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Abstrakt

Prostorové chovani 2zt i clovéka zahrnuje komplexni systém kognitivnich
schopnosti, které vykazuji vysokou evoiu homogenitu a jsou nezbytnou gasti
kazdodenniho Zivota. Ke studiu prostorove gasecasto vyuZzivaji ulohyjovodre vytvorené
pro zviata (zejména potkany). Dnes nejzi@h a nejcitova§Si ulohou zarsfenou na
prostorovou pait je bezesporu navigace na skryty cil v Morrisaodnim bludisti. Mé#
znamy je pak Test aktivniho vyhybani se mistu majicd arér, neboli Kolot@ové bludisg,
které testuje navic i schopnost kognitivni koordeal yto ulohy prokazaly syvyznam nejen
s ohledem na identifikaci neurofyziologickych paatki prostorové pasti, ale také ve
farmakologickém vyzkumu, zejména u animalnich midaeluropsychiatrickych onemaami
a pi testovani dginku I&iv na modelované kognitivniffznaky tchto onemoceni. V této
souvislosti se v poslednich letecénuje zn&na pozornost zejména kognitivnimu deficitu u
schizofrenie. Dnes je popsanycékalik animalnich modél, které se snazi objasnitiginy
symptomii pozorovanych u schizofrenie, a které vykazujiéaynv nizné mfe odpovidajici
témto griznakim. Pra¢ kognitivni deficit, ktery je zavaznymiignakem schizofrenie, je ve
srovnani s pozitivnimi a negativnimifipnaky, nejmeé& ovlivnitelny antipsychotickou
medikaci. Prediktivni validita animalnich motledchizofrenie (jako predikce odp#mi na
Iécbu) je proto kitova pro vyvoj novych kv zameienych na terapii kognitivnichtiznaki.
Komparativni vyzkum srovnavajici schopnosti modgébv zviat a pacierit v podobnych
tlohach umoiuje validitu modelu o&fit. Oba vySe popsané prostorové testy byly ve své
puvodni podoB jiz v minulosti testované u animalnich madelchizofrenie a potvrdily
predpokladany deficit prostorové paina kognitivni koordinace. Cilem této prace prbido
vytvorit virtualni (paitatové) analogie obou behavioralnich uloh, které bggbmé srovnéni
umoznily prostednictvim vySeaeni skupiny paciefta zdravych lidi. Tato dizerai prace
nejdiive popisuje experiment srovnavajici vykon potkaranimalnim modelem schizofrenie,
vyvolanym aplikaci dizociplinu (MK-801), v reverzhi variantach obou prostorovych uloh (v
ménicich se prostorovych podminkach) ve snaze otestpvacovni pagt’ a mentalni
flexibilitu, schopnosti znan¢ naruSené u schizofrenie. Nasledujici dva expetiyn@ak
prezentuji nalezy virtualnich analogii obou Uloktd@anych u paciefitpo prvni epizod
schizofrenniho okruhu onemagn, které potvrzujici deficit prostorové pétina kognitivni
koordinace u této skupiny paciéntTyto nélezy jsou diskutovany s ohledem na vysjedk
ziskané v animalnich studiich. V praci je diskutotaké vyznam prostorovych schopnosti ve
srovnani s verbalnimi testy v kontextu kvality Zewa globalniho fungovani paciéna také z
pohledu rostouciho vyskytu bilinguality. V zéu prace diskutujeme vyznam vyvinutych
metod z pohledu jejich uplatni ve vySeateni dysfunkce funknich oblasti mozku u
schizofrenie, zejména vzajemny vztah prefrontaliry ka hipokampu. Vysledky zménych
studii nazné&uji, Ze virtuélni prostorové testyihou byt uziténym nastrojem komparativnich
studii wnovanych kognitivnimu deficitu u schizofrenie agglarmakoterapii.

Kli¢ova slova: prostorovd pard, schizofrenie, kognitivni deficit, prasdi
virtualni reality, test skrytého cile, odéné referedni ramce, prefrontalni ka,
hipokampus




Abstract

The spatial behavior of animals and humans involvesmplex system of cognitive
abilities, which show high evolutionary homogeneity study spatial memory tasks originally
developed for animals (especially rats) are fretjyarsed. The most cited task focused on
spatial memory is undoubtedly the navigation towdlek hidden platform in the Morris water
maze task. Less well known is the Active place dance task on a rotating arena (ie. Carousel
maze), a task sensitive towards cognitive coorainaBoth tasks have an important role in the
process of identification of brain areas crucialdpatial memory, and also in pharmacological
research, in particular in animal models of neuyopmtric diseases used to test the effect of
drugs on the modeled symptoms of these diseases.albve-described spatial tasks are
primarily applied in modeling of cognitive defidihat presents a crucial symptom of many
neuropsychiatric disorders. In recent years conaslde attention has been devoted to the
research of cognitive impairment in schizophrefiaday, several animal models are used in
attempt to explain the causes of symptoms obsemveschizophrenia, showing changes
corresponding in various degree also to cognitiyjmpoms. No specific treatment for
cognitive deficit in schizophrenia is currently dable, in contrast to positive and negative
symptoms. Predictive validity of animal models ohizophrenia is therefore crucial for the
development of new drugs aimed at the treatmecagritive symptoms. Comparative research
addressing cognitive abilities of both animal medahd patients in a similar tasks, could
therefore lead to verification of this validity. Boof the above described spatial tests were in
their original form previously been tested in anlimmendels of schizophrenia, and confirmed
the expected deficit of spatial memory and cogaitieordination in these models. The aim of
this study was therefore to create virtual (compuémalogues of these tasks, which would
allow a comparative approach, through examinatfgabents and healthy subjects. This thesis
first describes the experiment testing the perfoxweaof an animal model of schizophrenia
induced by the application of dizocilpine (MK-80ih) reversal versions of both mentioned
spatial tasks, in order to assess working memaiyearning abilities affected in schizophrenia.
Other two experiments present the findings of ittuial analogues tested in the first episode
of schizophrenia patients, confirming presence effcds in spatial memory and cognitive
coordination. These results are discussed in comtiegrevious studies in animal model of
schizophrenia. Finally, the importance of assessroéspatial abilities is discussed in the
context of quality of life and global functionindg schizophrenia patients, and in context of
increasing occurrence of bilingualism. The resaftthe above presented experiments suggest
that both virtual spatial tasks present a usefuoilstéor future comparative studies focused on
cognitive deficit in schizophrenia and its pharmagaal therapy.

Keywords: spatial memory, schizophrenia, cognitive deficiiftual reality
environment, the hidden goal task, dissociated rezfee frames, prefrontal cortex,
hippocampus
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1 Introduction

1.1 SPATIAL NAVIGATION, LEARNING AND MEMORY

Spatial cognitionis a process of determining and remembering dppatgations (of own
body and surrounding objects), the directions asthdces to other objects in the surrounding
space. Navigation process uses this informatiofewhaintaining a certain course of trajectory
toward planned target position (Jeffery, 2003)ivithial processes involved in navigation are
closely dependent on each other. For example, ribeeps of distance estimation is based on
our ability to perceive depth through binocular amahocular visual and aural cues, however,
this ability is based on our previous experiencebstAus on memory.

Sensory Input
What you hear, see;

Learning and Memory

Retrieval

o Encoding

information to move )

Sensory inputs it into your working Retrieve what you already
enter your sensory memory. know and work on the new
memory, but last less information to associate it with
than a second. If you exisiting knowledge. This will
do not act, the encode new memories which
memory is gone. means you have learned the

material.

You have now
learned the material by
storing it in your
long-term memory. It is
available to you the next
time you need to learn
new material.

Figure 1.General model of relationship between individuaimoey systems (left, adopted
from www.lsa.umich.edu).

Spatial navigation is in fact a very complex bebatiat uses a certain extent of all the
cognitive functions. This can be illustrated using schema in Figure 1. If we want to navigate
in the environment and find the path to the go&,must first perceive the information about
the environment (stored in sensory memory). Thahave to pagttentionto the surroundings
and focus on different sources of information (prmatantly visual, auditory or inside
information about the own movement). To maintaid process a large amount of information
available and choose the ones that are importahtiseful for orientation, we have to organize
it properly. We must first recognize on what obje& are looking at, include it in a certain
category (for example moving/ changing versus statg#ments of the environment) and use
only the information that is relevant for us instlspecific context. During our own movement
the surrounding environment is constantly chandingrefore we cannot effectively navigate
without attention, and working memory that allow tes monitor the constantly renewed
information.Working memoryallows us for a certain time period to remembenasanportant
objects and characteristics of the environmentwhihbe used for consecutive navigation. As
human subjects use visual data as a primary safreeformation, we will be interested
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primarily into the capacity of visuo-spatial compoih of working memory, called the visuo-
spatial sketchpad (Baddeley, 1992). Finally, #tlewant information is stored in tleng-term
memory as a mental representation, so calbednitive map for future navigation in this
environment. After some time the navigation processhe familiar environment can be
automated and thus processed with lower cognitemathds. Above mentioned memory
related cognitive functions will be described ihigger detail in the next paragraphs.

1.1.1 WORKING MEMORY

Baddeley and Hitch proposed the origittake-component model wibrking memory
in 1974 (Baddeley and Hitch, 1974), including vispatial sketchpad, phonological loop and
executive component (see Fig. 2). This model suppboth the neuropsyhological and
neuroimaging evidence. This model assumes that@anponent has a limited capacity and is
relatively independent of the others. However,twelel was updated by Baddeley (Baddeley,
2000) after the model failed to explain the resoltsrarious experiments. He proposed an
expandedour-component moddhat includes thepisodic bufferas an additional component.
The episodic buffer acts as a ‘backup’ store wbachmunicates with both long term memory
and the components of working memory. It compresémited capacity system that provides
temporary storage of information held in a multirmabdode, which is capable of binding
information into a unitary multi-dimensional episodepresentation.

The original cognitive theory of working memory (WMbostulates architectural
segregation between these components responsibteefshort-term active maintenance of
information and those responsible for the contmotl a&oordination of that information.
Cognitive neuroscience research has provided sewvitgnce that the prefrontal cortex (PFC)
serves as an important neural substrate of WM.@rand Cohen (Braver et al., 2001) proposed
a theory postulating that PFC represents and dgtiv@aintains context information.

Original three-component model of
working memory Revised four component model

of working memory
Sensory input

e N )
8 &
< ~ Central
visuospatial =" «— phonological executive
sketchpad loop /

central

@ executive é’lf_.;.’ ¢ \
e Visuospatial Episodic Phonological

sketchpad buffer loop
) ) 4
..... ¥ Y Y
Visual Episodic

<« La e
semantics LTM e

Figure 2. Flow diagrams of the original model of Working Mam (left) proposed by Baddeley and Hitch
(1974) and that contained originally three compasethe phonological loop, the visuo-spatial skptuh

and the central executive. The prefrontal corteggasted to be responsible for both short-time gterand
maintenance of information in WM (bottom left). Red model includes the episodic component that is
affected by crystalized cognitive systems (in stiaeletangle) capable of accumulating long-term kieolge
(Baddeley, 2000), in contrast to fluid working meyncapacities.
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Maintained representations thus provide a mechaafssantrol by serving as a top-down bias
on the local competitive interactions that occurimy processing. As such, they suggest that
both storage and control functions are integratikinvPFC.

Thus,visuo-spatial working memory (VSWMjan be defined as the ability to process
and store information about the visual identityanfobject and its position in space for a short
period of time (McAfoose and Baune, 2009).

1.1.2 SPATIAL LEARNING AND LONG -TERM MEMORY

Learning and memory are essential capacities bwtihdmans and animals, as they
allow flexible and adaptive behavior in responssldéov or sudden changes in the environment,
and their principles are shared across speciegenEixe research both in lesion studies in
animals and clinical studies of brain injured patisehave revealed multiple independent
memory systems with distinct substrates, speciline learning of specific material (verbal
or visual information, movements, etc.). Long-temamories have been divided to declarative
and non-declarative (Kolb and Whishaw, 1995).

Declarative or explicit (‘knowing what’) memories are conscious and can be
voluntarily accessed and verbalized. They can bindu divided to semantic and episodic
memories.Semanticmemory refers to facts and rules and basic knaydeabout the world
(Squire, 2004), whilepisodicmemory refers to single events or personal expee® Episodic
memories contain information about the spatialt@ntporal context of these events, including
‘blueprint’ of the internal state of the individudiiring encoding, its emtions, percetions and
thoughts (Dere et al., 2008). In a simplified dieiom episodic memory is a memory for what
happened, when (in context of time/ temporal ordag where (spatial context).

Non-declarative or implicit (‘knowing how’) memorgeof skills and how to do things,
particularly how to use objects or movements ofltbdy (Squire, 2004). These memories are
typically acquired through repetition and practiees they are composed of automatic
sensorimotor behaviours that are so deeply embeatided/e are no longer aware of them (they
are not conscious). Once these "body memories'leaneed, they allow us to carry out
procedure of motor actions more or less automdyical

Similar disctinction can be done also in the contdxspatial memory. In an effort to
understand what information both animals and peoske when navigating through their
environment and what brain areas are engaged oegsong and subsequent response of the
organism, spatial behavior was categorized intesd\wcategories (Jeffery, 2003;0'Keefe,
1978). Since there are several different divisigsteams of spatial behavior, we will focus only
on the most common taxonomy in reference to theigusly mentioned division of memory
systems. Roughly we can distinguish a dichotomegdcentric (i.e., ego-centered; body-
centered) and allocentric (also referred to as@exinic, exo-centered, or environment-centered)
spatial strategies suggested by O’Keefe and N&iKleefe and Nadel, 1978).

Egocentric processesepresent thanplicit (procedural) type of long-term memogas
they are involved during movement in spatial enuinent and constantly respond to changes
in our body position, and then update our posi#igainst objects in outer space(Jeffery, 2003).
An egocentric strategy refers to the discriminatba spatial locus with reference to the body,
or relative self-movement. This term has been used least two ways. Firstly, to refer to the
encoding of spatial positions of distal objects reference to an ego-centered coordinate
system, and secondly, in terms of the relationgfithe observer to proximal objects,
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particularly objects that are within reaching dimsta (Roche et al., 2005). Egocentric space is
important because it includes the region of cergpalce to which sensory processes are most
sensitively directed and the use of egocentric dioates enables the identification of spatial
loci in relation to the body midline (Foreman andleé®, 2008). However, the body midline is
always shifting during the movement of an organamd the ego-centered system does not
produce a stationary egocentered array.

Egocentric processes involve information from exaésources (visual, auditory, tactile
and olfactory) and internal somatosensory inforamatin the absence of external information
(navigation without sight), the inertial inputs rinothe vestibular system and the substrate
information from proprioception gain considerabieportance (Mittelstaedt and Glasauer,
1991). While navigating in the dark we are talkingstly about the process of path integration
or idiothetic navigation (Whishaw, 1998). Such mafion strategy, however, leads to a
gradually increasing error in the estimation oftati€es and it must be from time to time
corrected using reference information from extersalirces (visual, auditory, or tactile),
otherwise it leads to a cumulative error.

Allocentric processesrepresent thexplicit (declarative) type of long-term memory
and thus constitute more complex method of prongssgpatial information that is independent
on the body position. Spatial information is hareegrated in the form of coordinate system,
which characterizes the mutual spatial relatiorsfgstances, directions) of the known objects
in the environment (Jeffery, 2003). Thus, allocengpace is likely to involve a much greater
memory component. It enables to estimate the dmectowards the goal position by
triangulation method using objects visible aroutl. contrast to egocentric ‘map’, the
allocentric map is more complex, an allows for eamnipulation with acquired information
that can be used to find alternative routes irethdronment in case of trajectory to the goal is
blocked.

Any traveling requires humans to activate both egtrac and allocentric processes to
facilitate spatial knowledge acquisition: persoretyect relations that dynamically change as
movement takes place (egocentric referencing) amer@ stable object-to-object allocentric
strategy that anchors the developing cognitive (&mwll, 1996). Therefore, both (ego- and
allo-centric) processes are mutually cooperatingnamigation process to form an internal
representation of the environment that Tolman dalle 1948 by a termcobgnitive mag
(Tolman, 1948). One of the current models of thecess of the cognitive map formation
created by Roche is shown in Figure 3 (Roche g2@05). According to the traditional theory
of ‘cognitive mapping’ (O'Keefe and Nadel, 1978 £merging mental map stores information
in the form of allocentric coordination system flividual positions of memorized objects. In
addition to this theory, there are navigation med#lowing that remembering the position of
the target location can alternatively be saveddasdocal views (mental images) from a target
destination (McNaughton et al., 1989). Spatialtretships between several such points are
then stored in the form of a mental representatioimdividual steps (movements) needed in
order to move from one point to another. A cogeitmapping theory (O'Keefe and Nadel,
1978) was first to localize the cognitive mapshe medial temporal lobe, particularly to the
hippocampal place cells. This theory was later eted by numerous studies in both animals
and human, in brain lesioned patients as well &gaithy volunteers using functional imaging.
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Figure 3. Schematic diagram representing a cognitive map miogl&koche et al. (2005) that outlines
how the different navigation processes interact aedregate the different forms of information in
producing the unified cognitive map (adopted frootHe et al., 2005).

1.1.3 ROLE OF REFERENCE FRAMES IN SPATIAL NAVIGATION

The information stored in a form of cognitive mawery complex and includes, at least
in some reduced way, the whole three-dimensionatesround. An essential feature of any
cognitive map is therefore a reference frame, tiggroand orientation in space, in the sense of
what is above and below, left and right, in frondaehind. Spatial decisions can thus be
prodused using several frames of reference (SuMéry, 2010).Any conflict between these
reference frames can slow down the reaction tirred@d in order to perform a spatial decision.
Translation between individual reference framesukhtake part mainly in the retrosplenial
cortex (RSC), confirmed by the inability to deridieectional information from landmark cues
(heading disorientation) after RSC damage (lesionBumans.

Dissociation of reference frames was studied aitsaanimals mostly in moving
environments, for example by rotation of some péathe environment. In rats, place avoidance
on a rotating arena was applied in order to prodlisgociated reference frames of the arena
and the surrounding room. Rats demonstrated thmiityato code the to-be-avoided area
independently, relative to one of the two referefnames (Fenton et al., 1998). The existence
of these two representations was supported alsoaatiular level, by recording of place cells
in the rats™ hippocampus (Zinyuk et al., 2000). phdially distinct populations of place cells
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for both reference frames imply the existence efrteeparate spatial representations. Recent
recordings of populations of place cells on a mtparena showed that the place cells that are
active together tend to represent locations instrme spatial frame (Kelemen and Fenton,
2010). Similar observations in stable environmeitlh whanging spatial configuration showed
that the active hippocampal representation seessitoh repeatedly from one reference frame
(representation) to another in a form of theta-gaitiekering between individual place-cell
maps in the hippocampal area CA3 (Jezek et al1)201

1.1.4 NEURONAL CORRELATES OF SPATIAL MEMORY

Cognitive functions, responsible for spatial natiga are dependent on activity of
several brain regions creating navigational netwiorkolving the following areas: medial
temporal lobe (MTL), prefrontal and parietal corteke cerebellum, basal ganglia and
retrosplenial cortex (Maguire et al., 1998).

Given that the resulting cognitive map arises fromoperation of several navigation
processes, it is very difficult to test them sepayaand find only the activation of that part of
the network that is responsible for some specificess. However, some parts of the navigation
network are responsible for spatial learning andnorg in general and are shared in all
navigation tasks, while some other areas are ragiglerfor simple egocentric navigation (route
following) in known environments. For example, iimly visual stimuli are used to navigate,
the visual cortex of the occipital lobe will be izeted as well. However, if we utilize auditory
or olfactory stimuli during navigation without siglhe specific sensory and association areas
will be active.

During navigation using visual information, seveaatas of the brain are responsible
for specific identification of spatial informatio(see Figure 4). For example, the area
responsible for identification and recognition dfjects was observed ilateral occipital
complexand partly ifusiform gyrugincludes fusiform face area responsible for ideattion
of faces). Another ventral cortical region speeiadi for the perception of buildings is located
in the right lingual sulcus (Aguirre et al., 1998&he posterior part of parahippocampal gyrus
was active during observation of spatial scenesgbiaet al., 2003).

If the subject moves during navigation (activelypassively) and thus uses the process
of path integration, we can observe the activitypafietal somato-sensory area in parietal
cortex(Aguirre et al., 1998b). Parietal lobes damagddda egocentric disorientation (Seubert
et al., 2008), as it plays an important role incagdric space processing. Parietal cortex thus
participates also in the estimation of egocengatisl distances in visual scenes. Given that, in
the estimation of distance can take advantagewa&rakpossible spatial cues (monocular and
binocular), this process activates various regindorsal visual stream, including occipital
and parietal lobe. Interestingly, while binoculaes activate mostly regions of occipital visual
cortex, monocular cues activate the area of intrafz sulcus, probably requiring higher level
of processing, for review see (Berryhill and Ols2009).

Crucial is also the function of already mentiometlosplenial corteXRSC, medial part
of the posterior cingulate gyrus, Fig. 4) which perates with the structure of hippocampal
formation. It is assumed that the area of retragspleortex is responsible for the translation of
information between various reference frames, hod tontributes to a shift of attention from
egocentric to allocentric framework and vice vefBanton et al., 1998;laria et al., 2007).
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Indeed, lesion of the RSC affected segregatiopatial information in place avoidance task in
rats (Wesierska et al., 2009).

parietal cortex

prefrontal cortex retrosplenial cortex Brain area Role in spatial navigation
| J y Hippocampal formation Visuo-spatial memory; coding and retrieval of
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Figure 4.Brain areas and their role in the navigation proséadjusted from (Fajnerova, 2011).

The crucial navigational structure is the same omairarea as involved in declarative
memory formation in general, the hippocampal foraratThemedial temporal lobe (MTL)
especially the structures bippocampal formation(HF, see Fig. 4) are considered as the most
important in the formation of allocentric cognitiveap. O'Keefe and Nadel published in
(O'Keefe and Nadel, 1978) a book in which they dbedhe role of hippocampus in coding of
spatial information in mammals, resulting in allottee cognitive map. This theory is based
among others also on observation of so called ptatls, excitatory pyramidal neurons in
Cornus ammonis areas (CA1 and CA3) of the hippocamphich exhibit spatially selective
activity. The activity of the hippocampus was athg@emonstrated also in many navigation
tasks where imaging methods such as PET or fMREvegplied (Epstein and Kanwisher,
1998;Folley et al., 2010;Hartley et al., 2003;laial., 2009;Maguire et al., 1998;Roche et al.,
2005).

It was confirmed that the bilateral lesions of M3tcuctures in rats significantly impair
spatial abilities, such as allocentric navigatiorathidden goal position in Morris water maze
(MWM;(Morris et al., 1982)). Interestingly, navigah in moving environment, such as the
Carousel maze on the rotating arena, in the sedallso active allothetic avoidance task
(AAPA, (Bures et al., 1997)), showed impairmentsphtial abilities after unilateral lesion
(temporal inactivation) of hippocampus (Cimadevida al., 2001). Pre-training unilateral
hippocampal inactivation profoundly impaired acgios and retrieval in the task, while the
posttraining inactivation also impaired performaircsubsequent sessions. The Carousel maze
task seems more sensitive to hippocampal disruphiam the standard MWM task because the
same unilateral hippocampal inactivation does mgiair performance in the hidden goal task.
These suggest that the hippocampus not only encelethetic relationships amongst
landmarks, but it also organizes perceived allath&gimuli into systems of mutually stable
coordinates, requiring greater hippocampal intgd@imadevilla et al., 2001). HF indisputable
role in spatial cognition even in human have beanfiomed in examination of patients with
hippocampal lesions (e.g. patient HM). Unilaterght) parahippocampal cortex lesion led to
serious disruption of visuo-spatial memory in b2hobject localization and navigation in the
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human version of the hidden object analogy of MVAB@l{bot et al., 1998). Importantly, basic
procedural egocentric spatial abilities, such asthetic navigation, or path integration in the
absence of visual information (Whishaw, 1998) arigation towards the hidden platform with
the stable starting position (Eichenbaum et alR0)@re not affected by hippocampal lesions,
as they are maintained by different brain regions.

The findings of animal studies were confirmed afséhe imaging studies in healthy
human volunteers that showed MTL activation in ®asi spatial tasks (Gron et al.,
2000;Maguire et al., 1998). However, several |atadies observed MTL activation only in
tasks assessing allocentric navigation (e.g seardmdden place, find a route in new
environment, find alternative route in known enameent, etc). It turned out that we don’'t need
HF to solve certain spatial tasks requiring usdgaready well-learned routes. In such case the
network ofcorpus nuclei caudat@Basal gangliasee Fig. 4), insular cortex and extensive area
of parietal cortex is activated (Hartley et al.03D These areas are probably responsible for
maintaining and execution of sequences of actimuy€ments) leading us to the target position
using ‘representation of learned route ‘(actiondahsavigation,(Hartley et al., 2003)). This
type of navigation can be used in everyday nawgats a process of automatization, a part of
procedural learning. However, if during navigation the previously learned route some
obstacle appears, the activity of hippocampus aefigntal cortex will be observed again, as
it is needed for planning of the new alternativatean already familiar environment (Maguire
et al., 1998). This dual discrimination of spatmkmory can be explained by the well
documented case of patient HM, suffering from kilak hippocampal lesions that led to
irreversible disruption of his declarative memodgspite preserved ability of procedural
learning (Milner, 1972). This proves the indeperwderof procedural learning on MTL
activation. Patient HM was thus able to continupusiprove in different procedures and
activities (e.g. improvement in the spatial progedMirror drawing test), while he never
remembered learning/doing them.

Also prefrontal cortex(Fig. 4) plays an important role in spatial cogmit as it is
involved in both spatial working memory (GoldmankiRRa1996), and in executive functioning
such as planning and behavioral flexibility, demisimaking and strategic choices. In rats, this
area, observed mainly in medial prefrontal corte¥PFC; (Uylings et al., 2003)), is often
connected to spatial abilities, probably due totiglet communication with HF. Performance
of animals with lesions of the prefrontal cortexswatact in standard allocentric MWM task,
but it was disrupted after the removal of some aaks (Jo et al., 2007). In contrary, MPFC
lesion completely disrupts idiothetic navigatiore (Bruin et al., 2001) and also leads to
weakening performance in tasks that require reméndpef a time sequence of spatial
locations (Kesner and Holbrook, 1987). It is bediéthat MPFC participates in in the process
of planning and navigation to the goal. The resaftshese studies further suggest that the
hippocampus and MPFC work in parallel, and leswin8IPFC may not necessarily lead to a
deficit in spatial cognition tasks that are heavlgpendent on a visuo-spatial component of
working memory because the hippocampus continuepédoate.

Several neurotransmitters including acetylcholigkjtamate,y-amino-butyric acid
(GABA), and catecholamines have been investigated variety of memory models, with
considerable evidence of extracellular level vaoiet that correlated with changes in neuronal
activity during memory formation (Miranda and Berhea-Rattoni, 2007).
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1.2 ASSESSMENT OF SPATIAL COGNITION IN HUMANS

Tests of spatial cognition could be divided into@tvategories: A) tests (‘table-top tasks’
and computer tests) presented mostly in two-dinoerasi(2D) scale and B) navigation tasks
(real or virtual) performed in three-dimensionahsp. These two types of tests differ primarily
in the perspective in which the tested person tsjegither from the perspective of viewer or
first-person perspective, and also in the sizdeftésting environment.

1.2.1 TwO-DIMENSIONAL PAPER-PENCIL & COMPUTERIZED SPATIAL TESTS

There are many published tasks testing variouscéspd spatial cognition. Many
traditionalpaper-pencil tasks have been computgrigelb and Whishaw distinquish two main
categories of spatial tests assessing either vzsti@n or orientation abilities (Kolb and
Whishaw, 1995).

1.2.1.1 Visualization tests

Visualization tests evaluate the ability to memtatianipulate, rotate, twist or invert
various objects. The underlying ability seems tmlae a process of recognition, retention and
recall of the presented configuration (Kolb and $aw, 1995).

Among the simplest, we can describe thental rotation paradigm (Shepard and
Metzler, 1988) of 2D or 3D objects (see Fig.5). sThask uses a process of mental
transformation (rotation) of visual stimuli. Duette presentation of the object in both original
and rotated position, this test is more dependenvisuo-spatial imagination rather than
memory realted processes.

(III_ \ -

s 50 s

Figure 5. The illustration of the Mental Rotation tasks bas@dShepard and Metzler, 1971) ( left); In the
Judgement of Line Orientation test -subtest of RBAblttery (Randolf et al., 1998) - subjects arezdio
match two angled lines to a set of 11 lines thataranged in a semicircle and separated 18 degfexs
each other (middle); The example trial of the Bldekign test (WAIS battery) consisting of 9 bldekeve
the presented design, below the illustration ofdberect result composed of 9 blocks) (right).

Another test of visualization abilities tdeadgment of Line Orientation (see Fig.5) —
subtest of Repeatable Battery for the Assessmeiteafopsychological Status (Randolph,
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1998), was developed by Arthur L. Benton as a statided test of visuospatial skills
commonly associated with functioning of the patiédhe in the right hemisphere (Benton,
1994). The test measures a person's ability tohtageangle and orientation of lines in space
(Mitrushina, 2005).

1.2.1.2 Orientation tests

On the other hand, orientation tests evaluate cehgmsion of the arrangement of
elements within a visual stimulus pattern and fitéude to remain unconfused by the changing
orientation in which the spatial configuration mag presented (Kolb and Whishaw, 1995).
Kolb ad Whishaw also suggest that inferior tempdeahage or hippocampal damage should
disrupt performance only on orientation tests, sithese tests require both object identification
and a spatial-coordinate system.

In here, several tests perspective taking abilities (Perspective taking task, Money
Road map test) should be mentioned. The distindietween mental abilities that require a
spatial transformation of a perceived object (engental rotation) and those that involve
imagining how a scene looks like from differentwpmints (e.g., perspective taking) are
reported by Hegarty and Waller (Hegarty, 2004). ik@mikov and Hegarty (Kozhevnikov and
Hegarty, 2001) developed and together with WaltBusted a test of spatial orientation and
perspective taking abilities calle®erspective Taking/Spatial Orientation Tedtere,
participants are shown a twodimensional array ¢éaib or a schematic map of a town, and
were asked to imagine themselves facing a partiditaction within the array or map. They

Spatial Orientation Test Name:

LaPa-9 Lb Pb-10 LePc-13
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Example:

Imagine you are standing at the flower and facing the tree.
Point to the cat.

tree

mimis

Figure 6. (left) Perspective Taking/Spatial Orientation Tédegarty & Waller, 2004); (right) The Money
Road-Map-Test (by Money, Walker, and Alexander 195 color coded categories of intersections.

then indicated the direction to a target objedthi& array (or landmark in the map) from the
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imagined perspective. (A sample item is shown m&ji Verbal reports from the participants
indicated that the dominant strategy used to sthleetest items was to imagine themselves
reoriented with respect to the display, suggeshagthe tests are true tests of spatial oriemtatio
ability (i.e., depend on egocentric rather thaneobpased spatial transformations). This
conclusion was also supported by systematic emoshich participants confused left/right as
well as front/back pointing directions, suggestingt they encoded the locations of the objects
with respect to body coordinates.

Similarly, theMoney Road-Map-Te$RMT; Money, 1965, see Fig.6) assesses specific
visuospatial functions, such as mental rotation patspective taking strategy. This tests
measures the total number of errors and time napeds finish the task. Some authors
proposed that tthe total number of errors (outtoital of 32 turns) should be divided into three
categories (according to Markova et al, 2015) leyahgle of the route before each turn relative
to the subject’s heading: A) rotation of less tR@rdegrees (9 turns), B) rotation of 90 degrees
(13 turns), and C) rotation of more than 110 degy(&8 turns).

1.2.1.3 Visuo-spatial neurocognitive tests without mentaltation/ orientation component
Beside these ‘typical’ spatial tasks, we should tie@nalso other methods used to test

specific cognitive abilities (e.g. attention, extee functions or memory) using visuospatial
task.

For example, thdrail Making Test(TMT- A and B) is widely used to test speed of
processing (time measured in part A), and execttivetioning (time measured in part B), and
working memory or task-switching (B/A ratio) (skezak, 1995; Mitrushina et al., 2005;
Reitan, 1992) Both parts of the TMT consist of 25 circles dimited over a sheet of A4 paper.
In Part A, the circles are numbered 1 — 25, andotdteent should draw lines to connect the
numbers in ascending order as quickly as posdibleart B, the circles include both numbers
(1 — 13) and letters (A — L); and the patient drdiwss to connect the circles in an ascending
pattern, but alternating between the numbers atterde(i.e., 1-A-2-B-3-C, etc.). The direct
score of each part is represented by the time wipbetion of the tasks. In addition, the B-A
difference score, the B:A ratio, and the B-A/A podmnal score have been used as clinical
indicators of certain cognitive operations (workimgmory), or as specific markers of brain
damage (for a review see Periafnez et al., 2007).

Another test developed in order to assesses exeduitnctioning, in particular spatial
planning abilities is the Thiéey Search TegKST; Wilson et al, 1998). This test is one of the
six test from the battery called Behavioural Assess of the Dysexecutive Syndrome (BADS,;
Alderman et al, 2003). This battery was designedvaluate the everyday problems arising
from Dysexecutive syndrome (DES; Alderman et aD30 These six tests assess executive
functioning in more complex, real-life situationghich improves their ability to predict day-
to-day difficulties of DES. The Key Search testeefs the real-life situation of needing to find
something that has been lost. It assesses thefaability to plan how to accomplish the task
and monitor their own progress using the evaluatibselected spatial strategies and their
efficacy.

Other group of tests was developed in order touatal visuo-constructive abilities,
including visuo-motor functioning and executive ¢tinning, particularly spatial visualization
and planning. Here we can mention Bieck-designtest, a subtest of the Wechsler Adult
Intelligence Scale (WAIS-III, (Wechsler, 1997) tmatuires the patient to create a copy of the
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pattern presented as 2D design (picture) by amantiie upper side of 4 or 9 blocks (with
white, red or red/white sides). This task is usetkst constructional apraxia occurring after
posterior lesions of frontal cortex (for review §Barby and Walsh, 2005)), because of the loss
of spatial organization of elements, or throughdisguption of one or more of the executive
steps - intention, programming, regulation or vesition (as suggested by Luria and Tsvetkova,
1964, in (Darby and Walsh, 2005)). Performancehis task can be therefore improved after
partial programmes are provided. This test is aksad to tap spatial visualization ability and
visuo-motor coordination. The examined person kedto use hand movements to rearrange
blocks that have various color patterns on diffesétes in order to match a presented pattern.
The items in a block design test can be scoreslippottcuracy in matching the pattern and by
speed in completing each item. Impaired performamcthe block design test is indicative of
affected functioning of the parietal and frontdddés. The performance of an individual can be
therefore reduced in head injury, Alzheimer's diseand stroke (Lezak, 2012). Additional
evidence suggests impairment in block design p@doice among schizophrenic and bipolar
disorder patient populations.

Patients with constructional apraxia show impapetdformance also in the copy of the
Rey—Osterrieth complex figure test (RCFT) or thgldacomplex figure. Here examinees are
asked to reproduce a complicated line drawingt fiyscopying it freehand (recognition), and
then drawing from memory (immediate and delayed@ltecThis test was first proposed by
Swiss psychologist André Rey in 1941 and furthangardized by Paul-Alexandre Osterrieth
in 1944. 1t is frequently used to further explainyasecondary effect of brain injury in
neurological patients, to test for the presencdeshentia, or to study the degree of cognitive
development in children. As many different cogretiabilities are needed for a correct
performance in this test, the test permits the uatain of different functions, such as
visuospatial constructional ability and visual meypdout was widely used for the evaluation
of visuospatial. Recently, the RCFT has been aulisedl for measuring executive function
that is mediated by the prefrontal lobe (e.g. $hial., 2006; Lezak, 2012).

Finally, spatial tests often used in neuropsychickdgliagnostics include tests\aguo-
spatial working memory. These tests examine the ability of the individwaiemember the
position (or direction, orientation and distancéseveral objects in chronological order in a
confined 2D or 3D space. The vast majority of thesés, however, uses only two-dimensional
space (computer screen or simple plastic and mapéace), and represent a simpler form of
spatial orientation.

Typically spatial working memory tests (see Figri€jude tasks such as:

a) Spatial Delayed-Response Task (SDRT; Piskulic et2&8l07), a behavioral task in
which a delay is interposed between when the dpatia is presented and the
subsequent response is permitted. The cue is eséptr during the delay period so that
this spatial information must be stored in memarypider to guide future responding.
Alterations in the duration of the delay periodusdjthe mnemonic load of the task.

b) The n-back task was designed to test working merfwrgtion by Wayne Kirchner in
1958. The subject is presented with a sequencéiroiils (letters, numbers, shapes,
spatial position, sounds etc.), and the task ctmsf indicating when the current
stimulus matches the one framsteps earliein the sequence. If the task n equals 2 or
more, the working memory buffer needs to be updatedinuously to keep track of
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what the current stimulus must be compared to (&@ga et al., 2009; Lezak, 2012).
The simple spatial version of n-back task presemiy one item (e.g. square) that
appears in different positions on the game boasthfriter screen) during each turn.
The participant has to remember and identify tr@tm of the square N steps back. In
the dual-task paradigm (proposed by Susanne Jae@gdi in 2003), two independent
sequences are presented simultaneously, typicsilhg ulifferent modalities of stimuli,
such as one auditory and one visual (see Figuedt)l Meta-analysis of 24 n-back
neuroimaging studies have shown that during thisra@ge the following six brain
regions are consistently activated: lateral premototex; dorsal cingulate and medial
premotor cortex; dorsolateral and ventrolateralffrpregal cortex; frontal poles; and
medial and lateral posterior parietal cortex (Oweal, 2005).

c) Spatial Span (subtest of the Wechsler Memory Stla\&echsler, 1997) or Corsi block
test variants are also used to test spatial workiegnory. In both the real and the
computer version of the task is the tested humauired to remember and repeat the
sequence several blocks/squares (forming 2D grigt1d random spatial positions) in
the correct order (tested subsequently after teegmtation of the correct sequence).
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Figure 7. (left) The example of ‘Standard’ dual n-back tdskeloped by Dr. Susanne Jaeggi and her colleagues

(2008), adopted fronttp://www.highigpro.com/2g-nbackright) The example of the 2D version of the Cors
block test with spatial positions marked by numifea visible to tested person).
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1.2.2 NAVIGATION TASKS IN 3D SPACE (FROM ANIMALS TO HUMANS )

For assessment of spatial navigation various dgasks have been created, requiring
navigation in real or virtual 3D environment (egnglex maze navigation, navigation inside
a building, navigation in virtual city, navigatiomithout the use of sight in real and virtual
environments).

Research on spatial cognition in humans is mucleriwerse than in animals, although
some of the frequently used experimental testdased on animal models. One of the most
often used spatial tasks in animal research iMbeis water mazg MWM; Morris, 1981).
This goal-directed task was originally developed fats and requires them to learn and
remember the position of a hidden platform located circular swimming pool in relation to
distal visual cues (Fig. 8, left). The MWM appasats used in three basic versions (shortly
described in Vorhees and Williams, 2006) or prokeca) thereference memory protogatith
the hidden platform placed in a stable positiom@asure of place learning ); 2) tteversal
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protocol with position moved after one week training (r@gevhether animals can extinguish
their initial learning of the platform’s positiomd acquire a direct path to the new goal
position); 3) thedelayed-matching-to-plac@®MP) protocol often referred to as the ‘working
memory protocol’(Dudchenko, 2004), where the platfgosition is changing every day and
variable inter-trial intervals are used to asseesking memory 4) therobe trial with the
platform removed is usualy applied in the end efrference protocol.

This test was later used also in aging studiesemxgnts with brain lesions and to
monitor the effects of pharmacological treatmend aoxic substances on cognition
(particularly in rats). Since 1982 more than 2,8@rles have been published using this model
or its variations.

Some real space human MWM analogues have beerogeddo test the human spatial
navigation, mostly in dry circular arenas (Overnaral., 1996; Skolimowska et al., 2011,
Bohbot et al., 1998; Stepankova et al, 1999). Ténelbpment of virtual environments (VE)
provided a significant methodological advance,wilhy the detailed recording of the subject’s
behavior, along with easy handling and presentaifastimuli. Several virtual reality versions
of the MWM have been designed using the referenemany protocol with a stable goal
position (Astur et al., 2004; Goodrich-Hunsakegrket 2009; Jacobs et al., 1998; Moffat and
Resnick, 2002; Mueller et al., 2008; Hanlon et aDP6) or working memory paradigm
(Rodriguez, 2010).

Two different strategies can be used to find hiddeal position in MWM depending
on the applied protocol. In egocentric version l(vgitable starting position) the hidden goal can
be located using the distance and direction frogrstarting position. In the allocentric version
of the task, the hidden goal can be found only éxyihg its relative position towards diverse
points of reference around the arena. The testefirer requires allocentric navigation
(orientation using distant orientation cues). Bseathe start position is randomly changing
during the experiment, it is necessary for the ettbjo carry out a re-orientation of the own
position towards the goal position and orientatitarks placed around the pool in every trial.

Another very promising task is the test of #otive allocentric place avoidan¢BAPA,;
Cimadevilla et al., 2000), also call€@rousel mazes it is performed on rotating arena. Due
to the arena rotation, two separate frames of eatey are dissociated (see Fig. 8, right). The
task of the test subject is then to actively avdi@® ° sector of the arena that is hidden and
stable in the room reference frame. For succeashitlance of the punished sector the subject
must correctly identify relevant and irrelevant tigdainformation (Cimadevilla et al., 2001).
Thus the animal needs to distinguish the reliablermation bound to the stable room frame
of reference (mainly visual information) from thesteading infromation tied to the rotating
arena (see Fig. 3).
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Figure 3. Morris water maze for rats — with target positiplaced under the water (left) and schema of
the active allothethic place avoidance (AAPA) taska rotating arena forming two reference frames
(stable room frame and moving arena frame) withésavoided sector defined in the room frame (right)

Real analogies of both previously described testeweveloped for testing of human
subjects and are both operational in an apparatid in Prague by our Neurophysiology of
Memory group (Institute of Physiology CAS), calkbe ‘Blue Velvet Arena ‘(BVA; Kalova et
al, 2005; Hort et al, 2007; Bohbot et al., 200Zpankova et al., 2003). The BVA has a form
of an enclosed circular tent with a possible rotatf the floor. Analogue of the MWM hidden
goal protocol in BVA was named the Hidden Goal T@$&T; Kalova et al, 2005), the analogy
of the carousel maze is known as the Dissociatddrederence frames task (DRF; Vicek et al.,
2006). Both tests were successfully used for tgstihspatial deficit in different neuronal
diseases, especially in patients with Alzheimerdameand mild cognitive impairment (MCI,
Kalova et al, 2005; Hort et al., 2007).

1.2.3 VIRTUAL REALITY AS A TOOL FOR ASSESSMENT OF MEMORY F UNCTIONS IN
HUMANS

Significant methodological shift came with the uat reality (VR) environments, which
was first presented in 1983 (Krueger et al., 19B®spite certain limitations, as the narrower
field of view and absence of actual movement, VR a#bot of advantages. The main advantage
of VR is the possibility of easy recording of thehlavior and movement of tested subjects in
combination with easy accommodation of the envirentrusing a wide spectrum of stimuli,
and their easy handling. Thanks to automatic ptasien of stimuli the computerized tests in
general reach higher time precision than traditior@uropsychological tests (paper-pencil
tests) presented by human. It was also shown tigatdgnitive maps created in 3D VR are
comparable to those that develop in real environsn@hrthur et al., 1997). For this purpose
the maps are often drawn by human subjects afteveammovement in real or virtual
environments, which contained several objectsdefaned spatial arrangement.

Virtual reality is related to the concepttelepresencea sense of presence in a virtual
environment, introduced in 1980 by Marvin Minskypavdescribed it as the experience of being
in two places at the same time. The greater theedegf reality, or fidelity of the real world
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simulation is in the virtual environment, the mdme user is pulled into a virtual environment
(degree of immersion). Authors therefore try to Wee natural elements of our physical
environment (eg. topography, lighting, gravity, @ramovements and actions). Concept of
immersion thus reflects the degree of fidelity loé nvironment (from passive involvement
through active control to interactive VR). Immersican be described in several steps, where
the player goes through several phases, beginnitig avsimple concentration, continues
through imaginative engagement to full enthralletrimnthe virtual world. Apart from spatial
immersion, we know also immersion in time (invoham in the plot of the story) and
emotional immersion (personal reaction to the attara and events). Very interesting is the
‘full immersion’, where all our senses are stimethat the same time. Immersion technology
enables us to fool the senses and evoke the inpmessing various methods (eg. panoramic
three-dimensional display, acoustic ambient souadd, haptic stimuli through the so-called
"force feedback" systems and replication of scantssmells). The immersion can be increased
by the persuasiveness of visual elements, thesrantion with auditory effects (timing) and
interactive participation of players.

However, we should not omit the disadvantages ofeviRronments. For example, a
compression of estimated distances (depth) wasaregly described in VR environments
compared to the real ones. These differences majubeo limitations of the VR, such as
narrow field of view (FOV), distortion of angulaedination (determining the angle between
the visual target and the height of the onlookey&s) and restrictions of oculomotor cues. Some
of these disadvantages can be partly compensatetbhgcular visual effects that mimic the
spatial cuess, such as the size of objects anatebpeerlay, or by simple shadowing cues
presented in relation to the illumination directioAnother major problem is the fixed
accommodative distance. Unlike in the real peroepif spatial scenes where the eyes
automatically refocuse to distance, the viewingagtise is fixed while watching VR scenes.
This can lead not only to altered perception oftkdefpto some extent dependent on the
accommodation of the eye), but also to faster éi&tignd overloading of the visual apparatus.

Another serious problem is also characterized ey dbsence or limitation of the actual
movement and thus the absence of adequate infarmiatim the vestibular system. Absence
of movement (and motor efforts) is not only an imgnot factor in the distance estimation, but
can also be a source of motion sickness (nauseaigye negative effects (motion sickness
with symptoms of drowsiness, headaches, impairddnba and coordination) may arise
because of sensory conflict of information fromegrtl (visual information about motion in
VR) and internal sources (proprioception and th&tilbalar system informing us of our own
motion). During the presentation of VR using heaalinted display (HMD glasses) is the
discomfort caused by the curvature of the lensbgware primarily designed for eyes looking
forward, while the head movement is used to cortbrelrotation of FOV. In contrary, in real
world we are accustomed to smaller head movemeamgpensated by the eye movements.
Paradoxically, even this lack of VR can be usethasapeutic method for dizziness (vertigo)
from travel sickness in so called vestibular reation, as the VR presentation itself requires
adaptation to discrepancies between internal atedred information about the movement and
thus supports the process of adaptation in redidwdhe lack of movement is to some extent
already successfully addressed by the new techieslopat can create a very realistic
perception of movement by linking real head moven{eiMD) or the whole body (through
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application of bikes, treadmills or sensors locatadhe human body) movement in VR and
real world. The key seems to be particularly theimement of the rotation and tilt of the head
and body during movement in VR. But, it should béed that egocentric navigation processes
in VR use not only inner somatic sensory informatout also visual information in the form
of optical flow (visual changes resulting from theotion of the observer environment,
manifesting as apparent motion of the elementhetisual scene and indicating the direction
in which the person moves). Therefore, participaithothetic navigation in VR cannot be fully
ignored.

On the other hand, the problem of the absence ekement in VR also represents an
indisputable advantage for its research use. Bedaa#iows us to test behavior in large-scale
environments, and to investigate the neural caeslébrain activity) of complex behavior and
navigation using brain imaging methods (that reguine subject to stay still over the
experiment). In addition, Sense of ‘presence’ ptediby the VR can lead to greater ecological
validity in comparison to standard neuropsycholagtests. Finally, VR enables us to create
comparable tests for animals and human in formirbial analogues, and thus enables us to
build large-size environments that are proportignadlequate for humans.

1.3 IMPAIRMENT OF SPATIAL ORIENTATION AND MEMORY

1.3.1 TOPOGRAPHICAL DISORIENTATION AND AMNESIA

Topographical Disorientation (TD), also known as Topographical agnosia
(Topographagnosia), is a cognitive disorder thsiilte in the individual being unable to orient
in one's surroundings due to some neurologicale;aaisch as brain lesion (resulting from a
stroke or part of a progressive illness, hemispagglect, dementia or Alzheimer's disease) or
developmental disorder (Aguirre and D'Esposito BR9).

Developmental Topographical Disorientation (DTDgfers to the inability to orient in
one's surroundings from childhood despite the alwsesf any apparent brain damage,
neurological condition or general cognitive de8cindividuals reported to be affected by DTD
(laria et al., 2009; Bianchini et al, 2010) are hieao generate a mental representation of the
environment (cognitive map). Individuals affected BTD get lost even in very familiar
surroundings, such as their house or neighborhood.

Nevertheless, most of the patients develope TD assalt of focal brain damage
(Aguirre, D'Esposito M, 1999). This lesion may Heso the inability to make use of selective
spatial information (such as environmental landepmr to orient by means of specific
cognitive strategies such as the ability to forrmental representation of the environment
(cognitive map). According to the damaged braimaseveral types of TD can be classified.

Landmark agnosiais characterised by the inability to use prominesdlient
environmental features (such as landmarks) forpilmposes of orientation, usually due to
lesions in thdingual gyrus(Aguirre and D'Esposito M, 1999; Whiteley and Vifegton, 1987).
Patients with landmark agnosia can distinguish betwclasses of buildings, but are unable to
identify specific buildings, such as their own hews famous landmarks. However, they are
able to draw detailed maps and visualize placeswkee familiar to them before the illness.
Nevertheless, they are able to navigate using apatiormation and specific details of
landmarks such as house number or its color.
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Egocentric disorientations defined as inability to represent the locatbobjects with
respect to the own position (self) that usuallyuves due to lesions in thposterior parietal
lobe While these patients are unable to accuratelghrdar visual objects or state the
relationship between two objects (above, belowt, tefht, nearer or farther), they experience
no difficulty recognizing or naming people or olie¢Wilson et al., 2005). These patients are
not able to point to locations of targets defingdvisual, proprioceptive, or audio input. A
frequent demonstration of this disability is thathough the patients can point to a visualized
object, they are no longer able to do so with thges closed.

Heading disorientationis defined by the inability to represent directmiorientation
with respect to external environmental cues. Tipasients are able to determine their location
using landmarks, but are unable to determine wilidttion to proceed from those landmarks
in order to reach their destination, usually dukegions in thgosterior cingulate cortexThey
are also impaired in map drawing tasks and are lantabdescribe routes between familiar
locations (Aguirre, D'Esposito M, 1999). Also fodakin damage to theght retrosplenial
regiondue to a cerebral hemorrhage (described in thase studies) may cause a loss in sense
of direction (Takahashi et al, 1997). These patishbwed normal visual perception, were able
to identify, determine and remember locations aible objects, but were unable to recall
direction from selective familiar landmarks.

Anterograde disorientation or topographical amnesiess marked by the inability to
orient in new environments, usually due to lesiortheparahippocampuandmedial temporal
lobe (Habib and Sirigu, 1987). These patients are @mbitavigate through and draw maps only
of environments learned at least 6 months befoeebtiain damage (Ross, 1980; Teng and
Squire, 1999). This indicates that the hippocangngsurrounding structures of MTL are not
needed for the retrieval of spatial maps learnéaf po the injury; however, they are essential
for the formation of long-term declarative memoriggluding spatial memories (Teng and
Squire, 1999). The study by Bohbot et al. (1998)ficamed the role of the right hippocampus
in visuo-spatial memory tasks (object location, fsterrieth Figure with and without delay)
and the left hippocampus for verbal memory taskesy(Ruditory Verbal Learning Task with
delay). However, as only patients with lesions he tight parahippocampal cortex were
impaired on the hidden goal task (MWM) with a 3hrdelay, showing that parahippocampal
cortex itself may play an important role in spatre@@mory.

1.3.2 SPATIAL MEMORY DEFICIT IN NEUROPSYCHIATRIC DISORDERS

Similar anterograde disorientation is often desdim Alzheimer dementia and also in
the early stages of Mild Cognitive Impairment (M@1at is associated with loss of gray matter
in the medial temporal regions, including the hipgropus. Spatial disorientation in AD and
mild cognitive impairment (MCI), who are at a higgk of developing dementia, are manifested
in getting lost in familiar and unfamiliar envirommis. Spatial disorientation in AD results from
an impairment in multiple spatial abilities, incind allocentric and egocentric navigation
strategies, visuo-spatial perception, or selectanrelevant information for successful
navigation (Vicek, 2011; Gazova et al., 2012¢aK and Laczo, 2014). A study performed in a
group of MCI patients found TD in more than 40%he#m (Lim, laria, 2010). This group also
showed significantly impaired functional abilitieempared to patients without TD. Patients
suffering from mild cognitive impairment (MCI), whare at a high risk of development of
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dementia, show impairment in a subset of theséiabjlmainly connected with allocentric and
egocentric processing. While spatial disorientatiortypical AD patients probably reflects
neurodegenerative changes in medial and postemopdral, parietal, and frontal lobes, and
retrosplenial cortex (RSC), which is responsible fanslation between egocentric and
allocentric frames (\dek and Laczo, 2014), the impairment of spatial gatwon in MCI seem

to be connected mainly with the medial temporal @asd parietal brain changes (Henderson et
al., 1989; delpolyi et al., 2007).

Clinical subtypes of MCI, are mostly distinguisttecamnestic and non-amnestic forms,
both possibly single or multi domain. This distioat is relevant when considering the
outcomes of subjects with MCI. Spatial memory impaint was tested in several MCI subsets
in a real space circular arena, an analogy of aiMamter maze (Hort et al, 2007). Depending
on the subtest, the subjects could use for navigadither the starting position and thus apply
simple egocentric strategy, and/or orientation @rethe wall in subtest focused on allocentric
navigation. The AD group and amnestic MCI multi-domgroup were impaired in all subtests.
The amnestic MCI single-domain group was impairgphicantly in subtests focused on
allocentric orientation and at the beginning of éigecentric subtest, while non-amnestic MCI
performed well in all subtests. These results ssigtiet the spatial navigation impairment
occurs early in the development of AD and can leeldier early diagnostics and monitoring of
the disease progression of AD. Similar observatias done in study with Four Mountains test
assessing amnestic and non-amnestic MCI patientoodMy, 2014). Laczo et al (2009)
proposed also a distinction of two amnestic MClsaib, hippocampal and non-hippocampal
amnestic MCI, based on the pattern of free and medory impairment studied in a real space
circular arena (analogy of a Morris water maze).

AD is not the only neuropsychiatric disorder obsenin connection with spatial
cognition. Attention was also paid to spatial d@piin schizophrenia. Here, the results pointed
out to the impaired ability of allocentric navigatiand preserved egocentric navigation (e.g.
Weniger and Irle, 2008).

In fact, many neuropsychiatric disorders, especithizophrenia and mood disorders,
provide evidence of disturbances of cognitive fiorihg, including deficits in memory,
executive functioning, attention/information prosieg, mental flexibility and fluency as core
symptoms of the disease. Impaired cognition has s®wn to negatively affect daily
functioning, sociability, and long-term outcometbése patients. Among the most common
disorders with cognitive impairments are those @ased with aging such as various forms of
dementia and Parkinson's disease as well as psychidesorders such obsessive-compulsive
disorder (OCD), post-traumatic stress disorder (P)T&d schizophrenia. Finally, disorders
more typically identified in childhood such as atten deficit hyperactivity disorder (ADHD)
and autism spectrum disorders (ASD) also presehtsignificant cognitive deficit.

In context of spatial abilities, especially the idefof visuo-spatial working memory
(VSWM), a disruption of the ability to process infeation about spatial relationships and
remember it for short period of time, was descrilmecbnnection with several neuropsychiatric
diseases. Apart from the above mentioned schizoghrand psychotic disorders, are the
disorders of visual-spatial working memory alsoadibed in affective disorders (mania and
depression), in both children and adults diagnestd ADHD (Ewijk et al., 2004, Dowson et
al., 2014) and autism. In autism, it is assumetittieadeficiency of visual attention and working
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memory limits the cognitive information processingjus exacerbating social and
communication deficiencies typical of autism (Steet al., 2007).
In the context of neuropsychiatric disorders, weusth also emphasize the role of

sleep in spatial memory. Sleep has been found teflbespatial memory, by enhancing
hippocampal-dependent memory consolidation (Feretraal., 2008). Hippocampal areas
activated in spatial learning while navigating thgh environment are reactivated during
subsequent sleep (Non-REM sleep in particularyals demonstrated that the actual extent of
reactivation during sleep correlated with the iny@ment in route retrieval and thus memory
performance the following day (Peigneux et al.,£00his is important due to the fact that
sleep disorders (insomnia, sleep-related breattisayders and restless legs syndrome) are part
of the symptoms of many neuro-psychiatric disordessch as alcohol dependence,
schizophrenia, depression and anxiety disorderseg8halder, et al., 2013). It was
demonstrated that sleep deprivation hinders mepenfprmance improvement due to an active
disruption of spatial memory consolidation (Ferratal., 2008). Thus, hippocampal cellular
and molecular processes critical for memory codstibn are affected by the amount and
quality of sleep attained (Prince and Abel, 20B)th total and partial SD induce adverse
changes in cognitive performance (see review bylaland Polo-Kantola, 2007). While partial
sleep deprivation was found to influence only dtten (especially vigilance), total sleep
deprivation impairs also working memory, but in iidd it may affect other functions, such as
long-term memory and decision-making. The assamatdf sleep impairment with
neuropsychiatric disorders is supported by theirfigsl of impaired spatial memory in several
neuropsychiatric disorders, mostly affecting viguaigal working memory (VSWM). Deficit of
VSWM was therefore proposed as an endophenotypsefaral disorders such as: attention
deficit and hyperactivity disorder ADHD both in thien (Sanchez, Lumbreras, 1999; Ewijk
et al., 2014) and adults (Dowson et al, 2004);sautspectrum disorder (ASD; Steele et al.,
2014; Jiang t al., 2014), bipolar disorders (Paalg2011) and schizophrenia (see review by
Piskulic et al., 2007).

1.4 SCHIZOPHRENIA SPECTRUM DISORDER

Schizophreniais a devastating multifactorial disorder charazest by three categories
of symptoms, includingositive symptoms(such as hallucinations and delusiomggative
symptoms (e.g. anhedonia and emotional flattening) angnitive symptoms presented as
impairments in several cognitive domains (Andreasedh Flaum, 1991; Owen et al., 2015).
Schizophrenia (SZ) is indeed a heterogeneous canmgleropsychiatric disorder, a syndrome
defined by peculiar beliefs and sensory experiensexial withdrawal, restricted or
inappropriate emotional expression, and disorgahizehavior. Apart from the positive,
negative and depressive symptoms, also cognitifieitdis considered a stable characteristic
of the illness (Green, 1996). The word schizoptadiianslated as ‘splitting of the mind’)
comes from the Greek roots schizewyi{ev, ‘to split’) and phén, phren- ¢pnv, ¢pev-,
‘mind’). Schizophrenia (historically referred to akementia praecox) is a chronic and
devastating neuropsychiatric disorder, affectingrapimately 1% of world's population and
having a serious consequences on the patient'styyeéllife including social and working
abilities (van Os and Kapur, 2009). Schizophregia complex neuropsychiatric disease with
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variable symptomatology, traditionally divided inpmsitive and negative symptoms, and
cognitive deficits. However, the etiology of thisarder was yet not been fully understood.

Description of states clearly suggesting schizoplarelisorder (reports of irrational,
unintelligible, or uncontrolled behavior) can beurfid in literature since ancient times.
However, the first time the French Doctor PhilipPeel (1745-1826) clearly separated
psychological deterioration from other alteratiofisnental state, such as the idiocy, mania and
melancholy in his detailed case report of Jamdyg Mhatthews published in 1809. In the late
19th century, Emil Kraepelin (1856 to 1926) borrdwthe term Dementia praecox
(‘Dementia précoce’ - premature dementia, term gsediously by Schule and Pick, argued to
be used first in 1852 by the French physician Bénddorel) - state of sudden immobilization
of mental abilities- for psychotic illness charaized by early onset and prolonged course of
deterioration accompanied by hallucinations andisiehs. Professor Eugen Bleuler (1857-
1939) introduced the concept ofchizophrenid into the professional literature in his
monography ‘Dementia Praecox oder die Gruppe dé&iz8gphrenien (Bleuler, 1911; in
Libiger, 2002; Kuhn, 2004).

A common feature of all the ebove mentioned theovias a concept of incurable
organic disease progressing to dementia image tanthg at a young age. Symptom criteria
for ‘dementia praecox’ by Kraepelin took into acnbthat this is the only disease that always
leads to mental weakness. Unlike Kraepelin, Blesperaks of several diseases (‘Schizophrenia
Group’). He perceived schizophrenia as a groups#ases characterized by the schism (split)
between thoughts, emotions and behavior that doesetessarily lead to decline (dementia).
Bleuler accentuated théour A’s’ as the primary symptoms: sparse Association, diVe
disorders, Autism and Ambivalence (Bleuler, 1914; Libiger, 2002), when diagnosing
schizophrenia. As secondary symptoms he propodadides and hallucinations.

1.4.1 DIAGNOSTIC CRITERIA FOR SCHIZOPHRENIA SPECTRUM DISOR DER

In the early 20th century Professor Kurt Schne{d887-1967) proposed a hierarchy of
first and second order symptoms in pursuit of mameurate specification of symptoms and
more accurate diagnosis sxfthizophrenia (SZ) According to this nomenclature the first order
symptoms are not necessary for the diagnosis ob&4f they occur, the diagnosis is certain.
This 1st order symptoms include sounding ideas;iingaoices in the form of a conversation
or discussion, hearing voices that comment owroastiexperiences of physical influence,
withdrawing and insertion of ideas - thought braesling, delusional perception, and all the
other experiences to be affected by someone el§eewiotions, and impulses. Symptoms of
2"d order include the sensory delusions, delusionsdsd helplessness, perplexity, depressed
and euphoric mood, experiences and emotional imshraent, etc. The criteria by Schneider
helped to unite the diagnostic criteria for schiz@mia (Libiger, 2002).

Most of the more recent attempts to classify sgbtizenia are based on symptoms
dimension, based on the prevailing symptoms, s&lpasitive (delusions, hallucinations,
sparse association, behavior disorder) or negétattening of affect and emotions, emotional
and social withdrawal, impoverishment of speeclzzpng thought, abulia, anhedonia, and
impaired abstract thinking, etc.) (Crow, 1985; Asabken, 1999). Individual subtypes of
schizophrenia are characterized by a set of dommatymptoms. Besides the categories of
positive and negative symptoms some new categarggs added, such as disorganization,
affective symptoms and cognitive deficits.
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Current psychopathological concept of schizophréwillaws the concept proposed by
Kraepelin, Bleuler and Schneider. The diagnostiteica for schizophrenia of the two
classification systems used worldwide: the Inteomal Classification of Diseases (ICD),
according to the World Health organization, anthim Diagnostic and Statistical Manual of the
American Psychiatric Association (DSM) are very itam Both systems are based on the
phenomenological approach, however, ICD-10"(18vision) places greater emphasis on
Schneider first order symptoms. An important défece between the two classifications is a
condition in DSM-IV (4" revision) that requires the presence of any symgpttor at least 6
months (including prodromal phase and residuabpi¢riwhile the ICD-10 criteria for duration
of the symptoms is at least one month. Anotheedkffice relates to the DSM-IV criterion B,
which implies the presence of a social or occupaliaysfunction as part of a schizophrenia
diagnosis.

Both classification systems were currently revig@8M-V, ICD-11). The objective of
these revisions is to change the concept of dideased on the latest findings, accepting that
schizophrenia is not a single disease with a sietidogy or pathophysiological process, with
consensus in the basic clinical symptoms. Sevdrahges to the classification criteria of
schizophrenia and other primary psychotic disortlerse been proposed in both classification
systems (Rethelyi, 2011; Gaebel et al., 2013; Tand0613). Key considerations regarding
DSM-V and ICD-11 are summarized by Tandon and NMapeg).

Specific changes in the definition of schizophreatzording to DSM-V include
elimination of the classic subtypes, addition ofique psychopathological dimensions,
clarification of cross-sectional and longitudinabucse specifiers, elimination of special
treatment of Schneiderian ‘first-rank symptoms’{tée delineation of schizophrenia from
schizoaffective disorder, and clarification of theationship of schizophrenia to catatonia
(Tandon et al, 2013). The International Classifarabf Diseases includes schizophrenia to the
category F20-29 together with schizoaffective, aatyipal, delusional and acute psychotic
disorders. In view of the considerable variatiorthad course of schizophrenic disorders it is
desirable (especially for research purposes) taoifspthe pattern of course of the iliness. If
registered for psychiatric care in an acute onksymptoms, schizophrenia spectrum disorder
patients will often meet the diagnostic criteria #23.X Acute and transient psychotic
disorders. Only later they are diagnosed as schizoa F20.X. The boundary between these
two categories is therefore very narrow.

The differential diagnostics is crucial, as it iscessary to exclude others psychotic
conditions, in particular toxic organic etiologyhdy can be quite unambiguously diagnosed
using a detailed medical history, psychologicatsekboratory tests and thorough somatic
examination. Diagnosis of Schizophrenia is usuatkgluded if primary brain disease is
established or if the symptoms are due to otheeadis or somatic use of psychoactive
substances.

1.4.2 EPIDEMIOLOGY

Results of epidemiological studies consistentlyigate whole lifetime prevalence of
diseases between 1-1.5%. This means that appretyr@ie person in a hundred fulfils the
diagnostic criteria for schizophrenia (Kaplan ef #094; Messias et al., 2007). Disease more
often affects women, but it begins few years earlie men (Libiger, 2002). In men
schizophrenia starts typically between 15 and 2Gyef age, while for women it is between
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25 and 35 years (Sham et al., 1994). Late-onseearig onset of schizophrenia in childhood
(even before the 10th year of age) are rare. Thegosy of late-onset schizophrenia now
includes also number of patients formerly diagnaegaraphrenias.

1.4.3 ETHIOPATHOGENESIS

Despite progress in genetics, biochemistry, newmsiptogy and neurochemistry
schizophrenia etiology remains unknown. Many abraditras described support different
hypotheses and push the boundaries of our knowladdeunderstanding. However, none of
these hypotheses can yet serve as a universaatttagenetic model of schizophrenia in order
to be recognized as a diagnostic marker. Nevedbglthe important influence of some
environmental and genetic factors in the developgnuénthis complex disorder has been
demonstrated as risk factors of schizophrenia, flgrowing up in urban environment,
immigration, cannabis, male gender and perinatah&sv(hypoxia, infectious diseases in the
prenatal period, stress and malnutrition) (Kaplg94).

1.4.3.1 Biological factors

Genetics

Increased incidence of schizophrenia in familiasdies on twins and adoption studies
suggest a strong genetic component of this diseéseous epidemiological studies have
shown that while the prevalence of disease in gmel population is about 1%, the risk of a
child whose one parent suffers from schizophrenie2Po, in case of both parents ill is the risk
40% and in the identical twins 47% (Kaplan et B994; Tsuang, 2000). Relatives of patients
with schizophrenia are also at greater risk foepfisychiatric diseases. Meta-analysis study in
twins estimated the heredity of 81% (Sullivan et2003).

Candidate genes and alleles that could be respentib the manifestation of the
disease, include polymorphisms of genes for dopanaind serotonin receptors, serotonin
transport gene, HLA proteins, and in particulareenlymorphisms enzymes controlling the
synthesis and degradation of some important nemsmnitters (e.g. catechol-O-
methyltransferase, tryptophan hydroxylase). Regetitle role of the gene for dysbindin is
studied as one of the candidate genes for schieapras dysbindin plays important role in
the potentiation of synaptic plasticity of neuramsl in the transmission of information in areas
of dorsolateral prefrontal cortex and hippocampainiation (Verébova and Horacek, 2010).
Nevertheless, it appears that the transmissioneattic predisposition to schizophrenia is
subject to polygenic inheritance. Expression oédse symptoms is considered to be a result
of the mutual interaction between the inner digpmsigenetic load, vulnerability) and external
factors (Tiwari et al., 2010).

Perinatal complications and neurodevelopment
A number of studies found a link between the dgwslent of schizophrenia and
perinatal complications or prenatal insult expos&everal observations in history gave rise to
a so-called viral or infectious theory of schizagtia, however, these findings support the
neurodevelopmental hypothesis of schizophrenia(¥&ger, 1995). This hypothesis, same as
the classical concept of schizophrenia as a negesuzative disease (disease begins
progressively and leads to gradual deterioratiasyumes nonspecific disorder of nervous
system during early development (Leipzig, Weinber$©93). The cause of such disorders in
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prenatal, perinatal and early postnatal period & viral infections, as well as metabolic
disorders or malnutrition and other factors. Theellgomental hypothesis coud be supported
also by the findings of cognitive deficit in schptwenia.

Morphological and functional brain abnormalities

Historically Kraepelin understood "dementia pra€cas a result of damage to the
cortex, particularly in the frontal and temporabéo Nonspecific pathological changes in the
brains of patients with schizophrenia have beemvahast in autopsy findings, and were later
confirmed by various imaging methods. Typically endion of lateral brain ventricles,
expansion of brain folds and cortical atrophy arentioned (Shenton et al., 2010). These
abnormalities occur in approximately 50% of pasernthey are usually associated with a
predominance of negative symptoms and worse thetigpeesponse. Findings of cortical
atrophy and histopathological abnormalities in eythitecture are presented as evidence for
the hypothesis of Schizophrenia as a disorder wfipg of nerve synapses. Important is the
interconnection of cortico-thalamo-cerebral cirsdltat are responsible for synchronization of
movements and coordination of motor-thought segegnesulting in cognitive dissymmetry.

Application of imaging techniques, such as strudtiMRIl and CT confirmed the
following morphological abnormalities in schizophig patients: extension of lateral ventricles
and the third ventricle, reduced volume of the leexkcortex (frontal, prefrontal, temporal),
limbic system (hippocampus, parahippocampal gyam) subcortical structures (thalamus,
corpus callosum, basal ganglia) (Shenton et alLOROMagnetic resonance spectroscopy
(MRS) used to examine biochemical abnormalitiesnalestrated reduced production and
increased breakdown of phospholipid membranesifrtimtal lobes and reduced concentration
of N-acetylaspartate (marker of neuronal activiig) temporal areas, particularly the
hippocampus in SZ. Positron emission tomographyTjP&nd single photon emission
tomography (SPECT), used to monitor the metabodisthregional perfusion, and to visualize
receptor systems, demonstrated reduction in ameasterior, cortico-subcortical and left-
right gradient, reduction in metabolic activatianfrontal cortex and in 50% of cases also
resting hypofrontality. Frontal abnormalities asually associated with negative symptoms,
while temporal with hallucinations and delusions.

Functional magnetic resonance imaging (fMRI) mamig the functional changes in
schizophrenia by detecting changes in blood flownduthe activation during the resting state
or by specific stimuli (e.g. cognitive tests) confed several areas associated with the cognitive
deficit in schizophrenia that include mainly chasigethe dorsolateral prefrontal cortex, limbic
system, hippocampus, parahippocampal gyrus, citeggigrus, thalamus and basal ganglia.
Most prominent are the changes in DLPFC and hipppcs, related to working memory and
long-term (episodic) impairments in schizophreiigaguljac et al, 2013).

Triple network dysfunction

Over the past few years the focus of neuroimagegearch has shifted from the
localization of task-related neural activity towsifdnctional connectivity within and between
organized cerebral networks. Also recent revieviumetional magnetic resonance imaging in
schizophrenia suggests that alternations are mdatesl to a few brain regions, but are
characterized by abnormalities within large-scaarbnetworks (Kraguljac et al., 2013).

A lot of data based on temporal coupling of fMRIspenses during rest and
context/stimulus-dependent activations has idextié triple large-scale brain network model
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consisting of the default mode network (DMN), satie network (SN) and central executive
network (CEN) (Menon, 2011). It is widely accepthdt coordination of these networks plays
a key regulatory role in organizing neural respsnsederlying fundamental brain functions
(Nekovarova et al, 2014).

The DMN shows decreased activation during cognitask performance relative to

resting-state or internally focused tasks and g@licated in self-referential internal mentation
(Andrews-Hanna, 2012). Its subsystems include aartmidline structures, i.e. medial
prefrontal cortex (mMPFC), posterior cingulate codad adjacent ventral precuneus, along with
the medial, lateral and inferior parietal corted arpart of the medial temporal lobe. The second
network - CEN - engaged in externally orientedrditaen during demanding cognitive tasks,
includes primarily the dorsolateral prefrontal exr{ DLPFC), and posterior parietal cortex
(PPC) (Menon and Uddin, 2010). In general, cogeititates that activate the DMN typically
deactivate the CEN and a vice versa. The last{scgte salience network (SN), composed of
the anterior cingulate and the anterior insula, iated selection of salient external and
interoceptive signals (Menon and Uddin, 2010; Sardh et al., 2008).
Accumulating evidence from neuroimaging studiehéalthy individuals indicates that SN
causally influences anticorrelated activation of BNMnd CEN and plays a general role in
switching between these two networks upon saligmidi mediated by midbrain dopaminergic
input (Menon and Uddin, 2010). The aberrant orahésh within the triple network model has
been suggested as a backbone for some clinicat@itive features of various psychiatric
and neurological disorders (Menon, 2011).

Numerous resting-state and stimulus-evoked (tasked) fMRI measurements in
patients with schizophrenia compared to healthyrotsrepeatedly showed aberrant functional
connectivity within and between DMN, SN and CEN ¢Karek et al., 2013; Moran et al., 2013;
Orliac et al., 2013; White et al., 2013; Guo et 2014; Manoliu et al., 2014). Those results
converge on the conclusion that SN dysfunction beagausative to triple network dysfunction
inherent to the illness (Palaniyappan et al., 20I®Jeed, based on nonpsychiatric lesion
studies, it was clearly shown that structural Stégnty plays a crucial role in the fine-tuned
orchestration of the other two major brain netwg@sou et al., 2010). This gains particular
importance considering concentration of the mogtrofeproduced structural deviations in
schizophrenia in regions of insula and ACC, whigiresent key hubs of SN. A prominent gray
matter reduction within these structures has beasistently and robustly reported in the meta-
analyses of morphometric MRI studies (Glahn e28I08; Ellison-Wright and Bullmore, 2010;
Bora et al., 2011; Shepherd et al., 2012). ACCiasidla gray matter volume reduction precede
the occurrence of the first psychotic symptomstand represent candidates for trait symptoms
of the disease.

A transition to psychosis and further chronicityassociated with additional morphological
changes in the adjacent regions of the mediofraradex and the temporal lobe. (Chan et al.,
2011). Further, an impaired anti-correlated refatop between task-positive CEN and task-
negative DMN due to SN malfunction may be phenaigity expressed as major symptoms of
schizophrenia, such as auditory verbal hallucimstigManoliu et al., 2014), delusions of
reference (Menon et al.,, 2011), and cognitive disimm of schizophrenia (Elvevag and
Goldberg, 2000).

It has been suggested that a lack of optimal DMdpsession during cognitive task engagement
may be a source of the general cognitive impairn{@nticevic et al., 2012). In previous
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literature it has been proven that in healthy adatthe magnitude of task-induced deactivation
within the DMN positively correlates with cognitiyeerformance (McKiernan et al., 2003; Li
et al., 2007). In schizophrenia, reduced supprassithe DMN during various cognitive tasks
represents a constant finding (Meyer-Lindenbergl.e2005; Garrity et al., 2007; Harrison et
al., 2007; Pomarol-Clotet et al., 2008; Whitfielagieli et al., 2009; Nygard et al., 2012;
Anticevic et al., 2013; Fryer et al., 2013). Theref a breakdown in coordinated suppression
of DMN activity may impair the overall performaneeross various cognitive domains in
schizophrenia (Nekovarova et al, 2014).

Biochemical abnormalities

Neurotransmitters, carriing signals between neunortie synapses and their binding
site receptors, are without doubt the most studidistances in schizophrenia (Horacek et al.,
2006). Attention is focused especially on the momoas and their influence on human
behavior. Dopamine is associated with one of thiegil hypothesis of schizophrenia, the
dopamine theory (Carlsson et al., 2006). This Hypsis was based on evidence of the
mechanism of action of classic antipsychotics, Wisahe blockade of dopamine, in particular
postsynaptic D2 receptors. This theory is suppoligdhe dopamine agonists or reuptake
inhibitors (amphetamine or cocaine) induced psyishdsom the original concept of higher
level of dopamine release at synapses and incredggaminergic transmission, attention
concentrated to a density of postsynaptic D2 recepDopamine is also important
neurotransmiter regulating neuronal response tereat stimulation. Simply, the model
explains the relationship between signal and ndlseincreased dopaminergic transmission
increases their ratio, while the depletion of doemeads to its reduction (H@ek et al.,
2002).

Serotonin has been linked to schizophrenia etiqgghesis already in the 50s years of
20th century, based on the similarity of schizoplwgsychoses and psychoses induced by
hallucinogens such as lysergic acid diethylamidg¥), a potent serotonin agonist. The role of
serotonin in the creation and development of sqitirenia was recently revived by the
introduction of the second-generation antipsyclsotgth significant affinity for serotonin
receptor and high ratio blockade between the seir&HT2 and dopamine D2 receptors. The
complexity of the interrelationships among the ogansmitter systems is illustrated in the
fact, that serotonin has an inhibitory effect opaminergic and glutamatergic receptors.

Glutamate, the excitatory neurotransmitter, is enent years also in the center of
attention of the schizophrenia research (Carlssah,6999). It is based primarily on the model
of phencyclidine psychosis. Phencyclidine (PCP) ather substances, e.g. ketamine or MK-
801, are competitive antagonists of N-metyl-D-atggar(NMDA) glutamate receptors, and
their administration results in psychosis simiasthizophrenia (Bubenikova-Valesova, et al.,
2008). Alterations of glutamatergic system of tha&itnhave been documented in schizophrenia
patients in botln vivo andpost mortenexaminations (Kerwin et al., 1990; Egerton anch8to
2012). Glutamate is an important neuromodulatosighal transmission in the cortex and
subcortical nuclei. Its mutual coordination witretdopaminergic transmission system, and
gamma-aminobutyric acid is studied as well.

Noradrenaline, particularly its metabolite 3-metr@x hydroxyphenylglykol and
metabolizing enzyme monoamine oxidase, have betensxely studied in schizophrenia.
Some authors reported decreased activity of nonadgéec neurons in the locus coeruleus after
long-term use of antipsychotics.
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Similarly gamma aminobutyric acid, an inhibitoryunetransmitter, is studied for its
significant interaction with glutamate system. Recdéndings indicate that schizophrenia is
associated with multiple pre- and post-synapticoaimalities in parvalbumin basket cell class
of GABAergic neurons that weakens their inhibitoontrol of pyramidal cells. This hypothesis
suggests that NMDAR hypofunction at parvalbumin G¥Bgic interneurons is sufficient for
schizophrenia-like effects (Nakazawa et al, 2012).

The interaction between various neurotransmittstesys with a key role of thalamus
as a filter of cortical stimulation are a base @arlssons’ model of schizophrenia (Carlsson,
1995). This model is based on the idea that thiexas constantly being bombarded by stimuli
from the outside world, and if not filtered or sattby thalamus, they would create noise.

Among other substances, the interest focuses orot@éef neuropeptides (endorphins
cholecystokinin, neurotensin, and endocannabinol@e3pite all the abnormalities described
earlier in the text, the role of these substanceshe brains of SZ patients and in the
etiopathogenesis remains unknown (Horacek et@D6R

1.4.3.2 Psychological and social factors

Even that for understanding of the etiology anchpgénesis of schizophrenia the
meaning of most of the psychological and socidliacrecedes into the background, they can’t
be entirely disregarded, both in terms course aodgrsis of disease, and particularly in terms
of a complex therapeutic approach. Attention isarily devoted to failures of communication
within the family, although the older concept afchizophrenogenic mother’ (overprotective,
emotionally cold) introduced by Frieda Fromm-Reiemm in 1984 that is now completely
deserted. The families of patients with SZ are dgily described by ambiguous
communication, for example when a different contdrd verbal or nonverbal communication
is presented, or that verbal language concealgetyaf meanings often ambiguous. Examined
is the extent of expressed emotions, such as exeasgicism, hostility, but also warmth, and
emotional commitment towards the patient. In fagsilivith high expressed emotion higher
number of relapses has been described (Kaplan 4084).

1.4.4 PROGRESS AND COURSE OF ILLNESS

The course of the disease is very diverse, fromagho episodes over repeated attacks
with varying degrees of functional impairment betweelapses to the progressive, long-term
chronic course of illness (Libiger, 2002). The lmegng of the illness may be acute (from full
health without warning signs) or slow. In many wduals with a gradual development, we can
observe discrete changes already in the premoréitbdy often in the form of reduced
performance in neuropsychological tests. The falgwrodromal period is characterized with
more salient unspecific symptoms (behavioral changeanges of motivation, thoughtfulness,
touchiness, perceptual distortions, sleep distubsetc.). After different length of prodromal
stage, follows the full manifestation of the diseas acute episode, with fully expressed
symptomatology of the relevant subtype. Furthegpss is variable (Watt et al., 1983): single
episode followed by recovery (assumed in 22% ofep&t), or recurrent acute episodes of
illness either with return to premorbid level beémeepisodes (35%), with partial remission
after each episode (8%), or with increasing residymptoms between individual episodes
(35%). According to prognosis, the least favoraldeiant is a chronic course (witch acute
episodes or without them) to progressively deepedisabilities. Severe functional impairment
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is observed after the first episode of the diseasd,over time with each additional episode
disability deepens in a large portion of patieirisaddition, the relapse risk increases with the
number of previous relapses (Robinson et al., 199@ppears that the greatest variability in
the disease is during the first 5-10 years, aftentthe course tends to be more stable.

Predictors of unfavorable course and outcome agephrenia is a history of psychotic
illness among first instance relatives (in contrdnigtory of affective disorder is predictive of
a favorable course), probably also birth complaadi (the relationship was not unequivocally
confirmed), poor premorbid social adaptation, ctigei disorders, neurodevelopmental
differences and structural brain abnormalities saghn enlarged ventricle, reduced volume of
the hippocampus, male gender, younger age at bagiofhthe disease, insidious progression
of the disease, low socioeconomic status, substabose and possibly the length of the
untreated psychosis. Favorable course is associdthdhe presence of psychosocial stress
and living in an ethnic minority (Murray, Van O998; Robinson et al., 1999).

1.4.5 THERAPY

Antipsychotic therapy remains the main treatmerthi of schizophrenia (see below).
Electroconvulsive therapy (ECT) is usually reserf@dtherapeutically resistant or catatonic
patients (Luchini et al, 2015). However, ECT idicized for its adverse effects on memory
function. The non-pharmacological treatment such psychosocial intervention
(psychotherapy, social training, psychoeducatiagndive remediation, etc.) benefits of
pharmacological treatment and complements the celmepisive approach to the disease.

The prerequisite for successful treatment is untimilp the insight of the patient and
his perspective towards treatment and illness. iffydies patients’ recognizing of the fact that
he/she suffers from a mental disorder, collabonabiotreatment and its acceptance, and an
ability to recognize unusual mental events as abhab¢Cooke et al., 2005). Study by Monteiro
et al. (2008) showed that poorer attention, imphiadstract thinking and consequently
disrupted ability of judgment prevent adequateaaatilon of introspection capability, which is
important for full insight of the iliness. Besiddé® psychopathology and its effective treatment,
the insight is also related to stigmatization @& tiness in the society (Lysaker et al., 2007).

A wide range of antipsychotic drugs that differtiveir mechanism of effect and the
profile of side effects are currently available.dddition to classical antipsychotics, a large
number of new antipsychotics emerged in last yaaefsrred to as second-generation
antipsychotics. The antipsychotic activity of ciaakantipsychotics is based on the blockade
of dopamine D2 receptor (Meltzer, Stahl, 1976).déwce of their effectiveness in treating the
positive symptoms comes from numerous controlladiss and extensive clinical experience
with their administration. However, they are lefsaive in treating the negative and affective
symptoms. They shorten the length of psychoticagl@s, however, they are less effective in
preventing relapses. A large number of adverseediéets can often lead to the nonadherence
in patients (Konley and Kelly, 2005; Dibonaventetal., 2012). The most typical side effects
include neurological and endocrine disorders, eytamidal symptoms (EPS): Parkinsonism,
dystonia, dyskinesia, and akathisia. From a widgeaf other adverse effects (antihistaminic,
anticholinergic, antiadrenergic and others) pogiytiethal neuroleptic malignant syndrome
deserves to be mentioned. Some authors suggesraldopaminergic deficit syndrome with
prominent negative and depressive symptoms asdbeBects of antipsychotics treatment.
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Second generation antipsychotics, sometimes alored to as new or atypical
antipsychotics, are a heterogeneous group of psygio drugs, which when compared with
conventional antipsychotics, defines especiallydjimberance (especially absence of EPS) and
clinical efficacy not only in positive but also megative, affective and in cognitive symptoms;
and therapeutic efficacy in resistant patients wsithizophrenia (Krausz, 2002). Their onset
dates from the reintroduction of clozapine in tids &f the 20th century. The most common
side effects are sedation, weight gain and anticbaic effects (Casey, 1996). Zotepine and
clozapine can dose-dependently induce seizuregaphey clozapine is associated with a
potentially lethal complication, agranulocytosisttwhypersalivation. Recently discussed in
connection with certain antipsychotic drugs of setgeneration are metabolic disorders such
as impaired glucose tolerance, including the deareknt of diabetes, and lipid metabolism
disorders.

1.5 COGNITIVE DEFICIT IN SCHIZOPHRENIA

The neuropsychological background of the cognitilgdicit in schizophrenia is a
quickly developing area in psychology and attradtst of attention. Schizophrenia is now well-
recognized as a neurodevelopmental disorder withj@ctory that begins in utero, evolves in
the first decades of life through a multidirectibiméerplay among genetics, environmental, and
stochastic influences, resulting at maturity istdiibed patterns of brain structure, connectivity,
and activation (Lewis and Levitt, 2002; Marenco &dinberger, 2000). These abnormalities
are often subtle, but they affect widely acting notansmitter systems (e.g., dopamine,
glutamate, GABA) and abnormalities are represeimedritical neural hubs, including the
prefrontal cortex and hippocampal formation (Calliet al., 2000; Meyer-Lindenberg et al,
2005; Weinberger et al, 1992). Given this neuroligraental nature of schizophrenia, it is no
surprise that cognitive performance is also broaiyupted in schizophrenia.

The impairment of cognitive functions is considet@tle a characteristic and permanent
manifestation in patients with schizophrenia disordndreasen, 1999). In 1998, Heirichs and
Zakzanis published the first large-scale-meta-amglyof cognitive deficit findings in
schizophrenia (Heinrichs and Zakzanis, 1998), daimg a far-reaching global cognitive
impairment with an overall mean of 0.92 standandat®ns relative to community comparison
groups (Heinrichs, 2005). Although the extent ofjmtive decline in schizophrenia has
considerable inter-individual variability, it hagdn shown that the overall performance in
neuropsychological tests is more than 1 SD lowesdhizophrenia when compared to the
healthy population (Keefe et al., 2005; Reichenledrgl., 2009, see Fig. 9). This deficit has
been demonstrated in 82-84 % of the patients (Raloérg et al., 2009) and was shown to be
stable in time.

An important amount of research in SZ has examinedelationship between cognition
and variety of clinical factors including age ofset, symptomatology, severity, duration,
medication, functional outcome, and QOL (Bilderp@Mesholam-Gately, 2009;Heinrichs,
1998). Cognitive deficits are a significant predrodbf functional outcome - ability to perform
specific activities of daily living (Green, 1996aHey et al., 1998; Green et al., 2000, 2004),
and are current targets for psychopharmacologieatrnent (Hyman and Fenton, 2003).

The MATRICS (Measurement and Treatment Researchmiarove Cognition in
Schizophrenia) initiative identified seven cruciagnitive areas typically influenced in
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schizophrenia: attention, psychomotor speed, wgrkiremory, logical thinking, problems
solving, social cognition, and verbal and visuotsppéearning and memory (Green et al, 2004).
Neurocognitive deficit thus represents a reliaklatdre, with moderate to large effect size on
global functioning across all cognitive domains Igvi 2005).

Average impairment

0.0 0.2 0.4 0.6 0.8 1.0 1.2 14

Attention

Executive functions

Declarative memory

Working memory (maintenance)

Working memory (maintenance+manipulation)
Processing speed

Motor speed

Language

Perception
Neuropsychological composite score
General intellectual ability (1Q)

Figure 9. Neuropsychological performance profile of schizaptia. Summary of results from meta-analytic
studies presented in effect-size units (mediactediee was calculated from available meta-analyéadopted
from Reichenberg, 2010).

The issue investigation of cognitive functions ichigophrenia is complicated by
considerable heterogeneity of deficit among thdeptt. According to the experience of
reviews and meta-analysis (Dickinson et al., 20@&mer et al.,, 2009) some investigators
found significant deficit in some certain areas aode reported general deficit. Moreover
about 20% of patients manifest almost normal fmitig of cognitive functions as well as
functioning in every-day life (‘high-functioning’rgup), based on their premorbid IQ and
education (Allen et al., 2003). However, it is e@rf that cognitive measures could predict
further success in work and social life more thest psychiatric symptoms (Green et al., 2004).

Besides deficit in attention, cognitive symptomsshizophrenia include two main
clusters (see Fig. 9):

1) Executive functions associated with the prefrontal cortex (deficitspiroblem
solving, verbal fluency and working memory (Morisal, 1995; Park and Holzman,
1992; Shallice et al, 1991, etc.),

2) Long-term memory associated with medial temporal lobe (both vedral visuo-
spatial; Achim and Lepage, 2005; Aleman et al, 19faguljac et al., 2013;
Ranganath et al., 2008).
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Some authors argue (Aleman et al, 1999; Boyer,e20417) that disturbed executive
functioning is not specific feature of schizopheeras it is described in various neuropsychiatric
disorders, such as depression (Fossati et al, 18B8¢ssive compulsive disorder (Greisberg
and McKay, 2003) or attention deficit hyperactivibgorder (Willcutt et al, 2005), suggesting
that although prefrontal impairment is one of thejon features of schizophrenia, it is not
specific to the disorder (Boyer et al, 2007). Cadkher hand, long-term memory impairments,
are equally if not more salient feature of the imgxh cognitive profile in schizophrenia
(Aleman et al, 1999). In addition, these impairmemdve been found to be correlated with
dysfunctional outcomes in the daily living of pesplith schizophrenia (Green et al, 1996),
and seems to be the best predictor of overall msatial well-being in these patients (Green
et al, 2000). Aleman and his collegues (1999) capgpaore than 70 studies comparing SZ
patients with healthy population and concludedhairtmeta-analysis that impairments of long-
term memory are not secondary to frontal attentidgafunction or executive abnormalities,
as suggested in previous studies. This idea wasosigal by experimental studies (Holthausen
et al, 2003). Furthermore, neither medication statar severity of psychopatology were
associated with memory impairment (Aleman et a829Some authors even report that spatial
and verbal memory and verbal learning showed e$igets nearing 3 standard deviations below
normal performance, compared with abstraction amataht flexibility that had effect size
approaching 1SD (Saykin et al, 1991).

1.5.1 LONG-TERM MEMORY DEFICIT IN SCHIZOPHRENIA

Schizophrenia patients have been show to be inpairboth verbal and visual long-
term memory (Aleman et al, 1999; Holthausen e2@Q3), even that the explicit memory is
mostly tested by verbal methods. They perform quotarly on explicit memory tasks including
both memory subsystems - semantic (memory for tedléacts) and episodic (memory for
whole events) (Clare et al, 1993; Goldberg et &8 Holthausen et al, 2003; Tamlyn et al,
1992). In contrast, the implicit memory (such gsetéion priming and procedural learning)
seems to be unimpaired in SZ (Kornetsky et al, 193&nion et al., 2001), and subtle
impairment was observed only in the presence otased psychotic symptoms, probably due
to the lack of motivation and changes in psychomspeed (Exner et al, 2006). Interestingly,
the explicit memory deficit in schizophrenia is ganto that found in patients with medial
temporal lobe lesions (Duffy and O’Carroll, 1994pwever, they are considerably less severe
than that caused by degeneration in organic am(idsiarichs et al, 1994).

In terms of separate neuroal processes involvetemory formation (encoding, storage
and retrieval), patients with schizophrenia areoregal to be impaired both in encoding
(associated with medial temporal lobe dysfuncteng retrieval parts of the process (associated
with frontal lobe dysfunctions) (for review see Alan 1999; Boyer et al, 2007). They are most
impaired in the learning of new information, conteekto issuficient encoding (Holthausen et
al, 2003). Gold and Goldberg (Gold et al, 2004; dbelg et al, 2003) suggest encoding
processes to be central to memory impairments hizgphrenia, while storage and retrieval
procedures are mostly found to be unimpaired @rgwn et al, 1994; Bacon et al., 2007,
Holthausen et al, 2003; Egeland et al, 2003; Pawseal, 1995). However, only minority of
studies have examined recognition in schizophreMieta-analysis by Achim and Lepage
(2005) found noticeable differences in encoding ametrieval between controls and
schizophrenia subjects in the left inferior pretedrcortex.
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In the light of these findings, the complementagrgpective involving the role of
temporo-frontal (HPC-PFC) network could provide a@ren accurate explanation of the
cognitive deficits in schizophrenia (Boyer et &00Z). This is supported by the existence of
connections of the medial temporal lobe to the tablobe are repeatedly shown in animal
studies (Kawashima et al, 2006; Thierry et al, 2000/0lving the projection of information
from the hippocampus to the prefrontal cortex (Gbét al, 2002; O’'Mara et al, 2000). This
HPC-PFC pathway represents one of the major factdemarning and memory (Laroche et al,
2000) and thus abberant HPC-PFC connectivity caxlplain cognitive deficits (both in
working and long-term memory) in schizophrenia.

1.5.2 VISUO-SPATIAL DEFICIT IN SCHIZOPHRENIA

Patients with schizophrenia exhibit impaired perfance at all levels of spatial
cognition, from simple visual perception to compfevigation in spatial environments.

1.5.2.1 Visual Perception in Schizophrenia

Schizophrenia is linked to problems in low- andyhhievel visual information
processing. Butler et al. (2005, 2008) studiecdetndy-stage visual processing in schizophrenia,
measuring rate response of neurons on visual-evpkéghtials. More concretely the study
focused on magnocellular pathway, which leads Visdarmation from the thalamus to the
visual cortex and then to the dorsal visual systeediated by NMDA. Patients with
schizophrenia showed significantly lower responskesnagnocellular cells, lower contrast
sensitivity and impaired motion processing thandietrol group (see also Chen et al., 1999).
From these results authors concluded dysfunctighinviow-level visual pathways involving
thalamo-cortical radiations, especially contrashsgérity, which was in turn related to
deficiency in high-level visual processing.

However, SZ patients show patrticular difficultidsaain high-level visual information
processing. This is mainly connected to object tifieation tested by incomplete object
recognition (for example, one object covered bytlagioobject), or the perceptual proximity
(e.g. in the fragmented pictures test). This gbisitclosely related to information integration,
thus to ventral visual system functioning (Donigeal., 2001). The difficulties were also found
in perception organization and placing perceived aontext (Butler et al., 2008).

A study investigating simple eye-movements in S¥ arder to discriminate
schizophrenia cases from control subjects showasbreable predictive validity of similar tests
(Benson et al, 2012). Eye movements were recordadgismooth pursuit, fixation stability,
and free-viewing tasks. A group, of schizophreraigmts differed from control subjects on
almost all eye-movement tests, including horizomafsuit, visual scanpath, and fixation
stability; but the fixation dispersal during freewing was the best single discriminator (see
Figure 10). Effects were stable over time, and peaelent of sex, or medication. This study
demonstrated very good predictive validity of thgpleed methods, showing that simple
viewing patterns can detect eye-movement abnoriemliin SZ that can discriminate
schizophrenia cases from control subjects with gtxaeal accuracy (ranging from 87 to 98.3%
depending on the applied model).
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1.5.2.2 Mental rotation and perspective taking

Schizophrenia patients are slower and less accurateental rotation of letters and
objects (de Vignemont et al., 2006). Longer reactimnes measured in patients can be
explained by an overall slowing of mental processeschizophrenia and impaired visuo-
spatial sketchpad and centrally executive compomsalved in the working memory during
imagination of motor movements (Baddeley, 1992).

Spatial navigation abilities have been tested i@lsnore complex virtual environments
not directly based on animal studies. Landgraf le2@10) tested spatial orientation in
allocentric and egocentric reference frame in agervirtual environment of a palace square
(Landgraf et al., 2010). Here, participants hatheke a decision as to which of two trash cans
was closest to themselves (viewer-centered, egacgerio a ball (object-centered, unstable
allocentric), or to a palace (landmark-centereahlstallocentric). The results of the study imply
that schizophrenia patients' adoption of an egoicepérspective is preserved. However, their
allocentric estimations are inaccurate, and theiitching between ego and allo-centric
reference framework is significantly delayed. Thagopting an allocentric point of reference
and switching between egocentric and landmark-cetdtgerspectives are impaired in
schizophrenia.
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1.5.2.3 Spatial memory and executive functioning

Declarative memory and executive functioning- plaing and organization - in SZ

Declarative memory is also often reported as dafiicin SZ. While verbal declarative memory
deficits in schizophrenia are well documented, aisdeclarative memory is less studied.
Complex figures, such as RCFT and Taylor figure\®&ts and Meyers, 1995; see Fig. 11) are
often used to test both, visuo-spatial memory atet@tive functioning (organization of the
copied material) that is mediated by the prefrolaiaé (e.g. Shin et al., 2006; Lezaky, 2014) in
patients with SZ. A study comparing chronic SZ ahdonic bipolar psychotic disorder with
healthy controls (Seidman et al, 2003) demonstritatl SZ patients are significantly more
impaired in RCFT test than controls on both copguaacy and organisation, and recall
accuracy. While the bipolar patients performedraindermediate level between controls and
SZ patients. This data suggest that the visual merdisorder in SZ is characterized by
combined organizational processing impairments gantion of the copied material) and
retention difficulties. In addition, decline in vial memory function progresses with duration
of illness (Seidman, 2003).

Original figure

RCFT

Taylor .

*

Figure 11. (left) The design of the Rey—Osterrieth (RCFT) a@agllor complex figure test; (middle, right)
Examples (21 year old women, and 20 year old mehizgphrenia scpectrum disorder) of the incorrect
organization of the copied material (presentedhia tolor coded order of copied details) not follogvithe
logical pattern (middle), resulting in later reprodtion error (right) in schizophrenia patient (ofrtad during
assessments performed in thissis.. lllustrations were obtained in the experimentaltpafrthe stud

Another test sensitive towards deficit in visuo-stactive abilities mediated by frontal
lobe is theBlock-design(WAIS subtest). This task is used to test disoggion of spatial
elements or the disruption of one or more of thecekive steps - intention, programming,
regulation or verification (as suggested by Lund asvetkova, 1964). Several studies suggest
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impairment in block design performance among sgitizenic and bipolar disorder patient
populations (Lezak, 2012).

Executive functioning, in particular spatial plangiabilities, tested using th€ey
Search Tes{BADS; Alderman et al, 2003), also showed imp&ppanning of spatial strategies
and monitoring of the own progress in schizophréBians et al., 1997). For illustration of
spatial strategies see Fig.12.

Figure 12. lllustration examples of typical strategies usgdhealthy volunteers (2 left images) and SZ
patients with deficit in spatial planning abiliti€2 images on the right) obtained during neuropsjabical
assessments performed he experimental part of this the:

Spatial working memory

The deficit ofworking memory, as the restricted capacity system necessaryhéor t
short term storage and manipulation of informattbat sub-serves goal directed action,
intention and thought (Goldman-Rakic, 1996; Badgel®996), was well documented in
schizophrenia both in verbal and visuo-spatialstelstseems that schizophrenia is a disorder
primarily characterized by the deficit in organieatand processing of information at a central
executive component of working memory (Longeviddlenin et al., 2005). That is the reason
why the negative symptoms manifest themselvesatessing both verbal and visuo-spatial
information, with a consequent mistakes in rememigerWM is considered an objective
marker of function of prefrontal cortical (PFC),esffically the dorsolateral prefrontal cortex
(DLPFC), areas that are modulated by cortical amdcartical dopaminergic projections.
Importantly, this brain-behavior model of WM impaient in SZ has good explanatory power
for both animal and human models of the disordeld@an-Rakic, 1994; Goldman-Rakic,
1996; Baddeley, 1996). According to Piskulic, WMstiynction model of schizophrenia is
possible to induce experimentally in animals (namhan primates and rodents); at least for
non-verbal or spatial information (Piskulic, 2007).

Impairment of visuospatial working memory (VSWM) performance in SZ was
demonstrated using various methods (see meta-asabysLee and Park, 2005; Piskulic et al.,
2007; Dreher et al., 2001). Three main types dstdgt have been most frequently applied by
a large majority of the SWM studies (according igcBlic, 2007): 1) the delayed-response task
(DRT) or Spatial Span, 2) self-ordered searchinggigm (CANTAB subtest; Computerized
Executive Golf Task) and 3) the n-back paradigne Titst group of tests (DRT and spatial
span task in forward version) require that spatf@rmation be held briefly in memory, but not
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manipulated. The remaining two categories, howevequire both maintenance and
manipulation of incoming spatial information, arrd therefore superior and more sensitive for
the assessment of SWM function. Thus, some ofdbis tare weaker, less sensitive, than the
others as they are not engaging all processesvied@h SWM function (Piskulic, et al., 2007).

Context-memory, cognitive coordination and attractstates in Schizophrenia

The core or main cause for cognitive disorganiraand complex cognitive deficit
observed in schizophrenia could be the impairmeodgnitive coordination (i.e. neural control
of cell population activity in time and contexthifips and Silverstein, 2003). This impairment
should include inappropriate perceptual associatiand beliefs, deficits in an ability to
integrate contextual information as well as impaidiscrimination between relevant and
irrelevant information (Hemsley, 2005). Contextugfiormation plays an important role in
memory deficits in SZ. Schizophrenia patients shmoyaired contextual processing abilities
while maintaining perception and memory processishén et al, 1999; Penn et al, 2002).
Contextual binding involves a deeper type of enegdising contextual features (such as spatial
relationships or temporal order), shown to be irtgarfor processing of episodic memories
(Danion et al, 1999). Binding processes allow usaimbine different contextual elements into
a complete memory representation and provide ukritbe/ledge that certain features (content
and context) have co-occurred (Chalfonte and John$696). Studies applying memory
binding tasks, such as remembering of both tangetds, objects or faces) and their spatial
position or some other context feature such as eemhgontext (Rizzo et al.,1996; Burglen et
al, 2004; Gold et al, 2004) indicated that the mnfior target or spatial information alone is
unimpaired in SZ, relative to the ability to biraddet and spatial information together. Medial
lobe structures, particularly hippocampus, playitcal role in this type of contextual binding
(Eichenbaum, 2000).

According to another but related model (Rolls, 2Q12stability of neuronal cortical
attractor states, due to general reduction ofdirmtes of glutamatergic neurons, contributes to
cognitive as well as negative schizophrenia symptarhis instability results in interfusion of
working memory items and poor ability to allocateeation. Findings in animal models of
schizophrenia support this suggestions. The hypehsgny theory claims that the cognitive
deficit in psychosis results from increased codgtigpecifically between neurons which
normally do not fire together. TTX-induced cogntigisorganization on rotating circular arena
disrupted ability to segregate relevant associatian rats and led to coactivity
(hypersynchrony) of hippocampal pyramidal cellschage (Olypher et al., 2006). Such
hypersynchrony could produce the excessive assmtsatbserved in schizophrenia by reduced
separation between representations of unrelatett®aad contexts in the hippocampus. Later
observations of MK-801 (NMDA receptor blocker) irogda impairment of spatial coordination
in carousel maze (Stuchlik et al., 2004) and elation of contextual specificity (increased
similarity) of IEG expression in hippocampal CAlsembles (Kubik et al., 2014) also
supported the hypersynchrony theory. The impaitgtitya to identify context using task-
relevant information stored in a working memoryalving PCF hypofunction, was described
also in schizophrenia patients. Similar observatibave been done in all task-switching
paradigms related to dysfunction of medial andréatBFC areas (Jamadar et al., 2010). No
studies yet involved the processes of switchingvbeh spatial reference frames in dynamic
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environments applied to schizophrenia patientss&Hhmdings point towards the importance
of PFC-hippocampus connectivity in etiology of dphrenia.

1.5.2.4 Spatial navigation in schizophrenia — from animale humans

Spatial navigation abilities, especially the gomedted navigation offers a powerful
paradigm for studying neural system interactionsndgucomplex human behavior (Spiers and
Maguire, 2006) and animal models of neuropsycluatisorders. The neurobiology of various
cognitive processes including perception, motivatglanning, memory and decision making
at molecular, cellular, and systems level have leoduced using spatial navigation tasks in
the rodent models (Burgess, 2008; Moser et al.8R00he neurotransmitter dopamine and
glutamate, important targets in schizophrenia meseg@lay a dominant role in the modulation
of the neuroanatomical structures and networksgedya navigation (Penner and Mizumori,
2012). Several core brain regions that are invoivesluccessful goal-directed navigation in
humans including the hippocampus, prefrontal coatex striatum (Aguirre et al., 1996; Astur
et al., 2002; Bohbot et al., 2004; Hartley et 2003; laria et al., 2003; Maguire et al., 1998;
Spiers and Maguire, 2006; Wolbers and Hegarty, P0di@ also strongly implicated in the
pathophysiology of schizophrenia (Weinberger etl#186; Goldberg et al., 1987; Heckers and
Konradi, 2002).

Optimal navigation is associated with the abilayflexibly switch between allocentric
and egocentric strategy, and those between thedapppal and striatal networks (Hartley et
al., 2003; laria et al., 2003; Etchamendy and B6hB607). Also the ability to integrate
wayfinding networks with prefrontal cortex workingemory and executive functions (Maguire
et al., 1998; Hartley et al., 2003) are essentiakticcessful navigation in space. Evidence of
impaired spatial memory and navigation have be@orted in schizophrenia, and also in
animal model of schizophrenia (see below). Visuatighinformation that leads to the mental
representation of space, the cognitive map, matagoerrors and inaccuracies. Recalling from
such cognitive maps can then impair spatial orieriaat various levels.

In schizophrenia research, the mostly used vireellty (VR) navigation paradigms are
mainly focused on specific neural structures ormnitbge domains, and therefore tend to be
based on environments used in rodent models, wéghparadigm of trial and error learning
(Astur et al., 2004; Hanlon et al., 2006, 2012;|&pkt al., 2010). With respect to MWM task,
only the classic reference memory version of tidelén goal paradigm was tested in the virtual
environment, in contrast to navigation to a visitdeget (Hanlon et al., 2006). This study
demonstrated significant behavioral deficits inisophrenia manifested in longer latency and
a long search trajectory in hidden goal trials, prgserved visible target navigation. Other
studies show spatial memory deficits in tasks thqtire extensive exploratory activity prior
to testing to ensure familiarity with landmark ltocas (Weniger and Irle, 2008; Spieker et al.,
2012).

Traditionally used ‘paper-and-pencil’ or simple quuier tests to assess cognitive
deficit in schizophrenia, are not comparable with behavioral tasks used in animal research
and such limitation can be shown in a low predetwalidity of the animal models of
schizophrenia (Pratt, Winchester, Dawson, and Mpr2012).Considerable attention is
therefore devoted to the assessment of spatiaation abilities in schizophrenia and in animal
models of this disorder, since spatial behavior gpdtial memory can be measured using
similar methods in various species. Rats are conlynmed as models of schizophrenia.
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One of this models uses neonatal ventral hippochlegian (NVHL), an experimental
lesion in the ventral hippocampal area of ratstexkahortly after birth. Adult rats with NVHL
show typical indicators of schizophrenia such gsehgensitivity to psychostimulants, reduced
social interactions and impaired prepulse inhibitmorking memory and set-shifting (Lipska,
Weinberger, 2000; Lipska et al, 2002; Marquis ef a008; Brady, 2009). This research
indicates that spatial memory may be adversely ctdte by neonatal damage to the
hippocampus in a way that closely resembles schieoga. Schizophrenia is thought to stem
from neurodevelopmental problems shortly aftetbittewis et al., 2002).

Similar to schizophrenia, hippocampally impairets r@so failed to use environmental
context in spatial learning tasks resulting inidiffty completing the radial arm maze and the
Morris water maze (Silva-Gomez et al., 2003; Lewnh al., 2006).Interestingly, this
observations are similar to that reported in AD anthestic MCI patients.

Some analogues of animal tasks have been alresigyltglso in schizophrenia patients.
Virtual Morris Water Maze has been previously apglonly in the reference memory protocol
in SZ (Hanlon et al., 2006; Folley et al., 2010hisTtask has been shown in human and non-
human animal studies to be hippocampus-depend&npa8ents traveled further and took
longer to find the hidden platform (hippocampal-elegent version) over training blocks and
spent less time in the correct quadrant duringp@etrial. However, there was no deficit in the
visible-platform condition (relying on cued-navigatal abilities).

Another analogue, the virtual eight-arm radial mé&&M), showed learning and
memory impairments in SZ, as this task relies ¢acinprefrontal and hippocampal functions.
Here, subjects attempted to learn to retrieve fewards each located in separate arms. As
expected, subjects with SZ used more time andladvaore distance to retrieve rewards, and
made more reference and working memory errors, ratrteved fewer rewards than HC.
Impaired virtual RAM performance in SZ is consigtevith studies that examined RAM
performance in animal models of SZ. These findinggivate the development of human
analogues of animal spatial tasks for applicattooamparative clinical research.

Weniger and Irle (2008) tested SZ patients in egoimenavigation using complex
virtual maze and allocentric navigation in complgstual park (open scene with landmarks).
This study demonstrated deficit of allocentric mg@ion using landmarks in contrast to
preserved egocentric navigation using routes in (8Z&niger and Irle, 2008). Stronger
disorganized symptoms of schizophrenia subjecte wigmnificantly related to more errors on
the virtual maze. It is concluded that egocenjpatigl learning adds to the many other implicit
cognitive skills being largely preserved in schizgmia. Wilkins et al. (2013) showed strategy-
dependent impairment in schizophrenia using virtmaize, where schizophrenia subjects
demonstrated deficit in hippocampal spatial stigtelgput not in the response strategy
(associated with caudate function).

1.5.2.5 Visuospatial vs. verbal cognitive deficit in relati to quality of life in SZ

Even that abnormalities in cognitive functions aomsidered to be one of the key
components in schizophrenia, studies focusing @tiBp relationships among the cognitive
domains or relationships inside the domains and itiftuence on daily functioning are limited
(Harvey, 2012). One of the most neglected areathascomparison of the impact that
visuospatial (VIS) and verbal (VERB) abilities hawe global functioning and QOL. Focused
research of VIS functions can help provide a bettederstanding of neuropsychological
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patterns of heterogeneity in SZ. In addition, sikg8 functions are less biased by language
skills, research in this area can enlarge the mpsyahiatric field (Paradis 2008). Furthermore,
VIS functions are an important tool for comparatinesearch on animal models of SZ
(Fajnerova et al. 2014).

One of the main reasons why visuospatial functidsnot receive much attention as
an independent entity in the research of SZ wam#ugative impact of the first-generation
(typical) antipsychotic treatment on some motor wisdospatial functions (e.g. psychomotor
retardation; Arana 2000;Meltzer and McGurk 1999]Bilet al. 1992;Spohn and Strauss 1989).
With the development of second generation (atypieadtipsychotics (AP), the risk of
neurological side effects seemed reduced. Moredietings of slightly positive effects of
some atypical AP on cognitive deficit were repoite8Z (e.g. Houthoofd, Morrens, and Sabbe
2008;Peuskens, Demily, and Thibaut 2005) and thedmgs were supported by results in an
animal model of SZ (Bubenikova et al. 2005). Hoarewhen atypical antipsychotics were
directly compared with the typical ones, no diffezes were found in either psychomotor
functions or other cognitive areas (Keefe et @d072Jones et al. 2006;Lewis and Lieberman
2008). Another limitation related to the study ofSViunctions is that not all studies use a
separate model of verbal and visuospatial functittsually, both VERB and VIS functions
are included in the same cognitive domain (e.g. orgndomain) or in the total 1Q score;
alternatively, they are studied as isolated vaegablhe question how much (if at all) the AP
medication affects the motor and VIS functions whempared with the verbal functions, and
to what degree the visuospatial functions impaclydanctioning and the quality of life
requires more research.

Visuospatial (VIS) impairment can negatively affgerious daily activities from the
most common, such as watching TV or reading a btmt)e most complex, including social
interactions (visual recognition of social signa#s)d recognition of territorial boundaries
(interpersonal space) (Cummings and Mega 2003subjects exhibit impaired performance
in a wide range of VIS functions, from the mostibdsvel of visual perception to more
complex visuospatial processing and navigationitedsl (e.g. Butler et al. 2005;Stuve et al.
1997;Doniger et al. 2001;Piskulic etal. 2007;€vet al. 2009;Landgraf et al. 2010;Weniger
and Irle 2008;Folley et al. 2010;Hanlon et alO@Fajnerova et al. 2014). This decline in VIS
performance is already present in first episodeizeghrenia and performance further
deteriorates over time, predicting poor outcomél{igg et al. 2003). Cross-sectional studies
in subjects with late-life schizophrenia report ament in visuospatial ability, alongside with
executive and verbal fluency deficit. Moreover, dandinal studies suggest that cognitive
decline in late-life schizophrenia may first aff&6 abilities (Rajji and Mulsant 2008). It was
also demonstrated that VIS tasks related to attentmemory and planning predict
improvements on psychosocial functions, such asnamy in daily living, treatment
compliance, and social competence in subjects psilthosis (Prouteau et al. 2005). Given
the significance of VIS functions in our daily lifiéis expected that visuospatial tests would be
good predictors of functional outcome in SZ.

Functional capacity and quality of life (QOL) playey role in the study of the course,
treatment efficacy and other factors related tocfiemal outcome in SZ. Both functional
capacity and QOL are negatively associated withiadi symptoms (Gaite et al. 2005b;Malla
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and Payne 2005;Milev et al. 2005;Makara-Studzifigkadyniak, and Partyka 2011). Negative
symptoms are more strongly related to poor QOL asgchosocial functioning in SZ
outpatients (Rocca et al. 2009;Eack and Newhi07Zd0whereas general psychopathology
shows a consistent negative relationship with Q@toss all study samples and treatment
settings (Eack and Newhill 2007;Rocca et al. 2088)dings about the influence of positive
symptoms are heterogenous, with the relationshigvatds negative and general
symptomatology being more evident, varying onlthi@ extent of influence (Eack and Newhill
2007;Rocca et al. 2009).

In terms of cognition, the current state of therhture did not enable drawing any
conclusions about specific cognitive constructatesl to global functioning and QOL. Some
studies have documented a relationship betweenureghgeneral cognitive ability (IQ index)
and global functioning or QOL (Tzeng, Lung, and @p2004;Chaplin et al. 2006;Leeson et
al. 2009), while other studies also point out itin@ortance of specific neuropsychological
domains. The results of these studies are verydggaeous, depending on the measures used
in the assessment. Despite the heterogeneity ofures the deficit in executive functions
appears to be the most evident and burdensomeds andst related to impairment of global
functioning and QOL in SZ (Bilder et al. 2000;Re=tchl. 2002). In addition, lower QOL is
related to the deficit in verbal memory (Fiszdorlet2008;Matsui et al. 2008;Ritsner 2007).
As was stated previously, VIS and VERB functiorsasually combined in a single domain or
IQ score. Thus, the role of VIS functions in glohaictioning and QOL remains unclear.

1.6 ANIMAL MODELS OF SCHIZOPHRENIA

Developing reliable predictive animal models fomgex psychiatric disorders, such
as schizophrenia, is essential in order to increasenderstanding of the neurobiological basis
of the disorder, mechanisms underlying this disemse its symptoms (for review see Jones et
al., 2011; Bubenikova-Valesova et al., 2008; Carisgt al., 2004). Animal models of
schizophrenia represent an important tool alsaléelopment of novel antipsychotic agents
with improved therapeutic efficacy, and for verdion of their effect on positive and negative
symptomatology, and cognitive deficits in schizapha. Most of the currently used
therapeutics for schizophrenia have been testddtiangt help of animal models. Animal models
of schizophrenia represent experimentally-inducedlagies of selected symptoms of the
disease that do not represent the full manifestaifdhis typically human disorder. It is due to
the obvious difficulty in modeling symptoms like lln@inations and delusions in animals.
Instead, animal models do mimic observable behaVioranifestations of the disease, and
scientists thus rely on observing this behaviofenges following specific experimental
manipulations, usually evaluated in terms of vékdi (Bubenikova-Valesova et al., 2008).
Construct validity reflects the agreement of thel dhsease and the animal model in terms of
pathogenesis and (possible) causes (EllenbroekCaints, 1990). Face validity emphasizes
similarities of the symptomatology; and finally theedictive validity of the model relates to
the response to drugs used as therapeutics on haubgatts (Jones et al., 2011, see Fig.13).

The use of animal models helps to improve undedstgnof the neurochemical and
structural CNS changes that precipitate developmesthizophrenia, rather than focusing on
treating the symptoms, is a prerequisite to enable more effective therapeutic strategies to
be developed (Jones et al., 2010). Most rodent labdee behavioural phenotype changes that
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resemble ‘positive-like’ symptoms of schizophremagbably reflecting altered mesolimbic
dopamine function, but fewer models also show @dtesocial interaction, and learning and
memory impairment, analogous to negative and cognisymptoms of schizophrenia
respectively. All available animal models of sclphcenia fit into four different induction
categories: developmental, drug-induced, lesiogemetic manipulation. In these chapter we

will focus only on Pharmacological models of sciplzcenia.
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Figure 13.Schematic diagram of the key behavioural, neurodtedrand structural changes expected be present
and to have translational relevance to the threeeceymptom domains of schizophrenia in an animalaghof

the disorder (adopted from Jones et al., 2011).

1.6.1 DOPAMINE MODEL OF SCHIZOPHRENIA

A dopamine dysregulation with hyperfunction of thesolimbic dopamine system was
the original theory underlying the basis of schiz@mia (Murray et al., 2008), therefore the
first animal models were developed on the basiphairmacological manipulation trying to
mimic this feature. Amphetamine-induced psychosis Wrst described in the 1950s with a
clinical picture of positive symptoms of SZ: audytdallucinations and persecutory delusions.
In rodents, chronic amphetamine administration cedua persistent sensitization, exaggerating
the hyperactivity caused by acute amphetamine egpin (Robinson and Becker, 1986),
which is thought to more robustly model symptonanth single injection (Featherstone et al.,

2007). Pre-administration of a low dose of eithedpperidol or clozapine prevents the
of such sensitization (Meng et al., 1998).
In general, chronic amphetamine induces positiyelpstic-like changes, but

induction

does not

replicate the negative or cognitive symptoms seersahizophrenia (Jones et al., 2011).
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Nevertheless, amphetamine sensitization may bengamoied by deficits in PFC-dependent
cognitive tasks, such as impairments in the atteati shift and reversal learning in the set-
shifting tasks (Fletcher et al., 2005; Feathersttrad., 2008). Furthermore, clozapine, and to a
lesser extent haloperidol, attenuates this amphe&amduced impairment in attention
(Martinez and Sarter, 2008). However, repeated ataphine administration has no effect on
delayed alternation tasks (Stefani and Moghadd@®®22 Hippocampal- dependent cognition
also appears to be spared, as repeated amphetaasine effect on acquisition or retention of
spatial visual learning and memory in the Morridevanaze (Featherstone et al., 2008). Thus,
cognitive impairment following chronic amphetamiagpears to be restricted only to some
PFC-dependent tasks.

1.6.2 GLUTAMATERGIC MODEL OF SCHIZOPHRENIA

An important role of the glutamatergic neurotrartsenisystem in the etiopathogenesis of
schizophrenia (Jones et al., 2011) has been s@gpbyt extensive findings on various levels
from molecular interactions up to the structurgblat of neuronal network in the human brain
(Goff and Coyle, 2001; Javitt, 2012).

1.6.2.1 Phencyclidine models of schizophrenia

In recent years, increasing evidence supports tlea ithat dysfunction of the
glutamatergic system is a primary pathophysioldgihange seen in schizophrenia (Olney and
Farber, 1995; Coyle, 2006; Konradi and Heckers 3200he exact etiology of SZ disease is
unknown, yet neurodevelopment-related changesdrglitamatergic system in the brain are
suspected to play an important role (Kantrowitz daditt, 2012). The importance of the
glutamate system was underlined also by the fintlag the application of non-competitive
antagonists of NMDA subtype of glutamate receptetszsh as phencyclidine (PCP) and
ketamine, induces delusions and hallucinationsi¢@yfor acute psychosis) and progressive
withdrawal and poverty of speech (resembling thgatige symptoms) in otherwise healthy
humans (for review see Bubenikova-Valesova, e2@Dg8). Additionally, both acute low-dose
and chronic recreational use of PCP impair cogaiperformance (Javitt and Zukin, 1991).
Furthermore, in both stabilized chronic and acutezophrenic patients, PCP reignites and
exacerbates positive symptoms (Javitt and Zuki@1)1L9

As PCP induces in humans several symptoms sinoilirdse seen in schizophrenia, it
has been used to attempt to produce a pharmacalogdaent model of schizophrenia inducing
the following behavioral changes after acute ooolr PCP administration (for review see
Jones et al., 2011; Bubenikova-Valesova et al.,p08erlocomotion, social withdrawal, and
impairment of both PPI and cognition in rodentsdiidnally, early PET scans suggested that
recreational PCP abuse was accompanied by defiditee temporal and frontal lobes, which
confirms the changes seen in schizophrenic pat(elf@gzmann et al., 1990). Thus, it has been
suggested that chronic PCP use may be applied@r tr more accurately mimic the symptoms
of schizophrenia (Jentsch and Roth, 1999).

Glutamatergic hypothesis of schizophrenia (Jawntd Zukin, 1991; Carlsson et al.,
2001) presumes that by inhibition of NMDA receptdle mesolimbic dopaminergic system
becomes secondarily activated which in turn capsgshosis. Besides affecting the dopamine
system, blockade of NMDA receptors reduces thendirrate of fast-spiking inhibitor
interneurons in the frontal cortex (Homayoun andghexddam, 2007). Acute NMDA inhibition
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causes disinhibition of neurotransmitter systemsilevlong-term exposure to NMDA
antagonists causes a decrease of brain activitysgleand Roth, 1999). Chronic or subchronic
administration of NMDA receptor antagonists prodixarious changes, such as the facilitation
of the NMDA synaptic current while depressing thdrasynaptic NMDA current and
hypofunction of GABAergic neurotransmission (Yu a&t, 2002). The above-mentioned
changes in neurotransmitter systems are associaiéd behavioural changes, such as
impairment of cognitive functions and informatiomopessing following chronic NMDA
administration reported in several studies (Valesl.e 2006; Stefani and Moghaddam, 2002;
Rujescu et al., 2006; Bubenikova-Valesova et @820

Neurodevelopmental hypothesis of the origin of aophrenia assumes that a disorder
in pre- or perinatal development of the brain wakult in manifestation of the disease in early
adulthood (Weinberger, 1996; Lipska and Weinberge62). Neurodevelopmental model of
schizophrenia based on early NMDA receptor inhobit{lkonomidou et al., 1999) indicating
that administration of the NMDA receptor antagami@lizocilpine or phencyclidine) in late
fetal and early postnatal period of life in thewall increase neuronal death by apoptosis, due
to excitotoxic effects (Deutsch et al., 2001). Tiereased death of neurons by apoptosis during
the early phase of CNS development may result aredesed ability of neuronal damage by
programmed death, reported in chronic patients sgthzophrenia (Jarskog, 2006).

Finally, the genetic model inspired by a hypothatiMDA dysfunction in SZ is based
on a decrease in expression of the NR1 subunit aother NMDA receptor subunits (Mohn et
al.,, 1999) and causes behavioral abnormalitiesludinty increased motor activity and
stereotypy and deficits in social interactions.

1.6.2.2 MK-801 (dizocipline) model of schizophrenia

Another glutamatergic animal model of schizophadikie behavior is induced in adult
animals by application of MK-801 (dizocilpine), @mcompetitive antagonist of NMDA-
subtype of glutamate receptors. This model doedhae¢ construct validity, as it is based on
the acute effects of a drug and contains no dewsdopal component, especially when applied
to adult animals. Yet this model shows a good teai validity (Bubenikova-Valesova et al,
2008), and importantly the model exhibits a sulisthphenomenological face validity since it
induces schizophrenia like behaviour in animal®witmerous changes resembling symptoms
observed in affected human subjects (van der &tiaaly, 2011). Due to its time feasibility, this
model is often used to predict the effect of sutxsta with potential antipsychotic properties
(Bubenikova et al., 2005; Large, 2007).

It has been shown that MK-801 produces hyperlocmmdgwhich was analogized to
positive symptoms based on increased activity (fain@bic dopaminergic circuits; Nilsson et
al., 2001), social flattening (Rung et al., 20@®)d perhaps most importantly a deficit in various
cognitive domains (van der Staay et al., 2011). 8K-has been described to fulfill the criteria
of a ‘cognition impairer’, and by carefully titraty the dose, researchers can induce behaviors
resembling those present in schizophrenia pati@ubenikova-Valesova et al., 2008). MK-
801 has shown to induce a deficit in acquisitiohi@ Morris water maze, object recognition
task, inhibitory avoidance, and other tests ofti@teal and spatial memory including the active
place avoidance task (van der Staay et al., 20iich#k and Vales, 2005). At least some
deficits resulting from the administration of NMDaéntagonists (including MK-801) can be
alleviated by pre-training (Saucier et al., 199%gvertheless, a deficit in the re-acquisition of
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the active place avoidance task induced by MK-815mg kg?) has shown to be resistant to
previous experience with the task under no infleesicthe drug (Stuchlik and Vales, 2005).

Importantly, deficits in cognitive flexibility (Haet al., 2012) and managing of multiple
information streams and changed contingenciesara@ented in many schizophrenia patients
(Phillips and Silverstein, 2003), who often disptgneral problems in distinguishing relevant
information from irrelevant information (Ellenbroeiad Cools, 1990). Indeed, alterations of
cognitive control, behavioral flexibility and adapg to changed conditions were detected in
animal models of schizophrenia in various experitmé€e.g., Morice et al., 2007; Broberg et
al., 2008; Amitai and Markou, 2010). It is knowiatlalterations in the function of the prefrontal
cortex may contribute or even play a substantiée o disrupted flexibility observed in
schizophrenia and schizophrenia animal models (&rabal., 2010).
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2 Aims of the thesis

Complex neuropsychiatric disorders, such as schismpa, create significant
challenges to both clinical and preclinical reskars. Animal models of schizophrenia provide
valuable information for the development of noverapeutic options that may benefit patients
with schizophrenia. This dissertation thesis aimsdemonstrate the usefulness of the
comparative research enabling to build a bridgavéetn animal models and neuropsychiatric
patients by application of comparative methodsngstpatial abilities (navigation and spatial
memory) both in animal model and schizophreniaepsi

Preclinical part:
» Assessment of spatial memory using two behaviorakks in animal model of
schizophrenia induced by MK-801 — Experiment |

As mentioned above, animal models of schizophregffar reasonable insight into
neuropharmacological processes underlying schieophirand thus provide important
information for development of new antipsychotiags. The study demonstrates the
behavioral impairment in a glutamatergic animal elaaf schizophrenia induced by MK-
801 (dizocilpine), a non-competitive antagonisNdfiDA glutamate receptors, previously
demonstrated to produce cognitive-like symptommjected animals. In order to address
the both deficit in spatial memory and mental fietly in schizophrenia, this study
employed two established behavioral tests of dpadiagation, theMorris water mazeind
anActive place avoidance tag€arousel maze) in reversal paradigms, and evaduaeir
sensitivity to the effects of MK-801 upon changedntingencies in this reversal
configuration. The obtained results are discusaetbntext of comparative data reported
from virtual variants of the two spatial tasks.

Clinical part:

The aim of the human part of the thesis was to @mphe previously reported
behavioral results in the animal model of schizepka (including Animal part 1) with the
behavior of human subjects suffering from schizepla disease. In order to achieve this we
have developed two virtual reality tests for humbased on previous animal research: virtual
Morris water maze (Experiment 1l) and virtual Caseumaze (Experiment Ill). This was
crucial in order to provide information about theedglictive validity of the applied
pharmacological animal model of schizophrenia. Bmhadigms have been adjusted to single
day protocols in order to test human subjects snday session. Virtual tests have been applied
in a group of first episode of schizophrenia speutdisorder (FES) patients, evaluated once
they were stabilized at the end of their psychiahospitalization in partial symptomatic
remission state, and in a group of healthy volustégee Experiment Il and Ill). The aim of
these experiments was to evaluate the sensitiVityewly-developed spatial tasks to assess
cognitive deficit in schizophrenia.

Both methods have been designed in order to telsiaat partly different cognitive
abilities, therefore we present them as separgierarents. Nevertheless, please note that both
methods have been assessed in the same groupesftpand healthy volunteers in order to
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enable some comparison of their results. For tiheason, part of the methods presented in
experiment Il are applicable in Expriment Il asle

Finally, we attempt to elucidate on the impact é$uespatial (VIS) deficit in

comparison with verbal (VERB) deficit on global tioning and quality of life (QOL) in FES
patients (see Experiment V).

Aims of individual experiments:

Development of two novel virtual reality tests fbuman subjects based on animal
research: Morris water maze and Carrousel maze, aheir application as a tool for
assessment of spatial memory in schizophrenia pdasen comparison to healthy control
group — Experiments 1l and Il

In order to assess complex spatial abilities, idiclg memory and executive functioning, in
schizophrenia and compare our results with the olati@ned previously in animal models
of this disease, we designed two virtual realisktaadopted from the animal research: 1)
theMorris water mazéMWM) and 2) theCarousel mazparadigm (active place avoidance
task). Both virtual reality (VR) environments haween created using the Unreal
Tournament game engine editor that allowed us titd barge-scale and/or moving
environments similar to those used in animals. Refse memory versions of the virtual
reality MWM were already applied in chronic schihognia. Thus, our aim was to extend
the current comparative research by attemptingntorporate several MWM variants
(including delayed-matching to place) into a smeéit battery named the “virtual Four
Goals Navigation” (VFGN) task. On the other hamdating arena paradigms have not yet
been tested in schizophrenia. Thus our aim waseteldp the virtual analogue of the
Carousel maze, so called Active Allocentric Plapefétence (VAAPP) task. This tasks are
aimed to test both spatial memory and/or cognitiverdination in schizophrenia.

Complex cognitive deficit is well demonstrated hranic schizophrenia patients. Several
studies report impairment in cognitive functionimigschizophrenia patients already after
the first episode of psychotic symptoms, here reteas First Episode Schizophrenia (FES)
patients. In order to test spatial memory defigitearly stages of schizophrenia, and to
demonstrate the sensitivity of the comparative waghtowards this deficit, both newly-
developed comparative virtual tests have been egpphi a group of FES patients. All
patients were assessed once they were stabilizedeaend of their first psychiatric
hospitalization in partial symptomatic remissioatstand their performance was compared
to a group of matched healthy volunteers (HC gro&p¥t, the FES group performance
was compared to the healthy controls group (HC grouvarious standard neurocognitive
tests in order to demonstrate the complex cognitiveairment in early stages of the
disease. Variable methods, both verbal and visuiaépaere chosen in order to evaluate
all main cognitive domains (attention and vigilanpeocessing speed, working and long-
term memory, and executive functioning). Also neandard methods not yet reported in
schizophrenia were applied.
Experiment Il presents the data obtained in a gadlgES patients in the newly-developed
VFGN task, and Experiment Il demonstrates theltesaf the vVAAPP task in the same
group of FES patients and HC. In order to assessisbfulness of both methods in future
preclinical studies, we compare the data obtaingtie vVFGN and vVAAPP tasks with the
previously published animal studies.
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Comparison of visuospatial and verbal abilitiesfinst psychotic episode of schizophrenia
spectrum disorder: impact on global functioning arglality of life- Experiment IV

To our knowledge, no study to date has describeéxkent to which visuospatial functions
affect everyday life of schizophrenia patientscamtrast to the effect of verbal abilities.
The aim of this study was thus to elucidate on ithpact of visuospatial deficit in

comparison with verbal deficit on global functiogiand quality of life (QOL) in FES

patients. In order to understand their impact togeetvith possible significance of clinical
symptoms and antipsychotic medication, we analy@edmulative model of verbal and
visuospatial neurocognition performance, with mation, and positive, negative and
general symptoms on QOL and global functioninggisiultiple linear regression analysis.
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3 Experimental data

3.1 PRECLINICAL PART:

3.1.1 EXPERIMENT |. - SPATIAL MEMORY AND MENTAL FLEXIBILITY IN ANIMAL
MODEL OF SCHIZOPHRENIA

3.1.1.1 Aims

This study aimed to address the deficit in menkkibility in animal model of
schizophrenia. In order to achieve this, the siemployed two established behavioral tests of
spatial navigation in rodents, an active place@aoace task (AAPA) and the Morris water maze
(MWM), and evaluated their sensitivity to the etieof MK-801 (dizocilpine) upon changed
contingencies in the reversal configuration (chaggules). The present study aimed at testing
the hypothesis that MK-801 application would result deficit of flexibility in spatial reversal.
Moreover, this study employed both well-establishetavioral tests of spatial navigation and
evaluated their sensitivity to the effects of MK18@pon changed contingencies in the reversal
configuration. Finally, this study sought to deterendose-dependency of these effects in both
tasks using five different doses of MK-801 (see iels).

PUBLISHED IN LOBELLOVAV, ENTLEROVAM, SYOJANOVSKAS, HATALOVAH, PROKOPOVA,
PETRASEKT, VALESK, KUBIK S,FAINEROVA, STUCHLIK A. (2013).TWO LEARNING TASKS
PROVIDE EVIDENCE FOR DISRUPTED BEHAVIOURAL FLEXIBILITYAN ANIMAL MODEL OF
SCHIZOPHRENIALIKE BEHAVIOUR INDUCED BY ACUTKIK-801: A DOSERESPONSE STUDBEHAV
BRAINRES 2013;246:55-62(IF 3,4)

3.1.1.2 Methods:
Drugs

MK-801 (dizocilpine maleate) was purchased fromn&é\ldrich, Czech Republic. It
was dissolved in saline (0.95% NacCl) at concemtnstio.05 mg mt, 0.08 mg i, 0.10 mg
ml~%, 0.12 mg mil* and 0.15 mg mt. MK-801 solution was injected at doses of 0.05kud,
0.08 mg kg*, 0.10 mg k@', 0.12 mg kg* and 0.15 mg Kg. Control group was administered
with a sterile saline solution at a volume 1 mi¥%gll animals obtained the same volume in
an injection per kg of body weight.

Apparatuses and behavioral procedures

Active place avoidance task (Carousel maze)

The active place avoidance apparatus (Vales amchit, 2005; Stuchlik et al., 2008;
Blahna et al., 2011; Prokopova et al., 2012) isnaath metallic arena (82 cm in diameter),
enclosed with a 30-cm-high transparent Plexigldt aval elevated 1 m above the floor. Extra-
maze landmarks (door, posters, and shelves) imrdbm were kept in the same positions
throughout the study. At the beginning of eachisessa rat was placed in the center of the
arena, which rotated constantly at one revolutiam tAn unmarked 60-degree to-be-avoided
sector was defined in the coordinate frame of thenr in the North of the four arbitrarily
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defined compass directions (acquisition sessiam$)xaas changed to the South in the final two
days (reversal sessions); i.e., there were fivig dassions in total (see later). The rat could rel
solely on the distal room-frame landmarks to lo¢heesector (Bures et al., 1997). This sector
is defined by the computer-based tracking systeracier, Biosignal Group, USA), which
records the position of the rat (indicated by dnaired light emitting diode that was fastened
on a latex harness between rat's shoulders) ahplisg rate of 25 Hz. Another infrared diode,
placed on the periphery of the arena, indicatesaaretation. The trajectories were digitized
and recorded on a PC, allowing off-line reconstarctind analysis of the animal’s trajectory
(Track Analysis, Biosignal Group, USA) both in tbeordinate frame of the room and in the
coordinate frame of the rotating arena.

Whenever a rat entered the sector for more thann®§0constant-current regulated
electric foot-shocks (AC, 50 Hz, 200-600 puA) werdikred at 1200-ms intervals up to the
moment a rat left the sector. The shocks were adtrated through the above-described
subcutaneous needle connector implanted on thedfdlok rat standing on the grounded floor.
Since the highest voltage drop of the current pasirough the rat was at the high-impedance
contact between the paws and the metal floor,dtsepresumably perceived the shocks in their
paws. The appropriate current was individualizedefach rat in order to elicit a rapid escape
reaction but prevent freezing (fear-related immohil This aversive procedure has been shown
to be efficient and safe in previous studies (Valed Stuchlik, 2005; Wesierska et al., 2005;
Stuchlik et al., 2008; Prokopova et al., 2012).c8ithe arena rotated, the rat had to move
actively away from the shock in the direction opfm$o arena rotation, otherwise it was
passively transported into the shock sector. Farly dessions of active place avoidance testing,
separated by 24-h inter-trial intervals, were canteld in the light phase of the day. The initial
three sessions were designated as acquisitioroaesshich were followed by two reversal
sessions (see below).

~OOYVO@
~OO00@®

start shock
MWM 0o o°0 ‘ ®  position v sector
visible | O O o drug
platform O O @ platiom D admnistration

Figure 14.Schematic drawing of experimental design. In thevaglace avoidance experiment, three acquisition
sessions with the to-be-avoided sector in the Ng@lhanimals obtained saline) were followed by twoersal
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sessions with the sector in the South. Saline (obgtoup) or the drug (experimental groups) wasradistered
prior to the reversal sessions. In the hidden platf experiments in the MWM, three sessions wittigta located
in the NE were followed by two sessions with th&@m in the SW after the application of salinedang. Starting
positions varied pseudo-randomly in this experingamt each session consisted of eight swims (netrshén the
visible platform version of the MWM, the start piosi was always fixed to the South position andpla¢form
position varied pseudo-randomly between swims.fifsiesession was with saline application, the setwas
preceded by administration of the drug (or salindhe case of controls). MWM VP - visible platfdest in the
Morris water maze.

Morris water maze

The Morris water maze (MWM; Morris, 1981; Stuchéikal., 2007) consists of a grey
circular pool (180cm in diameter) filled with watar a temperature of 21%2 to a depth of
35cm. The water was rendered opaque by adding 8 amaunt of non-toxic white paint
(Primalex, PPG Deco, Czech Republic). The maze heated in a room providing an
abundance of extra-maze cues. Swimming trajectorgge monitored by an overhead camera
connected to a digital tracking system and dataiaitgpn program (Tracker, Biosignal Group,
USA). The maze contained a transparent plasti¢goiat(10 cm in diameter) located in the
center of quadrants that were labeled arbitraiggal on compass directions.

In the visible platform sessions of the task (waily sessions), the animal underwent
10 swims in 15-min intervals, always being releasedh the South of the pool. The platform
position was chosen pseudo-randomly from eighttiooa for each swim. The order of
platform positions varied between the two sessions.

In the hidden platform testing, the rats wereaséal for eight swims per day, separated
by 15-min intervals from the following start positis: S, W, SE, NW, E, SW, NE, N, to ensure
a rat was learning spatial location of the platf@nad not the path itself. These start positions
varied pseudo-randomly within every day and thgpusece varied for each daily session. The
platform was positioned in the center of NE quathanhe initial three acquisition sessions of
the hidden-platform phase and it was relocatedVibf& the subsequent two daily reversal
sessions. In total, there were five daily sessminhe hidden-platform testing in the MWM.
Probe trials (60-s swims with the platform remofren the pool) were administered after the
final acquisition session, and first and seconcereasd sessions, respectively, to reveal the
memory trace for the current platform location.

Design of the study, measured parameters and datalysis

The design of the study is shown schematicall¥fign14. Saline was applied to all
animals (1 ml/kg) 30 min prior to start of the tegtduring three initial acquisition sessions in
active place avoidance and the MWM. After the thahuisition sessions, animals were
assigned randomly to control group and groups Mik801. The drug (or saline in case of the
controls) was applied only in the reversal sess@Msnin prior to the start of active place
avoidance testing and 30 min prior to the firstrawn the hidden platform version of the MWM.
In the visible platform experiment in the MWM, alhimals were applied with saline 30min
prior to the initial swim in the first session ($@ims) and with saline or drug 30 min before
the first swim in the second session (10 swimsg iftervals between injections of MK-801
and probe trials on the reversal days were 140 min.

Separate groups of animals were used for actieephvoidance reversal experiment,
visible platform version of the MWM and spatial eesal in the MWM. In the active place
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avoidance testing, a control group (n = 20) andigsowith five above-mentioned doses were
used: 0.05 mg kg (n = 9), 0.08 mg K¢ (n = 8), 0.10 mg kg (n = 8), 0.12 mg kd (n = 8)
and 0.15 mg kg (n = 8). In the visible platform experiment in th&VM, all groups had n =
10. In the reversal experiment in the MWM, all grswalso consisted of 10 rats.

In the active place avoidance task, an offlinelymm® program (Track Analysis,
Biosignal Group, USA) measured and evaluateal distancetraveled per session (measured
as a sum of linear distances between points sdlestery second in the coordinate frame of
the arena) which reflected only the active movemextluding passive arena rotation.
Spatially-selective parameters included the nunab@ntrances into the to-be-avoided sector
(number of errors) per session, maximum time without shoglakimum time avoided and
percentage of the total time per session in the tget quadrant The target quadrant in the
active place avoidance task was defined as a 6(eedagctor of the arena, which corresponded
to the to-be-avoided sector and dwelling time ia ector was expressed as relative percentage
of the total time (20 min). Procedural performanté¢he task (efficiency of escape reaction)
was measured by total number of shocks (which wegreated upon staying in the sector; see
above) divided by the number of errors; this partame henceforth referred to sldll learning
index. The total distance reflected the locomotor atstifforced by arena rotation and presence
of the room-frame-fixed sector), and the numbegrobrs and maximum time avoided served
as cumulative measures of within- and between-gessiprovements. In the MWM, an off-
line program (Track Analysis, Biosignal Group, USA/pluatedotal distance(m)to find the
platform in each swim; this measure corrects for possib&ges in swimming speed. In the
probe trials, we evaluated tlpercentage of the total time spent in the target cadrant,
which was defined as a 90-degree sector of the iMavater maze centered at the actual
platform position. We used an initial 30-s intereékthe probe trial as the most sensitive time
period (unpublished observations; note that updmdato find the platform in the previous
position at the beginning, animals often exploteoparts of the maze).

Since the animals were randomly divided into treathgroups after the completion of
initial three acquisition sessions in both actilaecp avoidance and the MWM, only the reversal
sessions in the place avoidance and water mazeanatygzed for putative differences between
groups.Data from the reversal sessions of the active @aoelance had skewed (non-normal)
distribution in all measured parameters; therefagdransformed all the values with a common
logarithm. Prior to this transformation, a constahtl’ was added to all values to ensure that
the resultant values are not less than zero. Time $eansformation was applied to the total
distance to reach the platform in the MWM, whickoahad skewed distribution. Data from the
active place avoidance were analyzed with a two-WalOVA (groups x sessions) with
repeated measures on sessions. Groups served etsveeb subject-factor. Data from the
reversal sessions in the MWM were analyzed witbraegal linear model (three-way ANOVA:
groups x sessions x swims with repeated measuresssions and swims). Groups again served
as a between-subject factor. Percentages of tirtteeitarget quadrant in the probe trials were
analyzed with a two-way ANOVA (groups x sessionghwepeated measures on sessions.
Data from the probe trials were not logarithmicatgnsformed prior to analysis. Data from the
second day of the visible platform test in the MWire also not transformed and were
analyzed with a two-way ANOVA (groups x swims; rafel measures on swims. Note that
only saline was applied on the first day and ansmaere randomly divided into groups
hereafter). A Newman-Keuls post-hoc test followdte tANOVA when appropriate.
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Significance was accepted atQ05. All statistical calculations were done in tiStica 8
(StatSoft, Czech Republic)

3.1.1.3 Results

Visual observation of the rats did not suggest sigys of severe sensorimotor deficit
after application of saline or MK-801 at the abawentioned doses. Animals treated with MK-
801 showed mild hyperactivity in the active plageidance task, which was confirmed by an
analysis of the total distance (see next paragraphie MWM, rats treated with 0.15 mg &g
of MK-801 sometimes continued swimming after figliand climbing onto the platform,
suggesting an impaired procedural functions; maggothe highest dose also increased
swimming speed in the visible platform tedaia not shown Mild ataxia was observed only
rarely after the highest dose.

Reversal learning in the active place avoidance

There was a significant effect of MK-801 on th@talistance in active place avoidance
(Fig. 15A). A two-way ANOVA (groups x sessions) eaed a significant main effect of groups
(F(5,55) = 24.93; p < 0.001), sessions (F(1,55)856p < 0.05) but not an interaction between
these factors (F (5,55); p > 0.05). A Newman-Kguaist-hoc test computed on the group factor
showed that significant hyperlocomotion was seéer abses 0.08, 0.10, 0.12 and 0.15 mig kg
but not after the dose 0.05 mgkg

Analysis of the numbers of errors showed thataswaffected by MK-801 treatment
(Fig. 15B). A two-way ANOVA (groups X sessions) lwitepeated measures on sessions
showed a significant main effect of groups (F5%59)71; p <0.001), sessions (F(1,55) = 26.36;
p < 0.001) and interaction between both factor,85) = 3.21; p < 0.05). A post-hoc test
performed on the groups factor revealed that ordygs treated with 0.15 mg Kg(p < 0.001),
0.12 mg kg* (p < 0.01) and 0.08 mg Kh(p < 0.05) of MK-801 differed from controls; graaip
treated with 0.05 mg kg and 0.10 mg kd of MK-801 did not differ from controls (both p >
0.05). A Newman-Keuls post-hoc test of the intecscshowed that only groups treated with
0.15 MK-801 differed from controls on the initi@wersal day (p < 0.05), whilst other groups
did not differ. On the second reversal day, theas @& difference between groups treated with
0.12 mg kg! and 0.15 mg kd of MK-801 (both p < 0.05). The performance of trwtrol
group improved between both reversal sessions)(p5).

Analysis of the maximum time avoided showed, agaidifference as a result of the
MK-801 application (Fig. 15C). A two-way ANOVA (gups x sessions) showed a significant
main effect of groups (F(5,55) = 8.72; p < 0.0&Bssions (F(1,55) = 9.63; P < 0.01) but only
a trend for an interaction between both factor$,8%) = 2.18; p = 0.07). A post-hoc test
performed on the group factor revealed that apgtinaof MK-801 at the doses 0.12 mg kg
and 0.15 mg K¢ impaired performance in this measure (p < 0.0%l 0respectively). Control
group improved performance from the first to theosel reversal session (p < 0.05).

Percentage of time in the target quadrant wasealtas a result of the application of
MK-801 (Fig. 15D). A two-way ANOVA revealed a sificent main effect of groups (F(5,55)
=7.27; p <0.001), sessions (F(1,55) = 11.44;005) but no interaction between these two
factors (F(5,55) = 1.69; p = 0.15). A Newman-Keptsst-hoc test on the factor of groups
showed that groups receiving 0.08 mg'g < 0.05), 0.12 mg kg (p < 0.01) and 0.15 mg
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kg (p < 0.001) of MK-801 showed impairment in thisaraeter. No difference was seen after
0.05 mg kg! MK-801 application (p < 0.44), and a trend for se&ming was detected only after
0.10 mg kg* of MK-801 (p = 0.08). It therefore appears that flercentage of time in a target
guadrant is a sensitive measure of spatial perfocena

The skill learning index, indicative of proceduahctions (i.e., an escape reaction from
the to-be-avoided sector upon first shock), wasc#fd by MK-801 application in a more
complicated fashion than the mere group factor.(Bag). A two-way ANOVA failed to show
an effect of groups (F(5,55) = 0.85; P > 0.05),skes (F(1,55) = 0.26; P > 0.05), but
interestingly, it revealed an interaction betweleest two factors (F(5,55) = 4.37; P < 0.01).
This interaction suggested that skill learning iafeproved over two reversal sessions in some
groups, but not others. Analysis of the interacgbowed that this index improved (decreased)
between the two reversal sessions in groups tregitbdsaline (control group) and 0.15 mg
kg of MK-801, and remained similar in animals treatéth 0.05 mg kg* and 0.08 mg kg
of MK-801, or even increased (worsened) in grougated with 0.10 mg kg and 0.12 mgkg
of MK-801. However, generally, this index was relaly low and barely exceeded the value
of 2 (e.g., 2 shocks per 1 error) in the reversgg®ns. Moreover, the interaction term was very
subtle and none of the interactions was confirmed Newman-Keuls post-hoc test calculated
on the interaction.

Reversal learning in the Morris water maze

Reversal learning (cognitive flexibility) in the\MM was affected by treatment with
MK-801 (Fig. 16A). Regarding the total distance¢ach the platform, a general-linear-model
three-way ANOVA (groups x sessions x swims) withe&ted measures on the last two factors
showed significant main effects of groups (F(5,51)6.25; p < 0.0001), sessions (F(1,51) =
82.00; p < 0.0001) and swims (F(7,357) = 25.05; .6001). Moreover, interactions were
detected between groups and swims (F(35,357) 5 R.270.0005) and between sessions and
swims (F(7,357) = 5.62) but not between groupssasdions (F(5,510 = 0.53; p > 0.05). There
was also a significant triple interaction betweeougs, sessions and swims (F(35,357) = 1.47;
p < 0.05).

Importantly, a Newman-Keuls post-hoc test cal@dain the group factor showed that
groups treated with 0.05 mg Kgand 0.08 mg kg MK-801 did not significantly differ from
the control group, but groups treated with 0.10kgig, 0.12 mg kgt and 0.15 mg K¢ of MK-

801 differed from control rats. All groups improved shortening the distance to reach the
platform between the two reversal sessions (ibsemace of an interaction between groups and
sessions). A post-hoc analysis of the interacgeomtgroup x swims showed that while controls
and animals treated with 0.05 mg k.08 mg kg', 0.10 mg kg' and 0.12 mg kg improved
with each successive swim, no between-swim impr@rgiwas seen in the group treated with
the highest dose (0.15 mg & A post-hoc analysis of the triple interactiovealed that
control rats and the groups treated with 0.05 mg &gd 0.08 mg Kg of MK-801 improved
between swims in both of the two consecutive ralessssions. Groups treated with 0.10 mg
kgt and 0.12 mg K¢ of MK-801 improved only in the second reversaksas, and the group
treated with the highest dose failed to improveMeen swims at all.

Results of the probe trials showed a strong peefsr for the target quadrant on the final
acquisition day (after saline; see Fig. 16B). Atway ANOVA conducted on the time in the
target quadrant (groups x sessions) involving ha& ficquisition session and first and second
reversal sessions showed a significant main etfegroups (F(5,52) = 7.41; p < 0.0001), an
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effect of sessions (F(2,104) = 19.23; p < 0.0001) a significant interaction between these
factors (F(10,104) = 4.66; p < 0.001). A post-hpalgsis of the interaction showed that while
control group and groups treated with 0.05 mgf kand 0.08 mg kg MK801 did not decrease
the preference for the target quadrant in the fesersal session (the group treated with 0.08
mg kg! MK-801 even increased the target preference irséoend reversal session), groups
treated with 0.10 mg K¢, 0.12 mg k@' and 0.15 mg kg decreased this preference for the
target quadrant in the probe trial in the firstewal session (Fig. 16C). In the second reversal
session, however, the preferences of all groups wgain generally high, returning to values
obtained prior to treatment (Fig. 16D).
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Figure 8. Panel A:Effect of MK-801 on the total distance in the @etplace avoidance task. Note that all doses of
MK-801 except the lowest one 0.05 mg-kincreased locomotiorRPanel B: Effect of MK-801 on the number of
errors. there was a worsening of this parametez@fiK-801 at doses 0.08 mgkg0.12 mg kgt and 0.15 mg Kg.
Panel C:Effect of MK-801 on maximum time avoided. Dismupf this parameter was detected at doses 0.12 mg
kg? and 0.15 mg k3. Control groups improved between the two revesssionsPanel D: MK-801 and
percentage of time in the target sector. Doses m@&g?, 0.12 mg kgt and 0.15 mg kg impaired performance
measured by this parameté&anel E: Effect of MK-801 on the skill learning index. Té@vas no significant main
effect of MK-801 on this parameter. Annotation: # ®.05 in the main effects of the drug, * p < 0.D5the
interaction terrr
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Visible platform testing in the Morris water maze

All animals adopted a strategy of swimming towattts platform in the first reversal
session, which was manifested as gradually decrgatdistances to reach the platform in
consecutive swimslata not shown After random assignment to treatment groupsethere
differences between them on the second day of itkle platform following application of
saline or MK-801 (Fig. 16E). A two-way ANOVA (grogspx swims, groups as an independent
factor; repeated measures on swims) showed aisgmiimain effect of groups (F(5,47) = 8.93;
p < 0.0001), swims (F(9,423) = 5.84; p < 0.001) batinteraction between these factors
(F(45,423) = 0.73; p > 0.05). A Newman-Keuls past-ranalysis of the factor of swims
revealed that the total distance in the first swigmificantly differed from the remaining swims
(all Ps < 0.05), suggesting a within-session imprognt. Post-hoc analysis of the groups
revealed that animals treated with the highest d@gka significantly longer total distance
compared to control rats (p < 0.05) and also d&éotreatment groups (p < 0.05), suggesting
that only highest dose caused significant impaitnoémavigation to the visible platform.

3.1.1.4 Discussion

Results of this work showed that the reversal iegrof adult male rats in the active
place avoidance task and the Morris water mazensisve to systemic treatment with MK-
801, a non-competitive (open-channel) blocker ofDMMreceptors. MK-801 was administered
in the same sessions as spatial contingenciescharged; therefore the present study did not
test the effect of the drug on learning (or acquais) of the tasks. The impairments of reversal
performance were consistently evident after theedif<0.10 mg kgt was administered, and
some deficits (such as that in percentage of timeetarget quadrant in the place avoidance task
or number of errors) were seen even at the lowse df 0.08 mg kg. MK-801-induced
impairments were seen in both tasks. These data@xiur knowledge of behavioral deficits
in this animal model of schizophrenia-like behavroseveral aspects.

First, in the active place avoidance task, theedashich caused disruption of spatial
reversal performance appear to be lower than tposequisite to impair acquisition in this
task suggesting a preferential sensitivity of teeersal configuration to MK-801 (Stuchlik et
al., 2004; Stuchlik and Vales, 2005, Vales et 2006). For example, our previous study
(Stuchlik et al., 2004) showed a deficit in thehazplace avoidance acquisition at a dose 0.20
mg kg ! but not 0.10 mg Kg (a lower dose; however, disrupted acquisitiorhia MWM). A
subsequent study (Stuchlik and Vales, 2005) hagesigd a dose of 0.15 mgkgs a threshold
for the impairment of acquisition of the active qgdaavoidance task in Long-Evans rats.
However, there have been also observations suggeht: dose 0.10 mg Kgmight impair the
acquisition of active place avoidance (Vales et2010), more specifically, the level of final
asymptotic performance (Vales et al., 2010).

Secondly, in the reversal experiment conductedth@ Morris water maze, we
consistently observed deficits beginning at theed®sl0 mg kg. Such a finding is in
agreement with our previous experiments (Stuchiikle 2004), which showed a deficit in
MWM acquisition after the same dose. This suggistsin the MWM, the dose thresholds of
MK-801 for disruption of performance in acquisities. reversal configuration are equivalent.
Interestingly, a recent study (van der Staay et2@l11) and an older report (McLamb et al.,
1990) suggested that even lower doses (as lov0as1ty kg! or 0. 07 mg k') can be efficient
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in impairing MWM acquisition. This suggests thatnigeEvans rats from our breeding may
have lower sensitivity to MK-801 than other raelnand this is also corroborated by a previous
finding by our research group (Vales et al., 200d)ich showed a lower sensitivity to MK-
801 of Long-Evans compared to Wistar rats.

Furthermore, previous studies (Saucier et al.6)18%0 suggested that in the MWM, it
is very difficult to separate the navigational def induced by NMDA-receptor antagonists
from procedural impairments and that such deficitay be eliminated by non-spatial
pretraining to the rules of the task. Our presestilts are not entirely consistent with these data
as we show here that only the dose 0.15 mg kgpaired the swimming towards a visible
platform. However, the present study has involvegtrpining the rats to a visible platform
procedure with the application of saline (day ltlé visible platform testing), and this
familiarization with procedure might have allevidthe dose sensitivity on performance in the
second day. Moreover, the swimming speed of osgrinahe visible platform test in the MWM
was increased only in the groups treated with tgkdst dose of MK-801data not showh It,
therefore, appears that doses of MK-801 betwee@ th kg' and 0.12 mg kg affect
primarily navigational rather than sensorimotor diions, specifically in the MWM in our
strain (note that contrarily to the MWM, in actipace avoidance, the hyperlocomotion was
seen at lower doses; see above).

The present results clearly demonstrate that MK-80relatively low doses affects
behavioral flexibility tested by reversal configtiod. Such results are consistent with
previously published findings obtain in differeriradigms and models. The study by Chadman
and colleagues (2006) showed that MK-801 admirastat similar doses negatively influences
reversal learning in juvenile rats (postnatal days30) in a T-maze and found that doses 0.06
mg kg! and 0,10 mg kd selectively impaired reversal in the T-maze. Inigatly, this effect
was demonstrated to be independent of behavionsitemation and state-dependent learning
(Chadman et al., 2006). Moreover, the effect of BIKE on this discrimination reversal learning
was found to be mediated by NMDA-receptor blockade¢he hippocampus (Watson and
Stanton, 2009a), dorsomedial striatum (Watson aadt&, 2009b) and medial pre-frontal
cortex (Watson and Stanton, 2009c) in weaned Batsed on these findings, it is conceivable
that the deficit seen in the present study mighehzeen mediated by a blockade of glutamate
receptors in these structures, although, the dd$erfg kg* could have also induced an overall
psychotomimetic state accompanied by overall inmpaiitts involving procedural, sensory and
motivational functions. Higher doses of MK-801 weequired to abolish the reversal learning
in an allocentric reversal task in the 8-arm radiake in an older study by Bischoff and Tiedtke
(1992). A study by Beninger et al. (2009) showedk#cit in the MWM reversal learning in
MK-801-treated rats (however, at much higher dhaa 0.50 mg k), and our results confirm
this finding. Interestingly, Caramanos and Shafli@94) demonstrated that MK-801 impaired
reversal learning in the radial-arm maze at a bdwese range, but it did not exert an effect upon
working memory in female rats (for a limited roleNMDA receptors in working memory; see
Steele and Morris, 1999; Vales et al, 2006). Adddilly, another work (Harder et al., 1998)
detected impairment in acquisition and reversal visuospatial task in marmoset monkeys.

In the light of present results in active placeidance, a question might be raised, to
what extent the MK-801-induced hyperlocomotion (fdun all doses except the lowest one,
i.e., 0.05 mg k) contributed to the spatial deficit in active @amvoidance reversal. Increases
in locomotion are conventionally observed afterliggion of this drug (Nilsson et al., 2001,
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Stuchlik et al., 2004, Stuchlik and Vales, 2005niBger et al., 2009) but at considerable higher
doses compared to the ones used in the presegt(skalalso Vales et al., 2006, who found no
hyperlocomotion in the place avoidance at 0.10 g &f MK-801 in Long-Evans strain). We
therefore propose, that hyperactivity observedcha gresent study at relatively low doses of
MK-801 could be the result of an increased numbieshocks obtained due to the changed
spatial contingencies and due to higher cognitemahd (possibly together with a moderate
hypoglutamatergia). Such interpretation would bppsuted by the fact that in the visible
platform test in the Morris water maze, an incrdagbe swimming speed was seen only after
the highest dose (i.e., 0.15 mgkglata not showhn Note that hyperactivity found in the MWM
after this dose i) is consistent with the previmsilts obtained in the arena (Stuchlik and Vales,
2005) and ii) occurred in the task where pre-drrgssry and motor demands and behavioral
load after the application of the drug are sim(iae., first and second sessions of the visible
platform test in the MWM, respectively). It showdtbo be pointed out that the highest dose
used in this study could also mildly interfere witte shock perception, however this option
seems improbable due to the absence of the masotedf drug application upon the skill
learning index (see Results).

This study provides the first evidence for disagptognitive flexibility in the active
place avoidance task and Morris water maze in an-8@K induced animal model of
schizophrenia-like behavior. Furthermore, the predata suggest higher sensitivity of active
place avoidance task in reversal configuration tharMWM, which underlines the importance
of the task in searching for novel treatments tugrgtive deficits in schizophrenia.

The present study provides clear evidence for midat visuospatial working memory
in the allothetic place avoidance alternation tasn animal model of schizophrenia induced
by MK-801. Such a deficit; however, may be elimethby intact pretraining to the rules of the
task. Increased locomotion accompanies this beta\adteration and is present in both naive
and pretrained animals despite the presence of myetiiféerences.
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3.2 CLINICAL PART:

3.2.1 EXPERIMENT Il —ASSESSMENT OF SPATIAL MEMORY IN VIRTUAL ANALOGUE
OF MORRIS WATER MAZE (STABLE ARENA)

3.2.1.1 Aims

The aim of this experiment was to extend the cur@mparative research by
attempting to incorporate several MWM variants iatemall test battery named the ‘virtual
Four Goals Navigation’ (vFGN) task. The vFGN taskompleted in a virtual analogue of the
real BVA apparatus designed previously by our gr@tppankova et al., 1999). The presented
study describes the newly-developed vFGN task aesepts first data obtained in a group of
patients after the first episode of schizophremsigchosis in comparison to a group of healthy
volunteers, in order to express its sensitivitydoavthe present cognitive deficit. To minimize
possible effects of sex, age and education lew#h groups were carefully matched according
to these variables. In order to assess the usshilsiehe vVFGN task in preclinical studies, we
compare the data obtained in the vFGN task wittptiegiously published animal studies.

On the basis of animal and human literature, weothgsized that the schizophrenia
patients would perform worse compared to healthyrots in the vFGN task in terms of: a)
impaired spatial learning during the Reference mgn{®&M) session; and b) decreased
working memory and mental flexibility performancethe Delayed-matching-to-place (DMP)
session. Since several studies described sexatiffes in spatial abilities of rodents (e.g. Roof
and Stein, 1999; Cimadevilla et al., 2004) and mar(a.g.Sandstrom et al., 1997; Astur et al.,
1998; Astur et al., 2004), we hypothesized to Simdilar differences in our subjects as well. In
addition, the effect of age variable was analyzedrder to understand how the age affects
performance in the vFGN task and if this effecame in both groups. Moreover, the effect of
several clinical parameters, such as the duratiamtreated psychosis, general functioning
(GAF score), clinical symptoms (PANSS scores) arghaychotic medication (dose calculated
in chlorpromazine equivalents), was evaluated éngtoup of patients.

Published in:

Fajnerova |, Rodriguez M, Léik D, Konradova L, Mikolas P, Brom C, Stuchlik Kek K and Horéek
J (2014). A virtual reality task based on animalearch — spatial learning and memory in patienteraf
the first episode of schizophrenkont. Behav. Neurosci8:157. doi: 10.3389/fnbeh.2014.0019F (
4,2)

Fajnerova |, Rodriguez M, ¥k K, Konradova L, Mikola§ P, Dvorska K, kévD, Ungrmanova M,

Brom C, Hor@ek J, Stuchlik A. (2013). Spatial memory in a direrena Human virtual analogue of
the Morris water maze in schizophrenia (short paperinternational Conference of Virtual
rehabilitation. 26. - 29. 8. 2013, Philadelphia, AIS http://ieeexplore.ieee.org/, doi:
10.1109/1ICVR.2013.6662118.
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3.2.1.2 Methods
Subjects (Experiment Il and IlI)

Twenty-nine patients (17 males and 12 femalesy #ite first psychotic episode with
schizophrenia symptoms were recruited for the stiéddlypatients have been diagnosed with
schizophrenia or related psychotic disorders adegrdo ICD-10 criteria (Paranoid
Schizophrenia F20.0: n=3; Undifferentiated Schizepia F20.3: n=1; Simplex Schizophrenia
F20.6: n=1; Acute psychotic disorder: F23.0: n=23H: n=18; F23.2: n=2). They were
recruited in the early remission phase during thest psychiatric hospitalization (therefore
considered to be first-episode psychotic patierth schizophrenia symptoms, FEP) with a
variable duration of untreated psychosis (DUP 618 months). DUP defined as the duration
of untreated but clearly presented psychotic sympiowas obtained from the detailed
interview with the patients and family members. éflthe patients were tested prior to the end
of their hospitalization. In order to cover the Wwhaopectrum of the first episodes of
schizophrenia, both early and late onset patieate wecruited for the study (in the age between
18 and 35 years).

The patients were individually matched to healtbjunteers (n = 29; see Table 1) in
terms of sex, age (within 2 years difference), atioa level and gaming experiences (both
within 1 level of difference). Healthy subjects weecruited from the same socio-demographic
background via a local advertisement. To providd#igent homogeneity of the examined
group, most of the recruited participants were l@gusers of computer devices with none or
mild gaming experience. The inclusion criteria footh groups were: i) no history of
neurological disease or loss of consciousness totigen 10 minutes; and ii) native in
Czech/Slovak language. The main exclusion critefmnthe control subjects was personal
history of any psychiatric disorder. All tested mdbs signed a written informed consent
approved by the Ethics Committee.

Clinical and neuropsychological assessment (Expegim [l and 111)

All of the patients completed a psychiatric intewiprior to the experiment in order to
obtain information about their current symptomangsihe Positive and Negative Symptoms
Scale (PANSS; Kay et al., 1987) and the GAF (Glétsslessment of Functioning) scale (Jones
et al., 1995). Only stabilized patients who maistpred 3 points or lower in their individual
scores were recruited for the experiment. All & pfatients were treated by second generation
antipsychotics (olanzapin, risperidon and amisidpirThe dose of antipsychotic medication
was calculated in chlorpromazine (CPZ) equivale(dscording to Andreasen et al.,
2010;Woods, 2003). For details on the clinical pseters see Table 1.

Our neuropsychological battery consists of follogvth(11) tests focusing on both the
visuospatial and the (verbal) functions (see Tabple
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TABLE 1.PATIENTS WITH SCHIZOPHRENIA WERE INDIVIDUALLY MATCHED WITH HEALTHY
CONTROLS FOR SEXAGE (WITHIN 2 YEARS), EDUCATION LEVEL AND GAMING EXPERIENCE(BOTH
WITHIN ONE LEVEL OF DIFFERENCH.

Group differences
Healthy Controls Mann-

Group mean (SD)

Demographic variable ) )
Schizophrenia

patients (SZ) (HC) Whitney U piElle
N 29 29
Sex (M : F) 17:12 17:12
Age 258 + 6.2 257 £+ 54 419.5 0.994
Education level (1-6) 31 +£16 3.7 £ 1.2 323 131
Gaming experience (0-2) 1.1 + 0.7 0.6 £ 05 258 0.012
Clinical assessment SZ HC
PANSS score 56 £ 16 -
PANSS-positive 13.6+6 -
PANSS-negative 15+6 -
PANS-general 27+7.7 -
GAF 64 +20.5 -
Duration of illness 12 + 20.8 -
DUP 6.4+13 -
Hospitalization duration 3012 -
Medication (CPZ 426 + 145 i

equivalents)

SZ - patients with schizophreni&fC - healthy controlsEducation level: 1 = less than high
school, 2 = started high school, 3 = completed Hghool, 4 = started university, 5 = completed
university, 6 = started postgraduate studigsming experience:0 = none, 1 = mild, 2 = gooBANSS
- Positive and Negative Symptoms Sc@&F— Global of Assessment of Functionirigy)P - duration
of untreated psychosis.
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TABLE 2. LIST AND BRIEF DESCRIPTION OKA) VISUOSPATIAL AND (B) VERBAL
NEUROPSYCHOLOGICAL TESTS APPLIED IN THE THESIS

A. VISUOSPATIAL NEUROPSYCHOLOGICAL TESTS

Monitored
Test cognitive Test outputs References Test description
function
Psychomotor
y Chaining a sequence of
speed (A);
. . . . . numbers (A) or
Trail Making visuospatial Time A (sec) . .
. ) (Reitan, 1985); alternatively numbers an
Test working Time B (sec) .
. (Preiss, 2006) letters (B) that are
(TMT A &B) memory (B); Ratio B/A -
mental randomly distributed on &

flexibility (B/A)

single paper

Of

\)

Rey-Osterrieth Visuospatial | Raw score for copy,
Taylor organization, | trial (RCFT-copy), . Copy and reconstruction
(Taylor) g . ( . Py) (Osterrieth, 1944;Taylor, p.y
Complex constructional | reproduction after 3 . figure after 3 and 30
. . 1969;Preiss, 2012) .
Figure Test | functionsand | (RCFT-3) and 30 minutes
(RCFT) visual memory| minutes (RCFT-30)
Key Search Strat f lorati f
y Executive Raw scores of . rg e9y c.) exploration o
Test . BADS (Wilson, 1996) | 2-dimensional space (2L
functions strategy
(KST) square shape)
Raw scores for Ability to determine
Money Road- ) .
Spatial number or errors/32} right/left turns on
Map Test ) . (Money, 1965) . .
(RMT) orientation A, B and C error crossroads in 2D view of
types simple maze/city
PC version adjusted .
. . _ Repeating a sequence ¢
. Visuospatial from the Corsi block test . .
Spatial Span . Raw scores: total . spatial positions presented
working in (PEBL, 2012) )
(SS) (forward + backward ) in 2D plane, forward or
memory according toto WMS-IlI
backward
(Wechsler, 1997)
PEBL battery .
PEBL Number of lapses (PEBL,2012: Response to stimulus
Perceptual | Vigilance and | (RT over 500 ms) of ' ’ appearing in the variable
. . pebl.sourceforge.net)| . " .
Vigilance attention longer sleep attacks, (Dinges, 1985:Loh time interval (1-9 seconds
Task (PVT) average RT speed ges, B during 10 minutes

2004)
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B. VERBAL NEUROPSYCHOLOGICAL TESTS

te

Monitored
Test cognitive Test outputs References Test description
function
Learning curve and
total number of
. words (AVLT-I-V);
Auditory . ( . ) .
. immediate recall Repeated recall of 15 words with
Verbal Verbal learning A.Rey (1964);| . .
. (AVLT-VI) delayed . interference trial (B) and delayeg
Learning Testt and memory (Preiss, 2012 :
recall (AVLT-30) recall after 30 min
(AVLT)
Number of
confabulations and
repetitions
Number of words
Verbal Psychomotor ) Speaking aloud words beginning
for phonemic (total . ) .
Fluency Test| speed and mental . (Preiss, 2012 with letters N, K, P or naming
- of three trials) and . . )
(VFT) flexibility ) category of animals during 1 minu
semantic fluency
Attention WAIS-II
. Raw scores: total N
Digit Span | (forward), verbal (forward + (Wechsler, | Repeating list of numbers forwar
(DS) working memory 1997); Czech and backward
backward) .
(backward) version
o (Cernochova, G .
Similarities Verbal Raw score — corre¢t 2010) Describe similarities between pair
(Sim) conceptualizatior responses words
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Pre-training of motor control / Common for Experinmg Il and 111

Prior to the task, all of the participants undertveshort (5 min long) pre-training of
movement control using the gamepad device (see dthedule in Fig. 17A). The forward
movement was controlled by the forward press ofléffteor right joystick (according to the
handedness of the participant) of the gamepad egadorward joystick press started the
movement and a release stopped it), but the backmavement was blocked. The left/right
turning of the view was controlled by the left aight press of the same joystick. Afterwards,
the participants performed a simple task in a cempirtual labyrinth maze (see Fig. 17B) with
instructions to ‘follow the route highlighted byksobjects (stars) on each crossroad and get to
the end of the route as fast as possible’.

Mark

Movement
control

Figure 17.The pre-training task: (A) The gamepad apparatssduto control movement and bearing
in the virtual space, with the green button usednrk direction toward the goal position (here in
white); (B) A map of the virtual complex maze dnel toute followed during the pre-training and
first-person view of this environment.

Software and apparatus - Virtual Environment

The virtual scene was displayed on a 24" LCD moruging the Unreal Tournament
game engine (UT2004; Epic Games, 2004). A Javavaddttoolkit calledSpaNav‘(Supalova,
2009) was programmed to configure an experimeptajsand to record detailed experimental
data for further analysis. A three-dimensionaluliac arena was designed as a virtual model of
theBlue Velvet Arena (BVApparatus, an arena enclosed by a white curtdimmdwith floor
covered with a gray carpet (Stepankova et al., R08Bh the utmost realism. Because the
virtual environment enabled us to enlarge the gizbe virtual arena, an arena 20 times larger
than the original BVA apparatus (2.8 m in diametegs used. Three orientation cues were
located in the arena near the circular wall. Thagects were fully colored and had various
rotational shapes. The goal location had a circshape with a red border and occupied about
10% of the arena diameter (see Figure 18). Thedesibject moved through the virtual maze
in a first person view. In order to facilitate movent in VE for participants without gaming
experience, only one stick of the gamepad deviagi(ech F310) was used, enabling only
forward/backward movement and left/right rotation.
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F camera

3 orientation cues

Figure 18. Morris water maze - MWM paradigm: model of thegoral MWM apparatus for rats (left); The
model of a real MWM analogue called Blue Velvetnaradopted from Laczo et al, 2009 and Kalova et al.
2005 (middle); Virtual version, the vFGN task in @mclosed dry arena’ view of the virtual tent fromside
(with two orientation cues and vsible goal positiplaced on the arena floor) and from outside (serall
picture) (adjusted from Fajnerova et al., 2014y).

Design of the Virtual Four Goals NavigationvEGN) task - virtual analogue of
MWM

After completing the pre-training, all of the te$teubjects performed the virtual Four
Goals Navigation (VFGN) task. In each trial of #k&N task the subjects were required to find
a hidden circular goal placed on the arena floorgithe direct trajectory to the goal. Each trial
started by moving towards a pseudorandom startisgipn displayed as a red sphere near the
arena wall (see Figure 19A). Then, three orientatioes were visualized in the arena. At this
moment, the subject’s movement was blocked at thdirgy position and only rotational
movements were enabled. Apart from the first tnakn the goal position was unknown, the
subject was instructed to point towards the hidgleal position using the yellow cross in the
middle of the screen (see Figure 19B) and thersptes green button on the gamepad (in all
standard, probe and control trials) to activatedniier movement. Thereafter, the 60 s time
limit for locating the hidden goal began. Afteremtg the correct area, the goal became visible
and a short beeping sound was played. If the gaalmwet found within the 60 s time limit, it
became visible (see Figure 19C) and a short warp@gp was played. The subject was then
instructed to enter the visible goal position. Ugamering the goal area, the movement was
blocked in the middle of the goal position and plagticipant had 10 s to remember the goal
position for consecutive trials using only rotabmovements (see Figure 19D). This ‘learning
time’ represented the analogy of an animal standimg platform for several seconds after each
trial.
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(E) Pointing & Navigation
accuracy

0T good performance -T 1

0 sec to me

angular error °
pointing error
path efficiency

minimal distance /real path

0 s : amorize = 3 v;v. GORCbavisible Go

EXCELLENT

(C) 50 poor performance Lo

Figure 19.Virtual version of the BVA apparatus from insidme trial procedure. Figures A-D demonstrate
the experimental parts of the trial using the fipgtrson preview from the vFGN task. The short idtons
used to remind it to the participants was trangtate English. (A) The starting position presentsdaared
sphere. (B) Two visible orientation cues (from & cues with various shapes and colors) antbyetross
in the middle of the screen used to point towaheéshidden goal direction. (C) Goal position visaali after
60 sec trial time limit. (D) Movement blocked atfee entrance to the goal position. Enabling omtational
movement in 10 sec memorizing. (E) lllustratiotheftwo parameters measured in all (except protalst
Lateral axis present the interval of values gaiiredoth parameters. The central pictures illustrgteod and
poor performance in the vFGN task. Trajectoriesdlbf blue points) from both tested groups are gmesd
as an overview scheme of the spatial configuratipnne hidden goal trial. The red arrow illustratédse
pointing error parameter. The trajectory lengthtiansformed to path efficiency parameter.

The vFGN task consisted of two parts: the Referemesnory and the Delayed-
matching-to-place sessions; both administered ssoady in one day protocol (Time schedule
in Figure 20A).

Part | - Reference memory (RM) sessiomompleted at the beginning of the vVFGN
task, was designed according to the original refeanemory protocol (Morris, 1984;Morris
et al., 1982;Morris, 1981). Similar to other hunMWM analogues (Astur et al., 2002; Jacobs
et al., 1998) the task was shortened into one daipgol to test spatial learning and memory
by monitoring the performance improvement in 11ssmutive trials (see Figure 20B). In the
‘first search’ trial (T1) the participants were tingted to find the hidden goal location on the
arena floor by free exploration of the arena anetoember it for the following trials using the
three orientation cues. In the following standardls T2-T5 and T7-T10, displayed as four
blocks of two trials in Figure 3 and 4, the sulgeskre required to look for the hidden goal
repeatedly while starting from pseudo-randomizadisig positions. One probe trial (T6) was
inserted in the middle of the RM session in orddest the effect of extinction process as a sort
of interference in the course of learning (inspiogdhe human learning tasks). This probe trial
was aimed at memory precision and confidence (atuating the time spent in the goal
proximity) while the goal was inactivated. The fic@®NTROL trial (T11) used the navigation
towards the visible goal and served as a testadratary effects generated by impairment of
vision and motor abilities.

Part Il - Delayed-matching-to-place (DMP) sessionn order to prevent any transfer
from the RM session, the color and the shape ofotientation cues were changed for the
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following DMP session. The DMP session was desigagda working memory protocol
constructed by combining two different animal poutis for assessment of working memory
adapted for humans. The DMP session consists ek tkhpbnsecutive phases (graphically
depicted on Figure 20C):

1) TheACQUISITION phase involved nine trials with the goal placedcgssively in
three various positions (A, B or C) in relationttoee distal orientation cues. The goal was
moved after each three trials (see Figure 20@®a#t based on a modifieeversal protocobf
the MWM, in which the goal position is changed otlex days used to test mental flexibility
(Garthe et al., 2009;Lipp et al., 1998;Lobellovalet2013;Vorhees and Williams, 2006) and/or
working memory (Morris et al., 1986). Unlike insathe change in goal position was separated
not by days of testing but by an announcementddtibjects, in order to test their memory for
spatial sequence (ABC) in the subsequent phases.

(A) Pre-training RM session DMP session
Time schedule o PR

5 min 10-15 min 15-20 min

(B) REFERENCE MEMORY (RM) session

1% search 8 standard test trials & 1probe visible goal
Trial | 1 | 2 | 3 | 4| 5 el 7 | 8 | 9 [ 10] 11 |

3 orientation 1° I Block 1 | Block 2 |PROBE| Block 3 Block 4 ICONTROL
cues

(C) DELAYED-MATCHING-TO-PLACE (DMP) session

1 search + 2 standard trials per goal

goal B c ACQUISITION _
phase | | | A3 B1]| B2 | B3| c1 | c2| c3 | GoalxTrial

RECALL _round1___ | round2 __ |
phase | [BlcC| A| B | c |Gl

| round 3
PROBE

phase B C | Goal

Figure 20. The virtual Four Goals Navigation (vFGN) task:f{)espatial configurations with goal positions
used in two sessions and (right) time scheme d¥ithahl parts of the task. (A) REFERENCE MEMORY
session with a stable goal position over 11 tridl$.— 1st search trial; Block 1-Block 4 — pairssténdard
trials with repeated search for hidden goal; T6relpe trial with inactivated goal position; T11 —rttool trial
testing navigation towards a visible goal. (B) DEXED-MATCHING-TO-PLACE session with goal in 3
possible positions ordered in a spatial sequenceBAC). ACQUISITION phase - each goal position is
repeated in 3 consecutive trials (9 trials in t9fdRecall phase - two rounds of the spatial seqedfctrials

in total); Probe phase - one spatial sequence ARG iwactivated goal positions (3 trials).

2) The RECALL phase together with the Acquisition phase reptssanmodified
version of the DMP paradigm (for review see Dud#lmer2004; also in O'Carroll et al.,
2006;Steele and Morris, 1999; Morris et al., 19863%igned for assessment of the working
memory functions in rodents using delayed recall. @sk was designed to test spatial memory
processes by evaluating the performance declinesumee between the Acquisition and the
Recall phase. To increase the difficulty and adbpttask for human participants, the task
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combined the DMP protocol applied in rats with #patial sequence encoding in the Corsi
Block Test (developed by Corsi in 1972) used in ynaariants to test spatial working memory
in humans (Fischer, 2000). This modified protocefjuired them to retrieve the correct
sequence of three goal positions (ABC) previoussyried in the Acquisition trials and identify
them successively (according to instructions) io t@nsecutive rounds (see Figure 20C).

3) The PROBE phase, involving three trials with inactivated Q@@sition, was
conducted directly after the Recall phase as a fimal round of the spatial sequenced recall
(see Figure 20C). The probe trials, with a remoweldien platform adopted from the animal
studies, provide an important demonstration of nmgnpyocesses in terms of spatial bias
(Morris et al., 1982;Morris et al., 1990;Sutherlagtdal., 1983;Whishaw, 1991). In rats probe
trials are usually conducted in the reference mgrpootocols, but sometimes after reversal
condition as well (Lobellova et al., 2013).

Measured parameters and data analysis

Latency to find the goal and distance traveleddach it are usually measured in
standard trials in animals (for review see D'Hoagd De Deyn, 2001) and in human studies
(Folley et al., 2010;Hanlon et al., 2006;Moffat02). In our study the latency parameter was
not evaluated, since the decision about the cogeadtposition was already done while pointing
to it. Therefore we address the spatial performamed trials except probes using theinting
accuracylater referred to as th@ointing error. This parameter wagcorded at the moment
when the subject stands on the starting positiehpamts toward the hidden goal by pressing
one of the gamepad keys. It was calculated as likel#e angular difference between the
pointed and linear direction towards the goal pasiand its value decreases with growing
precision in pointing performance (see Figure 19E).

The distance parameter expressesdnggation accuracyand it is referred to gsath
efficiency (abbr. path eff) with the range of 0 to 1. It was calculated asitéo between the
minimal possible path length (the actual distane®vben the start and the goal position) and
the real distance traveled by the subject, usiegalowing formula: path eff = pattn/ path
real (S€€ Figure 19E). Contrary to the standdisanceparameter its value increases with the
precision of navigation and enables us a directpaimon between individual trials by
considering the possible minimal distance.

In addition, we measured two common parametersllimfathe probe trials:goal
guadrant preferencecalculated as a proportion of the overall trimhdi spent in the goal
guadrant (arena quadrant containing the hidden igagd center); anciumber of entrances
calculated as number of crossings through theiwated goal position.

To analyze the data recorded in SpaNav, a custode@&lP program called drf2track
was used to produce primary data tables and toajeptctures. Further statistical analysis was
performed using the Statistica software (Statisti€a StatSoft, Czech Republic). The group
differences in the demographic variables (age, aitut level and gaming experience) are
calculated using non-parametric Mann-Whitney U Tkkntical method was used to analyze
the raw scores obtained in neuropsychological.t&ésis group and sex differences in individual
parts of the vVFGN task were calculated using thé1@é&peated measure analysis of variance
with two categorical predictors (group x seS)gnificant interactions were analyzed using a
Newman-Keuls post hoc test. A correlation analyss performed separately for both groups
between the age variable and the spatial perforemmafdandividual subjects averaged for
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individual parts of the vFGN task. The t-test fodépendent groups was used to compare the
groups in a single visible goal trial and in a $ngrobe trial in the RM session. The t-test for
single means against a reference constant wasrusetker to show that the quadrant preference
measured in probe trials is different from the dw®amevel (0.25). The effect of clinical
characteristics (age of illness onset, DUP, PAN®8 &AF scores and antipsychotic
medication calculated in CPZ equivalents) on awelagerformance in the vFGN task was
calculated using forward stepwise multiple lineggression analysis (with F to enter set to 1.00
and F to remove to 0). The overall level of sigrafice was set to 0.05.

3.2.1.3 RESULTS

The groups did not differ significantly in any dtdemographic parameters, except the
gaming experiences, where patients showed to be mxqerienced than the healthy controls
(see Table 1). As expected, group of patients st@igmificantly lower cognitive performance
on all neuropsychological tests, except the forwigital and Spatial Span task performance
(see Table 3). The modification from 3D to 2D versof the Spatial Span could cause lower
sensitivity of the test in comparison to other dmd methods. Group differences measured in
individual parts of the vFGN task are graphicalgpitted as performance curves for all of the
evaluated parameters (see Figure 4 to 8).

Neuropsychological battery

Results obtained using the standard neurocogriaittery have been tested for possible
group differences in order to determine the cogaitileficit in the group of schizophrenia
patients. As expected according to the previougies most of the tests showed significant
group differences, suggesting that the first epsschizophrenia patients tested in our study
are impaired in all assessed cognitive domainsTab& 3).
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TABLE 3. GROUP DIFFERENCES OBTAINED IN THE BATTERY OF STANDARD NEUROCOGNITIVE
TESTS

Raw data Group
(Average + SD) differences
Neurocognitive assessment (SZ and HC)
SZ HC Mann-Whitney
U test

PVT-lapses 919 214 111w
Verbal fluency phonological 38+12 47+9 174.5 ***
Categorical fluency 19.5¢55 2945 56.5 ***
Trial making test

TMT - A 38+12 26+8 155 ***

TMT —B 97442 50+12 Q1.5 ***
Auditory verbal learning test

AVLT —-I-V 49+11 60+7 156 ***

AVLT-VI interference 9.5+3 13+2 101 ***

AVLT - 30 min 9+3 13+2 79 hxx
Rey/Taylor Complex Figure

RCFT —copy 32.5+3 361 138***

RCFT -3min 17+7 265 105 ***

RCFT - 30 min 18+7 265 117 ***

Spatial Span (WMS-III) —

forward 8.5+2 9+1.4 322 ns

backward 7.5+2.5 9+1.4 218.5*
Digit Span (WAIS-III) —

forward 9+2 10+2 295 ns

backward 5+2 8+2 143.5 ***
Similarities (WAIS-III) 22+5 28+2 114.5 ***
Key Search test 11+3 13+2 3145 ns
Money Road map test 4+5 1+2.6 243 **

Group differences in the VFGN task

RM session 1.

To analyze the group differences in the RM sessiGi.M analysis was performed with
the group as one of the main factors (group x s&x)) block (pairs of standard trials) as a
repeated measure factor. This analysis showed retpdearning performance of the
schizophrenia group in both measured parametezsHigerre 21). While a robust effect of the
group factor was identified in the pointing errcarpmeter (F(1, 54) = 9.5; p < 0.01), a
significant interaction (block x group) was foumdgath efficiency parameter (F(3,162) = 6.2;
p < 0.001). A post hoc test on this interactioreaded that the groups differed in path eff (on
level p < 0.01) in the second block of trials (TAdaT5). Interestingly, the navigation
performance in healthy controls improved signifitam the beginning of training between
the first two blocks of trials (p < 0.001), while the group of patients similar improvement
occurred later on after the completion of probal in the middle of the training (only blocks
completed before the probe trial showed lower perémce than blocks completed after the
probe trial; p < 0.05). Block as repetition facteas significant in both tested parameters (p <
0.001).
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Figure 21. Reference Memory (RM) session group performamgeTlje pointing error (mean £ SEM) and (B)
the path efficiency (mean + SEM) in individual tsi@nd/or blocks of trials. The probe trial T6 istrdepicted in
path efficiency parameter, the control trial T10ngrked by V (as visible).

To compare théirst search trial (T1)of the RM session with the remaining standard
trials, another GLM analysis was performed on &l Rials, individually. The post-hoc test
performed on trials showed that the first trial \Tdiffered significantly from all of the
following standard trials in the RM session (p €9).in both of the measured parameters,
demonstrating fast learning of the goal positiderabne learning episode.

The visible goal trial (T11 marked as V in Fig. 21) used as a control of adswtor
functioning at the end of the RM session showednmahinterpersonal variability. No group
effect was revealed by the t-test for two indepahdamples in either of the parameters; in
pointing error (t(56) = 0.57; p = 0.57) or in pa&tth parameter (t(56) = 0.09; p = 0.93).

Oneprobe trial (T6)was inserted in the middle of the RM session {Egare 22) to
assess spatial memory by evaluating the goal qoagdraference. While the control subjects
spent 75 = 11% of the trial time in the correctnarguadrant, the mean value in the patients
was only 57 + 23 %. The goal quadrant preferenceotii groups differed from the chance
level (25%). The t-test revealed a main group ¢fie¢he goal quadrant preference (t (56) =
3.9, p < 0.001) but not in the number of entranodle inactivated goal (t (56) = 1.4, p = 0.16).

chance level

(A) (B)
RM probe - goal quadrant pref RM probe - entrances

= 1.0- el
S = HC
8 0.8 = Sz 2
c Q
e c
9 S
© 0.6 k=
o (1]
€ 5
S 0.4- ]
E g
s 2
©
o
o

79



Figure 22. Probe trial (trial T6) performance in the middlé BM session. (A) The goal quadrant preference
(mean + SEM) and (B) the number of entrances (n¥&EM) to the inactivated goal position. Annotatiétr p
<.001 group difference.

DMP session 2
ACQUISITION phase. The main effect of the trial as repetition facieas found in
the Acquisition phase of the DMP session (p < 0)@@dted using GLM analysis with repeated
measures (goal x trial) (see Figure 23). The maoupg effect was found in the pointing
accuracy if the 1st search trials (A1, B1, C1 +espnting the free exploration trials) in the
Acquisition phase were excluded from the analysithay represent random performance (F(1,
54) = 7.8; p < 0.01). However, no group differeneee identified in the path efficiency
parameter, even the interaction effect (trial xugnoapproached the significance level (F(2,108)

:A2.8, p = 0.068). No other interactions wer(eBi)ntaalafrom the analysis.
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Figure 23.The performance of both groups in the Acquisifibase of the DMP session. Three consecutive spatial
changes, the hidden goal is placed in three posgibhl positions (A, B and C) placed in differegiaitionships

to the orientation cues. Trials marked as Al, Bdl &1 required the subject to search for the hiddeal after
announcement of the positional change. The nextrials required repeated search for the hidderlgdhe
behavior is shown in all nine trials presented lire torder applied during the Acquisition phase uding two
following parameters: (A) The pointing error (meaBEM) and (B) the path efficiency (mean + SEM).

RECALL phase. The GLM analysis with repeated measures (roundat)gvas used
to analyze the performance in the last Acquisitraals (A3, B3 and C3) and in the two Recall
rounds (see Figure 24). The analysis performeuabdim recall rounds showed significant group
differences in both measured parameters, as aeffaict in pointing error (F(1, 54) = 20.4; p
< 0.001) and in path eff (F(1, 54) = 9.9; p < 0.Qmhjerestingly, while the path eff parameter
showed only main effect of round as repetitionda¢p < 0.001), we identified an interaction
effect (group x round) in the pointing error (F{B8) = 4.4; p < 0.05). The post-hoc test on this
interaction revealed that healthy controls showathls performance over the DMP session
(individual rounds did not differ in the group oddithy controls), but the schizophrenia group
showed significant drop of performance betweenAbeguisition phase and the first Recall
round (p < 0.001), probably due to the time dely differences have been identified between
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the two Recall rounds. Interestingly, no effectjoél position or any main or interaction effects
of the goal position were identified.
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Figure 24.Performance in the Recall phase vs. tier@al of the Acquisition phase of the DMP sessi@). The
pointing error (mean + SEM) and (B) the path effitcty (mean + SEM) in individual trials of the Régatlase.
Panels on the right -s1Rec, 2 Rec - show the group performance in the two recaihds. Each round requires
recalling the previously learned goal positionstite correct sequence (ABC). Gray area on the B¥tAcq
represents the performance in the last)(Bepetition trials for each goal position in theduisition phase (A3,

B3 and C3). ltillustrates the drop in behaviorarformance due to time delay between the Acquisitial Recall
phase.

PROBE phaseThe performance of both groups in the PROBE phassducted as the
last repetition of the spatial sequence after theaR session) is shown in Figure 25. Despite
the fact that the performance of both groups dffieirom the chance level (0.25), the GLM
analysis with goal as repetition factor identifisgnificant group differences in the goal
guadrant preference (F(1,54) = 16.9; p < 0.001weiler, we found no differences between
the individual goal positions. The performance galthy controls shows that well-trained
subjects search for all three goal positions mb#tetime in the correct quadrant of the arena,
as can be seen in their goal quadrant prefererem®ohd 73 + 18 %. The averaged performance
in the schizophrenia group is lower for all threxalg, only around 50 + 23 %. No significant
group differences were identified in the numbeewtrances to the goal position.
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Figure 25. PROBE phase of the DMP session. (A) The goal quedreference (mean + SEM) and (B) the
number of entrances (mean = SEM) to the inactivajedl position presented separately for individgalal
positions. Annotation; ** p < .01 group difference.

Differences in spatial strategies

To understand the observed behavioral differeneesanalyzed thetrategiesused by
both groups to search for the goal position. Autimtiaanalysis (see Figure 26) was used to
identify the strategies, according to performanakies such as path efficiency, goal quadrant
preference or heading direction angle.

We were able to identify the following strategie&rect search, mark strategy, focal
search, and incorrect focal search (see Figure A&F)other strategies were evaluated as
Unknown. Cochran-Mantel-Haenszel test for repeateétitests of independence was used to
identify possible group differences. We identifibeé following group differences:

Direct strategieqdirect swim and search) were used in the (2) Asitjion phase more
frequently in healthy controls (51%) than in pat&#emroup (43%) (Chi-square = 4.817, p <
0.5); and similarly in the (3) Recall phase in t@alcontrols (61%) and in patients’ group
(45%) (Chi-square = 8.347, p < 0.01).

Focal search strategyas used more frequently in healthy controls (83B&n in
patients’ group (53%) in the (4) Probe phase (Qhiase = 17.977, p < 0.0001).
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Automatic algorithm for classification of spatial strategies

path efficiency >=0.95 — > | Direct swimming

mark proximity >=0.2 yes
and _— >
goal corridor < 1 Mark strategy 2
no l
avg distance <= 60 es
or ¥* .| Focal Search 3
goal quadrant >= 0.75

average distance 60
= 5%goal radius

e , | Focal Incorrect 4
avg angle <= 15 yes . 5
oF R Direct Search
goal corridor >= 0.8
no l
None 0

Figure 26. lllustration of the automatic algorithm used for
classification of spatial strategies in the vFGIska

Strategies used during individual test trials

Direct_Search Mark_Strategy Focal_Search Focal_Incorrect_Search

)

Figure 27. The illustration of searching strategies in thelden goal and probe trials of the vFGN ta
identified by the automatic algorithm.
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Sex and age differences

In order to show possible effects of sex on spaaformance in the vVFGN task, sex
has been used as additional main factor in the @hllysis with repeated measures (group x
sex) performed for individual phases of the tasterestingly, some sex differences have been
observed in almost all parts of the task but exklgionly for the parameter of path efficiency.
Nevertheless, the main effect of sex was foundifsegmt only in the navigation accuracy
measured during the RM session (F(1,54) = 4.2, f.65). However, sex differences
approached the significance level in path eff messin the Acquisition (F(1,54) = 3.6, p =
0.064) and Recall phase (F(1,54) = 3.7, p = ®@0&)e DMP session. In all cases males showed
superior performance in comparison to females. diffgrences have been observed either in
the pointing accuracy or in the quadrant prefereneasured in probe trials. No interaction of
sex and group factor was observed.

In order to analyze how the age of our participaaits$ affected their performance in the
VFGN task, we performed a correlation analysis. Bpatial performance of individual
participants was averaged for all trials in induadl parts of the vVFGN task and correlated with
the age variable, separately for group of patiantsfor healthy volunteers (see Table 4). The
averaged navigation accuracy in the group of hgaithunteers negatively correlated with the
age of individual subjects in all parts of the taSkmilarly, the averaged pointing accuracy in
Recall phase and number of entrances in the Priodieepwvas significantly affected by the age
variable. However, no such correlation was idegtdifior the group of schizophrenia patients.

Regression model of clinical variables effect onrfsemance in the vFGN task

From the set of potential clinical and demograghuators that could contribute to the
cognitive decline observed in the group of patiethts following predictors were added to the
regression model (age, DUP, PANSS-P, PANSS-N, PANSSAF and CPZ level) analyzing
their effect on performance measured in the vVFGNK {performance averaged separately for
individual parts of the vFGN task — the RM sessaoil three parts of the DMP session). A
stepwise forward multiple regression analysis egalousing these predictors identified only
the following significant effects - positive effeof GAF score on spatial learning ability
expressed as the averaged pointing accuracy (bGAFS2; p < 0.05) and navigation accurcy
(bGAF = 0.49; p < 0.05) in the RM session. The fabdel was significant only for pointing
accuracy (R=0. 57; R2= 32 %; p = 0.045), but notlie path efficiency (R= 0. 54; R2= 30 %j;
p = 0.06), both with GAF and DUP predictors added?isteps (all other predictors were
removed). In Recall phase of the DMP session medshy path efficiency we identified
significant effect of PANSS-G (bPANSS-G = 0.68; 0.65) and CPZ level (bGAF =0.7; p <
0.05), however the whole model, with non-significB{tUP and PANSS-N predictors added in
later steps, was not significant (R= 0.67; R2= 44p% 0.066). No other significant effect of
the applied model was found in any of the thregsp@kcquisition, Recall or Probe phase) of
the DMP session.
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TABLE 4. CORRELATION ANALYSIS BETWEEN THE AGE VARIABLE AND THE PERFORMANCES
AVERAGED FOR INDIVIDUAL PARTS OF THE \FGN TASK, ANALYZED SEPARATELY FOR GROUP OF

SCHIZOPHRENIA PATIENTS AND HEALTHY VOLUNTEERS

Correlation analysis Correlations with AGE variable

Schizophrenia patients Healthy Controls

N =29 N =29

Measured performance r (X,Y) t p r (X,Y) t p
Path-RM1 -0.48 -2.83 0.009 0.10 0.50 0.62
Point-RM1 0.14 0.77 0.456 -0.20 -1.04 0.31
Path-AcqDMP -0.38 -2.12 0.043 -0.06 -0.31 0.76
Point-AcqDMP 0.33 1.82 0.079 0.10 0.55 0.59
Path-RecallDMP -0.49 -2.95 0.006 0.01 0.06 0.95
Point-RecallDMP 0.42 2.43 0.022 0.14 0.76 0.45
Quadrant- ProbeDMP -0.36 -2.01 0.054 0.01 0.07 0.95
Entrances-ProbeDMP -0.49 -2.92 0.007 -0.18 -0.96/ 350.

Legend: Path — averaged path efficiency performance, Peiaveraged pointing error, Quadrant —
averaged goal quadrant preference, Entrances —aesst number of entrances to the goal, RM1 - first
half of the RM session, Acq-DMP - the Acquisitiblage of the DMP session, RecallDMP — Recall
phase of the DMP session, ProbeDMP - Probe phastefDMP session, r (X,Y) — correlation
coefficient.

3.2.1.4 Discussion

Both parts of the newly developed virtual vFGN tdsknonstrated sufficient sensitivity
towards the impairment of visuo-spatial functioderitified in our schizophrenia patients using
standard neuropsychological methods.

First, it is important to discuss the sensitivifytloe parameters measured in our study.
The pointing error parameter has yet not been egph similar studies, with the exception of
the bearing error used to address spatial abilities virtual maze (Wall et al., 2001). This
pointing error parameter showed higher sensitiibyvards behavioral impairment in
schizophrenia than the path efficiency parameteis finding indicates that the simple pointing
paradigm could be used to assess spatial ab#iiparately. Possible explanation of different
sensitivity of measured parameters is that thegadiain accuracy (expressed in path eff) could
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be more affected by sex and age differences, coehéa skill learning abilities. The common
spatial bias parameter (Morris, 1984;Morris, 2008)culated as percentage of time in the
correct arena quadrant was more sensitive towaelsrpairment in schizophrenia than the
other applied parameter, the number of entranctsetgoal.

Spatial learning performance in the RM session

The spatial performance measured during the RMa@essour participants strengthen
the idea of spatial learning impairment in schizepia demonstrated in other human studies
(Folley et al., 2010;Hanlon et al., 2006) and amimadels of schizophrenia (Gorter and de
Bruin, 1992a;Latysheva and Rayevsky, 2003;Sircaf32tuchlik et al., 2004). We found
decreased performance in the schizophrenia paiietisth pointing and navigation accuracy
to the goal. However, the navigation accuracy wagaehsed only in the first half of the RM
session.

We were able to demonstrate the continual improveroé performance in healthy
controls during the whole RM session, expressethbydecreasing pointing error and path
shortening (growing path efficiency). This is iregment with the evidence that the latency is
shortened in animals during consecutive RM sesgiDitsooge and De Deyn, 2001;Mulder
and Pritchett, 2003;Vorhees and Williams, 2006) em&M blocks tested in human virtual
analogues (Leplow et al., 2003;Nadel et al., 1988pilar continual improvement was present
in our group of schizophrenia patients, but intingsy only in the pointing accuracy. In
agreement with another human study (Hanlon et 20006) the path efficiency of the
schizophrenia group did not improve in the firstf ltd the RM session (trial T2-T5). The
discrepancy between these two measured paramaipmorss the idea that navigation
performance could be divided into two distinct paftlirectional vs. place navigation in
Hamilton et al., 2008): 1) selection of directianthe goal at the beginning of the navigation
process represented here by the pointing accurat®)gprecise determination of goal position
represented by the path efficiency. We assumenthidé the patients do improve in directional
navigation by remembering the approximate positibthe goal (near a particular cue), they
do not improve in direct navigation to the goal dué@nprecise perception and memorizing of
spatial information. Interestingly, their navigatiaccuracy improved after the insertion of
probe trial (in the middle of RM session) that abd#cilitate their motivation to focus on
important spatial information due to the previoasuccessful search.

In addition, a single probe trial inserted in theldke of the RM session (T6) showed
impairment of spatial bias in schizophrenia, inaxdance to animal studies (Norris and Foster,
1999;Stuchlik et al., 2004). In rats, the probd tesknown to start extinction process; we
expected human subjects to respond similarly. driobe trial was therefore applied in the
middle of the RM session as a form of interferefoten used in learning tasks (cit).
Interestingly in animal studies only first halftbie probe trial (first 30 from 60 s) shows group
differences in rodent model of schizophrenia (Erglerova et al, 2013), as afterwards the intact
animals tend to leave the unrewarded position. Hewedue to the verbal instruction, our
subjects tended to look for the goal during the lelgal. Despite these differences, the human
analogue of probe trial shows the same patterbssreed in the rodent model of the MWM;
lower occupancy of the goal quadrant in the groupchizophrenia patients in comparison to
the healthy controls.

86



Importantly, the final visible goal trial showedhtithe impaired performance observed
in the group of schizophrenia patients was not ypced by locomotor or sensory deficits. This
one-trial finding is in accordance with other hun{édanlon et al., 2006) and animal studies
(e.g.; Gorter and de Bruin, 1992;Vales et al., 2086ggesting that the usual block (of several
trials) procedure is not essential for demonstgatime control performance of navigation
towards a visible goal. Taken together, our findimgnfirm the designed RM session as a
useful tool for assessing visuo-spatial learningdhizophrenia.

Mental flexibility and working memory performancenithe DMP session

The ACQUISITION phaseA major performance improvement in the Acquisitrase
of the DMP session appeared immediately after gtesdarch trial. Similar behavior has been
observed also in animal studies, where only imprmam between the first and the second trial
is present in well-trained animals in the DMP aramsal protocol (Garthe et al., 2009;Saab et
al., 2011). Despite the observed group differemeélse pointing accuracy, the announcement
of positional change to our participants was propegsponsible for the low group differences
in this part of vFGN task. In addition, in orderlie able to compare the group performance in
later recall of the spatial sequence regardleswithahl goal positions, the goals have been
placed in identical positions (in the meaning odtsg relationship between the goal position
and the nearest orientation cue). Such settingkl dmia source of skill learning effect that
could explain the lack of between group differencdserved in navigation accuracy.
Nevertheless, the low sensitivity of the reversabt@col towards cognitive deficit in
schizophrenia is in accordance with animal studrest failed to find significant group
differences after application of lower doses of M8t (Lobellova et al., 2013; Watson and
Stanton, 2009). Interestingly, similar reversaltpool applied in the avoidance task on rotating
arena showed, that the pre-training of animalsiéntask can lead to lack of group differences
after application of MK-801 (Zemanova et al., 2013)

Importantly, the performance of individual grougshieved in the Acquisition phase
(in last repetitions of the goal positions A3, B&laC3) did not differ between the three goal
positions, enabling us to test the consecutivdlretthis sequence after a time delay. .

The RECALL phase. Our study was the first to demonstrate impairmamt i
schizophrenia patients using the analogue of thayed-matching-to-place protocol of MWM.
Our results showed impaired recall of spatial sageein schizophrenia patients in both
pointing and navigation accuracy. The working menparformance was here expressed in the
performance decrease observed after the time telayeen the Acquisition phase and the first
round of the Recall phase. Some small but not Bogmt decrease in spatial performance could
be seen in control subjects as well, due to delagedll of spatial sequence. However, the
strong performance decline in the group of patielesionstrates the working and long-term
memory deficit in schizophrenia. These findings iar@greement with the data obtained in
animal models of schizophrenia using the DMP pralt¢¢an der Staay et al., 2011).

The PROBE phaseWe demonstrated the schizophrenia specific diahge of spatial
bias expressed as decreased goal quadrant prefencthe PROBE trials completed in the end
of the task. The observed behavioral impairmestrislar to the observations of rats injected
with dizocilpine or scopolamine in pharmacologisaleening models of schizophrenia and
dementia, respectively (Entlerova et al., 2013;lloba et al., 2013), which exhibit disturbed
performance in probe trials. However, in most @f skshizophrenia patients the observed probe
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trial performance was better than in rats afterolesof the hippocampus (Morris et al.,
1982;Sutherland et al., 1983) performing by randaaxch patterns.

Effect of demographic variables

Based on studies describing sex differences iniapaiilities of both rodents and
humans (e.g. Cimadevilla et al., 2004; Astur et20104), we expected to find similar effects in
spatial abilities measured by the vVFGN task. Howewe identified significant sex differences
only in learning abilities assessed in the RM s#ssin addition, sex differences have been
observed only in the navigation accuracy paramétas fact and the lack of sex differences in
the other parts of the task suggest the followidgshe simple circular environment prevents
the usage of abilities found to be affected by &:the directional information for individual
goals was gained similarly in men and women, yanemo tend to use less precise trajectories
when navigating towards the goal. This could betdusex differences in motor skill learning
(cit), as all the three goal positions have beacgd in geometrically identical positions. The
lack of interaction between sex and group factany of the measured parameters shows that
the presented group differences are independaheahinor sex differences.

According to the current literature describing negaeffect of aging on learning and
memory processes (Moffat and Resnick, 2002; Mo#@@9; Young et al, 2013) we expected
to find significant correlation between the age apdtial performance in the vFGN task, both
during learning and recall of the spatial inforroati We confirmed this hypothesis as we
observed age effects in all parts of the vVFGN tasiur healthy volunteers. Interestingly, such
effect was fully suppressed in schizophrenia p#&tiehhis finding supports the idea that the
observed cognitive deficit is a characteristic grattin schizophrenia disorder. This result is in
contrary to the current meta-analysis (Rajji et2009), which assumed a better prognosis and
less expressed cognitive deficit in patients witbveaer age of iliness onset. However, our study
describes the visuo-spatial deficit only in thelyeaemission phase after the first psychotic
episode; repeated assessment in the full remissiold reveal a different pattern.

Effect of psychiatric symptomatology and antipsyticanedication

One of the currently monitored parameter is thatiom of untreated psychosis (DUP)
defined as the time from appearance of the fingtlpstic symptom to the initiation of suitable
antipsychotic treatment (for review see; Marshéalble, 2005). In accordance to a recently
published follow-up study (Barnes et al., 2008), feend no significant effect of DUP on
spatial performance.

Current literature describes a strong associatiooognitive functions and negative
symptoms, but the absence of a positive symptofastedn cognitive deficit in schizophrenia
(e.g.; Addington et al., 1991;Rossi et al., 199Terestingly, we found no significant effect of
negative or positive symptoms on the performandaen/FGN task. However, we observed a
strong effect of GAF score on spatial learning penfance in the RM session and effect of
generalized symptoms in Recall phase of the DMBi@esThese results demonstrate that high
functioning patients perform better in cognitiveka than the low functioning individuals in
the group of schizophrenia patients (Green etG142

Older studies described negative effects of fiestegation antipsychotic treatment on
cognitive functioning in schizophrenia (Spohn artch&ss, 1989). On the contrary, current
studies addressing atypical antipsychotics repastigtitly positive effects of some drugs on
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cognitive functioning in schizophrenia patientgg(eMeltzer and McGurk, 1999) and in an
NMDA model of schizophrenia in rats (Bubenikovaatt, 2005). Interestingly, only the
memory deficit found in the Recall phase of the D8&Bsion was partially affected by the CPZ
level in the navigation accuracy parameter. Wenditfind any other significant effect of the
atypical antipsychotic treatment (dosage calculat€2PZ equivalents) on the overall cognitive
performance in the vFGN task. However, our studg net aimed at individual antipsychotic
compounds and this could distort the analysis.

Limitations of the study

There are some limitations to the current studsstly, both animal protocols (RM and
DMP) were modified in order to test human subjectducing possible behavioral changes.

The lack of a strong reward motivation presentnimal studies (escape from water
reaching the platform) could change the motivateohigher performance in the task. However,
we assume that our subjects have been motivatadykras they all voluntary participated in
the study. Moreover, in the group of patients th&M task was performed in the time of
neuropsychological assessment aimed to suppordiduymostic process. We do believe that
during this time period our patients were motivaiadards higher performance in general. In
addition, both groups judged the level of entertent during the task similarly as averaged
(not reported). Nevertheless, some positive rewaudd be applied in order to prevent possible
lack of motivation in future studies.

In order to enable fast assessment of our paaints in only one day, the RM
protocol could be considered too short to asseggterm memory processes. However, such
short protocols are common in human studies tes@ging abilities and long-term memory
in standard virtual tasks (such as verbal or ndraldearning memory tasks; cit) and virtual
MWNMs that have been considered a valid human agalbgpatial reference memory in rats,
and supported by both behavioural data (e.g. Jataidld.998) and dependence on hippocampal
function (e.g. Astur et al 2002, Goodrich-Hunsagteal 2010).

Also the DMP session in our study is not fully cargble to the DMP protocol of
animal studies and was modified in the followingethdetails: 1) The inter-trial interval was
not controlled directly but was naturally formed e number of trials included before the
recall trial (6 trials for goal A, 4 for B and 2rf€); and 2) Positional changes applied in our
study between acquisition and recall of the goaltpm are not usual in animal studies; 3) The
acquisition of the goal position (spatial sequenca$ repeated for several (three) trials, as an
analogue to a reversal memory protocol. Despitesetheodifications we were able to
demonstrate that the results obtained in the iddali phases of the VFGN task could be
compared to the performance patterns obtainedimamodels.

Secondly, despite the smaller number of particpantour study we were able to
demonstrate the deficit in spatial cognition inisophrenia group. However, matching of the
healthy controls to the patients produced an umigald distribution in demographic variables,
such as the two-peak age distribution in analzyedms and variable age distribution in males
and females caused by the typical age of the eadylate onset of schizophrenia.

Thirdly, it is important to note that the navigatiperformance of schizophrenia patients
group observed in the vFGN task was not unitarysiraived higher individual variability than
the performance in the healthy control group. T$upports the findings of other studies
describing variability of the cognitive deficit le measured in individual first-episodes
schizophrenia patients (Keefe et al., 2005). Thoeegffurther individual analysis of the spatial
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performance measured in the vFGN task and its egswtto standard measures of cognitive
deficit is required. A separate paper is devotettaoking of possible effects of demographic
variables and gaming experience in the group oftlineasolunteers, in order to produce
normative data for vFGN task performance (in prapan).

Concluding remarks

The novel vFGN task covered several MWM protocola single task and was sensitive
towards the impairment of spatial navigation parfance, which was observed in nearly all
parts of the designed battery. Our results docuetestrong parallels between the real animal
MWM and the presented virtual analogue for humdinerefore, this novel computer task
could serve as a useful method of preclinical gri@r assessment of spatial behavior and
complex cognitive processes in schizophrenia. Adiogrto the animal studies, we propose that
the VFGN task could be used to assess spatialigaiattention, mental flexibility and spatial
working memory processes in three-dimensional sp&oéure work should confirm the
validity of the individual parts of the designedkausing a simultaneous examination of the
related cognitive functions by standardized newolpslogical methods.

Future directions

The data presented in this paper demonstratecetimtisity of the vFGN task toward
the cognitive deficit in first episodes of schizophia, confirmed by standard
neuropsychological methods. We do believe thatvihf@N task assessing complex visuo-
spatial behavior could serve as an ecologicallidwdreening method more sensitive towards
the future course of illness in individual patietitan the standard methods measuring single
cognitive functions. In order to test this sen#iyiva second assessment session takes place one
year later in the same patients. This time delaysed to evaluate possible cognitive deficit
persisting in our patients after the full remisstdrsymptoms or potential relapse of the illness,
their adherence towards treatment and their subgeduality of life. Longitudinal data
revealing the trajectory of vFGN performance dutimg course of schizophrenia are needed.
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3.2.2 EXPERIMENT Il —ASSESSMENT OF SPATIAL MEMORY IN VIRTUAL ANALOGUE
OF THE CAROUSEL MAZE (ROTATING ARENA )

3.2.2.1 Aims and hypothesis

The presented study explored the hypothesis thattahespatial representations of two
dissociated RF are independent and not accessimleltaneously and focused also on
separation of these representations in schizoprefiis psychiatric disease has been
associated with deficits in cognitive flexibilityd in the ability to distinguish the relevant from
irrelevant information. These deficits present @sampairment in reference frames switching.
The aim of this study was therefore to create astla human version of Carousel maze task
previously demonstrating deficit in cognitive comation in animal model of schizophrenia.
We used a virtual environment with a rotating matf dissociating the reference frames (RFs)
of the room and the arena platform to study theaated spatial cognitive maps in human and
their impairment in schizophrenia patients.

The original active place avoidance task (AAPA, &uet al., 1997) for animals was
modified to a preference version of rotating aréoa humans called the virtuahctive
Allocentric Place Preference task(VAAPP, Vicek et al, in preparation; Fajnerovaadt
2015b). The same hidden goal principle as in tleeipus VFGN task (MWM analogue) was
used here to test spatial navigation abilities umbjects moving on a rotating platform.
Movement of one part of an environment relativettters (like on a carousel) dissociates them
regarding orientation in space. Finding a goalichsenvironment requires that one selects the
relevant frame of reference (RFs) (i.e. rotatingtaible) and orients relative to it to estimate
his/her own position and position of the goal.

The presented study describes the newly-develope@dMAAPP task and presents data
obtained in a group of first episode schizophréREaS) patients in comparison to a group of
healthy volunteers. In order to assess the usefsilobthe VAAPP task in preclinical studies,
we discuss the obtained data with the previousbliploed animal studies.

On the basis of animal and human literature, weothgsized that the FES patients
would perform worse compared to healthy controlthenvAAPP task in terms of: a) impaired
spatial learning and mental flexibility during ahation of two goal positions in the Arena and
Room frame test sessions; and b) decreased cagodordination performance in the final test
session requiring mental switching between the previously acquired maps of reference
frames.

Published in:Fajnerova I, Vtek K, Brom C, Dvorskd K ,Lék D, Konraddova L, Mikolas P,

Ungrmanova M, Bida M, Blahna K, Spaniel F, StuchljkHor&®ek J, Rodriguez M. (2015). Virtual
spatial navigation tests based on animal researSpatial cognition deficit in first episodes of
schizophrenia. Book chapter in: Recent Researthrtnal Reality and Rehabilitation. Paul M Sharkey
& Joav Merrick (eds), Nova Publishing.

Fajnerova |, Rodriguez M, Spaniel F, Horacek J,ekl&K, Levcik D, Stuchlik A, Brom C. Spatial
navigation in virtual reality - from animal modeiswards schizophrenia: Spatial cognition tests blase
on animal research. Virtual Rehabilitation Procesgs (ICVR) 2015: 44- 50. IEEE Conference
proceedings available at: http://ieeexplore.ieeglor
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3.2.2.2 Methods

Subjects, Clinical and neurocognitive assessmentdaRre-training of motor
control

For details see section Methods for Experiment Il.
Software and apparatus - Virtual Environment

The environment, created by UnrealEd editor undereal Tournament 2004 (Epic
Games), consisted of a rectangle room with a @rcrena in its center (see Fig. 28). The arena
slowly rotated counter-clock-wise at a speed ofdg@rees/s. With its diameter of 1716 Unreal
Units (UU, about 32 virtual meters) it could bevigesed in 5 sec. Three objects (a coniferous
tree, a bush and a flower) were positioned onteaaperiphery and rotated with it, while three
different objects (a pillar, a statue and a stomg) evere positioned in the room, around the
arena and did not rotate. Both arena and room tsjegre positioned at 120° intervals relative
to the arena center. In this environment, four g@are positioned on the arena, two rotating
with the arena (circular shape) and two stabléérbom (squared shape). The goals were in
the same positions in the environment in all phadebe experiment except the pre-training
phase and were positioned in the exact middle kmtwiee object pairs, in the same distance
from the arena center as the arena objects. Hownesubjects were not informed about these
regularities. The diameter of the goals was 296 Bl6 meters). When visible, the goals
appeared as discs or squares floating 12-24 UUl@&ntimeters) above the arena. The goals
stable in room were shown as blue or red squarkse whe goals rotating with arena were
shown as blue or red discs. The three rotatingotbjefined the position of the two rotating
goals, while the three stable objects defined thstion of the two stable goals. The center of
the circular arena was marked by a green-yelloty wi¢h the size of 116 UU (2.2 meters). To
control the environment (arena rotation, goalsvatiton, screen messages) and collect the data,
custom software SpaNav written in Java was usedalBua, 2009), connecting to the Unreal
engine via the TCP/IP protocol.

Similarly as described in the previous Experiment(im the virtual Four Goals
Navigation task on stable arena) the subjects be@mrustomed with the Unreal Tournament
environment and the game control in a short pradtisk in a complex maze (see Pre-training
of motor control in Experiment Il, Figure 17). Thesward movement was controlled by the
forward press of the left/right joystick of the gaypad device (a forward joystick press started
the movement and a release stopped it), but tHenzad movement was blocked. The left/right
turning of the view was controlled by the left amght press of the same joystick. No other
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direction of movement (look up/down, move left/tiginove backward) was possible. For
marking the direction to the hidden goal, the greeyof the gamepad devise was used.

m "

* |
|
ARENAframe |

y
P

ROOM frame .

Figure 28. The schematic picture of the original AAPA taskr(isel maze; (left)); Schematic view of the
Virtual version of the AAPP task. - Training coimaliis in two possible reference frames: Room frasgedre
shape) and Arena frame (circular shape) (middlejta®ing arena from the first-person view (right).

Procedure - Design of the Active Place Preferenfd\PP) task

The same hidden goal principle as in the previdtGN task was used to test spatial
abilities in subjects standing on a rotating aréitee hidden goal positions were connected to
one of the two reference frames: frame of the ARBN&t slowly rotates together with the
tested individual, or the static ROOM frame surmbing the arena.

The actual experiment consisted of one trainingehiavo learning (acquisition) phases
and one test phase, with four goals or selectiotwofgoals present (see description of the
phases below). The training and the acquisitiorspbavere similar in their design. At the
beginning of each phase, the subject went to thiecef the arena, marked by a green platform.
The platform than disappeared and a notice ondhees, consisting of a goal identification
(circle or square of a specific color) (Fig. 29dicated one of the four goals to visit. The
subjects were instructed first to point at the gmition and then to visit the indicated goal by
the shortest path possible. To point at goal, thgest used left/right press to the joystick to
turn left or right in the estimated direction tettpoal and pressed the green key on the gamepad
to save this direction. The pointing speed wasgpretl before precision. The subject translation
movements were blocked during pointing, beforegteen (S) key press, so that s/he could
only change the angle of view while standing in¢bater of the arena.

In two initial trials at the beginning of each rathing or learning phase, each of the
goals was visible one after each other and it gheaped only after the subject entered it. After
these initial trials the goals were hidden, bub-be-visited goal appeared if the subject could
not find it for limited time of 20 sec. After enteg the goal, a sound was played as a
confirmation of finding the goal, this was conskelgras the end of the trial. Then the subject
should go again to the center of the arena andttihéime next goal position according to the
instructions. The goals were visited in a predefinemplex sequence. In this sequence, each
of the two or four goals occurred with same freqyeand the same goal was repeated three
times in a row at most. In addition, as the mafaafof interest was the effect of the previous
goal in sequence, four categories of goal charggeadcurred with the same frequency in each
phase (see Data Analysis section for more details).
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Training phase 1 — pre-training of the AAPP task

The experimental environment was shown and dedigheoexperiment explained in
detail to the subject, who was then allowed to faskadditional explanation. Then the pre-
training phase started, where the subject visitedgoals (one arena goal and one room goal)
in a pseudorandom order, ten times each. Of theégeidls, in the first two the goals were
visible. The subjects were informed that the gasigoons were different from the following
training and test phases and they should forgét plositions after the pre-training phase. In
order to prevent transfer of information differeaiors were used for these pre-training goal
positions.

Learning phases 2 and 3 — Arena and Room frameisitign

Two consecutive phases were aimed for acquisitidwo reference frames and goal
positions attached to them. Set of two goals wasecied either to the rotating arena platform
(phase 2 - Arena frame) or to the stable room enuirent (phase 3 - Room frame). The subjects
were instructed to find and remember the goal mystand their attachment to either room or
arena. In the first training phase (Arena, A2) ¢stingy of 21 trials, the subjects first pointed
and then visited a pair of circularly shaped gdedsl or blue disk) connected to the arena
platform. In the second training phase (Room, R8&)dubject pointed and visited two square
shaped goals (red or blue square) in another als.tiThe goals were visible in the first two
trials of both sessions. In both phases the subjeatned the final positions of the four goals
as used in the last test phase, but different tletraining phase.

Figure 29. lllustration of the first person view on the Stadsition placed in the center of arena (left),
pointing condition with the visible goal in thedfitrial of the session 2 (middle), and pointingtie direction
of invisible goal (right).

Test phase 4 — Frame switching
Afterwards, there was one test phase (Frame swgghwvith 17 trials and all four goals.

This session required alternated search of all fmal positions learned in the previous two
learning phases, attached either to the arenzaoon frame. At the beginning of the test phase,
the subject went to the center of the arena, mablexigreen platform, but then the translation
was blocked. The subject should first point atgbals as fast as possible, just by changing the
angle of view, and then walk towards the goal pasitThe goals were never visible in the test
phase.

Data Analysis

Using the recorded subject's positions and direstiand the pressed keys, several
measures of performance were calculated. (1) Tongint at goal was computed as the time
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between appearance of the name of the next gahleoscreen and pressing the green (S) key.
(2) Time to reach goal in the learning phases wasptited as the time between pointing at the
goal and entering it. (3) Angular error in pointimgs computed as the absolute value of the
angle between a subject's heading when the grgdmySvas pressed and the direction of the
current goal from the current subject's position.

The main factor of interest, when calculating tbepng time, was the category of the
change of goals in the predefined sequence. Ttisrfan the analysis was called Place-Change
with three possible levels: the previous goal cddceither the same as the current goal (Place-
Change=0) or different from the current one buhmsame reference frame, attached to either
rotating arena or room (Place-Change=1). In theratlvo categories of the goal change the
reference frame of the previous frame was diffetleah of the current one (rotating arena vs.
room) (Place-Change=2). The predefined sequencgsad$ in the final test phase (see above)
contained several trials in each of these thresgeaies (plus one trial at the beginning of each
phase, where this Place-Change category was uedeimthere was no previous goal).

The analysis of the subjects’ recorded position dimection was performed using custom
functions in PHP 5.3.0 (the PHP Group) and Matl@abd (The MathWorks, Natick, MA). All
statistical analyses were run using Statisticdd@.®Vindows (StatSoft, Inc.).

3.2.2.3 Results

All test phases of the virtual AAPP task showedideof spatial performance in first
episode schizophrenia patients in comparison tamedthealthy volunteers.

In contrast to the stable environment of the vF@sk both theointing time and
pointing error (angle error) parameter was evaluated as welliz8ghrenia (FES) patients
showed impaired performance in both pointing tifag(62) = 14.67, p < 0,001) and pointing
accuracy (F(1,62) = 17.62, p < 0,001) when comparigla healthy controls using two-way
ANOVA (group x phase). Despite the fact that bgtbups made larger pointing errors in the
room frame condition (see Fig. 30), schizophreniaug showed significantly impaired
pointing accuracy in all test phases regardlessetezence frame (F(3,186) = 2.28, p < 0.05).
While the pointing error in schizophrenia groupreased in the Room frame and switching
conditions (test phase 3 and 4) in comparison tqA®2na test phase 2), their pointing time
was slower when pointing in the final test phaséth frame switching present. The additional
trial time parameter showed impaired navigation abilitiesanizophrenia when compared to
healthy volunteers in all test phases (F(1,62) 23 < 0,001), see Fig. 30.
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Measured parameters in Test phase 2-4
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Figure 30.Group performance in individual test phases meadwsing three different parameters (pointing
time, pointing error and trialtime). Legend: Phaa€Arena frame); Phase 3 (Room frame); Phase 4rn@re
Room frame switching).
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Test phase 4 - Frame switching
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Figure 31. Group performance presented in the context ofgslattange analysis (change of the goal
position either in the same or different referefragne) separately for trials requiring rotation the
environment smaller or bigger than 90 degrees. &yitirenia patients demonstrate similar
impairment in all types of tasks, except the situadf the same goal repetition.

With respect to the Place-Change (PCH) categoriggphrenia patients were impaired
in all types of trials (except the same frame tri&(1,50) = 13.64, p < 0.001), see Figure 31.
Nevertheless, in general the point time increaséisa switching PCH condition (test phase 4)
in both groups (place-change effect, (F(1,50) 683p < 0.001).

ANOVA for repeated measures was used to analyzegai@on performance in
individual test phases using the trial time paramen order to test learning effect. The first
Pre-training phase showed impaired learning adslitin the rotating arena (p < 0.01, Fig. 32A).
The second tests phase with Arena frame (A2) (se3EB) showed only mild decrease in
measured parameters (p < 0.01), even less exprestezisecond half of trials (effect of trial
repetition, p < 0.001). However, the third Rooranfie learning (R3) phase with navigation
towards the goals connected to the Room frame, mgoselative to the subjects (Fig. 32C)
showed strongly profound decline of mental flexipibnd spatial planning in schizophrenia (p
< 0.001), probably due to the dissociation betwesfarence frame of the subject and the
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reference frame of goals and orientation cuesldstaest phase requiring both goal alternation
and switching of reference frames created to agbessognitive coordination, as it required

repeated switching between the two reference frdavesching between two mental maps, two

sets of orientation cues for arena and room), stsmustantial deficit in schizophrenia patients
(p <0.001, Fig. 32D).
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Figure 32. Performance of both groups in four phases of tbafihg arena - VAAPP task - expressed using
the trial time parameter. (A) The Training phaseimsimple frame change (arena x room). (B) The Aren
frame performance. (C) The Room frame performafiog. Frame change -Alternation between all 4
previously acquired goal positions, placed in aremaoom frame.
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Strategies used in Arena and Room frame phases die virtual Carousel maze

ARENA ROOM

Trial 21- Arena Frame Trial 21- Room Frame

Trajectory

SZ

Figure 33.lllustration of SZ and HC in the last Arena (ledit)d Room (right) frame: pointing accuracy (orange
line) and search trajectory (blue line) towards theal position (red circle).

In order to understand the spatial behaviour dunagigation towards stable @r
unstable goal position, we individually analysed behaviour of schizophrenia subjects gnd
we have identified two main reasons for more prawwed impairment in navigation abilitigs
when navigating in Room frame: 1) the goal is idextt in incorrect frame of reference and
is therefore falsely linked to incorrect set ofemiation cues in arena frame; 2) the navigation
towards objects (cues, goals) in the Room franueigient due to impaired ability to plan
trajectory and anticipate the position of the gadiile patients’ own position is shifted by the
arena rotation.

Sex and age differences

In order to show possible effects of sex on spagaformance in the VAAPP task, sex
has been used as additional main factor in the @hilysis with repeated measures (group x
sex). Sex differences have been observed onlyeipdinting time parameter during the first
training phase (F(1,61) = 6,71, p < 0.05). Anyaténces have been found in other test phases
or other measured parameters (pointing error aktime).

In order to analyze how the age of our participaais$ affected their performance in the
VAAPP task, we performed a correlation analysise Bpatial performance of individual
participants was averaged for all trials in indivedl phases of the VAAPP task (excluding the
visible trials in the beginning of the phase) andelated with the age variable, separately for
group of patients and for healthy volunteers. Rerémce correlated with the performance of
the healthy control group only in the trial timeasared in the Arena (r = 0.435, p <0.05) and
Room frame (r = 0.497, p <0.05) in the group of dmatrol subjects. However, no such
correlation was identified for the group of schikggnia patients.

Regression model of clinical variables effect orfggenance in the vFGN task
From the set of potential clinical and demograghators that could contribute to the
cognitive decline observed in the group of patiethts following predictors were added to the
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regression model (age, DUP, PANSS-P, PANSS-N, PANSGAF and CPZ level) analyzing
their effect on performance measured in the VAARSR (performance averaged separately for
individual parts of the task — Training, Arena fenmRoom frame and Frame switching
paradigm). A stepwise forward multiple regressioalgsis employed using these predictors
identified only the following significant effecta the Arena frame phase: a) positive effect of
PANSS-P score on behavioral performance expresseée @averaged pointing (error) accuracy
(R=0. 64; R2= 41 %; p < 0.01; bPANSS = 0.63; p.&pand effect of age, PANSS-G and
GAF on pointing time (R= 0. 72; R2= 53 %; p < 0.0Kge = 0.45; p < 0.05; bPANSS-G =
0.47; p < 0.05; bGAF = 0.43; p < 0.05). PANSS-Gveba significant effect on trial time
parameter in the Frame switching phase (R= 0. 2&; 35 %; p < 0.05; bPANSS-G = 0.52; p
< 0.05). No other significant effect of the applietbdel was found in any of the three
parameters and/or test sessions.

3.2.2.4 Discussion

All parts of the AAPP task showed impaired perfoncein schizophrenia patients. The
ability to orient and remember spatial positionsuimstable environment with constantly
changing information in this rotating environmenuttl be explained as an ability to identify
context using task-relevant information stored wasking memory, which impairment is well
documented in SZ (Nuechterlein et al., 2004; Greteal., 2004). This function involves the
dorsolateral prefrontal cortex (DLPFC), area dématiin context of hypofunction in SZ
(Verébova and Horacek, 2010; Shenton et al, 2010).

The original AAPA task in animalC4rousel Maze, Bures et al.,, PNAS, 1997) is
reported in the context of cognitive coordinatidStuchlik et al., Physiol. Res., 2013;
Wesierska et al., 2005; Kubik et al., 2014). Tret faat performance of schizophrenia patients
decreases in the environment with goals in dissegieeference frames (in comparison to the
VFGN task, or when arena and room condition arepewad between each other) could be
related to cognitive coordination impairment hypsis (Philips and Silverstein, 2003).
Impaired cognitive coordination (i.e. neural cohtod cell population activity in time and
context) (Phillips and Silverstein, 2003) is comsetl the core or main cause for cognitive
disorganization and complex cognitive deficit obser in schizophrenia. This impairment
should include inappropriate perceptual associatiand beliefs, deficits in an ability to
integrate contextual information as well as impaidiscrimination between relevant and
irrelevant information (Hemsley, 2005). Accordirmganother but related model (Rolls, 2012),
instability of neuronal cortical attractor statekie to general reduction of firing rates of
glutamatergic neurons, contributes to cognitivavalf as negative schizophrenia symptoms.
This instability results in interfusion of workingemory items and poor ability to allocate
attention. Findings in animal models of schizoplaeupport this suggestions.

The hypersynchrony theory claims that the cognitleécit in psychosis results from
increased coactivity specifically between neurohgtvnormally do not fire together (Fenton,
2008). TTX-induced cognitive disorganization onatotg circular arena disrupted ability to
segregate relevant associations in rats and led&ctivity (hypersynchrony) of hippocampal
pyramidal cells discharge (Olypher et al., 2008)cts hypersynchrony could produce the
excessive associations observed in schizophrenia réguced separation between
representations of unrelated events and contexteihippocampus. Later observations of MK-
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801 (NMDA receptor blocker) induced impairment phsal coordination in carousel maze
(Stuchlik et al., 2004) and elimination of conteatspecificity (increased similarity) of IEG
expression in hippocampal CAl ensembles (Kubik ket 2014) also supported the
hypersynchrony theory.

This is the first study to our knowledge that inxaad the processes of switching between
spatial reference frames in dynamic environmenpdieghto schizophrenia patients. In healthy
controls, the time to point to a hidden goal seente strongly influenced by the RF of previous
goal: changing the goal RF was associated witimgdopointing time. This switch cost results
from the processes of activation of the spatiakasgntation of relevant RF, followed by
reorientation in this frame (Vicek et al., in pregtgon). Nevertheless, schizophrenia patients
are impaired generally in pointing time, but noégfically in reference frame switching. This
results support the hypotheses of general impairnmermental flexibility and cognitive
coordination reported by animal studies (Lobelletal.,2013; Zemanova et al, 2013; Kubik
et al, 2014). Similar observations have been danalitask-switching paradigms related to
dysfunction of medial and lateral PFC areas (Jameida., 2010; Monsell, 2003).

All test phases of the virtual AAPP task showedideof spatial performance in first
episode schizophrenia patients in comparison tamedthealthy volunteers.

In contrast to the stable environment of the vR@$k the pointing time was one of the
main parameter analysed in FES performance ondfagimrg arena compared with control
group performance, due to the instruction to ptontards the goal position as fast as possible
(see Methods). Nevertheless, similarly to vVFGN tagkpointing error (angle error) parameter
was evaluated as well. Schizophrenia (FES) patigindsved impaired performance in both
pointing time and pointing accuracy.

As expected, both groups made larger pointing ermorthe room frame condition,
where the direction towards “moving goal” has tcelsémated, however, schizophrenia group
showed significant impairement in pointing accuracyll test phases regardless the reference
frame, when compared to control group. In contrdrg pointing time in FES group was slower
when pointing in the final test phase 4 with frasvatching present. This suggests that in
contrast to pointing error parameter that was &fitnainly by movement of the goals (Room
phase 2), the switching condition demands incretisesl needed to make the decision about
the current goal position, that can be affectedbbih switching between reference frames
and/or alternation between 4 choices of possibl gosition. The pointing ability is not
directly comparable with theresults obtained innaali studies. Some parallels could be
however found in the human studies in schizophrestiawing imprecise predictions when
pointing in rotatin virtual environment (Synofzika., 2010) and impaired performance in the
set-shifting (Wilsmeire et al., 2010) or responggtehing (Franke et al., 2009) paradigms in
schizophrenia.

The third trial time parameter was analysed in otaéest the ability to navigate towards
the hidden goal position in unstable environmenttld rotating arena. First episode
schizophrenia patients showed impaired navigatimiitias in all test phases when compared
to healthy volunteers, with more pronounced deficihe Room frame phase 3 and the Frame
switching phase 4. This is in agreement with thdewce from animal experiments showing in
the real version of Carousel maze that place ancilés more affected in moving than in stable
environments both in intact animals (Cimadevillant®n and Bures, 2001), after lesion to PPC

101



or hippocampus (Svoboda et al., 2015; Cimadevillale 2001), and in animal model of
schizophrenia (Kubik et al, 2014).

With respect to the Place-Change (PCH) cathegohyzephrenia patients were
impaired in all types of trials (except the ‘samanie’ trials). Their impairment therefore seems
to be independent of the changing reference frardeaasociated with a simple task-switching
paradigm. These results support the hypothesesnafrgl impairment in mental flexibility and
cognitive coordination reported by both animal €tand Snyder, 2006; Svovoda et al., 2015)
and human studies applying task-switching paradi@esadar et al., 2010; Wylie et al., 2010).

In conclusion, the above presented results sugjggisthe AAPP task presents sensitive
measure of cognitive coordination impairment inizaophrenia and could serve as a useful tool
in future comparative resarch.

Limitations of the study

There are some limitations to the current studgthy, in order to enable fast assessment
of our participants in only one day, the originad®y protocol was applied in one day session
procedure and can be thus sensitive towards siont-thanges in behavior of patients due to
fatique, emotional state, etc. Secondly, the anjpnalocol of the active avoidance task was
modified to a preference version for humans botbrder to: 1) design task comparable to the
hidden goal paradigm in stable arena environmelRGWV task presented above), 2) ensure
sufficient motivation to complete the task. Oridiaaoidance protocol would require the tested
individuals to move on the virtual arena and aub&lto-be-avoided sector. The entrance to the
sector could be announced by beeping, however, gafback is not very aversive (in
comparison to the mild shock in animals) and wagoldsent too mild punishment for the
entrance. Similar avoidance protocols were alredyed in healthy human subjects (Vicek et
al., 2006; Cimadevilla et al, 2011). However, wédwe that the lack of strong motivation by
punishment present in animal studies could chamgenbtivation of schizophrenia subjects to
perform in the task, as in fact their motivatioraiseady altered (Salamone et al, 2016).
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3.2.3 EXPERIMENT 1V — VERBAL AND VISUOSPATIAL COGNITIVE FUNCTIONING IN
QUALITY OF LIFE AND GLOBAL FUNCTIONING

3.2.3.1 Aims

Deficit in visuospatial functions can influence batimple and complex daily life
activities. Despite the fact that visuospatial défivas reported in schizophrenia, research on
visuospatial functions as an independent entiignised. Our study aims to elucidate the impact
of visuospatial deficit in comparison with verbafidit on global functioning and quality of
life in the first psychotic episode of schizopheespectrum disorder (FES).

To our knowledge, no study to date has describedettient to which visuospatial
functions affect everyday life of schizophreniaigats, in contrast to the effect of verbal
abilities. Our study therefore aimed to answerftlewing questions:

1) Are visuospatial abilities impaired in first-epde schizophrenia spectrum (FES)
patients in comparison with the matched group @ilthg controls? If that is the case, is the
degree of the deficit the same as in verbal funsffo

2) Are the VIS functions in FES patients affectgdantipsychotic medication and the
actual psychiatric symptomatology (measured witiNB&)? Is similar effect visible in the
VERB functions?

3) Is the global functioning and quality of life IRES patients affected by VIS
functioning when analyzed in the presence of VERBcfions and clinical characteristics
(symptoms and medication dose)? If so, is the effecisuospatial and verbal functioning the
same?

Published in: Rodriguez M, Spaniel F, Konradova $edlakova K, Dvorska K, Prajsova J,
Kratochvilova Z, Levcik D, Vicek K, Fajnerova 10(5). Comparison of visuospatial and verbal
abilities in first psychotic episode of schizophaespectrum disorder: impact on global functioniamgd
quality of life.Front. Behav. Neurosci(IF 3,27) /submitted in review process, reviewers requins/ o
minor revisions

3.2.3.2 Methods
Subjects

Thirty-six subjects (22 males and 14 females, FEESm who met ICD-10 criteria for
first psychotic episode of schizophrenia spectrusorder (F20.X (n=4) and F23.1/F23.2
(n=32)) were recruited at the National Institute Méntal Health (NIMH). Patients were
evaluated once they were stabilized at the enldeif first psychiatric hospitalization in partial
symptomatic remission state, according to Andreasemission criteria (2005). The group
was considered in partial remission state rathan th complete remission, as they did not
fulfill the criterion of asymptomatic six-month ped. Study subjects were diagnosed in a
routine clinical process by two experienced psyicisis. In case of diagnostic disagreements
(e.g. comorbidity) the specific case was excludetfthe study.

In order to compare the cognitive performance irSF&ibjects with the healthy
population, a group of healthy control subjects 38~group HC) was recruited from the same
socio-demographic background via a local advertesgnT he inclusion criteria for both groups
were: a) 17 — 35 years of age; b) no history ofrolegical disease or loss of consciousness
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longer than 10 minutes; c) native in Czech/Sloalglage; and d) additionally for the FES
group to meet ICD-10 diagnostic criteria (dg F20r€23.1, F23.2) and to be first admitted to
psychiatric care. The main exclusion criteriontfog control subjects was personal history of
any psychiatric disorder; for the FES group it wassfulfilled diagnostic criterions for another
psychiatric disorder. Both groups were carefullytehad in terms of sex, age (max 2 years
difference tolerance) and level of education (fetals and statistical comparison of the
matching parameters, see Table 5). In each groene tivere 16 participants with a higher
education level (university studies) and 20 witlvéo level of education.

Prior to the study, all participants signed a writtnformed consent in accordance with
the Declaration of Helsinki, approved by the Etiimsnmittee of NIMH.

Clinical and neuropsychological assessment

Two psychiatric scales were used to evaluate @limmbaracteristics in the FES subjects.
Current symptomatology was assessed using theivosihd Negative Syndrome Scale
(PANSS; Kay, 1987). The Global Assessment of Fonatg (GAF; Jones et al., 1995) was
used in order to objectively evaluate general psgohial functioning of the FES group. The
GAF scale is used to address general functiontay€) to 100) in daily activities of individual
FES subjects. All FES subjects were medicated Wferdnt dose and type of atypical
antipsychotics or their combination (olanzapin, sutpirid and risperidon), that is why
chlorpromazine equivalents (CPZ; Woods, 2003;Arekaa2010) were used to evaluate the
effect of medication dosage on cognitive functigniRor details on the clinical parameters see
Table 5.

The quality of life was subjectively evaluated Hy3-subjects using the Quality of life
guestionnaire WHOQOL-BREF (WHO group, 1996), a sffimmrm quality of life assessment
that calculates four domain profiles (Physical tled?sychological health, Social relationships
and Environment), and was validated for FES popmuiatMas-Exposito, 2011). The
guestionnaire was translated and validated forecpopulation (Dragomireckda, 2006).

Regarding the neuropsychological assessment, ted owasures were chosen in
accordance with the evidence of related articlesnfioned in introduction) and suggested also
by the MATRICS initiative (Nuechterlein, 2008;Gre@®04). Some additional measures not
commonly used and standardized in schizophrenialptpn were used in order to assess VIS
functions in greater detail. The final neuropsycigatal battery consisted of 11 tests focused
on both the visuospatial and verbal functions {Balgle 2). All tests were assessed by trained
clinicians, according to the cited administratiantpcols. Detailed information about all test
methods is provided in Table 2. In order to compagnitive performance in the FES subjects
with the healthy population, the same test battexy administered to a group of healthy control
(HC) subjects. Below is a description of three lod wisuospatial methods that have some
specific characteristics.

The PEBL (PEBL, 2012) version of the Perceptualiligce Task (PVT) was used in
its 10-minute-long alternative (Loh, 2004) in ordertest attention and vigilance. A simple
circle stimulus appears in the PVT at intervalgmg between 2 and 12 sec, and the participant
is required to press the spacebar as quickly asilpes

A computerized version of the Spatial Span testwgasl in order to test spatial attention
and working memory without uncontrolled examindeets (such as prolonged presentation of
the longer spatial sequences). We adjusted thaaligrotocol of the Corsi block-tapping test
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(Kessels, 2000) applied in the PEBL battery (PEBL12) to match individual positions and
spatial sequences of the Spatial Span in the WM& #drnochova, 2010;Wechsler, 1997).

The Money Road-Map-Test (Money, 1965) is not tiaddlly used in standard test
batteries such as MATRICS; this test was selectedrder to test specific visuospatial
functions, such as mental rotation and perspetéikimg strategy. For this reason, the total
number of errors (out of a total of 32 turns) wasded into three categories (according to
Markova, 2015) by the angle of the route beforéngam relative to the subject’s heading: A)
rotation of less than 70 degrees (9 turns), B)tiamteof 90 degrees (13 turns), and C) rotation
of more than 110 degrees (10 turns). Another sigadlif selected test, the Key Search Test,
was chosen as a sensitive method testing dysexeaytndrome in schizophrenia (Evans et al.,
1997), using spatial planning abilities.

Data analysis

Statistical analysis was performed using the SP&®wvare (version 15.0). The
significance level of all statistical analysis wast to 0.05. The group differences in
demographic variables (age, education) were andlygmg non-parametric Mann-Whitney U
test. Identical method was used to compare thesses obtained in the visuospatial tests.
Non-parametric Spearman Rank Order Correlationg weed in order to detect correlations
between variables.

The raw scores of neurocognitive tests were usednpare performance between the
FES subjects and the HC. Raw scores were transfotme-scores in order to calculate
cumulative scores of Verbal (VERB) and VisuospafidB) scores. Z-scores were calculated
as the difference among raw scores of the indiViéiES subjects and the HC group mean,
divided by the HC standard deviation. The cumu&atigores (VERB and VIS) were computed
as a sum of the standardized z-scores divided éyntimber of applied measures from the
relevant variables list as follows (for explanatiohindividual abbreviations see Table 2):
VERB score (AVLT_I-V, AVLT-VI, AVLT-30, VFT-semant, VFT-phonemic, DS-
backward, Similarities) and VIS score (RCFT-copgH -3, RCFT-30, TMT-A, TMT-B, SS-
backward, RMT-total errors). PVT test results wer@ included in calculation of the
cumulative scores, as performance on this tesuisly attentional. In addition, to assure
accuracy of the input variables to the cumulaticeres and their consistency, reliability
analysis and factor analysis were performed (CroisaAlpha for VERB = 0.73; Cronbach’s
Alpha for VIS = 0.75). Multiple linear regressionaysis (stepwise method criteria as follows:
probability-of-F-to-enter <= 0.05; probability-oH6-remove >= 0.10) was used to assess the
effect of performance in individual visuospatiatiarerbal tests (dependent variables) of A) the
clinical characteristics (independent variable®INBS (scores divided into three sub-scores:
general symptoms - G, positive symptoms — P, negasymptoms - N), and B) the
antipsychotic medication calculated in CPZ. In &ddal stepwise multiple linear regression
analysis an overall effect of PANSS scores, CP2lleand cumulative VERB and VIS scores
was assessed on A) global functioning measuredAly &d B) individual four domains of
quality of life (WHO group, 1998) measured by WHOQBREF.
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TABLE 5. DEMOGRAPHIC DATA, CLINICAL ASSESSMENT ANDQOL QUESTIONNAIRE

Demographic Group mean = SD Group differences
variables
FES HC Mann-Whitney U p-value

N 36 36
Sex (M:F) 22:14 22:14
Age 263+56 25.7+5.2 614 0.697
Education level (1-6) 3.7+£13 40+1.2 556 0.261
Clinical assessment FES subjects

(mean £ SD)
PANSS total score 50.8 + 17
PANSS-positive 125+ 5.2
PANSS-negative 16.0+ 7.3
PANSS-general 26.4 +6
AP medication—CPZ 391.2 £ 122
equivalents (mg)
GAF 64.5 +18.3
WHOQOL-BREF FES subjects Normative data

(mean £+ SD) (mean + SD)

(Dragomirecka and
Bartonova, 2006b)

Physical health 144+ 24 16564+ 26
(domain 1)
Psychological health 141+ 25 148+ 24
(domain 2)
Social (domain 3) 13.2 +£ 3.1 15.0+ 29
Environmental 143+ 2.1 13.3 + 2.1
(domain 4)

Legend: First psychotic episodes of schizophrepecsum disorder subjects (FES) and healthy coat(biC)
individually matched by sex, age (within 2 yearsj aducation level (see demographic variableshiCdil scales
PANSS (Positive and Negative Symptoms Scale) amd(Glbal Assessment of Functioning), antipsychotic
medication level in CPZ (chlorpromazine) equivaderand Quality of life questionnaire WHOQOL-BREF
assessed in FES subjects. Education level: 1 =thess high school, 2 = started high school, 3 = gbated high
school, 4 = started university, 5 = completed umsity, 6 = started postgraduate studies.
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3.2.3.3 Results
Differences in cognitive performance between FESdaHC group

As a result of matching the participants on anvitllial basis, no significant group
differences in age and education were observedléTapb In each group, there were 16
participants with a higher education level (univgrstudies) and 20 with lower level of
education.

Group differences in the results of neuropsychalalgiests were significant in most of
the applied VIS and VERB measures, when analyzed faw scores using the non-parametric
Mann-Whitney U test (for more details see Tabl& &, Fig.34).

Neurocognitive assessment FES raw scores (N = 36) HC raw scores (N = 36) Mann-Whitney U p-value

mean SE median SD mean SE median SD

(A) VISUOSPATIAL PERFORMANCE

TMT-A 38.3 2.1 355 12.5 27.8 1.6 26.5 9.4 306.5 <0.001"**
TMT-B 93.5 7.6 845 454 50.6 25 495 12.8 181 <0.001**
Ratio B/A 25 0.1 2.3 0.8 1.9 0.1 1.9 0.5 417 <0.01*
RCFT-copy 325 0.5 335 3.0 35.6 0.1 36 0.9 201 <0.001***
RCFT-3 min 18.8 1.4 220 6.5 25.7 0.9 26 52 234 <0.001"**
RCFT-30 min 19.3 141 19.8 6.4 258 0.8 26 46 237 <0.001***
Recognition (errors) 46 0.4 4.5 241 3.6 3.0 0.3 1.9 360 0.073
KST 1.9 0.6 12.5 34 13.2 0.2 13 15 532.5 0.188
RMT=number of errors/32 3.1 0.6 2 3.6 1.2 0.4 0 24 394 0.003*
RMT A 0.3 0.1 0 0.8 0.1 0.1 0 0.5 628 0.661
RMT B 1.6 0.3 1 1.8 0.8 0.3 0 1.7 457.5 0.021*
RMT C 1.2 0.3 1 1.7 0.3 0.1 0 0.8 385 <0.001**
SS total 16.3 0.5 17 3.1 17.6 0.4 18 2.3 460 0.147
SS forward 8.6 0.3 9 1.6 8.9 0.2 9 1.4 535 0.592
SS backward 7.8 0.4 8 2.1 8.7 0.2 9 15 429 0.063
PVT-average response speed 337.3 8.7 321 445 305.5 8.0 294.5 40.8 189.5 0.007**
PVT—correct 66.3 1.8 70 10.0 70.7 0.8 72 49 415 0.068
PVT-comissions 1.3 0.4 0 25 0.9 0.2 0 1.3 541 0.791
PVT-lapses 7.9 1.6 4 9.1 2.1 0.6 1 3.6 279.5 <0.001***
(B) VERBAL PERFORMANCE

AVLT—I-V 47.8 1.8 48.0 10.8 59.9 1.2 61.5 7.5 231.5 <0.001***
AVLT—3min 9.3 0.4 9.0 25 1341 0.3 14.0 2.1 157.5 <0.001***
AVLT—30 min 8.6 0.5 8.0 3.0 131 0.4 14.0 22 1375 <0.001™*
AVLT-repetitions 6.0 0.8 45 5.0 1.9 0.4 1.0 22 302.5 <0.001**
AVLT—confabulations 2.0 0.4 1.0 25 14 0.3 o) 1.6 543.5 0.214
VFT phonemic 41.8 2.2 4 12.9 48.9 T 485 104 395.5 0.004**
VFT semantic 19.7 1.0 18.5 5.6 28.9 0.9 28.0 55 120 <0.001***
DS total 14.8 0.7 14.5 45 17.0 0.7 17.0 39 450 0.025"
DS forward 9.3 0.4 8.5 22 9.7 0.4 9 2.3 573 0.392
DS backward 5.2 0.4 6 2.4 7.4 0.4 75 23 397 0.004"*
Similarities 229 0.8 23 49 28.8 0.4 29 22 165 <0.001***

TABLE 6. GROUP DIFFERENCES INA) VISUOSPATIAL AND (B) VERBAL NEUROCOGNITIVE
TESTS

Legend: SE — standard error; SD — standard deviatidbbrevations: TMT — Trail Making Test; RCFT -yRe
Osterrieth Complex Figure; KST — Key Search TeM{TR- Money Road-Map Test (A, B, C — type of errors)
WMS-III - Wechsler Memory Scale Il edition; PV Perceptual Vigilance Test (-com — commissions); AVL
Auditory Verbal Learning Test; VFT — Verbal Flueniegst
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Figure 34. Neuropsychological profile of FES subjects caltediin z-scores for individual test parameters
relative to the healthy controls (level 0). Seldctest results are divided into verbal (left) ariduaspatial
(right) tests. Legend: FES - first psychotic epesoaf schizophrenia spectrum disorder; HC - healthy
controls; VFT — Verbal Fluency Test; AVLT — Audjtdrerbal Learning Test; DS — Digit span; PVT —
Perceptual Vigilance Test; TMT — Trail Making TERMT — Money Road-Map Test; RCFT — Rey-Osterrieth
Complex Figure; SS — Spatial span; KST — Key Seaesi.
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The group of FES subjects showed significantly IoW& performance on all three
parts of the Rey-Osterrieth Complex Figure TestkRRCopy, RCFT-3, RCFT-30). The FES
group was also slower in the Trail Making Test gadnd part B. The average speed of FES
subject responses in the PVT was lower and they lzdsl a higher number of lapses (with
reaction times above 500 milliseconds). The FES$estdbalso made more errors on the Road
Map Test. In addition, splitting of individual tuegnn the RMT (according to Markova et al.,
2015) to three possible error types showed thatsphrenia subjects tend to fail more in the
turns demanding mental rotation of the spatial eaurns B and C) compared to the turns that
demand no or very small mental rotation (see Fi@&)e We found no significant differences
in the raw scores of the KST from the BADS batténycontrast to the Digit Span (DS) test,
the Spatial Span (SS) test did not show any smamfi group differences. However, the
difference observed in the backward score was agpiog the significance level (p = 0.063).

VERB performance was significantly impaired in madtthe VERB measures as
follows: verbal learning and delayed recall in Yfexbal Learning Test (AVLT); the phonemic
and semantic Verbal Fluency (VFT), abstract exgeutinctions in the Similarities (Sim) and
working memory in the Digit Span (DS) task. No difnce was observed in the immediate
recall and attention performance in DS forward.

RMT errors - group performance

(Mean, SE)
24 | ' ' * ' ' ,
] B FES group

22 ¢ B HC group 1
20 |

1.8 t
16 +
14 t
1.2 L

1,0 +

0,8

Number of errors

06 t

04 |

0.2 t

0,0 !

RMTA RMTB RMT C

Figure 35.Group performance presented as number of errorfherMoney Road Map Test (RMT) presented
in mean and standard error (SE). Errors are diddeato three different types according to the rmtat
towards subjective perspective of the tested sufjecless than 70 degree deviation from subjeot'ading;
B — 90 degrees, C — more than 110 degrees). FE®ogrdirst psychotic episodes of schizophrenia tspet
disorders; HC group — healthy controls. Significanas — nonsignificant, * p < 0.05, *** p < 0.001.
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Regression model of PANSS effect on performanceisuospatial and verbal tests
in FES

First set of stepwise multiple regression analysislels of psychiatric symptomatology
measured using PANSS (predictors: PANSS-P, PANSBANSS-G) showed no effect of
symptomatology on the performance in individualuaspatial and verbal tests (dependent
variables), except for the performance in one sitggt — the Trail Making Test part B. Two of
three predictors from the regression model perfdrimg stepwise method were significant:
PANSS-N and PANSS-G. They explained more than 40%edormance variability in the
TMT-B test (see Table 7). No effect of individuaAIRSS scores was identified on cumulative
VERB and VIS scores.

TABLE 7.REGRESSION MODEL OFPANSSEFFECT(PREDICTOR ON PERFORMANCE INTMT B
(DEPENDENT VARIABLE).

Dependent variable TMT-B Adjusted R2 SE of the estimate Durbin-Watson B SE Beta F P
Predictor variable (Model): 0.409 35.1850 1.850 124 <0.001
(Constant) 112,244 29,361 0.001
PANSS-N 3.766"* 0.850 0.599 <0.001
PANSS-G —2.968* 1.034 —-0.388 0.007
Excluded:

PANSS-P 0.006 0.968

Legend: Stepwise multimodal linear regression inSF&lbjects (N = 34); PANSS - Positive and Negative
Symptoms Scale (N — negative, G — general, P tiy®siTMT-B — Trail Making Test —part 2. AdjustBtl—
explained variability; B - Unstandardized Coefficie beta; SE — Standard error; Beta — Standardibeth
coefficient; Significance: ** p < 0.01, *** p < 0.01.

Regression model of CPZ level effect on performamcevisuospatial and verbal
tests in FES

We did not observe any significant influence of mation (CPZ) on the performance
in any of the visuospatial tests using the linegression analysis. We identified negative effect
of medication dosage (B = -0.040, SE = 0.017, Bet@.373) only in one verbal test — the
phonemic Verbal Fluency Test (N = 35). CPZ expldibh&% of performance variability (SE =
12.253, Durbin-Watson = 2.247; F = 5.338, p < Q.09)is observation would not survive
Bonferroni adjustments (p = 0.027). No effect oZ3&vel was identified on cumulative VERB
and VIS scores.

Regression model of clinical and neuropsychologitattors on global functioning
in FES

In order to analyze the possible effect of vertral aonverbal cognitive performance
on global functioning (measured on the GAF scale), performed a multiple regression
analysis with the following predictors: PANSS-P, W3S-N, PANSS-G, CPZ level, and
cumulative VIS and VERB scores (see Table 8). Gwly of the independent variables, the
severity of positive symptoms (PANSS-P score) aerbal functioning (cumulative VERB
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score), showed a significant effect on global fiowihg. Together, these variables explained
more than 60% of GAF variability.

TABLE 8. REGRESSION MODEL OF CLINICAL AND NEUROPSYCHOLOGICAL VARIABLES
(PREDICTORS ON GLOBAL FUNCTIONING MEASURED BYGAF (DEPENDENT VARIABLE).

Dependent variable: GAF Adjusted R? SE of the estimate Durbin-Watson B SE Beta F P
Predictor variable (Model): 0.587 11.407 1.954 18.775 <0.001
(Constant) 104.853 6.971 <0.001
PANSS-P —2.153 0.389 -0.712 <0.001
VERB 0.898* 0.388 0.298 0.030
Excluded:

PANSS-N —-0.168 0.248
PANSS-G —0.105 0.461
CPZ 0.044 0.754
VIS 0.093 0.603

Legend: Stepwise multimodal linear regression inSFEubjects (N = 26); GAF — Global Assessment of
Functioning, PANSS - Positive and Negative SyndrBoade (P — positive, N — negative, G — generabZG
chlorpromazine equivalents, ), VERB — cumulativwesdor verbal tests, VIS— cumulative score fouggpatial
tests; Adjusted R- explained variability; B - Unstandardized Coeifints beta; SE — Standard error; Beta —
Standardized beta coefficient; Significance: * 985, *** p < 0.001

Regression model of clinical and neuropsychologidalktors on quality of life
(QOL) in FES

The same model of clinical and neuropsychologiclameters was applied in the
stepwise multiple regression analysis that idesdifsignificant effect of severity of negative
symptoms (PANSS-N score), verbal functioning (cuative VERB score) and positive
symptoms (PANSS-P score) on perceived quality gkl health (domain 1) in FES. These
predictors together explained more than 50% obtheerved variability (for details see Table
6). The QOL domain Psychological health (domaiwa} found to be affected by the overall
VERB functioning (see Table 9).

No significant effect of clinical and neuropsychgial parameters was observed in the
evaluated quality of Social relationships (doma)n IB contrast, the Environment quality
(domain 4) appeared to be affected mostly by ogeifsiant parameter, the cumulative VIS
score performance. This factor explained togethtdr GPZ level around 27% of the observed
variability in domain 4 (see Table 9). However, s®iEnvironment QOL was predicted by
better VIS functioning and higher AP dosage.
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TABLE 9. REGRESSION MODEL OF CLINICAL AND NEUROPSYCHOLOGICAL VARIABLES
(PREDICTORS ON PERCEIVED QUALITY OFPHYSICAL HEALTH/PSYCHOLOGICAL
HEALTH/ENVIRONMENT (AS A DEPENDENT VARIABLE).

Dependent variable: Physical health Adjusted R2 SE of the estimate Durbin-Watson B SE Beta F P
Predictor variable (Model): 0.485 1.8198 1.753 8.234 0.001
(Constant) 17.064 1.202 <0.001
PANSS-N -0.162** 0.050 —0.520 0.004
VERB 0.173 0.067 0.405 0.017
PANSS-P 0.150* 0.066 0.353 0.033
Excluded:

PANSS-G —0.079 0.628
CPZ —-0.172 0.354
VIS —0.206 0.385
Dependent variable: Psychological health Adjusted R? SE of the estimate Durbin-Watson B SE Beta F P
Predictor variable (Model): 0.144 2.235 1.803 4.859 0.038
(Constant) 16.214 1.013 <0.001
VERB 0.173* 0.079 0.425 0.038
Excluded:

PANSS-P 0.031 0.879
PANSS-N —0.235 0.250
PANSS-G 0.016 0.934
CPZ —0.087 0.691
VIS —0.107 0.728
Dependent variable: Environment Adjusted R? SE of the estimate Durbin-Watson B SE Beta F P
Predictor variable (Model): 0.278 1.9072 1.986 5.425 0.013
(Constant) 15.946 1.404 <0.001
VIS -0.107* 0.037 —0.533 0.008
CPZ —0.008* 0.004 —0.392 0.043
Excluded:

PANSS—P —0.068 0.711
PANSS—N —-0.141 0.495
PANSS—G 0.224 0.251
VERB —-0.109 0.720

Stepwise multimodal linear regression (N = Zhysical health —-domain 1 in WHOQOL-
BREF,PANSS- Positive and Negative Syndrome Scdte-(positive N — negativeG — general),
CPZ — chlorpromazine equivalents JERB — cumulative score for verbal test8S — cumulative
score for visuospatial test#djusted R? — explained variabilityB - Unstandardized Coefficients
beta;SE — Standard erroBeta— Standardized beta coefficient; Significartt@:< 0.05* p < 0.01.

3.2.34 DISCUSSION
Differences in cognitive performance between FESdarontrol group

Our study confirmed the presence of a deficit isuespatial cognitive abilities in a
sample of first psychotic episode of schizophrespectrum disorder subjects, when compared
with matched group of healthy controls. Similarteat of deficit was also observed in verbal
functions. This result is in accordance with pregigtudies, both in first episodes (Bora and
Pantelis, 2015) and chronic SZ subjects (e.g. Getall, 2004a,b; Fioravanti et al., 2005).
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First, we selected the Perceptual Vigilance TaskjRas an indicator of vigilance and response
speed, as deficits in these abilities could affemtformance in other applied measures. Our
sample of FES subjects demonstrated deficit inange and response speed on the PVT task.
However, this deficit ranged between none and natd€6D 0-1.5), with more severe deficits
observed in other cognitive measures. Neverthelgessuggest future visuospatial studies
apply such attentional measure as a covariate rfactorder to clarify how vigilance and
response speed may affect tested visuospatiatiedili

Deficit on visuospatial functions was manifestedperceptual organization abilities
(copy in the Rey-Osterrieth Complex Figure TestHRand in delayed recall of visuospatial
information (RCFT after 3 and 30 min), while thecagnition (RCFT recognition) of
visuospatial material was comparable with the perémce of HC. This finding was
characterized by a reduced number of recalledldddat not by an increased rate of forgetting.
This is consistent with a disturbance in encodingetrieval from memory but no deficit in
information storage (Rodriguez, 2012). The probleémsecall might be further compounded
by a primary deficit in visual scanning abilitieslionited analysis of the visual fields, leading
to omission of significant details and even whaet®ns of the figure (Golden, 2002).

Trail Making Test (TMT-A and B) also showed sigo#ntly slowed processing speed,
impaired visuomotor tracking and switching abiliBlthough the performance on the TMT
might be perceived as partly language dependearde she sequence of numbers or numbers
and letters has a verbal component, participangiospatial tracking ability is the main
cognitive domain assessed by this task. The higtier of TMT B/A also pointed out a deficit
in executive control function (Lezak, 2012). Theeated finding of significantly impaired
TMT A and B performance in SZ (Heinrichs, 1998)mmemented by the TMT ratio B/A
deficit, suggests an independent deficit in bothcpssing speed and switching ability. Similar
to the RCFT, the problems on both these functiomhibe further compounded by a primary
deficit in visual scanning abilities. Future resdain this area is needed.

Interesting results were found in the Money Roag Mast (RMT), which has to our
knowledge not been previously used in FE schizaparel'he higher number of total errors
shows deficit in left/right direction sense, anddiidnally in perspective taking abilities
(Schultz, 1991;Markova, 2015). These abilities surggested as the main solution strategy in
RMT. The lower RMT performance in FES group is &fere even more apparent if the
individual intersections are divided into three @gpaccording to their perspective taking
demands, which is essential in order to responlklarneft/right condition. While the number of
errors in condition A (no change in perspectivehas significantly disrupted in FES, both
conditions B and C (90 and more degrees deviatiegairing perspective taking) showed
significant impairment. On top of that, the numbgerrors increased with the growing degree
of deviation (from condition A to C), similarly tthe mental rotation abilities described
previously (de Vignemont, 2006). This finding dess further investigation and
standardization of the method that could leadwidar usage of this test in SZ clinical research.
Moreover, due to its spatial characteristic the tesild also be very useful in comparative
studies of SZ.

The visuospatial executive planning ability, measuwith the Key Search Test (KST),
failed to show a deficit in FES subjects. ImpairtienKST was previously demonstrated in
studies of chronic SZ (Evans, 1997;lhara, 2003;¥srg009). The fact that we evaluated first
psychotic episode of schizophrenia spectrum patientearly remission could explain this
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contradictory finding. Ihara et al (2003) showedmection between the KST performance and
the severity of negative symptoms in chronic SZjestts. The mild severity of negative
symptoms in our FES group could be responsibldéhferlack of significance found in KST.
The lack of information about the symptomatologyhie other two cited studies does not allow
us to properly compare our findings. In additidme fact that the differences were analyzed
using the raw scores (0-16) could cause smallesitbaty of the KST measure, as the
recalculated profile scores (range 0-4) separat@dénformance more strictly into 5 categories.
To test this presumption, we did an ex post faotdyesis with raw scores transposed to profile
scores, which indeed led to significant disadvaataiithe FES group (U = 445; p = 0.023).

Verbal abilities showed a deficit in conceptualiaatand executive functions (semantic
Verbal Fluency Test and Similarities), and in védearning and delayed recall (AVLT). It
would be interesting to also analyze the verbadgedion pattern and compare it to the results
of visuospatial recognition. Studies addressing tlopic in SZ showed that the verbal
recognition is preserved (Fiszdon, 2008). Howebecause of some missing data in verbal
recognition of HC group we were unable to comptkie comparison. We are aware that this
is a limitation of the present study. The signifitencrease in the number of repetitions suggests
that SZ subjects have difficulties in self-monitgyiand tracking abilities that are key in the
retrieval process (Lezak, 2012).

The verbal and visuospatial measures (Digit SpanSgratial Span) of immediate recall
and working memory (WM) showed similar patternd=BS (see Figure 1). No deficit was
observed on either the verbal or visuospatial tassessing immediate recall and attention
(Digit Span and Spatial Span forward). Even thotinghdeficit in verbal WM (DS backward)
was stronger than in the spatial WM, there wasrdtiof significance in Spatial Span backward
(p = 0.06). Moreover, the pattern of deviation othbtests was similar (see Figure 1). One of
the reasons for the lack of significance in Spai&n backward could be the smaller size of
the study sample producing reduced power size. rOtbason might be the use of a
computerized version of the task. Because the ctaripad version has not been validated, its
sensitivity can be questioned. However, computdrizersion of Spatial Span and its
alternative, the Corsi block tapping test, are camiy used in clinical studies (Kessels,
2000;Lezak, 2012), and they bring the advantagadaiinistration reliability independent of
examiner bias. Despite the lack of significancehi@ SS backward, the finding of impaired
TMT-B (switching) supports the assumption of viquasal WM deficit in SZ.

Effect of symptomatology on cognitive functioning FES

In agreement with more recent reviews and empiricaports (Ventura,
2009;Andreasen, 2005;Keefe, 2007), we confirm theeace of relations between the
symptoms severity and standard cognitive measaaspt for performance on the Tralil
Making Test (TMT-B). TMT-B performance was negalyaffected by negative symptoms
and positively affected by general symptomatoloyg. effect of positive symptoms was
identified. Current literature describes a strangibderate association of cognitive functioning
and negative symptoms (O'Leary, 2000), whereas tipgsisymptoms and cognitive
performance are usually independent in SZ (Addimgi®91;Rossi, 1997;Andreasen, 2005).
The finding that better TMT-B performance was pecégll by worse general symptomatology
could be explained by the fact that the PANSS stad higher inter-rater variability,
particularly in the negative and general symptomogty which could generate distortion in our
findings. Indeed, our FES group showed higher scespecially in some general symptoms
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(not reported in detail), such as the item G4 {ten)swhich was previously identified as more
difficult for some raters (Khan et al, 2013). De&spihe single observation in TMT-B, in general,
the cognitive performance showed to be indepenalecitnical symptoms.

Effect of pharmacological treatment on cognitiverfationing in FES

In agreement with other studies (Keefe, 2007;Jo2@86;Lewis, 2008), we found no
effect of atypical antipsychotic medication (anyigisotic dosage calculated in CPZ
equivalents) on visuospatial or verbal performaneecept the phonemic verbal fluency
performance. There was a negative effect of CPghmmemic Verbal Fluency Test; however,
this result became non-significant after Bonferronirection. Our study implies that the
impairment in visuospatial functions is independgfrthe dosage of neuroleptic medication.

Clinical factors and neurocognition, and their eft@ on global functioning in
schizophrenia spectrum disorder

In our FES group we did not find any associatioesMeen GAF and VIS functions.
The fact that the only visuospatial measure thatetated with the GAF score was the Trail
Making Test B could be responsible for this negative finding.rbtiver, the strong association
between the negative and general symptoms towdwls-B performance described earlier
(see section 4.2) suggests that VIS performancdenated by the symptomatology, might not
survive the regression analysis as an independedtgbor. Another possible explanation for
this finding is the fact that GAF scale was condid as a measure of psychosocial disability
in relation to symptomatology, rather than neuroibgn (Jones, 1995;Roy-Byrne, 1996).
Thus, more specific neurocognitive functions, saslVIS, might not be captured. On the other
hand, GAF was positively affected by VERB functiquemulative VERB score). However,
VERB functioning was only an accompanying factothd main negative effect produced by
positive symptoms. The effect of negative symptoeported in previous studies (Gaite, 2005)
was not identified as significant in our FES samjle assume that positive symptoms might
have a more pronounced negative effect on the ituming of individuals’ in our FE sample
than negative and general symptoms, due to thg earlission state.

In order to compare our results with previous stadiwe used the GAF as scale of
functioning recommended as a mandatory control sagsent by EGOFORS initiative
(Peuskens, 2012). However, in our opinion, a marelogically valid scale to measure
functioning in relationship to individual neurocagye domains is needed.

Clinical factors and neurocognition, and their ef@ on quality of life in
schizophrenia spectrum disorder

According to our results, quality of life seems lie related more to verbal than
visuospatial cognitive measures. Two of four domanh WHOQOL-BREF (Physical and
Psychological health) were positively associatethwiverall VERB performance, whereas
only one domain (Environment) was related to oV&E8 functioning and this association was
negative. Better cumulative VIS score was assatiaigh worse environment quality (health
services, leisure time activities, etc.). Some ey studies have reported similar

1 Ex post facto analysis revealed that the GAF esdal significantly correlated only with two
neurocognitive measures. Negative correlation waad in visual Trail Making Test B (r = -0,43, @0<001) and
positive correlation in the semantic Verbal Fluefiegt (r = 0,36, p < 0.01)
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counterintuitive negative correlations (Fiszdon0WMNarvaez, 2008;Prouteau, 2005). This
negative relation between QOL and neurocognitioafien explained with a lack of insight
(Prouteau, 2005;Narvaez, 2008) or with an overegton of the level of disability due to
present depressive symptoms (Bowie, 2007). We doatiempt to interpret this negative
relation in terms of insight, as some other possibbderators might attenuate the relationship
between neurocognition and QOL. However, we area@whthis discrepancy and we suggest
that future research is needed in order to clanié/character of such puzzling results.

The WHOQOL-BREF domain of Social relationships was$ associated with any of
the clinical or neurocognitive measures. We belithat this domain might not fully reflect
quality of social relationships. This domain inadgdonly three questions that report on the
quality of social relations, sexual life, and sbsiapport. These items do not cover all aspects
of interpersonal relationships. Moreover, the itBrand’s support was reported to be less
relevant for the younger population assessed ais@ur study (Dragomirecka, 2006).
WHOQOL-BREF might therefore not be a suitable fooimeasurement of social QOL in such
a specific population.

Our choice of QOL measure, the WHOQOL-BREF, likalgo played a role in the
obtained results. In general, research findinggherrelationship of neurocognition and QOL
are very heterogeneous and often report weak assys between these two constructs
(Heslegrave, 1997;Aksaray, 2002;Fiszdon, 2008). Bsige that has to be considered is how
other QOL questionnaires address cognition in iddi&l items. For example, only one question
of the WHOQOL-BREF specifically concentrates on tognitive functioning. When we ex
post facto analyzed the correlation between thesnit(Q7, quality of concentration in
Psychological health domain) and individual cogeitimeasures, we found a strong
relationship towards several cognitive tests, M and VERB (mostly related to processing
speed, memory and executive functiochdhis is in agreement with previous studies that
highlighted the role of executive functions (Mats2008;Fiszdon) and memory domains as the
most representative measures related to QOL. If Q@éstionnaires were more focused on
cognitive functioning, we believe that the contcadiy findings could be reduced.

In terms of clinical symptomatology, out of the FAWHOQOL-BREF domains only
Physical health appeared to be significantly affédby psychiatric symptoms. As expected,
cognitive performance was not the only factor dffecsubjective quality of physical health;
the severity of the negative and positive symptoimgously had some impact as well. Meta-
analysis by Eack and Newhill (2007) described tinengest, but still small, association of
Physical health QOL to general symptoms. Howewer study found no such association. An
explanation for the differences between our resatis the previous findings can be the fact
that we assessed first psychotic episode in schieoga spectrum patients and that the length
of illness might moderate the relationship betwsgmptoms and QOL (Eack and Newhill,
2007).

2 Ex post facto analyzed relationship of Psycholaigiealth item Q7 (concentration)
with individual test methods, showed positive clatien with the AVLT test in terms of
learning (r = 0.572) and delayed memory (r = 0.58@&rbal Fluency (phonemic: r = 0.519;
semantic: r =0.457) and Spatial Span performaital 6core: r = 0.479; backwards: r = 0.445),
and similarly negative correlation with TMT proceggtime (part A: r =-0.432; B: r =-0.602).
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Limitations of the study and future directions

There are several limitations of the present stildy warrant discussion. First, the
results of the study could be tempered by the ssimdl of the sample and consequent reduction
in power size. Despite the smaller number of pieiats, we were able to demonstrate the
deficit in both visuospatial and verbal cognitiven€tioning in schizophrenia, and the
relationship of these abilities towards global fiimting and quality of life. In order to reveal
possible effects of other variables on these mlahips (such as demography and subtypes of
schizophrenia) and to identify individual cognitidsemains affecting QOL and GAF, a larger
sample size is needed.

Second, the issue of cross-sectional versus latigaistudies in this area is important.
The present study, although cross-sectional, hexstifted some specific effects that can be
examined over a longer time period. The next stethis research is, therefore, to track the
longitudinal effect of visuospatial functions orolghl functioning and QOL in schizophrenia.
We are currently conducting a follow-up assessnmeatir study group one year after their first
hospitalization to measure the cognitive functignim full remission state. Moreover, studies
comparing FE with chronic schizophrenia patiengslianited. To address this limitation we are
assessing a chronic SZ sample in order to analganfluence of the illness duration on
relations between neurocognition, QOL and GAF.

Third, the fact that the verbal and visuospatiairopsychological tests were not always
matched in terms of the measured cognitive donaaid,for psychometric parameters, might
be another possible limiting factor. In additiongt nall test methods are validated in
schizophrenia and some of them are not standardizedzech population either. Measures
validated in schizophrenia population might be exge to be more sensitive when capturing a
degree of deficit. We are also aware of the faat the don't cover all the functions of each
cognitive domain. For example we did not includebaérecognition in our analysis; therefore
the encoding ability could not be assessed adglesain the visuospatial domain. More specific
and detailed visuospatial assessment is necessamder to cover all domains that can be
related to functional outcome and QOL in schizoplaspectrum disorders.

Fourth, measures of QOL and global functioning egobin this study could be limited
in terms of their association with cognitive fulecting in SZ. It would be very helpful to
compare them to other methods that might be mdaigekto neurocognition. For example, the
Social and Occupational Functional Assessment S(a{@FAS) could provide a better
measurement of functional outcome that is not tedymptomatology. In addition, only
subjective QOL was measured in this study. Objeatieasures of QOL are needed in order to
understand the complex relationships of psychokfametioning and neurocognition in SZ.
According to our results about relation of spectfmmains of QOL and GAF obtained in the
ex post facto measures, we suggest that theseiassog should be further investigated in
future research.

Finally, several neurotransmitter functions areefd by atypical antipsychotics and
our study applied only the CPZ equivalent. Futuuelg should also address other factors in
order to analyze the effects of medication on cgmabilities in greater detalil.
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4 General Discussion

This thesis presents two complex cognitive tasksigied in virtual reality
environment, inspired by the original behavioraksused in animal research, the Morris water
maze and the Carousel maze. Both tasks have beeioysly used in various animal models
of neuropsychiatric disorders, such as schizophreniorder to test the face validity of the
model, the ability to mimic symptoms similar to tmeodeled disease (for review see
Bubenikova-Valesova et al., 2008; Jones 2011). Ahimodels provide valuable information
for the development of novel therapeutic optionattimay help patients with specific
neuropsychiatric disorders. Comparative behaviorathods, such as that presented in this
thesis, are extremely important for preclinicaleash of cognitive deficit in neuropsychiatric
diseases, since the presence of impaired cogrivetioning was demonstrated in a whole
range of neuropsychiatric disorders. Neuropsydkidisorders, ranging from that present from
childhood (ADHD, autism) or later in adulthood (sxdphrenia, depression) to that occurring
in older age (such as Alzheimer disease), indeed e evidence of disturbances of cognitive
functioning (Sanchez, Lumbreras, 1999; Ewijk et 2014; Dowson et al, 2004; Steele et al.,
2014; Jiang t al., 2014; Pan et al, 2011; Pisketial., 2007; Bora and Pantelis, 2015; Gold,
2004). Furthermore, in many disorders the cogngiwaptoms are largely untreated by current
medication and have significant impact on functiaialities of the threated patients (Milan et
al, 2012). Neuropsychiatric disorders thus produsge medicinal and socioeconomic burden
for both patients and society, representing sigaift challenges to both clinical and preclinical
researchers.

The fact that different assessment methods areindatgmans and animals to evaluate
cognitive impairment (paper-pencil test vs. spataks), led to a huge gap between preclinical
and clinical trials, mainly due to the low predwgtivalidity of pharmacological animal models
of schizophrenia. This low predictive validity ohimal models of some neuropsychiatric
disorders, especially schizophrenia (Pratt, WintgresDawson, and Morris, 2012), is
highlighting the important role of comparative rass, applying similar methods both in
humans and animals. Comparative methods have &sthblished in order to overcome this
gap and allow for more direct comparison of resefterging from animal and human studies.
This dissertation thesis therefore aimed to demnatestthe usefulness of the comparative
research enabling to build a bridge between anmmualels and neuropsychiatric patients.

Both the Morris water maze and the Carousel maslestevere originally designed in
order to test spatial memory and/or executive fonatg in animals (Morris et al, 1982; Fenton
et al, 2000). In schizophrenia, deficit in theseyveognitive domains (memory and executive
functioning), are believed to be a core symptomshefdisease (Aleman et al, 1999). This
impairment has been shown to negatively affectydaihctioning, sociability, and long-term
outcome of the patients with the schizophrenia spetdisorder (Green et al., 2004). Thus it
is crucial to demonstrate the validity of behavisganptoms in pharmacological animal models
of schizophrenia that would enable the developnoémtiew antipsychotic drugs, effectively
treating also cognitive symptoms of this devastatinultifactorial disorder.

In Experiment lwe presented the well-established model of schimapa induced by
application of MK-801 (dizocilpine). In general, ughmatergic models of schizophrenia
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represent valuable methods that already demondgttiaét cognitive and behavioral deficit is
present in the threated animals (Vales et al, 2@D@) can be affected by pharmacological
agents (Bubenikova et al, 2005). The MK-801 modss wreviously tested in several variants
of the two above mentioned behavioral tasks (eubiKet al., 2014; Lobellova et al, 2015;
Stuchlik et al, 2004; Vales et al., 2006) and sssfidly demonstrated the spatial memory
impairment after acute, chronic or early develophagplication of the MK-801 substance (for
the review see Bubenikova-Valesova et al, 2008prtter to demonstrate the impairment of
executive functioning, specifically working memorgnd mental flexibility, in this
glutamatergic model of schizophrenia, we preseatréversal variants of both tasks Morris
water maze and Carousel maze (Lobellova et al, )20/&ile reversal learning protocol of
MWM witch platform relocated to another quadrardually the opposite one) after one week
and 5 additional days of training is well documer(idorhees and Williams, 2006), the reversal
avoidance task on the rotating arena was not ustds model of schizophrenia before.

Reversal variant of the Morris water maze task sttbwnpaired performance in rats
already after the low dosage of MK-801, adminislarethe same sessions as spatial relations
were changed. This finding is consistent with ppegiexperiments using the reference memory
protocol of the task (e.g. Stuchlik et al., 200portantly, only high dosage impaired the
swimming towards a visible platform (control taskljpwing us to distinguish navigational and
procedural impairment in this task, suggestedmslalematic point in previous studies (Saucier
et al.,, 1996). The presented reversal protocolhef dctive place avoidance task showed
disruption of spatial performance after lower desa§ MK-801, than that shown to impair
acquisition in the standard protocol (Stuchlik ket 2004; Stuchlik and Vales, 2005, Vales et
al., 2006), suggesting a preferential sensitivitihe reversal configuration to MK-801. Results
of this study demonstrate that the behavioral gty of rats tested by reversal configuration
in the Carousel maze and the Morris water mazeensive to systemic treatment with
relatively low doses of MK-801, a non-competitidedker of NMDA receptors. Such results
are consistent with previously published findinggained in different paradigms and models
(Chadman et al, 2006; Caramanos and Shapiro 898@4,; Bischoff and Tiedtke,1992). Based
on the reported findings, we propose applicatiotonfer doses of MK-801 for future studies
on cognitive performance in MK-801 model of schiamgnia. Moreover, based on previous
findings showing that the effect of MK-801 on thsalimination reversal learning is mediated
by NMDA-receptor blockade in the hippocampus (Wataad Stanton, 2009a), dorsomedial
striatum (Watson and Stanton, 2009b) and mediafrpreal cortex (Watson and Stanton,
2009c), we assume that the observed behavioratidseéen in our study might have been
mediated by a blockade of glutamate receptorsasdlstructures.

Moreover, even that MK-801-induced impairments ws&en in both tasks, the present
data suggest higher sensitivity of active placdadarce task in the reversal configuration than
the MWM task. This finding is in agreement to pms studies (Vales et al, 2006) and
underlines the importance of the carousel maze itadearching for novel treatments for
cognitive deficits in schizophrenia. Moreover, Experiment provides the clear evidence for
disrupted cognitive flexibility in the active plaewoidance task and Morris water maze in an
MK-801 induced animal model of schizophrenia-likdhavior.

In Experiment llandExperiment I} we applied the two comparative methods (virtual
variants of the above presented animal tasks)dardo provide evidence of disrupted spatial
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memory and executive functioning in schizophrergiaigmts. We decided to assess the patients
of schizophrenia spectrum disorder after the fpskchotic episode (first episode of
schizophrenia — FES) instead of chronic schizophrpatients for the following reasons: 1)
cognitive deficit was repeatedly reported alreaffgrahe first episode of schizophrenia (e.g.
Green et al., 2004; Bora and Pantelis, 2015; \We4il2013; Zaytseva et al., 2013); 2)
neurocognitive changes in brain structure and cohngy accompanying the progressing
disease due to neurodevelopment/neurodegeneratidnpassible long-term influence of
antipsychotic medication, that could negativelyeeffcognitive functioning of schizophrenia
individuals (Ho et al, 2011), are yet not clearlgmiested (in contrary to chronic schizophrenia
patients); 3) the above presented acute applicafidmK-801, preferred in preclinical studies
due to the lower temporal demands (in comparisochtonic or early application), induces
only short-term changes in the behavioral perfomeamand thus we believe it represents a
model more appropriate for comparison towards tisturrence of the cognitive symptoms
after the first acute episode, than the chronitestathe disease. This setting, however, does
not allow us to analyze possible cognitive effefteepeating relapses occurring in the chronic
state.

In all presented studies (Fajnerova et al, 2014ndrfava et al, 2015a,b) we first
demonstrate the presence of cognitive deficit entdsted group of first episode schizophrenia
(FES) patients using a battery of standard neundmdggical measures, both verbal and
visuospatial. Our neurocognitive results are ineagrent with previous studies showing that
several cognitive domains are affected in schizexplar spectrum disorder both after the first
psychotic episode and in chronic state (for revse® Bora and Pantelis; Green et al 2004).

In Experiment [lwe demonstrated that both parts of the novel airfeour Goal
Navigation (VFGN) task (composed of reference amatkimg memory protocol) have a
sufficient sensitivity towards the impairment ofasipl abilities. The first Reference memory
(RM) session was aimed both 1) to train all tesidgjects in order to prepare them for the later
reversal/DMP session and thus to produce stabferpgnce in the following test session, and
2) to test spatial learning and memory in stabMrenment in FES individuals (Fajnerova et
al, 2014). This phase confirmed impairment of gddg¢iarning and memory performance of the
FES group (when compared to healthy controls).dliserved results are comparable to similar
MWM protocols applied in chronic schizophrenia pats (Folley et al., 2010;Hanlon et al.,
2006) and in animal models of schizophrenia (Goated de Bruin, 1992a;Latysheva and
Rayevsky, 2003;Sircar, 2003;Stuchlik et al., 200d)agreement with the evidence that the
latency is shortened in animals during consecuk sessions (D'Hooge and De Deyn,
2001;Mulder and Pritchett, 2003;Vorhees and Wilka2006) and in RM blocks tested in the
human virtual analogues (Leplow et al., 2003;Nadell., 1998), we were able to demonstrate
the continual improvement of both pointing and gation performance in healthy controls
during the whole RM session. Even that we foundaiimgal performance in the group of FES
patients in both reported parameters, the poirgtaogiracy showed continual improvement also
in schizophrenia patients, in contrast to the ravdg accuracy (path efficiency) that was less
affected by the repeated training trials (simitaptevious observations by Hanlon et al., 2006).
This discrepancy between the measured parameteporss the idea of separate directional
and place navigation reported previously by Hamikobal. (2008), suggesting that the planning
of the trajectory towards the hidden position ihisophrenia is less affected than the precise
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determination of goal position represented by thth gfficiency. Proximity of one of the
orientation cues to the goal position could be @asble for this effect, as it enables the tested
subjects to point towards this cue instead of thexigic position of the goal. In addition, the
navigation accuracy of patients significantly imyed after the insertion of one probe trial (in
the middle of RM session) that could facilitateithraotivation to pay increased attention to
spatial cues.

Importantly, no study yet addressed the reversaihlag and/or working memory protocols in
schizophrenia using human MWM analogues. The vF&dK therefore tested this effect in a
consecutive delayed-matching-to-place (DMP) tessis@. The re-learning of the goal position
after the reference memory phase could be usedasgue of the reversal learning protocol.
In contrast to the above presented animal studgdllova et al., 2013), this reversal of the goal
position showed only slight effect on the meastE® group performance. The missing group
effect could be explained either by the fact thdike in animals, tested participants have been
instructed about the changing goal position, oskill learning effect. Nevertheless, the low
sensitivity of the reversal protocol towards cogmitdeficit in schizophrenia is in accordance
with some other animal studies that failed to ighificant group differences after application
of lower doses of MK-801 (Watson and Stanton, 2088)ce the major improvement appeared
immediately after the 1st search trial in both g@nd similar effect has been observed in
animal studies in the DMP protocols (Garthe et26lQ9;Saab et al., 2011), we can argue that
this part of the vVFGN task represents mixed revarséworking memory protocol. In contrast,
the delayed-matching-to-place recall of the spateuence (of the three previously learned
goal positions) was impaired in FES patients batlpainting and navigation accuracy. The
one-trial switching between individual goal posisoin the sequence thus produced the
working memory and mental flexibility impairmentsponsible for maintaining individual
positions in short-term memory and attentional slitg between them. These findings are in
agreement with the data obtained in animal modedstizophrenia using the DMP or reversal
protocols (van der Staay et al., 2011; Lobelloval g2013).

The spatial memory and mental flexibility defiaisFES group were confirmed by two
specific types of control trials tested during vas phases of the vFGN task: 1) probe trials
inserted in the middle of the RM session and atetheé of the DMP session showed lower
occupancy of the goal quadrant (measure of sfdaiaal see Morris, 1984;Morris, 2008) with
pattern similar to that reported in animal studasintact animals (Norris and Foster,
1999;Stuchlik et al., 2004) and in animal modelsafizophrenia (Lobellova et al., 2013); 2)
final visible goal trial showed in accordance wother human (Hanlon et al., 2006) and animal
studies (e.g.; Gorter and de Bruin, 1992;Valed.e2@06) no group effect, and thus confirmed
that the above reported impaired learning and mgmerformance was not produced by
locomotor or sensory deficits.

In Experiment Illwe presented the results of the novel virtual Gseb maze task,
human analogue of the active allothetic (allocehplace avoidance task (AAPA), designed in
order to assess the ability to orient and remerspatial positions in unstable environment of
the rotating arena. Decreased behavioral perforenaras observed in all four phases of the
test battery. On top of that, individual parts f(t@sssions) of the virtual carousel maze, aimed
to test spatial performance covering above mendiociasters of memory and executive
functioning, showed variable sensitivity towardgitive impairment in FES patients. They
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thus may represent potentially different and phliytindependent cognitive skills. Two separate
reference frames created by the arena rotationlenalto focus on spatial skills of different
level of difficulty and more importantly associat@dh different contexts (spatial maps).

Performance tested in the ARENA reference frameahstnated the simple navigation
towards egocentrically stable goal positions, sintib that assessed in the VFGN task. This test
condition indeed showed similar pattern of behaligrerformance in both tested groups.
Schizophrenia patients manifested decreased pgiatid navigation performance only in the
first half of the trials, showing partially presedslearning abilities in FES patients (Fajnerova
et al, 2015). However, a slight decrement in comgparto the control group was present in the
asymptotic level of the FES group performance @Hhalf of arena associated trials, showing
some discrepancies when compared to the vVFGN refengrotocol. This difference could be
related to the fact that the vFGN task assessethkphills in a stable environment of simple
circular arena walls, with simple geometric shapgsesenting the orientation cues. In contrast
the AAPP task is performed in more complex virtteadm with rotating arena producing two
reference frames associated with a set of objéatef Despite the fact, that the subject moves
with the arena, thus in egocentrically stable esmment, and should concentrate only on the
reference map of the arena, he/she could be affégtehe misleading presence of other cues
(e.g. objects). Such cognitive test could repreaepiatial learning and memory test with higher
cognitive load than that tested in the vVFGN taskaddition, the switching between the two
different goal positions (even that placed in tams frame of reference) has to be maintained
in the working memory. Our findings are in agreemefth the previous animal studies
reporting that the acquisition and reversal leaynmthe carousel maze task is more sensitive
towards the impairment induced by application of 861, than the MWM task (Vales et al,
2006, Lobellova et al, 2013).

Despite some slight improvement the performanceéhef FES group tested in the
ROOM frame condition was strongly impaired througghiine whole test session. In this task,
tested individuals have to focus on relevant spatfarmation located around the rotating
arena. In order to do so, they have to ignore (fifoair point of view stable but irrelevant) arena
cues (Bures and Fenton, 1997). This process ofaqa of information associated with one
of the spatial contexts, so called cognitive camaitlon, plays an important role in the etiology
o schizophrenia. Deficit in cognitive coordinationthe real carousel maze task was reported
both in animal models of schizophrenia in rats.(Kiwgoik et al, 2014), and using standard task
switching and working memory paradigms in schizepia patients (for review see Pisculic et
al, 2007).

In summary, arena and room frame conditions shodviéerent pattern of impaired
performance in SZ (group effect), both in pointarg navigation performance. Moreover, we
believe that individual parameters tested in tbk tan be related to different behavioral effects
for several reasons. Pointing towards the correat gosition requires the attention focused
towards the correct reference frame (while ignotimgirrelevant interfering orientation cues)
and identification (recall) of the correct spat@tation of the goal. However, the navigation
accuracy may be affected both by maintenance (oomtis updating) of the current spatial
information in the working memory and, in case obving goals, also by the ability to
effectively plan and maintain the trajectory towsatde moving target/object. This is possible
both by flexible reaction to its current positigaell as by anticipating its position in the next
time point. Analogous animal task on the rotatirgna (Telensky et al, 2011) suggest
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hippocampal involvement in such flexible navigati@woidance of a moving object - robot).

As the training session (pre-training consistingvad goal positions hidden either in the arena
or room frame) preceded both arena and room frapssians, the above mentioned

discrepancies cannot be easily explained by tleeedf missing pre-training. Nevertheless, the
asymptotic performance of the FES group duringpiteetraining was impaired in comparison

to healthy controls suggesting additional role leg higher cognitive demands of the frame
switching paradigm.

This results are further supported by the findiofthe fourth vAAPP test session that
required switching between both mental represantat{reference frames/ sets of orientation
cues) learned in the two previous sessions, inrdadeorrectly identify the location of one of
the 4 hidden goal positions. This task thus enalneid test cognitive coordination and working
memory in spatial environment. As in fact, theedsndividual alternately recalls information
related to one of the two spatial contexts, thgk teould be argued to test some processes
involved also in contextual episodic memory (Bogeal, 2007) and/or episodic buffer of the
working memory (Baddley et al, 2000).

Importantly, while no substantial goal switchindeet (changing goal position in the
same reference frame - arena or room) could berngdxbén the pointing error parameter, in
contrary this effect is evident in the pointingagrand latency (trial time) parameter. Inverse
effects were observed in the last frame switchimg@igm of the task, where the pointing time
visibly increased in comparison to previous twosgess, showing a tendency towards slower
pointing in the trials with frame change (in costrto trials without the change in the frame of
reference). We suggest this task switching paradiepuires the subjects to identify context
(reference frame) using task-relevant informatidioresi in working memory, which
impairment is well documented in SZ (Nuechterlgiale 2004; Green et al., 2004). In general,
executive processes of cognitive coordination arehtal flexibility tested in set-shifting
paradigms are traditionally associated with thedfiypction of the prefrontal cortices (PFC),
specifically the dorsolateral prefrontal cortex @HC) in schizophrenia (Verébova and
Horacek, 2010; Shenton et al, 2010). However régsatne studies reported also hippocampal
involvement in higher cognitive control necessaoy $uccessful navigation in changing
environments (Wesierska et al, 2005; Kubike anddfer2005; Morellini et al, 2010; Brady,
2009; Mala et al, 2015).

Moreover, the original AAPA task in animalBures et al., PNAS, 1997) is often
reported in the context of cognitive coordinatiardiynamic environments hypothesized to be
affected in schizophrenia (Philips and Silverst@03), which impairment is associated both
with PFC and hippocampal dysfunctidgitychlik et al., 2013; Wesierska et al., 2005; Kubik et
al., 2014), resulting in an inability to integratentextual information as well as in impaired
discrimination between relevant and irrelevant infation (Hemsley, 2005). This behavioral
changes could be associated with various chandbs birain activity, such as general reduction
of firing rates of glutamatergic neurons (RollaEt2012) and increased coactivity of separate
neuronal populations (hypersynchrony theory) impbigampal pyramidal cells (Fenton, 2008;
Olypher et al., 2006) resulting in elimination @intextual specificity (increased similarity) of
immediate-early genes expression in hippocampal @#skembles (Kubik et al., 2014) and/or
retrosplenial cortex (Kubik, Buchtova, Fajnerovalkein preparation).
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In overall, our findings reported in individual eriments are in line with previous
animal and human studies showing impaired spateahary both in MWM and AAPA task
after the inactivation/lesion of hippocampus irsi@florris et al., 1982; Sutherland et al., 1983),
and after unilateral HPC lesion in human subje8shpot et al., 1998, 2004; Goodrich-
Hunsaker et al., 2009).

To our knowledge this is the first study in schizmgnia patients that demonstrated
impaired spatial memory and cognitive control itagk/context switching paradigm in both
stable and dynamic environments. Contextual bindihigpformation plays an important role
in both memory formation and cognitive coordinatadrmemory processes, crucial features of
cognitive impairment in SZ (Chen et al, 1999; Penal, 2002). A study by Rizo et al (1996)
indicated that memory for target or spatial infotimia alone is quite intact in SZ relatively to
binding the target and spatial information togetteerd thus that the contextual binding is
impaired in SZ, a process in which the medial terabtmbe structures play a critical role
(Eichenbaum et al., 2004). In agreement with tlsisuenption, the above presented results
suggest that the AAPP task presents sensitive meeasaognitive coordination and contextual
spatial memory impairment in schizophrenia, andld@erve as a useful tool in future
comparative research addressing the role of hipppah and prefrontal dysfunction
involvement in schizophrenia. Beside well-estaldshPFC dysfunction and associated
executive deficits in SZ (Abruzzese and Scaron8316&oldberg et al, 1989), alterations of the
HPC on molecular and cellular level have been daed as well (Tamminga et al, 2010;
Boyer et al, 2007); reporting neuroanatomical abradities in the hippocampal volume and
HPC atrophy (Bogarts et al., 1990; Weiss et al5200right et al, 2000), hippocampal shape
abnormalities (Connor et al, 2004), smaller pyrahiteurons in CA subfields and reduced
neural size in the entorhinal cortex and subicu{@mmold et al, 1995; Zaidel et al, 1997); and
biochemical abnormalities mainly in proteins invedvin presynaptic function (Sawada et al,
2005), such as decreased levels of presynaptieipsancluding synapsins and synaptic vesicle
fusion proteins essential for neurotransmitter asde (Browning et al, 1993) affecting
hippocampal circuitry through the reduction of gresptic and dendritic indices (Harrisson and
Eastwood, 2001). (For more details on hippocambabanalities see review by Boyer et al,
2007). Synaptic disorganization in SZ is compativigh hypotheses related to the NMDA
receptor-mediated synaptogenesis deficit (Harretaad, 2004), affecting HPC regions crucial
for encoding and contextual binding memory procegdentate gyrus and CA subfields), and
resulting in impaired retrieval of some event, dadats inadequate binding to the relevant
context (O’Reilly and Rudy, 2001). Patients aresthble to remember isolated facts, but not
their meaning within larger context, resulting mpaired long-term memory processing that
could be partially responsible also for the develept of delusions in SZ due to the impaired
self-reference and the failure to integrate curresntextual information with information
previously stored in this context (Gray et al, 19Bayer et al, 2007).

Moreover, abnormal HPC-PFC connectivity in SZ weggorted in several imaging and
EEG studies (Hutcheson et al., 2015; Meyer-Lindembet al, 2011; Garrity et al, 2007,
Samudra et al., 2015; Sigurdsson et al, 2010; Ya@h, 2015). Animal glutamatergic models
of schizophrenia disease also confirmed dysfunctiofunctional HPC-PFC connectivity,
however, they mostly report increased connectiwith induction of pathological activity-
independent synaptic potentiation (Kubik et al, 20IThis dissertation thesis provided new
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evidence supporting the glutamatergic model of zgttirenia and an important role of
hippocampal-prefrontal (frontotemporal) connecyivitysfunction in schizophrenia, both in
preclinical and clinical part of the study. Ouruks in schizophrenia demonstrate presence of
deficit in spatial memory associated with mediahperal lobe (hippocampal) function, and
impaired executive functioning (mental flexibilignd working memory) associated with the
activity of prefrontal cortex. The observation afler sensitivity of the carousel maze task
(both in animals and humans) suggest a crucial obleognitive coordination deficit in
schizophrenia, reported in previous studies asetion of PFC-HPC interactions.

In summary, the group of FES patients and a grdupgalthy volunteers was assessed
using virtual analogues of two spatial tasks mewmitbabove, addressing reversal learning and
spatial memory, and/or cognitive coordination. Diestine fact that both virtual paradigms used
the same hidden goal principle and the same anwdunientation cues (3 objects), the rotating
arena shows more pronounced decline of the sgaidbrmance in schizophrenia than the
stable one. This is not surprising, as due to thaarotation the task demands attention shifts
and navigation in two frames of reference, in casttto the stable arena. Considering the fact
that our results support the visuo-spatial defafiserved in animal model of schizophrenia
(Lobellova te al, 2013; Vales, 2006, Stuchlik 20€4,) both tasks (test batteries) could be used
as tools for future comparative research aimedeatify cognitive changes in neuropsychiatric
disorders. In addition, we do believe that botlual tasks could be useful in measurement of
cognitive enhancement as an outcome of pharmaaoallogi non-pharmacological treatment in
neuropsychiatric disorders, as they address congaggitive functioning relevant for every-
day life activities. Future imaging studies willdxdss the HPC-PFC connectivity hypothesis
by application of virtual carousel maze (VAAPP daskithe fMRI paradigm.

Interestingly, our results are also in line witlk ththservations made in pharmacological
model of dementia (Entlerova et al., 2013), anth@éreal human analogues of the spatial tasks
tested in Alzheimer dementia patients (Hort eR@D7, see also the DRF task in Vicek et al,
2006), suggesting the possible application of the hovel virtual methods in the future
preclinical and clinical research of Alzheimer dise. Moreover, in agreement with memory
decline observed during healthy aging in humanamuohal studies (e.g. Moffat and Resnick,
2002; Moffat, 2009; Young et al, 2013) we obseragd related effect on spatial performance
in all phases of the vVFGN and AAPP task in healtbiynteers. Interestingly, such effect was
fully suppressed in schizophrenia patients, in@gtto the current meta-analysis (Rajji et al.,
2009), which assumed a better prognosis and lggessed cognitive deficit in patients with a
lower age of illness onset. However, assessmerghofnic and late-onset schizophrenia
patients could reveal a different pattern.

Interestingly, the results of similar reversal pals applied in the avoidance task on
rotating arena in rats showed that the pre-trainmghe task can lead to lack of group
differences after application of MK-801 (Zemanovalk, 2013; Lobellova et al, 2013). This
suggests possible application of the virtual cagbusaze variants in the remediation of
cognitive deficit in schizophrenia (Fajnerova et24116, in submission process).

We further analyzed also the relationship of thégumance measured in FES patients
in the virtual tasks, and/or standard neurocogaitheasures, with the monitored parameters of
the illness, such as the duration of untreated hpssis (DUP, defined as the time from
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appearance of the first psychotic symptom to titeatron of suitable antipsychotic treatment
(for review see; Marshall et al., 2005)), seveotyositive and negative symptoms (measured
by PANS scale), global functioning (measured by Gs&Rle) and antipsychotic medication
(CPZ dosage).

In accordance to a recently published follow-uplgt(Barnes et al., 2008), we found
no significant effect of DUP on spatial performanicerespect to symptomatology, we found
neither negative nor positive symptoms effect om performance in the vFGN task. This
finding is in contrast to current literature deborg a strong association of cognitive functions
and negative symptoms, and the absence of a ppsygmptoms effect on cognitive deficit in
schizophrenia (e.g.; Addington et al., 1991;Rotsil.e 1997).

While older studies described negative effects ioft-feneration antipsychotic
treatment on cognitive functioning in schizophref8aohn and Strauss, 1989), current studies
addressing atypical antipsychotics reported skgbdisitive effects of some drugs on cognitive
functioning in SZ patients (e.g; Meltzer and McGuil®99) and in an NMDA model of
schizophrenia in rats (Bubenikova et al., 2005adneement with more recent studies (Keefe
et al. 2007;Jones et al. 2006;Lewis and Lieber2@08), we found no effect of atypical
antipsychotic medication (antipsychotic dosageuated in CPZ equivalents) on visuospatial
or verbal performance, when measured by standandpgychological test battery, except of
the verbal fluency performance, a measure of mdtgaibility. Interestingly, comparable
results were obtained from the virtual task perfamge, showing that only the working memory
deficit found in the DMP session of the vFGN tasiswlightly affected by the CPZ level, when
measured by the navigation accuracy parameterthar effects on the behavioral performance
were observed.

With respect to the global functioning and quabftylife in FES patients, we did not
find any associations between GAF and VIS functiomsasured by standard cognitive
methods. The fact that the only visuospatial meathat correlated with the GAF score was
the Trail Making Test B could be responsible fas thegative finding. On the other hand, GAF
was positively affected by VERB functions (cumulatiVERB score) as an accompanying
factor of the main negative effect produced by fpasisymptoms. The effect of negative
symptoms reported in previous studies (Gaite eabD5) was not identified as significant in
our FES sample. We assume that positive symptomgbtrhave a more pronounced negative
effect on the functioning of individuals’ in our Fample than negative and general symptoms,
due to the early remission state. Another pos&kjdanation is the fact that GAF scale was
constructed as a measure of psychosocial disaliltglation to symptomatology, rather than
neurocognition (Jones et al., 1995; Roy-Byrne etl&96); thus, more specific neurocognitive
functions, such as VIS, might not be captured. Herewe observed a strong effect of GAF
score on spatial learning performance in the vF@k iand effect of generalized symptoms
(evaluated by PANS-G scale) in the working memasfgrmance in the DMP session. These
results demonstrate that high functioning patigraorm better in complex cognitive tasks
than the low functioning individuals (Green etz004).

According to our results, quality of life, measureding the WHOQOL-BREF
guestionnaire (Dragomireck& and Bartonova 200@ms to be more related to verbal than
visuospatial cognitive measures. Two of four domamh WHOQOL-BREF (Physical and
Psychological health) were positively associatethwiverall VERB performance, whereas
only one domain (Environment) was related to oV&8 functioning and this association was
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negative. Some previous studies have reportedairodunterintuitive negative correlations
(Fiszdon et al. 2008;Narvaez et al. 2008;Proutgaal. 2005). Future research is needed in
order to clarify the character of such puzzlingutess In general, research findings on the
relationship of neurocognition and QOL are veryehageneous and often report weak
associations between these two constructs (Hesieghavad, and Voruganti 1997;Aksaray et
al. 2002;Fiszdon et al. 2008). However, by adidngsindividual items of QOL measure in
terms of cognition, we found a strong relationsioygwards several neurocognitive tests, both
VIS and VERB (mostly related to processing speeginory and executive functions). This is
in agreement with previous studies that highlightedrole of executive functions (e.g. Matsui
et al. 2008;Fiszdon et al. 2008) and memory domas the most representative measures
related to QOL.

In summary, the importance of assessment of viai@d@bilities in neuropsychiatric
disorders was demonstrated using comparative mettatti in humans and animals, motivated
both by importance of comparative preclinical reskedo increase validity of animal models,
and by the increasing number of bilingual patiehts to bilingualism (BL) spreading around
the world (Grosjean, 1994; Bialystok, Craik, Greamd Gollan, 2009), including Czech
Republic. BL has been shown to have a broad imphoth positive and negative — on
language and cognitive functioning (for details Beystok, Craik and Luk, 2012; De Bruin,
Treccani, and Della Sala, 2015). In this contekiweé take the cognitive functioning of
monolingual neuropsychiatric patients (Stefanopoutt al., 2009) as a standard, then the
findings of cognitive deficits in bilingual neurophiatric patients can be distorted, especially
because cognitive deficits are most evident in @kecutive and semantic features mostly
assessed in the standard neurocognitive asses@paeatlis, 2008). A disorder-specific deficit
may have different manifestations, depending onpdeson’s language and/or culture, and
because each language plays an independent raole ilanguage/psychopathology relation
(Toppelberg et al., 2002). It is thus not surpgdinat diagnostic mistakes have been described
in earlier studies on BL (Kester and Pefa, 200%)p&therg et al., 2006). It is therefore
necessary to distinguish between an underlyingcleind the nature and form of its
manifestations in each language separately, wighaiwareness that BL can alter normal
performance expectations (Ardila, 2000), and thlatduals are often disadvantaged relative
to monolinguals on a variety of language measues) when they are tested in their primary
language (Gasquoine et al.,, 2007). Thus, in the leavhange of neurological and
neuropsychiatric disorders (depression, psychdsisentia etc.), it will be essential to evaluate
a patient’s mental state in both languages (Parad@s; Rodriguez et al, 2015), and/or to more
extensively asses non-verbal visuospatial abilitieg are not affected by the language of
assessment.
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5 Conclusion

Experiment | provided clear evidence for a defitsuospatial working memory and
disrupted cognitive flexibility in the allothetidgre avoidance alternation task and reversal
protocol of Morris water maze task in MK801 inducadimal model of schizophrenia-like
behavior. Furthermore, the present data suggeseéhggnsitivity of active place avoidance task
in reversal configuration than the MWM, which urders the importance of the task in
searching for novel treatments for cognitive dédian schizophrenia.

In Experiment I, we present the results of the Iyeteveloped virtual Four Goal
Navigation task, which represents the virtual aga#oof the Morris water maze task, tested in
FES patients and healthy control group. Mixed exiee and delayed-matching-to-place
protocol allowed us both to confirm the impairedfpenance in the reference memory in
schizophrenia, and to demonstrate the presencemdiied working memory and cognitive
flexibility during reversal learning and delayedtofang to place paradigm.

In Experiment Ill, we present the results of thewlyedeveloped Active Place
Preference task, the virtual version of the Carbmseze task. Our findings showed disrupted
cognitive flexibility and coordination in the meahthe reference frame switching paradigm
on a rotating arena. Furthermore, this impairmennore pronounced in comparison to the
MWM task analogue, which is in agreement with thevpus findings and also results of the
animal study presented above. In addition, ourlt@show impaired executive functioning
during planning of spatial trajectory towards theving goal position.

In Experiment 1V, we showed that deficit in visuasipl (VIS) functioning (tested using
standard methods) is an integral part of cognitieicit in schizophrenia spectrum disorders,
rather than a side effect of symptomatology orpamythotic medication. Verbal (VERB)
functioning was a better predictor of GAF and WHAQBREF than VIS functioning. Given
the findings of negative or missing effect of VIgfidit on WHOQOL-BREF and GAF, the
accuracy of these measures to evaluate the impagtdlwal cognitive deficit on everyday life
in schizophrenia could be questioned.

Finally, this dissertation thesis provided new ewvice supporting the glutamatergic
model of schizophrenia and an important role ofpbgampal-prefrontal (frontotemporal)
connectivity dysfunction in schizophrenia, botlpreclinical and clinical part of the study. Our
results in schizophrenia demonstrate presence fofitde spatial memory associated with
medial temporal lobe (hippocampal) function, anghamed mental flexibility and working
memory associated with prefrontal cortex. The olzteyn of higher sensitivity of the carousel
maze task (both in animals and humans) suggesigialrole of cognitive coordination deficit
in schizophrenia, reported in previous studies fametion of PFC-HPC interactions.
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8 Appendix

List of Abbreviations

2/3D — Twol/three-dimensional

AAPA — Active allothetic place avoidance task
AAPP —Active allocentric place preference task
AD — Alzheimer disease (dementia)

ADHD- Attention deficit hyperactivity disorder
ASD - Autism spectrum disorders

AVLT - Auditory Verbal Learning Test

BADS - Behavioural Assessment of the
Dysexecutive Syndrome

BVA - Blue Velvet Arena

CA — Cornus ammonis

CEN - Central executive network

CPZ — Chlorpromazine

CT — Computer tomography

DES - Dysexecutive syndrome

DLPFC - Dorsolateral prefrontal cortex

DMN — Default mode network

DMP — Delayed-matching-to-place

DS - Digit Span

DSM - Diagnostic and Statistical Manual

DTD — Developmental topographical disorientation
DUP — Duration of untreated illness

ECT - Electroconvulsive therapy

EPS - Extrapyramidal symptoms

FES — First episode schizophrenia

FOV — Field of view

GABA - y-amino-butyric acid

GAF - Global Assessment of Functioning scale
HC — Healthy controls

HF - Hippocampal formation

HMD — Head-mounted display

HPC — Hippocampus

ICD - International Classification of Diseases
IEG — Immediate early genes

KST - Key Search Test

LSD - Lysergic acid diethylamide

MCI — Mild cognitive impairment

MPFC — Medial prefrontal cortex

(HMRI — (functional) Magnetic resonance imaging
MRS - Magnetic resonance spectroscopy

MTL — Medial temporal cortex

MWM — Morris water maze

NMDA - N-metyl-D-aspartate

NVHL — neonatal ventral hippocampal lesion
OCD - Obsessive-compulsive disorder
PANSS - Positive and Negative Symptoms Scale
PCP — Phencyclidine

PEBL — The Psychology Experiment Building
Language

PET — Positron emission tomography

PFC — Prefrontal cortex

PPI — Prepulse inhibition

PTSD - Post-traumatic stress disorder

PVT - Perceptual Vigilance Task

RAM — Radial arm maze

RF — Reference frame

RMT — Road map test

RCFT - Rey-Osterrieth complex figure test
RSC — Retrosplenial cortex

SDRT - Spatial Delayed-Response Task

SN — Salience network

SPECT - Single photon emission tomography
SS - Spatial Span

SZ - Schizophrenia

RM- Reference memory protocol

RT — Reaction time

TD — Topographical disorientation

TMT — Trail making test

TTX — Tetrodotoxin

UU — Unreal unit

VFGN — virtual Four-Goals Navigation task
VFT - Verbal Fluency Test

VIS - Visuospatial

VERSB - verbal

VR — Virtual reality

VSWM - Visuo-spatial working memory
WAIS-III - Wechsler Adult Intelligence Scale 3rd
edition

WM — Working memory

WMS-III - Wechsler Memory Scale 3rd ed.
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