) = 0.32, p=.73),

omission (F(2, 23) =0.92, p=.41), premature (F(2, 23) = 1.62, p=.22), and
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perseverative (F(2, 23) = 0.59, p=.23) responses. In the no distractor condition, the

Levene test revealed equal variances in all behavioral performances except accuracy

responses and latency to collect reward; hence, the Welch test was used to adjust the F

value in these two responses. As shown in Figure 3.15A-F, no significant difference

was found in the accuracy responses (F(2, 10.25) = 0.78, p = .48), omission responses

(F(2,23)=0.72, p=.50), premature responses (F(2, 23) =2.63, p=.09),

perseverative responses (F(2, 23) = 0.52, p = .60), latency to correct nose poke (F(2,

23)=0.77, p=.47) and latency to collect reward (F(2, 9.31) = 0.05, p=.95) in the no

distractor condition.

In the distracting condition, the Levene test revealed that the assumption of equal

variances was violated in the premature response. Therefore, the Welch test was used

to adjust the F value in this response and revealed significantly genotypic differences

init (F(2, 14.21) = 4.198, p=.037). Further the Games-Howell post hoc test found

that HET mice displayed significantly higher premature response than WT mice (p

=.024, see Figure 15C). As shown in Figure 3.15A-F (right side of each panel), no

significant difference was found in the accuracy responses (F(2, 23) = 0.06, p = .94),

omission responses (F(2, 23) =0.21, p=.81), perseverative responses (F(2, 23) =

0.37, p=.70), latency to correct nose poke (F(2, 23) =0.13, p=.88), and latency to

collect reward (F(2, 23) = 0.28, p=.76).
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4.5. SJummary of 5-CSRTT testing phase

The behavioral performances of WT mice in the 4 tests were summarized in

Table 3.3. Compared with baseline, WT mice behaved differently in the 2 test

conditions. Such results indicated that each test was different from the baseline

condition and the 2 test conditions of each test were different from each other. A

summary of animals’ behavioral responses in each test was shown in Table 3.4. No

significant difference among the 3 groups was found in the baseline of each test.

Genotypic comparisons in the testing stage showed that Aktl-mutant mice had

abnormal premature percentage in the test of brightness and aberrant perseverative

responses in the test of white noise distractor.
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Chapter 4

General Discussion

In this study, we used the 5-CSRTT to investigate the causal relationship between

Aktl and attentive functions using Aktl-mutant mice. Mice first learned to operate the

5-CSRTT and subsequently went through testing conditions with highly attentive

demands. Before conducting the 5-CSRTT procedure, we confirmed that Akt1-defient

mice had normal motor activity as their wild-type controls. In the 5S-CSRTT learning

phase, all animals showed similar learning ability to acquire this task, and

Aktl-mutant mice also showed normal baseline performances after acquired this task.

But genotype-specific alterations in omission responses were consistently found in

HOM mice in the beginning of the learning stage (SD = 16 s), especially on the first

two days of learning. In the 5-CSRTT testing phase, instead of having impaired

attention-related response, HOM mice exhibited alteration of impulsive responses in

the tests of brightness and white noise distractor. Our findings mainly indicated that

Aktl HOM mice displayed impaired attentive functions in the acquisition of the

5-CSRTT and AKT1deficiency might be involved in the attentive functions of

schizophrenia. The precise role of AKT1 in attention of schizophrenia is worth further

studying and it would be interesting to apply antipsychotic drugs to see whether this

genotypic alteration of attention could be rescued in the future study. The details were
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further discussed below.

Advantages and disadvantages of our 5-CSRTT procedures

The major drawback of the 5-CSRTT is the extensive training needed to reach a

stable baseline performance (Levin, Bushnell, & Rezvani, 2011). Although C57BL/6

mice can reach a stable baseline of attentive performance in the SD = 1 s condition of

the 5-CSRTT, it requires approximately 4 months training (Hoyle, Genn, Fernandes,

& Stolerman, 2006; Patel, Stolerman, Asherson, & Sluyter, 2006). In order to shorten

the training days and prevent overtraining in our experiment, 18-day (for SD = 16, 8§,

4 s) and 24-day (for SD = 2 s) training days were applied as maximum training days

for each learning stage. Consequently, some mice were eliminated from the 3 groups

because they could not reach the preset criteria. But the total training days were

reduced to approximately 2 months. In this study, we also modified some parameters

of the 5-CSRTT procedures in the testing stage to manipulate the difficulty of the tests.

These variable manipulations may more or less increase the unpredictability of

stimulus; hence, animals need to further pay attention to this task (i.e., increase

attentive demands). To the best of our knowledge, none of mouse studies has applied

variably alternations of SD, brightness, and distractor in one test as we did in this

study (Sanchez-Roige et al., 2011). If mice conduct one test condition in a test, they
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may improve their performance after extensive trials. Thus, this test could not reflect

real attentive functions of mice. Additionally, we observed that WT mice in our first

test (ITI = 2 and 8 s) displayed alternations in premature responses which was similar

to the previous results in mice (Debruin, Fransen, Duytschaever, Grantham, &

Megens, 2006; Relkovic et al., 2010; Walker, Pefia-Oliver & Stephens, 2011). We

found that our manipulations were successes as indicated by the differential

behavioral responses WT mice between their baseline and the testing conditions.

Therefore, our 5-CSRTT procedure can be applied to other lines of mutant mice to

evaluate their attentive function.

Theinvolvement of Aktl in attentive functions

As the expression of Aktl protein in mutant mouse brains occurred in a

gene-dosage-dependent manner (Chen et al., 2012), we persistently observed a

gene-dosage-dependent alternation of omission responses in Aktl-mutant mice during

the learning stage of SD = 16 s. Accordingly, HOM mice showed significantly higher

omission responses compared with the other 2 groups, especially in the first two days

and in their averaged daily performances. Although Aktl1 HOM mice also displayed

alterations in their premature responses, perseverative responses, and latency to

collect reward on the first 2 days of the learning stage of SD = 16 s, these indexes did
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not continually detected in this phase. These inconsistently abnormal performances

might be the result which animals adjusted their responses to performing the

5-CSRTT.

There are several possible explanations to explain the higher omission responses

found in HOM mice under their learning stage. Omission responses were defined as

no response during either the SD or the LH period, hence increased omission

responses might be generated from either no interest in this 5-CSRTT, motor

impairments, or not attending to the stimulus (Young et al., 2009). Accuracy was the

proportion of correct responses over total correct plus incorrect responses. The over

50 % of accuracy in the stage of SD = 16 s suggested that all animals not only learned

how to earn a reward but also motivated to response for rewards. Besides, from the

index of latency to collect reward in the stage of SD = 16 s, this appeared to imply

that all animals from different groups had similar motivation to get rewards in the

5-CSRTT. Furthermore, our HOM mice in the present study exhibited normal basic

locomotion as reported previously (Chen & Lai, 2011; Lai et al., 2006) and showed

normal latency to correct nose poke. Additionally, no significant difference revealed

in both accumulated sessions and pass rate under each learning stage implied that all

animals can learn this task with appropriate training days. Thus, these findings are in

favor of HOM mice have normal learning ability and motor functions. Taken together,
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it is more likely that the higher omission responses in HOM mice resulted from not

attending to the stimulus which suggests that Aktl HOM mice have dysfunctions in

attention. Accordingly, the inconsistency on longer latency to correct nose poke in

HOM mice during the learning stage of SD = 16 s may be the outcome of increased

omission responses. As a number of parameters of the 5S-CSRTT have been validated

to relate to human CPT and attentive functions (Young et al., 2009), it is expected to

observe some attentive dysfunction in schizophrenia patients with AKT1 deficiency.

Theinvolvement of Aktl in inhibitory control

In the testing phase of this study, significantly genotypic differences were found

in behavior of inhibitory control (i.e., premature and perseverative responses) under

the tests of brightness and distraction rather than their attention-related behavior. Both

responses require inhibition of the impulsivity to nose poke while the stimulus light

was extinguished. In the test of brightness, it is relatively more difficult for the

animals to detect the stimulus in the relatively darker condition compared with the

relatively lighter condition. Consequently, a gene-dosage-dependent alternation of

perseverative responses was revealed in the relatively darker condition, and HOM

mice had the highest perseverative responses. This finding seems to suggest that Aktl

might play a role in inhibitory control. However, HET but not HOM mice showed
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significantly higher premature responses in the distracting condition of the white

noise distracting test. Besides, HOM mice showed opposite alternations of

perseverative responses in the learning stage of SD = 16 s. It is of interest to further

investigate the precise role of Aktl in inhibitory control and its underlying mechanism.

Further studies are highly needed.

The potential role of AKT1 and dopaminergic system in the regulation of

attentive functions

As described above in the introduction, convergent evidence indicates that AKT1

is a signaling intermediate downstream from the dopamine D2 receptor (Beaulieu,

2011) and AKT1 has some impact on dopamine-dependent cognitive functions of

schizophrenia from human and animal studies (Chen et al., 2012; Chen & Lai, 2011;

Lai et al., 2006; Tan et al., 2008). Poor attentive performances in the CPT were also

reported in healthy subjects with genetic variations of AKT1 and dopamine receptor 2

(DRD2) (Blasi et al., 2011). Therefore, AKT1 deficiency may result in the impairment

of attentive function and the risk of developing schizophrenia through its interaction

with dopamine signaling.

Dopaminergic system has been found to participate in some components of

attention (Posner & Rothbart, 2007). Accordingly, dopamine might be involved in the
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modulation of conflicts in planning, decision making, error detection, and overcoming

habitual actions for attention, which require networks in the target areas of the ventral

tegmental dopamine system, particularly the anterior cingulated cortex, the lateral

prefrontal cortex, and the basal ganglia. In addition, a high dose of haloperidol (a

typical antipsychotic antagonizing dopamine D2 receptor) was reported to impair

attentive functions of the CPT in normal subjects (Saeedi, Remington, & Christensen,

2006). Risperidone (an atypical antipsychotic antagonizing dopamine and serotonin

receptor) was found to improve attentive deficits of the CPT in schizophrenia and

schizoaffective disorder (Houthoofd, Morrens, & Sabbe, 2008). On the same line,

amphetamine (increase synaptic dopamine concentrations), a psychostimulant, was

reported to increase attentive responses of the CPT in normal individuals.

Methylphenidate (a norepinephrine-dopamine reuptake inhibitor), a common

treatment of attention deficit hyperactivity disorder (ADHD), increases attentive

responses of the CPT in both normal individuals and patients with ADHD (Koelega,

1993; Lawrence et al., 2005; O'Toole, Abramowitz, Morris, & Dulcan, 1997).

Furthermore, the dopamine transporter (DAT1), the dopamine receptor 4 (DRD4), and

the DRD2, dopamine-related genetic polymorphisms were also associated with the

performance of attention under the CPT in ADHD patients (Kieling, Roman, Doyle,

Hutz, & Rohde, 2006; Kollins et al., 2008; Loo et al., 2003). These findings suggested
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that increasing dopaminergic functions resulted in increased attentive functions, and

decreasing dopaminergic functions led to decrease attentive functions in the CPT.

Human studies indicate the importance of dopamine and its receptors in the regulation

of attentive functions and the attentive symptoms of ADHD.

In addition, manipulations of dopamine functions in the medial prefrontal

cortex (mPFC) (a projecting site of dopaminergic neurons in the midbrain) through

infusing dopamine receptor agents or 6-hydroxydopamine (6-OHDA) depletions in

rats indicated the involvement of mPFC in the modulation of accuracy responses

rather than omission and other responses in the 5-CSRTT (Granon et al., 2000;

Robbins, 2002). The depletion of dopamine using 6-OHDA in both ventral and dorsal

striatum (projecting sites of dopaminergic neurons) in well-trained rats resulted in

higher omission responses and longer latency to correct nose poke in the 5-CSRTT

(Baunez & Robbins, 1999; Cole & Robbins, 1989). Besides, injections of both

dopamine D1 (i.e., SCH23390) and D2 (i.e., sulpiride) receptor antagonists into the

nucleus accumbens (in the ventral striatum) increased omission responses, reduced

accuracy responses, and increased latency to correct nose poke of the 5-CSRTT in

well-trained rats (Pezze, Dalley, & Robbins, 2006). These studies suggested that

modulating dopaminergic functions in dopamine-related brain area (e.g., PFC and

striatum) led to distinct attentive performances (e.g., accuracy and omission) of the
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5-CSRTT. Although we did not conduct any pharmacological challenges in the

present study, the behavioral pattern that we observed in HOM mice under the first

learning stage (i.e., SD = 16 s) was somewhat similar to these findings with

modulation of dopaminergic functions in the striatum. Given the involvement of Aktl

in dopamine signaling and the importance of dopaminergic system in the modulation

of attentive functions in animals and ADHD patients, the potential role of AKT1 in

the regulation of attentive function in schizophrenic patients is worth further

investigating.

The potential role of AKT1 and thefrontal cortex in theregulation of attentive

functions

Aktl-deficient mice, which mimic the reduction of AKT1 proteins in the

prefrontal cortex of schizophrenia patients (Chen et al., 2012; Emamian et al., 2004),

were revealed to alter the expression of genes controlling neuron functions in

prefrontal cortex (PFC), the dendritic architecture in the PFC, and PFC-dependent

cognitive functions (Lai et al., 2006). Similar findings were also reported in a human

study. When subjects were performing the CPT, the frontal cortex was activated in the

normal subjects but not in the schizophrenic patients (Cohen, Nordahl, Semple,

Andreason, & Pickar, 1998; MacDonald et al., 2005). Thus alternations of AKT1 may
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result in dysfunctions of the frontal cortex and then lead up to poor attentive

performances in schizophrenia.

Cognitive symptoms of schizophrenia was considered a result in frontal

hypometabolism (Weinberger, 1988), and the frontal cortex correlated consistently

with the tasks requiring planning, executive control, decision making, working

memory and attention in patients with schizophrenia (Antonova, Sharma, Morris, &

Kumari, 2004; Miller & Cohen, 2001). The frontal cortex was involved in attentive

network controlling attention (Corbetta & Shulman, 2002), particularly the

association between the right dorsolateral PFC and attention (Antonova, Sharma,

Morris, & Kumari, 2004). The homolog of the dorsolateral PFC in primates is the

medial PFC in the rat according to anatomical and lesion studies (Uylings,

Groenewegen, & Kolb, 2003). Rats with the medial PFC lesion showed higher

omission responses, lower accuracy responses, higher perseverative responses, and

longer latency to correct nose poke in the 5-CSRTT (Passetti, Chudasama, & Robbins,

2002). In our study, Aktl HOM mice under the first learning stage (i.e., SD = 16 s)

showed higher omission responses and similar behavioral patterns to rats with the

PFC lesion. These results from schizophrenic patients and our current study support

the potential role of AKT1 in the PFC on the involvement of poor attentive responses

in schizophrenia. The AKT1 deficiency may result in the abnormality of dendritic
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architecture in the PFC of schizophrenic patients as reported previouosly in

Aktl-deficient mice (Lai et al., 2006) and consequently lead up to the impairment of

attentive functions in patients. Further studies are needed to reveal how AKT1 affects

functions of the PFC and then impairs attentive functions of schizophrenia.

Modeling schizophrenia-related attentive function in animals

Attention refers to a set of mechanisms allowing people to selectively perceive

and respond to events that are relevant to their behavioral goals (Gazzaniga, 2009).

James (1890) was the first to write about its multiplicity, and many researchers

suggested that there were multiple components to attention since then. Posner and

Boies (1971) divided human attention into three components: Alertness (also known

as sustained attention, vigilance, or alerting) was the ability to increase and maintain

response readiness in preparation for an impending stimulus; selectivity (also called

orienting or scanning) was the ability to select specific information from among

multiple sensory stimuli; processing capacity (also known as supervisory, selective,

conflict resolution and focused attention) was the ability to handling more than two

tasks simultaneously (Raz & Buhle, 2006). Both the CPT and the 5-CSRTT are

required that subjects monitor displays over extended periods of time for the

occasional occurrence of specified signals (Rosvold et al., 1956; Robbins, 2002).
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Thus they are known for assessing the sustained attention.

Attentive dysfunctions often pre-date the development of schizophrenia
(O'Carroll, 2000) and tend to be independent of symptomatic state (Gold, 2004).
Attentive deficits also greatly compromise the patient’s ability to function effectively
in society, such as social problem solving and skill acquisition (Green, 1996). Besides,
attention stands at the forefront of cognitive functions (Keeler & Robbins, 2011), thus
it may affect other cognitive symptoms (e.g., learning, working memory, and problem
solving) of schizophrenia (Nuechterlein et al., 2004). Therefore, it is important to
discover the attentive function for understanding schizophrenia and animal models are
necessary to understand the biological basis of this disorder. Compared with other
animal models of schizophrenia (e.g., neurodevelopmental, pharmacological, and
lesion models), genetic models could be used to more precisely mimic the nature state
of schizophrenic patients (Jones et al., 2011).

In this thesis, we modeled schizophrenia-related attentive functions in
Aktl-mutant mice. We suggested that AKT1 may affect attentive functions through its
interaction with dopaminergic signaling or its modulation in the PFC. In addition to
understand the mechanism of attention in schizophrenia, this model could further lead
to the development of more effective therapy for schizophrenic patients, especially
schizophrenic patients with genetic variants of AKT1. Besides, subjects with genetic
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variants of AKT1 can be screened by their attentive performances to discover those at

the risk of developing schizophrenia. Consequently, the risk of developing

schizophrenia will decrease when it is recognized and treated at the early stage.

Futureresearch

The findings of this study open up several lines of future experiments. Since Aktl

HOM mice have showed attentive impairments in this thesis, we may try some drugs

to see whether the impaired omission responses can be rescued or not. Antipsychotics

can improve attention in schizophrenic patients (Tandon, 2011), and some atypical

antipsychotics (i.e., clozapine, amisulpride, risperidone, and olanzapine) are

considered more effective than typical antipsychotics for cognitive functions in the

clinic (Davis, Chen, & Glick, 2003). However, both raclopride (an antagonist on

dopamine D2 receptors as the effect of typical antipsychotics) and clozapine could not

meliorate PPI (a pre-attention task) deficits in Aktl HOM mice. But this deficit could

be rescued by direct (SB216763) or indirect (8-OH-DPAT) inhibiting the function of

GSK3 (a downstream substrate of AKT1) (Chen & Lai, 2011). Therefore, we may try

these two drugs to see whether they can normalize the higher omission responses of

Akt1 HOM mice in the first 5-CSRTT learning stage of SD = 16 s. In addition, a

psychostimulant methylphenidate is known to enhance attention in normal humans
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(Koelega, 1993), and improve poor attention in subjects with ADHD (Lawrence et al.,

2005; O'Toole et al., 1997). Methylphenidate could also improve or enhance attention

by increasing accuracy, reducing omissions, and decreasing latency to correct nose

poke in the 5-CSRTT (Bizarro, Patel, Murtagh, & Stolerman, 2004; Grottick, &

Higgins, 2002). Consequently, we are also able to use methylphenidate to discover

their effects on the higher omission response of Aktl HOM mice in this thesis.

For the confused premature and perseverative responses in Akt1l-mutant mice

under our 5-CSRTT testing phase, we need to apply other behavioral tasks for

understanding the role of AKT1 in impulse control. Although both responses require

inhibitory control also called executive functions, premature responses (i.e., nose poke

before the stimulus light illuminates) are akin to impulsive behavior and perseverative

responses (i.e., repeat nose poke after a correct nose poke) are similar to compulsive

behavior (Robbins, 2002). A behavioral task contains a trial required inhibiting a

motor response, such as the go/no-go task and the 5-choice CPT, may be suitable for

responses of impulse control like premature response. Consequently, mice with more

premature responses in the 5S-CSRTT may also show more error responses in the

no-go trial of the go/no-go task and the 5-choice CPT. The attentive set-shifting task

may be proper for responses of impulse control like premature response since it

require shifting attention to compound stimuli from one perceptual dimension (e.g.,
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color) to another (e.g., odor) based on the reinforcement or feedback. Thus, mice with

more perseverative responses in the 5-CSRTT may require more trials to shift their

attention. However, as the concept of inhibitory control covers a wide range (Evenden,

1999), these tasks may display distinct dimensions of impulse control from the

5-CSRTT.

In order to link the biological function of AKT1 to attentive functions, we can try

dopamine-related or PFC-related manipulations in Akt1l-mutant mice. To see whether

Aktl-mutant mice show dysfunctions in the PFC, we can record neuron activities in

the PFC of Aktl-mutant mice while they are conducting the 5-CSRTT by implanting

electrodes. Consequently, we are able to reveal different firing patterns when mice

conduct distinct responses and compared these patterns among these 3 groups of mice.

For revealing the interaction between AKT1 and dopamine, we can infuse dopamine

receptor agents into dopamine-related brain areas (e.g., striatum, frontal cortex) of

Aktl-mutant mice to see their effects in the performance of the S-CSRTT. These may

help us to understand the precise role of AKT1 in attentive functions of schizophrenia.
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Table 1. 1

The MATRICS Consensus Cognitive Battery

Test Cognitive domain

Trail Making Test, Part A Speed of processing

Brief Assessment of Cognition in Schizophrenia, symbol .
. Speed of processing
coding subtest

Hopkins Verbal Learning Test-Revised, immdiated recall .
. . Verbal learning
(three learning trials only)

Wechsler Memory Scale, 3rd ed., spatial span subtest Working memory (nonverbal)
Letter-Number Span test Working memory (verbal)
Neuropsychological Assessment Battery, mazes subtest Reasoning and problem solving
Brief Visuospatial Memory Test-Revised Visual learning

Category fluency test, animal naming Speed of processing

Mayer-Salovery-Caruso Emotional Intelligence Test, ) .
) : Social cognition
managing emotions branch

Continuous Performance Test, Identical Pairs version Attention/vigilance

Note. Adapted from “The MATRICS Consensus Cognitive Battery, part 1: test selection, reliability,
and validity,” by K. H. Nuechterlein, M. F. Green, R. S. Kern, L. E. Baade, D. M. Barch, J. D.

Cohen, ...S. R. Marder, 2008, The American Journal of Psychiatry, 165, 211.
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Table 1. 2

Measures and their Interpretations fromthe 5-CSRTT

M easures Related cognitive domain

Accuracy response Attention (selective and sustained)

Omission response Sustained attention, motivation, motoric effects
Premature response Impulsivity, motivation

Perseverative response Impulsivity, cognitive flexibility

Incorrect response Attention

Latency to correct nose poke  Processing speed
Latency to collect reward Motivation, cognitive flexibility

Latency to incorrect nose poke Processing speed

Note. Adapted from “Using the MATRICS to guide development of a preclinical cognitive
test battery for research in schizophrenia,” by J. W. Young, S. B. Powell, V. Risbrough, H. M.

Marston, & M. A. Geyer, 2009, Pharmacology & Therapeutics, 122, 155.
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Table 1. 3

Summary of Experiments in this Thesis

Experiment Condition Purpose
Day 1: In a new cage Estimate basic behavior
L. Locomotion Dav 2 In the 5-CSRTT Examination of behavioral
ay 2:
Y apparatus preference

II. 5-CSRTT shaping phase

Direct to manipulate the
5-CSRTT

II1. 5-CSRTT learning
phase

Stage 1:

Stage 2:
Stage 3:

Stage 4:

Stimulus duration
(SD)=16s

SD=8s
SD=4s

SD=2s

Investigate initial behavioral

performances

Train to reach baseline responses
Train to reach baseline responses

Evaluate baseline performances

IV. 5-CSRTT testing phase

Test 1:

Test 2:

Test 3:

Test 4:

Intertrial interval
(ITI)=2and 8 s

SD=1and0.5s
Brightness

White noise

distractor

Estimate behavioral responses

with higher attentive demand
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Table 3. 1

Genotypic Distribution of Offsprings from Akt1 Heterozygous Breeding Pairs

WT HET HOM Total

Male  14.4%(101) 32.1%(225)  4.1%(29)  50.7 % (355)
Female 17.3%(121) 29.4%(206) 2.6% (18)  49.3 % (345)

Total  31.7%(222) 61.6%(431)  6.7% (47) 100 % (700)
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Table 3. 2

Total Number of Animalsin 4 Stages of the 5-CSRTT Learning Phase

# of animals Genotype SD=16s SD=8s SD=4s SD=2s

Pass WT 11 10 10 7
HET 12 12 12 12
HOM 19 19 17 11

Non-pass WT 0 1 0 3
HET 2 0 0 0
HOM 0 0 2 6
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Table 3. 3

Behavioral Performance of Wild-Type Mice in 4 Tests of the 5-CSRTT Testing Phase

Behavior ITI=2&38s SD=1&0.5s Brightness Distracting noise
Baseline ITI=2s ITI=8s Baseline SD=1s SD=0.5s Baseline Lighter Darker Baseline No Distractor

Accuracy 96.29 +0.73 95.09 +2.02 89.64+4.77 94.45+1.24 84.94+421 65.41+9.29 94.07 +1.24 95.35+2.13 96.02 +2.19 95.86+1.32 93.45+3.10 92.35+6.54
Omission 14314135 20.29 + 3.66 17.08 +2.23 14.81+0.52 3347+£344%  39.64+553 % 1150+ 1.44 12.08 +£2.92 12.00 +3.10 11.05+1.47 1747+3.26 44.71 £ 7.47 *#
Premature 6.68+2.15 0+0 24.50 + 5.48 *# 6.97+2.97 11.04+4.30 12.32+3.70 * 5.08 £ 1.50 7.33+£3.78 3.33+1.61 551+148 226+ 1.04 3.33+1.61
Perseveration 8.76 £ 1.65 524+2.74 6.25+1.70 7.58+1.27 7.79+2.72 6.36 £ 1.96 7.57+2.70 8.03+£2.72 218+ 1.53 5.66+1.22 4.67+2.17 3.68+0.78
Correct latency ~ 1.08 +0.05 1.32+0.07 * 1.25+0.08 0.82+0.04 0.67+0.05 # 1.14+0.04 0.95+0.09 # 1.10+0.07 1.15+£0.19
Reward latency ~ 2.10£0.23 1.47 + 0.08 1.49 +0.09 1.61+0.12 1.68+0.13 1.37+0.04 1.32£0.05 1.69+0.31 1.69+0.27

Note. The 5-CSRTT testing phase consisted of 4 tests (i.e., [TI=2 and 8 s, SD =1 and 0.5 s, brightness, and distracting noise; top row). 4 behavioral performances

(in percentage) and 2 response latencies (in second) were recorded (i.e., accuracy, omission, premature, perseveration, latency to correct nose poke, and latency to

collect reward; left column). Data were displayed as mean = SEM. *: p < .05 vs. baseline; #: p < .05 vs. middle column of each test.
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Table 3. 4

Behavioral Performance of All Animalsin 4 Tests of the 5-CSRTT Testing Phase

Behavior ITI=2&8s SD=1&05s Brightness Distracting noise

Genotype Baseline ITI=2s ITI=8s Baseline SD=1s SD=0.5s Baseline Lighter Darker Baseline No Distractor
Accuracy

WT 96.29+0.73 95.09+2.02 89.64+4.77 9445+124 84.94+421 6541+£9.29 94.07+124 9535+2.13 96.02+2.19 9586+ 132 9345+3.10 92.35+6.54

HET 9640+ 0.83 96.65+1.10 94.64+1.90 96.61 £0.61 89.95+2.89 71.76+5.81 95.86+0.82  96.30+1.33 98.16 +0.99 96.80+£0.71 97.57+£0.89 94.03+£233

HOM 96.87+0.74 9630+1.81 9522+1.82 97.01+0.79  89.60+237 7624+ 6.04 9513+ 1.11  93.64+1.87 97.10+ 1.56 96.80+£0.72 9698130 92.51+4.28
Omission

WT 1431+135 2029+3.66 17.08+223 14.81+0.52 3347+344 39.64+5.53 11.50+£1.44  12.08+£2.92 12.00 + 3.10 11.05+1.47 1747+£3.26 44.71+747

HET 14.13+£0.66  19.50+4.82 12.04+1.75 1336+ 086 25.75+291 41.43+4.67 13.58+0.92  14.67+2.27 18.33£2.63 1245+0.82 11.14+2.88  39.00+3.31

HOM 1455+0.82 2255+4.12 1937+4.54 1327+0.77 24.19+4.61 41.17+435 10.30+£0.80  14.61 £3.58 16.92 +2.69 13.11£0.76  12.16+4.69 40.34+ 845
Premature

WT 6.68£2.15 0+0 24.50 +5.48 697+£297 11.04+£430 12.32+3.70 5.08+1.50 7.33+£3.78 333+ 1.61 5.51+£148 226+ 1.04 333+ 1.61

HET 10.77 £2.05 033+0.33 24.34+4.51 803+191 14.12+£5.09 16.00£5.26 822+1.29 5.67+1.34 8.00+£2.46 5.44+0.90 7.70+£1.66 12.33+£2.58*

HOM 528+ 1.74 036+0.36 22.46+3.93 3.61 +£0.93 9.04+£223 13.00+£5.54 4.81+1.03 2.59+1.35 1.59+0.78 3.24 +£0.65 522+ 1.54 5.60+1.28
Perseveration

WT 8.76 + 1.65 524+2.74 6.25+1.70 7.58£1.27 7.79+2.72 6.36£1.96 7.57+2.70 8.03+£2.72 2.18+1.53 5.66+1.22 4.67+2.17 3.68+0.78

HET 9.07+1.41 7.73+191 6.88 £2.24 10.35+1.88 9.26 +£2.09 436+ 1.04 920148 10.33+£248 5.67+1.94 9.74+£1.72 6.36£2.53 3.33+£1.08

HOM 847+ 1.44 9.00+2.51 6.55+1.89 8.94+220 9.54+2.72 6.08+2.19 12.07 +2.40 7.43+2.16 12.86+2.10 *# 1030+1.88  10.57+6.03 5.10£2.36
Correct latency

WT 1.08 £ 0.05 1.32+0.07 1.25+£0.08 0.82+0.04 0.67 +0.05 1.14+0.04 0.95+0.09 1.10+0.07 1.15+0.19

HET 1.12+0.04 1.25+0.05 1.20£0.06 0.87 £0.04 0.65+0.04 1.00 + 0.06 1.07 £ 0.07 1.03 +£0.04 1.19+0.13

HOM 1.09 +0.05 1.41+0.08 1.18 £0.08 0.81+0.03 0.78+£0.10 1.02+0.07 0.98 +0.06 0.99 +0.07 126 £0.15
Reward latency

WT 2.10+£0.23 1.47+0.08 1.49 £ 0.09 1.61£0.12 1.68+£0.13 1.37+£0.04 1.32+0.05 1.69 +£0.31 1.69 +0.27

HET 2.03+0.07 1.60 + 0.06 1.77+£0.12 1.63£0.06 1.64£0.07 1.52+0.05 1.48 +0.05% 1.59 +0.05 1.80+0.11

HOM 227+0.18 1.84+0.25 2.23+0.67 1.59+0.10 2.28+0.67 1.76 £ 0.21 1.90+0.28 1.58 +0.10 1.67£0.06

Note. The 5-CSRTT testing phase contained 4 tests (i.e., ITI=2 and 8 s, SD =1 and 0.5 s, brightness, and distracting noise; top row). 4 behavioral performances

(in percentage) and 2 response latencies (in second) were recorded (i.e., accuracy, omission, premature, perseveration, latency to correct nose poke, and latency to

collect reward; left column). Data were displayed as mean = SEM. WT: wild-type control; HET: Aktl heterozygous; HOM: Aktl homozygous; *: p <.05 vs. WT; #:
p <.05vs. HET; $: trend to p < .05 vs. WT.
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Figure 1. 1. Dopamine pathways in human brain
Note. Dopamine contains nigrostriatal, mesolimbic, mesocortical, and tuberoinfundibular
pathways. Adapted from “Schizophrenia as a disorder of too little dopamine: implications for

symptoms and treatment,” by G. Remington, O. Agid, & G. Foussias, 2011, Expert Review of

Neurotherapeutics, 11, 590.
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Angiogenesis Cell Survival Metabolism Proliferation Translation

Figure 1. 2. Signaling pathways of AKT
Note. This figure illustrates the PI3K-mediated AKT signal transduction, and following
biological functions of active AKT. Adapted from “PI3K/Akt: getting it right matters,” by T. F.

Franke, 2008, Oncogene, 27, 6477.
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Figure 1. 3. AKT as a downstream regulator of dopamine D2 receptor

Note. (a) Activation of dopamine D2 receptor by dopamine leads to receptor phosphorylation
by a GRK following the recruitment of B-arrestin 2. (b) AKT is recruited along with PP2A to
form the Akt:B-arrestin 2:PP2A complex, and PP2A consequently dephosphorylates and
inactivates AKT. (c) Recruitment of B-arrestin 2 results in dopamine D2 receptor
internalization. Adopted from “Akt/GSK3 Signaling in the Action of Psychotropic Drugs,” by
J. M. Beaulieu, R. R. Gainetdinov, & M. G. Caron, 2009, Annual Review of Pharmacology

and Toxicology, 49, 331.
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Figure 2. 1. Three areas of the 5-CSRTT apparatus

Note. The 5-CSRTT apparatus is equally divided into three areas as named by their nearby
states, the aperture (left) area, the middle (middle) area, and the magazine (right) area, to

separately record animals’ locomotor activities.
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Figure 2. 2. Trial sequences of the 5-CSRTT

Note. Mice has to nose poke into the food magazine to initiate a trial. A 5 sec intertrial

interval (ITI) then preceded the illumination of stimulus-response apertures, and a brief light
stimulus is illuminated for a stimulus duration (SD) in one of five apertures. The animal has to
respond with a nose poke into the illuminated aperture within either the SD or the following 2
sec limited hold (LH) period to earn a reward (correct response) and then it has 5 sec to eat
the food pellet. If the mouse responds before the light stimulus (premature response), a 5 sec
time out (TO) period is introduced where the house light is successive on and off and no food
reward is delivered. During both the SD or the LH period, if mice conduct no response
(omission response) or respond to an adjacent non-illuminated aperture (incorrect response), a
5 sec TO period is then followed. Besides, a repeatedly nose poke into one of 5 apertures

during the period of collecting reward (perseverative response) results in a subsequent 5 sec
83



TO period. After eating earned reward or at the end of the TO period, a nose poke into the

food magazine starts a new well-prepared trial. The parameters (including ITI, SD, LH, and
TO) which can be manipulated in the 5-CSRTT are circumscribed with squares. Adapted from
“Prefrontal executive and cognitive functions in rodents: neural and neurochemical substrates,”
by J. Dalley, R. Cardinal, & T. Robbins, 2004, Neuroscience and Biobehavioral Reviews, 28,
775; “Measuring impulsivity in mice: the five-choice serial reaction time task,” by S.

Sanchez-Roige, Y. Pefia-Oliver, & D. N. Stephens, 2012, Psychopharmacology, 219, 255.
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Figure 3. 1. PCR genotyping results

Note. PCR genotyping with 3 primers was used and PCR products were analyzed by agarose
gel electrophoresis to detect the 3 genotypes. The DNA of Wild-type (WT) mice formed a
band at 143 base pairs (bp), heterozygous (HET) mice formed distinct bands at 143 bp and

259 bp, and homozygous (HOM) mice formed a band at 259 bp.
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Figure 3. 2. Total moving distance in a new cage

Note. Animals’ free moving distance in a new cage was recorded as their locomotion. No
significant difference was detected among wild-type (WT), heterozygous (HET), and
homozygous (HOM) mice in the total moving distance. This figure was depicted as mean +
SEM. White bar: WT; bar with oblique line: HET; black bar: HOM; parentheses: total

number of subjects.
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Figure 3. 3. Total duration in three areas of the S-CSRTT apparatus

Note. The 5-CSRTT apparatus was equally divided into aperture (left), middle (middle), and
magazine (right) areas to record animals’ total duration as their locomotion. No significantly
genotypic difference was found in the total duration of these three areas. Wild-type (WT),
heterozygous (HET), and homozygous (HOM) spent most time in the magazine area and less
time in the middle area. The figure was depicted as mean + SEM. White bar: WT; bar with

oblique line: HET; black bar: HOM.
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Figure 3. 4. Daily accumulated sessions in 4 stages of 5S-CSRTT learning phase

Note. The 5-CSRTT learning phase comprised 4 stages (stimulus duration = 16, 8, 4, and 2

sec). Accumulated sessions in all learning phases were found no significant differences

among wild-type (WT), heterozygous (HET), and homozygous (HOM) mice. This figure was

represented as mean + SEM. White bar: WT; bar with oblique line: HET; black bar: HOM.
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Figure 3. 5. Behavioral performance on the first and second day during the first
learning stage of SD=16s

Note. (A) Accuracy, (B) omission, (C) premature, and (D) perseverative responses were
represented as percentage. (E) Latency to correct nose poke and (F) latency to collect reward
were illustrated as second. On the first day (the left side of each panel), homozygous (HOM)
mice showed significantly higher omission responses, significantly lower premature
responses, and marginally longer latency to correct nose poke than wild-type (WT). HOM

mice also displayed significantly higher omission responses, marginally lower premature
89



responses, and significantly longer latency to correct nose poke than heterozygous (HET)
mice. On the second day (the right side of each panel), HOM mice showed significantly
higher omission and lower perseverative responses than WT mice. HOM mice also displayed
significantly higher omission responses and marginally longer latency to correct nose poke
than HET mice. These figures were depicted as mean + SEM. *: p <.05; $: trend to p <.05;

white bar: WT; bar with oblique line: HET; black bar: HOM.
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Figure 3. 6. Averaged daily behavioral performance in the first learning stage of SD =
16 s

Note. (A) Accuracy, (B) omission, (C) premature, and (D) perseverative responses were
represented as percentage. (E) Latency to correct nose poke and (F) latency to collect reward
were showed as second. Homozygous (HOM) mice displayed higher omission responses
compared with both wild-type (WT) and heterozygous (HET) mice, and also showed longer
latency to correct nose poke compared with HET mice. The figures were depicted as mean +
SEM. *: p <.05; white bar: WT; bar with oblique line: HET; black bar: HOM; parentheses:

total number of subjects.
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Figure 3. 7. Baseline behavioral performances in the last learning stage of SD =2 s

Note. (A) Accuracy, (B) omission, (C) premature, and (D) perseverative responses were

represented as percentage. (E) Latency to correct nose poke and (F) latency to collect reward

were illustrated as second. No significant difference was found among wild-type (WT),

heterozygous (HET), and homozygous (HOM) mice in all baseline behavioral performances.

These figures were depicted as mean + SEM. White bar: WT; bar with oblique line: HET;

black bar: HOM; parentheses: total number of subjects.
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Figure 3. 8. Behavioral performance of wild-type (WT) mice in the 1% test (ITI = 2
and 8 s)

Note. (A) Accuracy, (B) omission, (C) premature, and (D) perseverative responses were
represented as percentage. (E) Latency to correct nose poke and (F) latency to collect reward
were displayed as second. WT mice showed longer latency to correct nose poke in the ITI =2
s condition than in the baseline condition. In the ITI =8 s condition, WT mice had higher
premature responses compared with the ITI = 2 s and baseline condition. These figures were
depicted as mean + SEM. *: p <.05; white bar: baseline condition; bar with oblique line: ITI

=2 s condition; black bar: ITI = 8 s condition.
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Figure 3. 9. Behavioral performance of all animals in the 1% test (ITI =2 and 8 s)
Note. (A) Accuracy, (B) omission, (C) premature, and (D) perseverative responses were
represented as percentage. (E) Latency to correct nose poke and (F) latency to collect reward
were illustrated as second. Aktl wild-type (WT), heterozygous (HET), and homozygous
(HOM) mice showed no significant differences in all behavioral performances among the
baseline condition, the condition of ITI = 2 s, and the condition of ITI = 8 s. These figures
were depicted as mean + SEM. White bar: WT; bar with oblique line: HET; black bar: HOM;

parentheses: total number of subjects.
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Figure 3. 10. Behavioral performance of wild-type (WT) mice in the 2" test (SD = 1
and 0.5 s)

Note. (A) Accuracy, (B) omission, (C) premature, and (D) perseverative responses were
represented as percentage. (E) Latency to correct nose poke and (F) latency to collect reward
were showed as second. WT mice showed higher omission responses in both SD =1 s and SD
= 0.5 s conditions than in the baseline condition. WT mice also displayed higher premature
responses in the SD = 0.5 s condition than in the baseline condition. Shorter latency to correct
nose poke was found in WT mice under the SD = 0.5 s condition than under the SD =1 s
condition. These figures were depicted as mean + SEM. *: p < .05; white bar: baseline

condition; bar with oblique line: SD = 1 s condition; black bar: SD = 0.5 s condition.
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Figure 3. 11. Behavioral performance of all animals in the 2™ test (SD = 1 and 0.5 s)
Note. (A) Accuracy, (B) omission, (C) premature, and (D) perseverative responses were
represented as percentage. (G) Latency to correct nose poke and (H) latency to collect reward
were showed as second. Aktl wild-type (WT), heterozygous (HET), and homozygous (HOM)
mice displayed no significant differences in all behavioral performances among the baseline,
SD =1s, and SD = 0.5 s conditions. These figures were depicted as mean + SEM. White bar:

WT; bar with oblique line: HET; black bar: HOM; parentheses: total number of subjects.
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Figure 3. 12. Behavioral performance of wild-type (WT) mice in the 3™ test
(brightness)

Note. (A) Accuracy, (B) omission, (C) premature, and (D) perseverative responses were
represented as percentage. (E) Latency to correct nose poke and (F) latency to collect reward
were illustrated as second. WT mice only showed shorter latency to correct nose poke in the
relatively darker condition than in the relatively lighter condition. These figures were depicted
as mean + SEM. *: p <.05; white bar: baseline condition; bar with oblique line: relatively

lighter condition; black bar: relatively darker condition.
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Figure 3. 13. Behavioral performance of all animals in the 3™ test (brightness)

Note. (A) Accuracy, (B) omission, (C) premature, and (D) perseverative responses were
represented as percentage. (E) Latency to correct nose poke and (F) latency to collect reward
were showed as second. Significantly genotypic differences were only found in the relatively
darker condition. Akt1l homozygous (HOM) mice displayed higher perseverative responses
compared with wild-type (WT) and heterozygous (HET) mice. HET mice showed slightly
longer latency to collect reward than WT mice. No genotypic difference was found in the
baseline and relatively lighter conditions. These figures were depicted as mean + SEM. *: p
<.05; $: trend to p < .05; white bar: WT; bar with oblique line: HET; black bar: HOM;

parentheses: total number of subjects.
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Figure 3. 14. Behavioral performance of wild-type (WT) mice in the 4™ test (white
noise distractor)

Note. (A) Accuracy, (B) omission, (C) premature, and (D) perseverative responses were
represented as percentage. (E) Latency to correct nose poke and (F) latency to collect reward.
WT mice only showed higher omission responses in the distracting condition compared with
the baseline and the no distractor conditions. These figures were depicted as mean + SEM. *:
p <.05; white bar: baseline condition; bar with oblique line: no distractor condition; black bar:

distracting condition.
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Figure 3. 15. Behavioral performance of all animals in the 4™ test (white noise
distractor)

Note. (A) Accuracy, (B) omission, (C) premature, and (D) perseverative responses were
depicted as percentage. (E) Latency to correct nose poke and (F) latency to collect reward
were represented as second. Only Aktl heterozygous (HET) showed higher premature
responses compared with wild-type (WT) mice in the distracting condition. These figures
were depicted as mean + SEM. *: p <.05; white bar: WT; bar with oblique line: HET; black

bar: HOM; parentheses: total number of subjects.
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Appendix

A Modification of the 5-CSRTT to Reexamine the Behavioral Performance of Aktl

Heterozygous Mice in an Automatic Version of Dynamic Foraging Task

| ntroduction

AKT]1 (also known as PKBa) is encoded by the AKT1 gene and belongs to a

serine-threonine protein kinase of the AKT family. AKT is involved in multiple

biological processes and diverse transduction pathways including angiogenesis, cell

survival, metabolism, proliferation, and translation (Franke, 2008). AKT is also a

downstream mediator of dopamine D2 receptor, and AKT regulates dopamine

signaling cascades through its interactions with B-arrestin 2 and PP2A which is

distinct from a cAMP-dependent signaling traditionally associated with the dopamine

D1-class receptors (Beaulieu, 2011). Mice with Aktl deficiency showed normal basal

levels of dopamine and its metabolites in mouse brains, but Akt1 protein was reduced

in their prefrontal cortex (PFC) and other brain areas (Chen et al., 2012). As AKT]1 is

highly correlated with dopamine and the PFC, it is of great interest to figure out its

interaction with dopamine and the PFC. Accumulated studies suggest that AKT1 are

involved in dopamine- and PFC-related cognitive function (Chen et al., 2012; Chen &

Lai, 2011; Lai et al., 2006; Tan et al., 2008). In a cognition-related dynamic foraging

T-maze experiment, Aktl heterozygous (HET) mice showed aberrant behavior (Chen

123



et al., 2012). This dynamic foraging task was a two-alternative forced-choice task

with one arm presenting a reward at a high rate, and the other presenting at a low rate.

Additionally, each mouse needed to learn this rule and chose the high-reward rate arm

based on trial and error, and the probability were reversed after they learned the rule.

The five-choice serial reaction task (5-CSRTT) is common used to assess

attentive performances in rats and mice (Carli et al., 1983; Humby, Laird, Davies, &

Wilkinson, 1999). A great benefit of the 5-CSRTT is that it provides information on

distinct cognitive functions including attention, impulsivity, processing speed, motoric

effects, motivation, and cognitive flexibility (Robbins, 2002; Young et al., 2009).

Besides, the 5-CSRTT procedure can be extensively manipulated to increase or

decrease the difficulty of this task (Jones & Higgins, 1995; Sanchez-Roige et al.,

2011), such as alternation of stimulus brightness or reducing five choices to one

choice (Dalley, Theobald, Eagle, Passetti, & Robbins, 2002), depending on the

requirement of experiments. Based on the lowa gambling task in human, the

5-CSRTT apparatus was further applied for gambling behavior as a novel rat

gambling task (Zeeb, Robbins, & Winstanley, 2009). As numerous variations could be

modulated in the 5-CSRTT, we modified it into a novel dynamic foraging task of

two-choice. To investigate whether this 5-CSRTT can be further modified to an

automatic vision of dynamic foraging task to evaluate reward learning in a
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trial-by-trial basis, Aktl HET mice and their wild-type littermates were used in this
experiment. We observed their behavioral performances in different testing conditions
of this novel dynamic foraging task, and examined whether Aktl HET mice showed
similar aberrant behavior in this task as we found previously in the dynamic foraging

T-maze task (Chen et al., 2012).
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Materials and methods

Animals

Male Aktl heterozygous mice (HET, n=9) and their wild-type littermates (WT,

n=9) used in this study were generated from Akt1 heterozygous breeding pairs in

C57BL/6]J genetic background (n> 10) and genotyped using PCR analysis of

mouse-tail DNA as described previously (Chen et al., 2012; Cho, 2001). After

weaning, animals were housed in groups of maximum 5 per cage with food and water

available ad libitum in polysulfone individually ventilated cages (Alternative Design

Manufacturing & Supply, Arkansas, AR, USA) within the animal rooms in the

Psychology Department, National Taiwan University. All animals were 3-4 month-old

at the beginning of experiments. Animals were handled at least 1 week before the

behavioral experiments, and behavioral experiments were conducted during the dark

phase at least half an hour after dark/light cycle (lights off at 8:00 A.M.) began.

Animals were brought to the behavioral room 60 min before experiments. All animal

procedures were performed according to protocols approved by the appropriate

Animal Care and Use Committees established by the National Taiwan University.

Behavioral apparatus

Behavioral apparatus were two custom-built 5-aperture operant chambers (31.8 L
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x 25.8 W x 29.1 H cm’; Coulbourn Instruments, Whitehall, PA, USA) in a behavioral
testing room under a red lighting condition (11.4 lux). Each chamber had a
stainless-steel grid floor, aluminum front and back modular walls, aluminum top with
a hole (4 cm diameter) in the center, and clear acrylic sides. Five 1.5 cm diameter and
4 cm deep stimulus-response apertures were spaced 3 cm apart, 1 cm above the grid
floor, and centered on the front, curved wall of the chamber. Each stimulus-response
aperture contained three pair of white light-emitting diode (LED) lights to generate a
light stimulus and a photocell sensor to signal nose poke responses. The 3 apertures in
the middle were covered by a white opaque acrylic (22 L x 15 W x 0.3 H cm’)
throughout the experiment and only the 2 apertures on the side of the curved wall of
the chamber were used in this study. The food magazine was located in the low center
of the back wall of the chamber with a yellow LED light fitted in the magazine as a
cue of nose poke responses, and was spanned horizontally by a photocell sensor to
signal nose poke responses. Above the food magazine was a reward deliver to
dispense food pellets (20 mg chocolate sucrose reward tablet; TestDiet, 5-TUT,
Richmond, IN, USA). A 3 W house light was mounted above the food magazine. The
Graphic State 3.03 (Coulbourn Instruments, Whitehall, PA, USA) was used to

perform on-line control of this apparatus and data collection.
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Behavioral procedures

Animals were trained and tested in a 2-choice dynamic foraging task modified

from the dynamic foraging task used in human and mice previously (Chen et al., 2012;

Rutledge, Lazzaro, Lau, Myers, Gluck, & Glimcher, 2009). It was a two-alternative

forced-choice task, and one of the alternative apertures presented a reward at a high

rate, while independently, the probability of receiving a reward in the other aperture

was low. Animals conducted a 1-hr daily session per day. The procedure consisted of

a shaping phase and 5 sequential testing sections in a testing phase, including

acquisition of 45% reward rate, reverse learning of 45% reward rate, relearning of

60% reward rate, reverse learning of 60% reward rate, and methamphetamine (MA)

challenge.

Shaping phase. Mice were first trained to operate the experimental apparatus by

a series of 5 shaping stages. In each stage, each mouse was required to reach shaping

criteria in 1 hour, and then they could move to next stage. During the first 4 shaping

stages, a trial started with the illumination of the house light, and ended after animals

collected their reward pellets following a new trial started automatically. Besides, the

food magazine illuminated to signal the delivery of a reward food pellet. Stage 1:

Animals were required accumulating 10 nose pokes into either the 2

stimulus-response apertures or the food magazine, and each nose poke was followed
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by the delivery of a reward pellet. Stage 2: Animals were still required to perform a

nose poke into the food magazine followed by the delivery of a reward. But after

accumulating 5 nose pokes into the food magazine, no reward was delivered from the

food magazine if the animal kept performing nose pokes into the food magazine. Each

mouse was required accumulating 5 nose pokes into one of the 2 apertures, and each

nose poke into stimulus-response apertures or into the food magazine was followed by

the delivery of a reward pellet. Stage 3: Each mouse was required accumulating 10

nose pokes into one of the 2 stimulus-response apertures, and nose poking into the

food magazine was not followed by any delivery of a reward. Additionally, each nose

poke into stimulus-response apertures was followed by the delivery of a reward. Stage

4: Animals were required accumulating 11 nose pokes into the 2 stimulus-response

apertures to show their preference for left or right stimulus-response apertures, and

each nose poke into apertures was followed by the delivery of a reward pellet. Stage 5:

A trial started with the illumination of the house light, and then mice had to wait an

intertrial interval (ITT) of 5 sec for the illumination of stimulus-response apertures.

The 2 apertures subsequently illuminated, and animals were required to nose poke

into one of the illuminated apertures. One aperture contained 75 % chance of delivery

of rewards and the other aperture contained 25 % chance of delivery of rewards

depending on each mouse’s preference (e.g., if a mouse preferred the left aperture in
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stage 4, the aperture with 75 % chance of reward delivery would be located in the
opposite site, the right aperture). Each nose poke into the illuminated aperture was
followed by either the delivery of a reward or no any reward and both of them were
followed by the illumination of the food magazine. Each trial ended either after
animals collected their earned reward pellets or after animals nose poked into the
illuminated food magazine. This session comprised 20 trials, and animals could freely
learn the rule in the first 10 trials by trial and error. In the following 10 trials, each
mouse was required to accumulate 6 nose pokes into the aperture that contained 75 %
chance of reward delivery, and then it could pass the shaping phase and move on to
the testing phase.

Testing phase. The testing phase consisted of 5 sequential testing sections,
including acquisition of 45% reward rate, reverse learning of 45% reward rate,
relearning of 60% reward rate, reverse learning of 60% reward rate, and
methamphetamine (MA) challenge. The 1% and 2™ sections contained the reward rate
of 45 % and 15 % in one of the 2 stimulus-response apertures. The 3" and 4™ sections
had the reward rate of 60 % and 20 % in one of the 2 stimulus-response apertures. The
last section contained the reward rate of 60 % and 20 % with a daily challenge of MA
(1 mg/kg, i.p.; administrated 15 min prior to the daily training). The location of high
and low reward aperture was switched back and forth one day after each mouse
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completed preset criteria in each section. On each day, each animal underwent an hour

daily session or minimum 3 to maximum 6 blocks (a block consisted of 10 trials).

Daily session began with the illumination of house and magazine lights. A nose poke

into the magazine initiated a trial and extinguished the magazine light. A fixed ITI of

5 sec preceded the illumination of stimulus-response apertures. The 2

stimulus-response apertures subsequently illuminated after the ITI, and animals were

required nose poking into one of the illuminated apertures. Each nose poke into the

illuminated aperture was followed by either the delivery of a reward pellet or no any

reward, and both of them were subsequently followed by the illumination of food

magazine. Each trial ended after animals collected earned reward pellets or after

animals nose poked into the illuminated food magazine. Each mouse discovered these

rules and chose the high reward rate aperture by trial and error. The criterion of

accomplishing each section was accumulating choice of the high reward rate aperture

for at least 70% accuracy in 3 consecutive blocks. Once the criterion was achieved,

each mouse moved on to the next section on the next testing days and the reward rates

of the 2 apertures were switched. Accumulated trials, choice results, and latency both

to response to the illuminated apertures and to reach the food magazine were recorded

trial by trial by computer software during daily training.
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Data analysis

Behavioral data were first evaluated the homogeneity of variances by Levene’s

test. If variances of behavioral data were equal, they were analyzed using Student’s

t-tests. If variances of behavioral data were unequal, these heterogeneous data were

analyzed using Mann-Whitney U test (i.e., a non-parametric method). P values of <

0.05 were considered statistically significant. All statistical analyses were conducted

by the SPSS 17.0 for Windows (Chicago, IL, USA). All behavioral data are depicted

as means =+ standard error of the mean (SEM).
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Results

Levene test revealed equal variances in total number of cumulated trials in all

testing sections except the sections of 45 % reverse learning and MA challenge, and

data of these two sections were analyzed by the Mann-Whitney U test. For cumulated

trials, as depicted in Figure 5.1, both WT and HET mice took about 300 trials to

acquire the 45% and 60% reward learning sections. There is no significant difference

between the two groups (t(16) = 1.56, p = .14 for 45 %; t(16) = 1.54, p= .14 for 60

%). After each transition, there is a trend that HET mice spent fewer trials to achieve

the criteria compared with WT mice in the two reverse learning sections. However,

there is no significant difference between the 2 groups (U =29 and p= .31 for 45 %

reverse learning; t(16) = 0.51 and p = .62 for 60 % reverse learning). Genotypic

differences were only found in the section with MA challenge in which HET mice

spent significantly fewer trials to achieve the criteria compared with WT mice (U =17,

p=.038).
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Discussion

Although we did not find significant differences in either learning or reverse

learning sections, the behavioral pattern of HET mice in this study are in line with a

previous study done by colleagues in our laboratory (Chen et al., 2012). HET mice

also required significantly fewer trials to reach the criteria compared with WT mice in

MA challenge section. From this pilot study, these results suggest that the 5-CSRTT

can be modified into an automatic dynamic foraging task to study higher cognitive

functions (e.g., reward prediction error or decision making) in mice.

In the dynamic foraging T-maze task, the experimenter needed to carry a mouse

back to the start site of the T-maze after every trial ended as described in a previous

study done by our lab (Chen et al., 2012). Therefore, the duration between trial and

trial may be difficult to be controlled. The reaction time of mice is also hard to be

recorded simultaneously since the experimenter also needs to monitor the process of

this task. It is somewhat difficult for the experimenter to get better control of the time

between the start and the end of each trial. In contrast, in this modified 5-CSRTT, all

process is monitored and controlled automatically by a computer and a software, thus

the unnecessary error between trial and trial can be reduced. We can not only

simultaneously and correctly record the reaction time of mice, but also can divide the

reaction time based on their behavior. One possible drawback may be that the time for
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each trial is controlled by the subject rather than by the experimenter. Thus, animals

may explore this apparatus and then increase the experimental duration. As the

modified 5-CSRTT is an automatic version of a dynamic foraging task, we can further

use the recorded data to analyze performance of a mouse trial by trial. As we

demonstrated nicely in a previous study from our laboratory to estimate parameters

for reward prediction error using a standard Q-learning model (Chen et al., 2012), we

can also apply electrodes to record neuronal activities in the target regions of the

mouse brain while they are performing this task. Therefore, the modified 5-CSRTT

seems to be better and contain more applications than the dynamic foraging T-maze

task. Thus, this revision is less labor-intensive and time consumption. It is highly

recommended to apply this automatic version of task to study higher cognitive

functions in mice.
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Figure5. 1. Cumulated trials in each section of the 2-choice dynamic foraging task
Note. Total cumulated trials (mean + SEM) to achieve the preset criterion in the acquisition,
reverse learning (R) and MA challenge sections. In MA challenge section, Aktl HET mice
spent significantly fewer trials than WT mice. *: p <.05; 45 %: the condition of 45 % and 15

%; 60 %: the condition of 60 % and 20 %; parentheses: number of subjects.
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