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ABSTRAKT

Chronicka sensitizace dopaminovych D2/D3 receptord jejich agonistou quinpirolem
(QNP) indukuje u potkant kompulzivni kontrolovani, které je povazZovano za model obsedantné-
kompulsivni poruchy (OCD). Predchozi studie odhalila deficit v kognitivni flexibilit¢ u QNP
sensitizovanych potkanii. Tato prace se zamérila na urceni, zda je tento deficit kognitivni
flexibility zmirnén spoleénym podavanim klomipraminu (CMI), risperidonu (RIS) nebo
kombinaci obou (CMI+RIS) a QNP lécby.

Byla pouzita averzivné motivovana uloha aktivniho vyhybani se mistu na koloto¢ovém
bludisti s tzv. preucenim. K méreni vykonu byl hodnocen pocet vstupi do Sokového sektoru,
kterému je zapotiebi se vyhybat. Bylo vyuZito Sesti skupin 1éCenych riznymi latkami: kontrolni
skupina, QNP skupina, CMI skupina, skupina s kombinaci QNP/CMI, skupiny s kombinacemi
QNP/RIS a QNP/CMI/RIS. Prekvapivé byla u QNP skupiny ve srovnani s kontrolni pozorovano
horsi akvizi¢ni uceni pokud byly tyto dvé skupiny porovnavany samostatné. Nicméné, i tak
predvedla podobné jako v predchozi studii QNP skupina ve srovnani s kontrolni horsi vykon v
prvni den preuceni. Pfi porovnani vSech skupin bylo zhorSené pocate¢ni uceni pouze u skupiny
dostavajici kombinaci QNP/CMI ve srovnani s kontrolni skupinou. Prvni den preuceni méla
pouze QNP skupina vyrazné vyssi pocet vstupli nez skupina kontrolni. Vysledky naznacuji, ze

1é¢ba CMI celkové snizuje uceni, zatimco 1é¢ba kombinaci RIS a CMI zlepSuje preucovani.

KLICOVA SLOVA: quinpirol, klomipramin, risperidon, OCD, potkan, chovani, rotujici aréna



ABSTRACT

Chronic sensitization of dopamine D2/D3 receptors by agonist quinpirole (QNP) induces
compulsive checking behaviour in rats, which is considered an animal model of obsessive-
compulsive disorder (OCD). Previous study revealed deficit in cognitive flexibility in QNP
sensitized rats. This thesis focused on determining if this cognitive flexibility deficit is
ameliorated by co-administration of clomipramine (CMI), risperidone (RIS) or combination of
both (CMI+RIS) to QNP treatment.

Aversively motivated active place avoidance task on a Carousel maze with reversal was
used. The number of entrances into a to-be-avoided shock sector was evaluated as measure of
performance. Six treatment groups were used: control group, QNP group, CMI group, QNP/CMI
combination, QNP/RIS combination and QNP/CMI/RIS combination. Surprisingly, when
compared alone, significantly worse acquisition was observed for QNP group compared to
control group. However, similarly to previous study, QNP group had a worse performance in a
first reversal session compared to control group. When all groups were compared, only
QNP/CMI group had worse initial learning compared to control group. In reversal learning, only
QNP treated group had a significantly more entrances than control group in first reversal
session. Results suggest that co-treatment with CIM reduces overall learning, while co-treatment

with RIS or CMI combined with RIS improves reversal learning.

KEY WORDS: quinpirole, clomipramine, risperidone, OCD, rat, behaviour, rotating arena
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1 INTRODUCTION

When several treatment options are available prediction of treatment outcome prior to
start of a treatment is very advantageous. Effectiveness of any single treatment can be affected
by genetic factors, symptom dimensions, neurophysiological parameters and possibly
neurocognitive intermediate phenotype. Such a priori prediction of likely treatment
effectiveness or ineffectiveness can significantly reduce time of suffering of patients especially in
diseases where effect of treatment is evident only after a prolonged time. One of these diseases
is obsessive-compulsive disorder. There are several treatment options available but they have to
be each tested for a long time, lengthening the patients suffering, and psychological load.

Obsessive compulsive disorder is a psychiatric disorder with a lifetime prevalence of
2-3% of the population. Disorder is characterized by intrusive thoughts (obsessions) which are
often accompanied by rigid, repetitive and time consuming behaviours (compulsions). At the
present, first line of treatment is administration of high doses of SRIs which helps about 60% of
patients. Some of the patients who are unresponsive to the SRI treatment respond to
complementation of treatment with neuroleptics. Of these, most often are used low doses of
haloperidol and risperidone, but the nature of this interaction is yet unclear. Due to the long
time for SRI to become effective, attempts had been made to predict which treatment will be
efficient beforehand based on varied parameters including symptom dimensions, MRI indicators
and cognitive intermediate phenotypes.

Animal models are very useful in testing these types of hypotheses. One of the animal
models of OCD displays compulsive checking when placed into open-field after sensitization
with D2/D3 agonist quinpirole. These animals were also shown to display cognitive flexibility
deficit in reversal learning. Indeed, deficits in cognitive flexibility were often reported in OCD
patients, especially for patients with checking symptoms. The cognitive flexibility is an ability to
react appropriately to changing environment and is tested by many experimental tasks including
reversal learning in both human subjects and animals.

The aim of this study was to determinate an effect of clomipramine and risperidone and
their combination on impaired cognitive flexibility in quinpirole induced compulsive checking
model of OCD. Clomipramine is a tricyclic antidepressant which was selected because it is
effective in OCD treatment, and also reduces checking behaviour in quinpirole sensitized
animals. Risperidone is an antipsychotic drug often used as an augmentation therapy to SRI
treatment in OCD. Experimental apparatus Carousel maze is a good tool for assessment of
cognitive flexibility performance, thanks to a demanding reversal set up possibility. We
hypothesize, that if there is an effective treatment for treating cognitive flexibility deficit in these
animals, it could be likely effective treatment for a subgroup of patients that display reduced

cognitive flexibility.



2 REVIEW OF LITERATURE

2.1 Obsessive-compulsive disorder (OCD)

Obsessive compulsive disorder is a psychiatric disorder, which can disrupt life of
patients and their relatives. The prevalence of obsessive-compulsive disorder is about 2 -3 %
(Ruscio et al.,, 2008). OCD is the fourth most frequent psychiatric disorder. These numbers are
high even without taking into the account the claims that there are not many cases identified in
psychiatrist’s office (Wahl et al, 2010). Prevalence of OCD is even higher than prevalence of
much better known schizophrenia (American Psychiatric Association, 2013). Obsessive-
compulsive disorder is encompasses two groups of symptoms, obsessions and compulsions, as
the name of disorder can suggest. Obsessions are characterized by uncontrollable intrusive
thoughts, which are recurrent and debilitating for patients. Patients often suffer obsessive
thoughts for many years, which can lead to anxiety or depression. Patients try to suppress
obsessive states by forming compulsions (but see Robbins et al, 2012). Compulsions are
ritualistic motor acts or, uncommonly, repetitive mental acts. Compulsions represent way to
relieve obsessions and are the visible manifestation of symptoms in patients. In some cases,
obsessions occur alone, but the most often patients suffer from obsession acompanied by
compulsions.

OCD is heterogeneous disorder in many ways. Firstly, there are many ways how the OCD
can manifest in patients. Also, there is not a specific age of onset or single aetiology. Moreover,
patient’s treatment response and comorbidities vary. The manifestation of OCD is divided in
several symptom dimensions, which were designed for better understanding of symptom
structure. The first symmetry dimension includes symmetry obsessions followed by
compulsions such as ordering, counting or repeating. Dimension of forbidden thoughts describes
fear of death or harm happening to a patients or to loved one or, sexual and/or religious
obsessions. These fears are usually accompanied by checking compulsions. Lastly, cleaning
dimension is based on obsessional fear of contamination or infection and is followed by cleaning
and washing rituals (Bloch et al, 2008). The last mentioned form of OCD is also the most
frequent (Prabhu et al, 2013). Though symptoms stay constant throughout life in most cases,
the change of symptoms within a dimension may occur (Mataix-Cols et al, 2002). Patients are
aware of the absurdity of their acts but do not have a power to control and stop. With time,
symptoms become increasingly time consuming and debilitating.

Age of onset of the disorder divides patients into two groups. In main group of patients
symptoms take shape at about the age of twenty years but second group consists of children
patients (Heyman et al, 2001). It was found children patients suffer from the same types of

symptoms as adult patients with a same intensity/range (Delorme et al, 2006). In adult onset



patients males and females are equally affected. However in paediatric patients boys are affected
more often (Geller, 2006). In adult onset patients there was no gender preference was found.

OCD patients commonly exhibit range of comorbid diseases. These can include
depression, anxiety, social phobia, ticks, eating disorders or others (Torresan et al., 2013). And
conversely, obsessive and compulsive symptoms can be comorbidity of other psychiatric
disorders, for example Tourette syndrome, trichotillomania (Aouizerate et al, 2004),
schizophrenia (de Haan et al,, 2013) or Sydenham’s chorea (Hounie et al., 2004).

The clinical psychiatrics can gain insight for identification and diagnosis of this disorder
from diagnosis manuals. Very recent fifth edition of The Diagnostic and Statistical Manual of
Mental Disorders (American Psychiatric Association, 2013) is the most used diagnostic tool in
the United States. Other diagnostic manual is The International Statistical Classification of
Diseases and Related Health Problems (World Health Organization, 1992) which is commonly
used in the Czech Republic. Additionally, Yale-Brown Obsessive Compulsive Scale
(Goodman et al, 1989) helps psychiatrists with severity rating. These documents contain

description of symptoms, epidemiology and sets of diagnostic codes.

2.1.1 Pathophysiology of obsessive-compulsive disorder

The heterogeneity of the OCD is reflected not only by symptoms, comorbidities and age
of onset but also thought its causes. Several causes of disorder were suggested and they can be
divided into genetic and environmental. Specifically, it was demonstrated that approximately
47 % of variance in OCD is explained by genetic factors and the remaining part of variance is
dependent on environment (van Grootheest et al, 2005). Amply discussed cause is
pathophysiological effect of the infection and traumas in childhood and subsequent outbreaks of
the disorder in later life. All these influences have an effect on central nervous system, on

specific anatomical circuits and on neurotransmitter systems.

2.1.1.1 Genetic background of OCD

Years of research found that at least some of OCD forms may be genetically determined
or partly dependent. But there is an indication that OCD is probably dependent on a number of
genes with small effect. A lot of genetic studies investigated obsessive-compulsive disorder also
in families of diagnosed patients. Higher prevalence of OCD patients was detected among
already diagnosed patient’s relatives compared to relatives of healthy controls (Goodman et al.,
1995; Grabe et al., 2006). Genetic causes of OCD were indicated also thanks to twin studies.
Although twin studies have a long history only small number of these studies estimated

a heritability of OCD. For now, heritability of children obsessive compulsive symptoms seems to
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be about 45-65 % and the level of heritability in adult patients seems to be about 27-47 % (van
Grootheest et al., 2005).

Up to today, there are numerous studies which try to specify exact genes as a basis of
OCD. The problem is that many results and many are mutually exclusive. Studies interested in
findings specific genes and loci crucial for understanding genetic background of the OCD, are
targeted to definite genes or to specific neurotransmitter system abnormality, but there is not
any special identified yet. Many studies suggest large amount of candidate genes of small effect
within the serotonergic, glutamatergic and dopaminergic systems. Especially suspicious are
genes for the receptors, transporters or enzymes or even whole loci, which encompass a large
number of genes (Willour et al, 2004; Shugart et al, 2006; Pauls, 2010). For example,
association between OCD and genes for monoamine oxidase A (MAOA) and catechol-O-
methyltransferase (COMT), which are important in inhibition of biogenic amine signalization, is
widely studied but with ambiguous findings (Schindler et al., 2000; Sampaio et al., 2015). There
are a lot of other genes, which are studied for their putative role in OCD development such as
genes for transporters (variations in polymorphisms in dopaminergic DAT1, glutamatergic
SLC1A1, or serotonergic SLC6A4) or receptors (variations in frequencies of alleles in
dopaminergic DRD3 and DRD4, or polymorphism of serotonergic HTR2A) (Pauls, 2010; Sampaio
et al., 2013). Their association with OCD is not clearly confirmed yet. Except these there are
studies which are interested in genes involved in immune system or in hormones such as
transcription factor tumor necrosis factor a (TNFa), brain-derived neurotrophic factor (BDNF)
or estrogen receptor a (Sampaio et al., 2013; Zai et al, 2015). For now the association of these
genes with OCD is not convincing.

Unfortunately, so far the association studies do not reveal consistent results to confirm
specific genes involved in OCD pathophysiology. Inconsistent results suggest that there is not
aunique gene which may cause OCD, but many genes of small effect have a role in outbreak of
the disorder. At the same time importance of environmental effects must not be forgotten,
because as twin studies had shown, understanding of OCD aetiology is dependent on

combination polygenic factors and the environment.

2.1.1.2 Environmental factor- traumas and infections

The second component of OCD aetiology, an environment, also has an impact on
outbreak of the disorder. There are two common non-genetic etiological factors, traumas and
infections, which can be cause of OCD in patients without family history of the illness. The
possible influence of trauma and stressful life events are considered for both OCD childhood and
adulthood onset OCD (Pollitt, 1957; Cath et al.,, 2008; Fontenelle et al, 2012). It was suggested

that increased frequency of stressful life events like serious illness, traumatic injury, car
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accident, victimization or death are associated with increased rate and/or severity OCD
(McKeon et al., 1984; Storch et al, 2006). There is a group of adult patients, in which the OCD
occurred after traumatic events in their childhood, such as physical and emotional abuse or
neglect (Lochner et al,, 2002).

The second environmental factor, affecting primarily paediatric patients, is related to
various infectious pathogens. Form of abrupt onset of obsessive compulsive symptoms
commonly with tics is often associated with group-A beta-haemolytic streptococcal infections
(GABHS). This form of OCD is now classified as belonging to Paediatric Autoimmune
Neuropsychiatric Disorders Associated with Streptococcal infections (PANDAS) (Swedo et al,
1998). GABHS is primarily discussed as related to Sydenham’s chorea, the neurologic
manifestation of rheumatic fever. Indeed, symptoms of Sydenham’s chorea also include
obsessive compulsive behaviours (Hounie et al, 2004). Moreover, pathogens like Mycoplasma
pneumonia (Miiller et al., 2004) or Borrelia burgdorfei (Riedel et al, 1998) are also studied for
modulating effect on development of tics and obsessive-compulsive behaviour.

Motor and behaviour symptoms of the PANDAS and Sydenham’s chorea are both caused
by basal ganglia damage through autoimmune action of antibodies or cross-reacting immune
cells (Bronze and Dale, 1993). It is not yet certain what immunological marker is specific for
PANDAS, but there are two putative candidates. The first, D8/17, is monoclonal antibody, which
reacts with epitopes expressed on B lymphocytes and with striatal neurons (Swedo et al, 1997).
The second proposed marker is antibody to dopamine D1 and D2 receptors. Its binding to
striatal neurons may change dopaminergic transmission and affect behaviour (Brimberg et al.,
2012). The most affected regions are caudate nucleus, putamen or globus pallidus (Giedd et al,
2000) and damage of these areas is often manifested as tics, motor hyperactivity and obsessive
compulsive symptoms (Swedo et al., 1998; Snider and Swedo, 2004).

Although authors of PANDAS phenomena defined evaluation criteria, such as early rapid
onset of the disease and previous streptococcal infection, some studies described diagnostic
system of PANDAS as insufficient and ambiguous (Singer et al, 2012). More recently, the new
and broader view was introduced. The Childhood Acute Neuropsychiatric Symptoms (CANS)
imply whole spectrum of acute neuropsychiatric states, which are characterized by young onset.
CANS include diseases caused not only by GABHS infection but also by other pathogens and
vascular, hypoxic or drugs induced mechanisms (Singer et al., 2012). For better understanding
and diagnosis of CANS and especially PANDAS it will be necessary to study microbiology and
immune system in detail during GABHS infection (Kurlan and Kaplan, 2004).



We still do not know exact cause of the obsessive compulsive disorder, but we have a lot
of evidences for both genetic and environmental causes. Both genetics and environment act on
structure and function of central nervous system and manifest as different symptoms of the

obsessive compulsive disorder.

2.1.2 Neuroanatomy of OCD

Even if exact cause of obsessive-compulsive disorder is still not known, it was
demonstrated that symptoms observed in patients are associated with certain abnormalities in
central nervous system. Structures that were found to be associated with OCD include
orbitofrontal cortex, anterior cingulate cortex, prefrontal and parietal cortices, and caudate
nucleus (Menzies et al, 2008). Neuronal abnormalities are related to structural changes in
volume, white matter density and also to activation during both during rest and during symptom
provocation. Unfortunately, imaging methods don’t provide simple results and clear
identification neuronal substrate of the disorder. From the varied results it appears, that
heterogeneity of this disorder is reflected in neuronal substrates, too.

Current findings agree with theoretical view of pathophysiology in cortico-striatal loops
in the OCD (Milad and Rauch, 2012). According to imaging studies it was indeed confirmed that
OCD is associated with abnormality in orbitofronto-striatal circuits (Saxena et al., 1998; Menzies
et al,, 2008). This loop is one of the five parallel circuits which connect cortical areas with basal
ganglia (Alexander, 1986). All of these loops have basic common scheme of projection (Figure 1)
and comprise of two differently directed paths each of which has a divergent effect on target
cortical area. When the first, direct pathway, is activated its disinhibiting effect on thalamus
causes activation of the cortex. The second, indirect pathway, increases inhibition of the

thalamic nuclei and thereby causes an inhibition of the cortex (Alexander and Crutcher, 1990).
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Figure 1: Basic scheme of the cortico-striatal loops. (Blue arrow means excitatory glutamatergic projection, red arrow means
inhibitory GABAergic projection.)

The start of each of circuits between cortical areas and basal ganglia is specific cortex area and using excitatory glutamatergic
signalization continues to the striatum. Striatal GABAergic inhibitory neurons project to two separate circuits, direct and
indirect. Direct outputs from striatum head to internal segment of globus pallidus (GPi) and substantia nigra pars reticulata
(SNr). This complex sends second GABAergic neurons to thalamic nuclei and from here the last connections end back in
cerebral cortex. In indirect pathway striatal neurons project to external segment of globus pallidus (GPe) and then to
subthalamic nucleus (STN), both connections are GABA inhibitory. The next projection head to GPi/SNr complex, joins and in
parallel continues with direct pathway. Direct pathway causes activation of cortex, because inhibitory projection from GPi/SNr
is blocked by striatal neurons. Indirect pathway works just the opposite, active projection from STN causes support of
GABAergic signalization and attenuation of the thalamus and subsequently cortex. Moreover, dopamine and other
neurotransmitters may modulate these pathways (Adjusted according to Alexander and Crutcher, 1990)

The orbitofronto-striatal circuit is composed of activating glutamatergic projection from
the lateral orbitofrontal cortex (Brodmann’s area 10, Walker’s area 12) to ventromedial part of
the caudate nucleus. The pathway continues with inhibitory connections to the internal segment
of the globus pallidus (GPi) and rostromedial section of the substantia nigra pars reticulata
(SNr). Next inhibitory outputs project from caudate nucleus and SNr to magnocellularis part of
the thalamus, especially to the ventral anterior (VAmc) and medial dorsal (MDmc) nuclei. The
last component of this circuit is activation projection from thalamus back to lateral orbitofrontal

cortex. Previously described direct pathway of orbitofronto-striatal circuit has complementary
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indirect pathway projecting from caudate nucleus through external segment of globus pallidus
and subthalamic nucleus to GPi, where both pathways merge (Alexander, 1986).

When we compare mentioned brain regions involved in OCD pathophysiology and
course of described pathway, there is not a complete overlap. Though most of these structures
are parts of the orbitofronto-striatal circuit, some structures are not part of this circuit such as
anterior cingulate cortex or prefrontal and parietal cortices. These brain regions are part of
parallel cortico-striatal circuits and therefore it was suggested anterior cingulate (Rotge et al,
2008) and dorsolateral prefrontal circuits (Menzies et al, 2008) are involved in OCD
pathophysiology too. All these circuits connect to different cortical targets but pass through the
same striatal regions (Figure 2).

Therefore aforementioned basic  comical > = Acchmerc e Lateral orbilofrontal || —¢—
circuit organization showed in
Figure 1 is the same in each of this Statal Nuclows Caudate Putamen
circuit. '

In more detail, three

models have been proposed for ... lThalamU|5

dysfunction of these circuits in

OCD. First, Modell’s model is based

Figure 2: Illustration of three cortico-striatal circuits involved in OCD

on abnormalities and pathophysiology (Milad and Rauch, 2012)

dysregulation of the basal ganglia,
which are not able to modulate connections between cortical area and medial dorsal (MDmc)
nucleus of thalamus. Modell suggested that if GABAergic inhibitory effect of striatal projection is
decreased, then positive-feedback loop between OFC and MDmc develops (Modell et al., 1989).
Disadvantage of this model is that it does not include specific role and function of ACC in OCD
symptoms. A later, Baxter’s model deals with aforementioned imbalance between direct and
indirect pathway. Orbitofrontal and anterior cingulate cortices project to caudate nucleus and
activate direct pathway and DLPC preferentially projects through caudate nucleus to indirect
pathway (Baxter, 1995; Saxena et al., 2001). The important part of the Schwartz’s, the third,
model is based on a disturbance in cholinergic interneuronal projections. Normally, these cells
select significant information and generate appropriate response as a pattern of activity. This
activity information reaches the OFC or ACC, the regions which have role in error detection.
Hyperfunction in cholinergic interneurons can cause hyperactivity of OFC and ACC and thus may
cause OCD symptoms (Schwartz, 1999).

These theories about cortico-striatal circuit involvement in pathophysiology of OCD are
supported by known roles of these regions in human behaviour. Figee and colleagues (2013)

summarized previous studies which describe cases of patients, who developed OCD after lesions
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in different areas of brain. These structures included caudate nucleus, putamen, globus pallidus,
nucleus accumbens, frontal cortex, temporal or parietal cortices but also cerebellum and
amygdala. Some of these structures are part of cortico-striatal loops. But also some findings
showed that lesions of structures such as putamen, internal capsule and fronto-parietal lobe
resulted in improvement or disappearance of obsessive-compulsive symptoms and they are
proposed to possible targets of treatment techniques such as deep brain stimulation (Figee et al.,
2013).

It would seem that imaging studies will agree among themselves about what brain
regions are involved in pathophysiology of the OCD. However, although studies agree on
involvement of structures within cortico-striatal structures in OCD, they do not observe
anomalies in exactly the same structures within these circuits. Commonly though hyperactivity
and/or increase of volume in caudate nucleus was observed, higher activity and decrease of grey
matter in OFC and ACC and increase of activity in GPe (Menzies et al., 2008). The anomaly in
cortico-striatal circuits may indeed be only common nominator that connects patients with OCD.
Additionally, differences in methods and oodles of variability in patient’'s medication and
comorbidities may add to discrepancies between studies.

One of the imaging methods commonly used is magnetic resonance imaging (MRI). MRI
allows imaging of grey (GM) and white matter (WM). Several MRI studies found abnormalities in
gray matter volume caudate nuclei (increased volume), orbitofrontal cortex (decreased volume,
increased WM) and anterior cingulate gyrus (decreased GM), amygdala (decreased volume,
decreased WM) and thalamus (increased volume) (Szeszko et al., 1999; Atmaca et al, 2007). But
even these findings are not conclusive, for example the studied volume of the caudate nucleus
was also found to be unchanged (Aylward et al., 1996) as well as reduced (Robinson et al., 1995).
This example of the caudate nuclei provides insight into the complex and difficult situation of
identifying substantial structures in OCD. The meta-analysis of the several studies has showed a
summary of volumetric changes in patients with OCD and it has found only anterior cingulate
and orbitofrontal cortices consistently showing decreased volume and increase in GM volume
conversely size of GM in thalamus (Rotge et al., 2009).

Activation of neural structures may be imaged and measured by positron emission
tomography (PET) or single positron emission computed tomography (SPECT). These
techniques use radioactive labelled ligands and measure metabolism activity or blood flow. In
OCD patients there was found a consistent increased in regional cerebral blood flow in frontal
regions. Increased metabolic rate in OCD patient was found specifically in orbitofrontal gyri and
caudate nuclei and decreased metabolism was found in parietal regions (Saxena et al., 1998). But
there were a lot of different studies which presented multiple outcomes for a wide range of the

brain regions and several meta-analyzes summarized their results. Meta-analysis by Whiteside
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and colleagues (Whiteside et al., 2004) found abnormal activity only in a head of the caudate
nuclei and left orbitofrontal gyrus. Later exploration of literature was focused on abnormality
nervous tissue during provocation OCD symptoms. Ultimately authors have found many
significant differences between patients and healthy controls. Affected regions include
orbitofrontal gyrus, ACC, prefrontal cortex, temporal gyrus, premotor cortex, globus pallidus or
hippocampus and parietal lobe (Rotge et al, 2008). These two mentioned comprehensive
studies point to differences in results which may be caused by varying conditions during

measurement (relaxed state vs. symptom provocation).

2.1.3 Treatment of OCD

The treatment of the obsessive compulsive disorder is not simple. Today medicine has a
choice of range of treatments with varied effectiveness and associated risks. One of the most
often chosen ways of treatment is pharmacological intervention. Prescribed drugs belong to
antidepressants - serotonin reuptake inhibitors (SRI). Increasingly common non-invasive part of
treatment of newly diagnosed patients is cognitive behavioural therapy (CBT). Studies invent
constantly new approaches for the cases when improvement of symptoms is not observed.
These include augmentation with antipsychotics, use of novel drugs acting on glutamate or
acetylcholine systems and in very serious treatment resistant cases even deep brain stimulation
or lesions of brain structures within cortico-striatal loop.

The oldest and also the most widely used today way of treatment is administration of the
serotonin reuptake inhibitors (SRI). This effect of SRI in OCD was trigger to study an
involvement of the serotonergic system in OCD pathophysiology. The SRI include three
subgroups of the substances which inhibit serotonin transporter (SERT) but can interact with
most of neurotransmitter systems. In OCD most important are two classes of SRI: tricyclic
antidepressants (TCA) and selective serotonin reuptake inhibitors (SSRI). One of the tricyclic
antidepressants, which are effective in treatment of the OCD, is clomipramine (Cartwright and
Hollander, 1998). Clomipramine is serotonin reuptake inhibitor and antagonist/inverse agonist
of histamine H1 receptors, muscarinic acetylcholine receptors and a1 adrenergic receptors and
also dopamine D2 receptors (see 2.2.1.3 Antidepressive drugs). However, in treatment of the OCD
SSRI were a big progress, since they produce less side effects than clomipramine. The most
commonly used are fluoxetine, fluvoxamine or paroxetine.

Unfortunately, there are limits to efficiency of therapeutic influence of the serotonin
reuptake inhibitors. It was found that approximately 40 % of the OCD patients do not show
symptoms improvement following SRI monotherapy (Skoog and Skoog, 1999; Pallanti et al,
2002). If this first attempt fails the different pharmacological procedures can be tried. For
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example, there is possibility of change of dosing (Ninan et al., 2006), change of route/method of
drug administration (Fallon et al., 1998) or switching to another serotonin reuptake inhibitor
(Fineberg et al., 2015). In some patients, co-administration of the neuroleptic drugs, classic or
also atypical improves efficiency of the treatment. Haloperidol and risperidone are the most
often used antipsychotics to augment SSRI treatment in OCD (Mcdougle et al., 1994; Hollander
and Rossi, 2003).

Pharmacological treatment achieves the highest efficacy when it is combined with
cognitive behavioural therapy (CBT) (O’Connor et al, 2006). During this psychotherapy
procedure patient is exposed to feared situation in a company of a therapist. At present a goal of
CBT is exposure and response prevention (EX/RP). In other words, it is a procedure involving
withdrawal of performing compulsions, repetitive motor or mental acts, and teaching patients
how appropriately respond to unpleasant thoughts and urges. This therapy is long-term but,
when successful, each session helps to decrease compulsive symptoms (Franklin et al., 2000;
Chamberlain et al, 2005) and reduces hyperactivity in OFC observed in OCD patients (Baxter et
al, 1988; Rauch et al,, 1994).

Very serious cases of OCD are often resistant to aforementioned ways of treatment. In
these cases repetitive transcranial magnetic stimulation (rTMS) or deep brain stimulation (DBS)
can be helpful. Rarely, lesions are performed.

Repetitive transcranial magnetic stimulation is relatively novel non-invasive procedure
in treating of the OCD. It is based on inhibiting neuronal activity by pulse of a magnetic field. The
method of rTMS is dependent on the stimulation frequency and target region, but because of the
limited reach of the stimulation, only cortical areas can be accessed (Berlim et al., 2013). Cortical
targets that are currently being inhibited with successful treatment outcomes in OCD are motor
cortical regions (Mantovani et al, 2006) and OFC (Nauczyciel et al, 2014). Meta-analysis also
confirmed OFC and motor areas as promising targets of rTMS (Jaafari et al., 2012; Berlim et al.,
2013).

Compared to rTMS DBS can additionally reach subcortical structures. This method is
based on high-frequency stimulation of the brain region, which have inhibitory effect on nerve
tissue and mimics lesion effect (Bourne et al, 2012). Mian and colleagues observed
improvement of obsessions and overall mood after DBS in ventral striatum and improvement of
compulsions after stimulation of subthalamic nucleus (Mian et al.,, 2010).

The most invasive and irreversible way to treat highly refractory/resistant OCD patients
is neurosurgical treatment. The significant improving patient’s condition was described for
anterior cingulotomy, anterior capsulotomy and others (Mundus and Jenike, 1992). The
procedure mechanism lies in disruption of the reciprocal connections between cortical areas

and subcortical structures. Surprisingly, a reduction of the symptoms severity is observed with a
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delay of 3-6 months (Doshi, 2009). Both, DBS and lesions, are very accurate techniques thanks to
stereotactic apparatus. Assessment of effectivity all of these three methods (rTMS, DBS,
neurosurgical) is affected by fact that only nonresponding patients undergo this treatment and

ethics does not allow for randomized controls in studies.

Despite clear heterogeneity of obsessive-compulsive disorder in form of symptoms, age
of onset and treatment response there is a consensus in involvement of cortico-striatal circuit in
OCD pathophysiology - although there is not a clear answer as to which structures are impaired
in these circuits. Even though symptoms between patients vary, all OCD patients share a
presence of intruding unbiddable thoughts and motoric acts that at least partially relieve the
patient. Obsessions and compulsions are not randomly paired but can be divided into clusters
where certain obsessions are accompanied by a specific set of compulsions. It was proposed that
this variation in symptom presence is related to which brain structures are affected in cortico-
striatal loops (Saka et al, 2004). It was also suggested that OCD is associated not only with
anatomy abnormalities but also with abnormalities in neurotransmitter systems, upon which

the function of brain structures is dependent.
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2.2 Brain neurochemistry

Brain neurochemistry is the basis of proper functioning of the brain and adequate
responsiveness. As it is known from other examples (Parkinson‘s or Alzheimer's disease)
abnormalities in neurochemistry can have devastating effects. It seems that obsessive-
compulsive disorder is no exception because, according to available findings, abnormalities of
cortico-striatal circuits may be due to altered functioning of neurotransmitter systems. The first
indication of neurotransmitter system abnormality in OCD was suggested by a positive effect
after administration of tricyclic antidepressant, clomipramine (Renynghe de Voxrie, 1968).
Because main target of clomipramine is serotoninergic system this finding lead to extensive
interest in study of serotoninergic involvement in OCD. However, it was soon clear that OCD
pathology is more complex and studies started to focus also on other neurotransmitter system
involved in cortico-striatal circuits such as dopaminergic, glutamatergic and on modulating

effects of oxytocin and parvalbumine.

2.2.1 Serotonin

5-hydroxy-tryptamine (5HT), the serotonin, is biogenic amine, belonging to indolamines.
In the body of living organism serotonin fulfils many roles. In the vessels serotonin functions as a
vasoconstriction substance and has a role in immune reactions and in muscle system. Serotonin
in the brain can have a role either of classical neurotransmitter via actions on synaptic
membrane or have a role of neuromodulator (Murphy et al., 1998). Serotonergic transmission
may affects many behaviours such as sexual, stereotypic or aggressive (Murphy et al, 1998).
Serotonin also regulates stress, anxiety, mood and a body temperature (Stahl, 1998b).

5HT is synthetized by hydroxylation of tryptophan by enzyme tryptophan hydroxylase to
5-hydroxy-tryptophan followed by decarboxylation by L-amino acid decarboxylase to 5-
hydroxy-tryptamine. Conversely after reuptake into presynaptic neurons through transporters
serotonin is degraded by monoamine oxidase type A and B (Aouizerate et al., 2005). Serotonin is
synthesized in the brainstem raphe nuclei wherefrom 5HT innervation directs to limbic regions
such as prefrontal and cingulate cortices, the amygdala, hippocampus, ventral striatum,
thalamus and hypothalamus (Azmitia and Whitaker-Azmitia, 1995; Murphy et al, 1998;
Aouizerate et al, 2005). Many of these structures are also part of cortico-striatal loops, which

are considered to be a basis of OCD pathophysiology (see Figure 3).
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The target cells are affected by
serotonin through 5HT receptors, which are
divided in 7 classes. Of these, first three
classes - 5HT1, 5HT2 and 5HT3- are the

most studied ones. Members of 5HT1

Prefrontal cortex
(Orbitofrontal)

>

Cortex

(Anterior cingulate)

Globus pallidus

(Medial dorsomedial)

Y

Striatum
{Ventromedial)

- 4

Globus pallidus

(Rostrolateral & ventral)

Amygdala
Hippocampus

h 4

Hypothalamus

receptor family are autoreceptors on

serotoninergic neurons in raphe nuclei.

Thalamus
(Mediodorsal)

There are two members within this receptor

class, 5HT1A and 5HT1D receptors. They [

Raphe nuclei
(5HT)

are activated by extracellular serotonin and

are responsible for feedback inhibition of

S5HT release (Pineyro and Blier, 1999).

Figure 3: Association of serotonergic projections with cortico-striatal
loops (Aouizerate et al,, 2005)

5HT2 receptors are distributed throughout

brain and mechanism of action of antidepressants and neuroleptics is mediated through these
receptors. 5HT3 receptors play role in facilitation of serotonin release on nerve terminals
(Meneses, 1999) . Other groups of serotoninergic receptors (5HT4, 5HT5, 5HT6 and 5HT7) are
much less researched, but it is known that all of serotonin receptors, except SHT3, are coupled

with different G proteins (Meneses, 1999; Aouizerate et al., 2005).

2.2.1.1 Serotonin in cortico-striatal circuits and OCD

The serotonin was the first neurotransmitter associated with pathophysiology of OCD.
After discovery that serotonin reuptake inhibitors reduce OCD manifestation abnormalities in
brain serotonin system became the most studied possible cause of obsessive-compulsive
disorder. Nevertheless effective treatment target does not have to mean evidence of
serotonergic dysfunction (Murphy et al, 1998). It is possible that serotoninergic system can
serve simply as an instrument for pharmacotherapeutic intervention (Baumgarten and
Grozdanovic, 1998).

However, as was already mentioned, role of serotonin in OCD was also indicated by
genetic studies. The most frequent targets of these studies are gene variations of receptors,
serotonin transporters and enzyme MAO (Pauls, 2010; Sampaio et al, 2013). Apart from
consensus about the variations in genes related to serotoninergic function in OCD other research
directions which studied role of serotonin in OCD patients, do not yet yield conclusive results.
For example analysis of cerebrospinal fluid has shown increased brain 5HT levels in OCD
patients (Insel et al, 1985), but Leckman (1994) did not find any differences between patients

and control healthy people.
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Studies using pharmacological approach to assess role of serotonin in OCD
pathophysiology also report mixed results. Ritanserin used only in scientific research is an
antagonist of serotonergic receptors and its application causes exacerbation of OCD or OC
symptoms. Authors suggested a possible positive effect of serotoninergic agonists in treatment
of OCD (Delgado and Moreno, 1997). However, administration of m-chlorophenylpiperazine
(mCPP), a 5HT agonist, also showed an exacerbation of OC symptoms (Hollander et al, 1992).
The explanation may lie in specificity of drugs to subtypes of serotonergic receptors. For
example mCPP is a nonselective agonist of 5HT14, 1D, 2A and 2C receptors, but is an antagonist
of 5HT3 and a2 receptors, while ritanserin has pure 5HT antagonist effect (Delgado and Moreno,

1997; Baumgarten and Grozdanovic, 1998).

2.2.1.2 Interactions of serotonin with other neurotransmitters

Brain tissue is a very complex structure. No neurotransmitter system is independent of
other neurotransmitter systems- they influence each other. Synthesis and secretion of serotonin
in raphe nuclei is influenced and regulated by a range of neuroactive substances. Raphe nuclei
received different afferent inputs such as GABAergic, glutamatergic, dopaminergic substance P,
acetylcholine or noradrenalin.

Similarly to many structures in the brain raphe nuclei also receive GABAergic signals
through habenulo-raphe pathway causing the decrease of 5HT release (Becquet et al., 1993).
However, high frequency stimulation of this pathway surprisingly increased 5HT release in
projection areas. These contradictory result can be explained by direct excitatory effect of
glutamate, the main neurotransmitter in habenulo-raphe pathway, on serotonergic cells during
stimulation and indirect effect of glutamate on GABAergic interneurons in raphe nuclei in case of
low frequency stimulation (Kalén et al, 1989). GABAergic action in raphe nuclei is
predominantly mediated through GABAa and to lesser extent through GABAg receptors, while
glutamate stimulates almost exclusively NMDA receptors (Becquet et al., 1993). Other important
input to raphe nuclei comes from dopaminergic innervation. Through the use of dopamine
receptor blockade and activation by selective antagonists and agonists it was shown that D2
receptors exert a main effect on raphe serotoninergic neurons. Stimulation of D2 receptors
causes two distinct actions, first 5SHT release in raphe nuclei is increased locally but second
striatal release of 5HT from raphe innervation is decreased (Ferré et al., 1994). Noradrenergic
and histaminergic innervation suppress 5HT release from raphe nuclei (Fink et al, 1990) while

substance P (Reisine et al., 1982) and acetylcholine enhance 5HT release (Ribeiro et al., 1993).
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2.2.1.3 Antidepressive drugs

Antidepressants are drugs which are familiar even to people without medical education.
This group of drugs is used for treatment of depressive disorder (Masand and Gupta, 1999),
panic disorder (Barlow et al, 2000), obsessive-compulsive disorder (Fineberg et al., 2012) and
even for treatment of bulimia (Walsh et al, 1997). The main superfamily of antidepressants is
serotonin reuptake inhibitors (SRI). SRI therapeutic effect is mediated by blocking serotonin
reuptake on neuron terminals and thereby increases the level of serotonin on synapses.
According to their other targets (apart from serotonergic function) SRI are divided into several
subgroups. The best-known group are selective serotonin reuptake inhibitors (SSRI) which
selectively inhibits reuptake of serotonin by serotonin transporter (SERT). Older, less selective,
group are tricyclic antidepressants (TCA). These, apart from inhibiting SERT also inhibits
reuptake of noradrenaline. Other, similar class, of SRI are serotonin and noradrenaline reuptake
inhibitors (SNRI). In all above mentioned classes of SRIs there are many minority affected
systems such as acetylcholinergic, histaminergic or adrenergic systems. Indeed, types of
antidepressants differ mainly in affinities to these other neurotransmitter systems.

Mechanism of SSRI action has acute and chronic effect. Acute binding of molecule of SSRI
decreases transporter affinity for serotonin because of negative allosteric modulation of SSRI
binding site and therefore increases extracellular concentration of serotonin (Stahl, 1998b).
This increased level of extracellular serotonin stimulates 5HT1A and 5HT2A autoreceptors and
negative feedback causes slowing firing rate of 5HT projections.

If antidepressants are applied chronically, autoreceptors become desensitized and
therefore both 5HT release and level of 5HT in target structures is increased (Stahl, 1998b). One
of these structures is orbitofrontal cortex (Mansari et al., 1995). Desensitization of autoreceptors
is a proposed mechanism of action of SSRIs and also can account for delay in effect of treatment.
Onset of action of SSRI is delayed in terms of several weeks after first administration of SSRIs

(Stahl, 1998a).

2.2.1.3.1 Antidepressive clomipramine in treatment of OCD

Even if we are not sure about cause of pathophysiology of OCD and neither about precise
role of serotonin, it is clear that antidepressive drugs have positive effect on OCD symptoms at
least for 60 % of patients (Skoog and Skoog, 1999; Pallanti et al, 2002). Pharmacological
treatment is primarily based on antidepressants administration. Using of SSRIs and tricyclic
antidepressants is common because their efficacy has been established in placebo-controlled
studies (Fineberg and Gale, 2005; Fineberg et al., 2012). Clomipramine has a special place in

treatment of OCD since it was a first drug discovered to treat it. Clomipramine is 3-chlorinated
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derivative of other known tricyclic antidepressant imipramine (Figure 4). After taking
clomipramine orally it is well absorbed from gastrointestinal tract converts to
pharmacologically active dimethyl-clomipramine (Stern et al., 1980). Apart from treating of OCD,
clomipramine is effective in treating major depressive disorder, panic disorder, catalepsy,
chronic pain and others. The selective target of clomipramine action is serotonin reuptake but it
also acts as antagonist of histamine H1 receptor, muscarinic acetylcholine or al adrenergic
receptors (Raisman et al.,, 1979). These antagonistic effects are blamed for some unwanted side
effects such as sedation and nausea. Compared to clomipramine, SSRIs

exhibit lower rate of side effects and therefore the SSRIs are currently a

first line treatment of OCD. Clomipramine is only elected in patients who O N O

failed to respond SSRIs (Mundo et al., 2000; Fineberg et al., 2012).

Cl

Precisely because of differences in specificity to more than one N~
neurotransmitter systems it was not known what neurotransmitter system
is responsible for therapeutic effect of SSRI. Ineffectiveness of desipramine,

which acts only as an inhibitor presynaptic noradrenergic reuptake Figure 4: Schematic structure of
clomipramine or in systematic
name 3-(3-chloro-10,11-dihydro-
levels (Hoehn-Saric et al, 2000). Different serotonin selective reuptake  5H-dibenzoazepin-5-yl)-N,N-
dimethylpropan-1-amine

indicates that anti-obsessional effect, is dependent on increasing 5HT

inhibitors were examined with regard to efficiency and tolerability in OCD
patients, but no differences were detected (Mundo et al., 2000; Bergeron et

al, 2002).

2.2.2 Dopamine

Neurotransmitter dopamine, 4-(2-aminoethyl) benzene-1,2-diol, is a catecholamine
which plays an important role in the body and brain circuits. In the body dopamine modulates
vasodilatation, secretion of ions and hormones but it also plays role in immune system (Iversen
and Iversen, 2007). Best known function of dopamine as a neurotransmitter in the brain is in
reward and motivation system. During reward dopamine levels are increased in reward circuit,
similar to addictive drugs which activate the same reward system in brain (Di Chiara and
Bassareo, 2007). Additionally, dopamine is an important modulator of motor control and
inhibitor of prolactin release (Iversen and Iversen, 2007).

The synthesis of dopamine starts by hydroxylation of tyrosine by tyrosine hydroxylase to
L-DOPA. Last step of synthesis creates dopamine using amino acid decarboxylase. After
dopamine action at synapses it is transferred back into neuron terminals through the dopamine
transporters and degraded. Degradation efficiency is dependent on activity of MAO, aldehyde
dehydrogenase (ALDH) and COMT (Feldman et al.,, 1997).
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There are four dopamine pathway in mammalian brain. One pathway starts from
substantia nigra, two from ventral tegmental are (VTA) and last starts in hypothalamus. Nigro-
striatal pathway starts in substantia nigra pars compacta in midbrain and projects to dorsal
striatum, to caudate nucleus and to putamen. Nigrostriatal pathway plays a role in motor control
in basal ganglia. Disruption of dopaminergic signalization in this pathway causes Parkinsonism
(Girault and Greengard, 2004). The second dopaminergic mesocortical pathway projects from
VTA in midbrain to frontal cortex. It appears that this pathway plays a role in learning and
memory (Feldman et al.,, 1997). Mesolimbic pathway also starts in ventral tegmental area but its
projections head to limbic system: mainly to bulbus olfactorius, ventral striatum and nucleus
accumbens. This is the circuit of reward and motivation (Di Chiara and Bassareo, 2007). The last
short tuberoinfundibular projection supplies dopamine from infundibular nucleus in
hypothalamus to pituitary gland and modulates prolactin secretion (Iversen and Iversen, 2007).

The cells respond to dopamine signalization only if they carry dopamine membrane
receptors. The five dopaminergic receptors were characterized and, based on similarities,
divided into two subgroups - D1 and D5 belong to D1-like receptors and D2, D3 and D4 belong to
D2-like receptors. All of these receptors are G protein-coupled receptors with a different effect
on adenylyl cyclase activity during dopaminergic signalization. Activation of D1- like receptors
stimulates cAMP production. D1-like receptors are preferentially localized postsynaptically in
striatum. D2-like receptors inhibit adenylate cyclase activity and decrease level of cAMP in
target cells. These receptors are expressed both postsynaptically as well as presynaptically on

dopaminergic neurons (Sokoloff et al., 2006; Rankin et al., 2010; Rondou et al,, 2010).

2.2.2.1 Dopamine in cortico-striatal circuits and OCD

The role of dopaminergic system in pathophysiology obsessive-compulsive disorder is
still unclear as is the precise role of serotonin. Dopamine theory of OCD was first postulated by
Goodman (Goodman et al, 1990) who proposed that serotonergic deficiency may result in
increased dopaminergic tone which in turn could lead to downregulation of dopamine receptors.
Eventually, dopamine involvement in OCD was supported by findings on human subjects. Yet,
exact mechanism of dopamine dysregulation, and its interaction with serotonin system in OCD is
not elucidated to this date.

The role of dopamine in OCD pathophysiology is supported by evidence from different
studies. It was observed that administration of dopamine agonists may cause exacerbation of
stereotypes and OC symptoms and conversely dopamine antagonists may reduce these
symptoms in OCD patients (Goodman et al., 1990). These findings are also supported by facts

that antidepressive drugs augmented with dopamine blockers are more effective in OCD
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treatment than antidepressants alone (Mcdougle et al, 1990). Experimental findings support
dopamine involvement in OCD. Increased binding of radioligand to DAT was shown (Kim et al,
2003; Wee, 2005 but see Hesse et al., 2005), possibly indicating increase in dopamine tone
(Jaber et al., 1997). Denys shown decreased D2/D3 receptors availability in OCD patients which
can be result of hyperdopaminergic state and competition of dopamine and radiotracer in
studies (Denys et al, 2004, 2013). Genetic studies showed that OCD was associated with low
activity of catechol-O-methyl transferase allele and A2 allele of D2 receptor Taql A gene (Denys
et al, 2006). Despite these studies indicating hyperdopaminergic state, biochemical studies
suggest normal dopamine tone in OCD patients (Hollander et al., 1992)

Dopaminergic system is closely linked to cortico-striatal circuits discussed in the first
chapter. Localization of dopaminergic receptors on striatal structures is not homogeneous, D1
receptors are preferentially located on striatal neurons belonging to direct pathway and D2
receptors are located on neurons belonging to indirect pathway. When dopamine is released, D1
receptors activate direct pathway, and target cortical structures are activated. Activating D2
receptors inhibits inhibiting indirect pathway, resulting in same overall activation of target
cortical structure (Gerfen and Surmeier, 2012). To summarise, the overall effect of dopamine in

cortico-striatal circuits is facilitating.

2.2.2.2 Antipsychotic drugs

Antipsychotic drugs are most used to attenuate psychotic states of patients suffering
from schizophrenia or bipolar disorder. It is common that antipsychotics in combination with
antidepressants are used to treat also other psychiatric disorders including depression.
Antipsychotics are dopamine-serotonin antagonists. Moreover, antipsychotics bind histamine,
muscarinic acetylcholinergic or adrenergic receptors (Miyamoto et al, 2012). Antipsychotic
effect is apparently mediated by combination of serotonin and dopamine receptor blockade,
because serotonin nor dopamine receptor antagonists alone do not have beneficial treatment
effect (Kapur and Seeman, 2001).

Antipsychotics can be divided into typical and atypical antipsychotics or, in other words,
into first- and second-generation antipsychotics. These two types differ in several aspects
including chemical structure and pharmacological effects. The most expressive difference
between them is a higher efficiency and lower level of extrapyramidal side-effect symptoms
(EPS) followed by atypical compared to typical antipsychotic administration (Hippius, 1999).
The term ‘extrapyramidal’ pertains to the motor pathway which includes basal ganglia and

nigrostriatal dopamine system, too. EPS are composed of acute and tardive part. Acute
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syndromes are dystonia, akathisia and Parkinsonism and those that occur after prolonged
treatment are tardive, and include dyskinesia a tardive dystonia (Pierre, 2005).

We do not know the exact cause of the difference in efficiencies between these two
groups of antipsychotics. Some researchers suggested dissimilarities in potency of binding or in
location of the action as a cause. Potency of typical antipsychotics at 5-HT2 and D2 receptors
antagonism is equal whereas atypical antipsychotics block 5-HT2 receptors with much higher
potency than D2 receptors. Additionally, atypical antipsychotics bind D2 receptors more
specifically in mesolimbic than nigrostriatal system (Meltzner et al.,, 1989). This difference in D2
binding can be at the root of higher level extrapyramidal side-effects first-generation
antipsychotics administration, which bind D2 receptors equally in striatum and in mesolimbic
system (Stockmeier et al., 1993).

Moreover, both, the efficiency and level of extrapyramidal symptoms, are dose-
dependent. According to application dose of drug there is different rate of serotonin and
dopamine receptors occupancy. PET (positron emission tomography) clinical studies of
schizophrenic patients shown that clinical response to classic neuroleptics, in common clinical
doses, is associated with roughly 70% occupancy of the D2 dopamine receptors an level where
EPS emerged, in contrast with atypical neuroleptic administration, in which roughly 50%
occupancy of D2 receptors together with 40% occupancy of D1 receptors were observed with a
much lower incidence of EPS (Farde et al., 1992). Similar results were demonstrated in animal
model (Wadenberg, 1993).

Risperidone (64 766) is one of the second-generation .
antipsychotic drugs (Figure 5) (Leysen, 1988) which has O'I‘.F ‘":i“ﬂ'":}.'?(l
relatively low EPS potencial (Gerlach and Peacock, 1995).
Similarly to other atypical antipsychotics, risperidone mainly

acts as antagonist of 5-HT2 and D2 receptors while showing

RISPERIDONE °

the higher binding affinity for serotonin receptors. None the

less, its D2 affinity is relatively high (in comparison with other
Figure 5. Chemical structure and perspective drawing

second-generation drugs) but still is 20-times lower than  ofthe X-ray structure of risperidone (R 64 766), or 3-{2-
[4-(6-fluoro-1,2-benzisoxazol-3-yl)-1-piperidinyl]ethyl}-
6,7,8,9-tetrahydro-2-methyl-4H-pyrido[1,2-a]pyrimidin-
4-one (Janssen et al., 1988)

5-HT2 affinity (Leysen, 1988). Except these two binding targets
it was observed that risperidone may also block histaminergic

H1 and adrenergic a2 receptors (Janssen et al., 1988).
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2.2.2.2.1 Antipsychotic risperidone in treatment of OCD

There are numerous clinical studies which compare efficiency of classic SSRI treatment
supplemented by individual antipsychotic drugs in OCD. Although not univocal, positive effect of
this treatment method is observed in OCD patients (reviewed in Bloch et al, 2006).
Discrepancies arose probably due to the fact that not every antipsychotic drug is effective in OCD
treatment. The most significant improvement was showed in studies using risperidone and
haloperidol as augmentation therapy to SSRI treatment (Kawahara et al., 2000; Skapinakis et al.,
2007). Results of studies testing this new treatment are complicated by the fact that these
studies work with patients, who did not respond to classical SSRIs or clomipramine
administration, and therefore are not representative of all OCD patients (Ravizza et al.,, 1996;
Hollander and Rossi, 2003).

Interestingly, there is another effect of risperidone application. Administration of
risperidone to patients, with different diagnosis than OCD, may cause appearance of previously
absent OCD symptoms (Alevizos et al, 2002; Lykouras et al, 2003). It was suggested that this
contradictory effect of administration of risperidone can be dependent on high inhibition of

dopamine transport causing serotonin-dopamine imbalance (Duggal, 2003).

2.2.3 Glutamate

The glutamic acid belongs to non-essential amino acids. Glutamate, a salt of glutamic
acid, is the main excitatory neurotransmitter in a brain acting through both ionotropic and
metabotropic receptors. Thanks to activation of ionotropic AMPA and NMDA receptors
glutamate is important for synaptic plasticity mechanism during memory formation and many

other functions (Erecinska and Silver, 1990).

2.2.3.1 Glutamate in OCD

There is mounting evidence that hyperactivity in glutamatergic system is involved in
pathophysiology of OCD. The first suggestive findings were elevated glutamate levels in
cerebrospinal fluid (CSF) and overall hyperactivity in system (Chakrabarty et al., 2005). Further
studies were focused on abnormalities in glutamate related genes in OCD. There are a lot of
genes that can affect function of glutamatergic system, whose deletion or expression inhibition
causes compulsive behaviour in animals. For example SLC1A1, mentioned in first chapter, is
often studied gene for glutamate transporter called excitatory amino acid carrier 1 (EAAC1)

(Dickel et al, 2006). Other research focused on gene variations in GRIN2B, which encodes a
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subunit 2B of glutamate N-methyl-D-aspartate receptor (NMDA). A significant association
between OCD and polymorphisms was found in the 3’ untranslated region of GRIN2B. This
pioneering result needs to be confirmed in a larger sample (Arnold et al, 2004). In animal
studies the other glutamate related gene considered to be involved in OCD codes for a very
familiar scaffolding protein SAPAP3. Deletion of this gene causes silencing of glutamate
transmission via AMPA receptors (Wan et al., 2013) and increases anxiety and compulsive self-
grooming in rats (Welch et al., 2008).

Important parts of research of glutamate role in OCD are clinical studies using riluzole,
which reduces glutamate transmission (Wang et al., 2004). This drug is often used in treatment
of amyotrophic lateral sclerosis, but its positive effect was observed also in OCD patients
(Coric et al.,, 2005; Pittenger et al., 2008). Although riluzole causes improvements in only about
half of patients, these findings are very helpful, because patients in these studies were mostly

resistant to classic methods of treatment.

2.2.4 Other less studied modulators

Thanks to complexity of brain circuits and interactions between specific neurotransmitter and
neuromodulator systems it is not surprising that OCD research also focuses on less extensive
neurotransmitter systems. For example it was found that levels of arginine vasopressin
(Altemus et al, 1992) and oxytocin (Leckman et al, 1994) are elevated in CSF of OCD patients.
Moreover, there are studies which are focused on involvement of parvalbumin, prolactin,
opioids or steroids in OCD pathophysiology (Burguiere et al, 2014). Unfortunately, scarcity of

studies focused on these substances makes these results far from conclusive.

Today, research of neurotransmitter system is essential to our understanding of OCD
pathophysiology. These is a strong evidence of abnormal functioning of dopaminergic,
serotonergic and glutamatergic systems in OCD. Understanding these abnormalities may help to
understand changes accompanying abnormalities in brain structures, brain connectivity and
clarify an exact role of cortical-striatal circuits in OCD. It was proposed that symptom
manifestation vary depending on which brain structures within cortico-striatal circuit are
altered. Many of these brain structures are also important to overall cognitive functioning.
Therefore it is possible that, apart from OCD symptom, alteration within certain region can also
manifest as damage to cognitive function. Indeed, cognitive impairment in OCD is a subject of

numerous studies for many years, but so far these studies presents only mixed results.
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2.3 Cognitive function

Research of OCD symptoms is focused on pathology of the disorder as well as on detailed
cognitive state of patients. There are many cognitive functions studied in patients with OCD in
comparison with healthy controls. Rigidity and inflexibility describes pathology of obsessive and
compulsive behaviour which prompted researchers to question if these descriptions can also be
extended into cognitive domain. Many cognitive functions were tested in OCD patients with
focus on decreased cognitive flexibility. Nowadays there is tendency to develop tests usable for
animal as well as for human subjects, to ensure that the results are interspecies comparable.

The neuroanatomy section described anatomical knowledge of OCD which supports the
inclusion of the frontal-striatal circuits in OCD pathology (see 2.1.2 Neuroanatomy of OCD).
Many of these structures are involved in behavioural flexibility — changing of behaviour based on
changing environment. Today, studies focus mainly on testing cognitive flexibility by reversal
learning and two types of set shifting. Other, less often used, cognitive flexibility tests include
conflict monitoring and error detection, motor response inhibition, decision making,
reinforcement learning by reward and avoidance of risky choices. Cognitive flexibility in many

different forms was associated with OCD symptoms.

2.3.1 Cognitive flexibility

Cognitive flexibility is ability of all successfully living organisms including humans. It
represents the ability to inhibit behavioural or mental response, which is no longer optimal in
the current situation, and to use other alternative behaviour. Decision to change a strategy is
dependent on dopaminergic system, which controls the behaviour through reward or
punishment. It allows responding to new situations and even entirely new environments.
Thanks to cognitive flexibility, we can adapt our behaviour according to changes in environment,

imminent danger or rewarding outcomes.

2.3.1.1 Testing of cognitive flexibility

Cognitive flexibility is tested in three different variations of discrimination tasks
(Figure 6), in which the selection one option from several others is controlled by motivation by
reward or punishment. These tasks include reversal learning, intra-dimensional set shifting (ID)
and extra-dimensional set shifting (ED). The correct solving of these discriminative tasks is
dependent on more capabilities than just flexibility and each of task tests different aspect of

cognitive flexibility: reversal learning task is focused on ability to alter specific stimulus-reward
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association, ID tests the ability to maintain a set of rules and thus successfully shift performance
to novel set of rules of the same dimension and ED is based on ability to alter set of rules and
decide based on completely new rules in a different dimension (Lawrence et al., 1998).

In each of these three tasks, there are two stimuli displayed and a patient’s task is to
choose one of them. The initial rue, after certain sequence of correct answers, is changed
without notice of the patient. The patient has to detect following change and the new relevant
rule using only “right” or “wrong” feedback. Difference between these tasks is in ambitiousness
of degree to which the switch of the rule occurs. In reversal learning, patient needs to switch
response to the second option, which was already presented. In ID shift patient has to select
between two new stimuli but preserve one dimension (one specific parameter of the stimulus:
shape, colour, number), or during ED shift patient needs to change the rule across the

dimensions (Bissonette et al., 2014) (Figure 6).
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Figure 6: Schematic representation of different types of set shifting task between colour and shape.

v represents correct response. One pair of cards represents two options of choices in one trial.

In initial acquisition of discrimination is correct dimension colour (yellow), not shape of objects. The reversal task reverses previously
correct stimuli to second stimulus included in the same stimulus dimension of colour, the correct answer is newly blue colour independently
on shape of stimuli. Intradimensional set shifting task submit completely new exemplars, but the rule of colour is preserved and green colour
is newly correct answer. Extradimensional set shifting task also presents completely new exemplars but at the same time rule changes from
previously correct colour to newly correct shape dimension and ,stick” is the right choice regardless of its colour.
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Reversal learning tasks test a basic form of cognitive flexibility. During acquisition stage
the subject has a task of selecting one of the two presented stimuli to acquire reward. For
example blue colour is the right choice and therefore the subject should choose blue circle when
the second option is yellow circle (or square). The second presented dimension - shape - is
irrelevant. Reversal stage itself starts by switching of the rewarded stimulus to the second,
previously unrewarded, stimulus - yellow colour. Previously rewarded blue colour becomes
irrelevant similarly to the always irrelevant shape dimension (Rolls, 2004; Bissonette et al.,
2014).

The second form of discrimination tasks is the intradimensional set shifting (ID) or in
other words also affective set shifting. ID shift is similar to reversal learning in some aspects. In
this task subject learns that one of the two options is the correct response (for example, one of
two colours) and second dimension (shape) is irrelevant just as in reversal task. But the second
phase of test is indicated by a changing to different options in both dimensions, although still
one of the colours remains a relevant factor. This means that blue and yellow stimuli are
replaced by red and green different shapes, shapes are still irrelevant and subject would only
have to identify which colour is rewarded. ID is concerned with changing rewarded stimulus
within one stimulus dimension (Rolls, 2004; Bissonette et al, 2014).

Much more different is extradimensional set shifting (ED) or attentional set shifting task.
Similarly to ID shift following a successful acquisition stage completely new stimuli are
presented to testing subject. But the difference is that subject attention has to focus on the
second stimulus dimension (for example shape) and be diverted from the previously relevant
dimension (colour). Therefore, new stimuli are presented but also it is necessary to change
discrimination rule and to learn and choose different stimulus dimension. So in our example,
colour is irrelevant from now on and shape of stimulus object is important. The attention to
formerly relevant dimension has to be inhibited and again focused on a new previously
irrelevant stimulus dimension, which is from now important to correct solution (Rolls, 2004;
Bissonette et al., 2014).

ID and ED set shifting are often tested together as IDED set shifting task and in human
psychiatric diagnostics IDED set shifting task is part of the Cambridge Neuropsychological Test
Automated Battery (CANTAB)(Sahakian and Owen, 1992; Robbins et al, 1994). These two
different forms of set shifting were developed from well-known Wisconsin Card Sorting Test
(WCST) (Robinson et al., 1980), which was inherently test of extradimensional set shifting.
WCST is still widely used test today. In WCST there are 60 cards in pack, each card depicting
specific number (one - four) of one of the four symbols (triangle, circle, star and cross) in one of
the four colour (yellow, green, blue and red). None of cards are identical. Four stimulus cards are

placed before patient on the table. The patients have to place cards from pack one by one under
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specific stimulus cards and according to examiner responses (,right” or ,wrong") the patient has
to deduce the correct rule - sorting by either colour, count or shape. When the patient places ten
cards correctly, the examiner changes the sorting rule. The patient recognizes this shift only

based on changed examiner’s responses (Lezak, 2004).

2.3.1.1.1 Analogical testing of cognitive flexibility in animals

Previously mentioned reversal learning and two forms of the set shifting tasks were
modified also for monkeys (Dias et al., 1996), rats (Birrell and Brown, 2000) and mice (Garner et
al, 2006). Similarly to human tests, animal is required to shift an initially learned rule.
Challenging is that these tasks must be adapted to testing animal cognitive flexibility without a
verbal guidance. Animals are motivated during testing by a of food reward or, in some cases, by
avoidance of punishment. Testing designs are adapted based on animal species tested, in
rodents it is studied the ability of association of olfactory and texture stimuli (McAlonan and
Brown, 2003) or easily dissociable visible cues (Chudasama and Robbins, 2003) but in primates
tests can be adapted to their advanced visual and spatial systems (Clarke et al., 2005).

In the common reversal task for rodents, animal is trained to dig for a food reward in
specific material according to previously learned association with odour or texture of bowl-
covering (McAlonan and Brown, 2003). Boulougouris and colleagues (2009) introduced a
reversal learning task for rodents as an operant conditioning in a chamber with two levers, in
which animal gained the sucrose pellets as a reward if animal pressed one lever three times.
More difficult rat reversal training tasks were also developed. For example, visual discrimination
in chambers with touch screen was successfully used in rats (Chudasama and Robbins, 2003).
More cognitively demanding for rats is reversal learning phase of active place avoidance task. In
this task animal must learn to avoid certain sector in rotating arena to avoid a mild electric
shock and during reversal learning, this location is rotated 180 degrees (Lobellova et al, 2013;
Hatalova et al,, 2014).

Animal testing of ID and ED are very similar to previously mentioned testing of reversal
learning. In rodents, many tasks are based on association of odour with specific material on the
mat that indicates a location of reward (Birrell and Brown, 2000; Garner et al.,, 2006). Primates
are tested using touch screen and they must learn to discriminate only between visual stimuli
(Walton et al,, 2010). ID and ED tasks often follows reversal phase and all of these three stages

are tested together in IDED testing battery manner.
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2.3.1.2 Neuroanatomy of cognitive flexibility

Studies focused on basis of cognitive flexibility found several structures allegedly
involved in different types of this cognitive ability. Number of these structures is discussed in
connection with brain circuits, which are considered to be an anatomical background of OCD.
These include OFC, basolateral amygdala and striatum.

Orbitofrontal cortex is most often associated with cognitive flexibility. Involvement of
OFC was studied in humans (Hornak et al, 2004), monkeys (Clarke et al, 2008) as well as
rodents (McAlonan and Brown, 2003) and results show direct connection between functional
OFC and successful reversal learning. Except OFC also involvement of striatum is also discussed
as a possible important element in reversal learning. Lesion of medial striatum as well as OFC in
marmosets caused perseverative behaviour in primates and in rats (Clarke et al, 2008;
Ghahremani et al., 2010). Lesion of cholinergic interneurons in striatum affects ED set shifting,
while does not affect reversal learning (Aoki et al., 2015) Also, there is some evidence that lesion

of basolateral amygdala disrupts reversal learning (Schoenbaum et al,, 2003).

2.3.1.3 Cognitive flexibility in OCD patients

There are many overlaps between brain structures involved in mediation of cognitive
flexibility and those in cortico-striatal circuits involved in pathophysiology of OCD. Indeed,
repetitive and perseverative acts and invariable strict rules suggest involvement of dysfunction
of cognitive flexibility in OCD pathophysiology. Even if the results are not convincing for all of
tests, results suggest abnormalities in cognitive flexibility in OCD patients. It appears that during
reversal testing, patients with OCD show longer delay to response, and abnormal activation of
OFC. Deficits in OCD patients were observed also during ED and ID set shifting tasks.

OCD patients did not show any performance deficit compared with healthy controls
when subjects were alerted to changing rules (Fenger et al, 2005) as well as in tests without
notice to changing rules (Remijnse et al, 2006). However, both of these studies found out a
longer response delays in patients compared to controls. Patients probably need more
processing time to orient themselves to new situation after rule change. Although the results did
not show the behavioural difference in solving tasks, observed changed recruitment of
orbitofronto-striatal circuit points to change in cognitive processing of these tests (Remijnse et
al, 2006).

Chamberlain and col. (Chamberlain et al., 2006) found out impaired cognitive flexibility
at a time when was necessary to shift attentional focus on newly relevant stimulus dimension in
extradimensional shift task. The same stage of test was critical for OCD patient also in other

studies (Okasha et al, 2000; Watkins et al, 2005; Tiikel et al, 2012). Another study found
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impairment of cognitive flexibility only in ID stage (Veale et al., 1996). Nevertheless although set
shifting deficits were found in many cases, other studies were unable to find differences between
OCD patients and heathy controls in cognitive flexibility requiring tests (Abbruzzese et al., 1995;
Purcell et al., 1998; Henry, 2006).

Cognitive flexibility complex and its research is not simple, but there are many options to
test it, which, on the other hand, does not allow for comparability of the findings. Also, reversal
tasks may be too simple in comparison with animal test analogues. Simplicity of reversal
learning is sometimes criticized for their low ability to detect reversal deficits in patients

(Hatalova et al., 2014).

2.3.2 Response inhibition

Another form of flexible behaviour is an ability to stop previously automated action. This
ability is also a part of reversal and other learning tasks in which it is important to withhold
previously learned response to correctly solve the task.

Logan and col. introduced the model of the reaction time task, where the stop signal
presented. In this task, subjects respond to visually presented letters by pressing one of two
buttons. When the infrequent stop signal is presented, subjects should stop pressing the button
(Logan et al.,, 1984). This stop-signal task explores the development of inhibitory response. Time
required to stop an action and structures involved in this cognitive mechanism are most
common output variables. Based on similarities with inhibition during discriminative tasks,
there were studies looking for brain activity in the same structures as during reversal and set
shifting tasks. However, Ghrahremani and colleagues (2010) suggested that inhibitory reaction
is a distinct brain processes. The main role was ascribed to right inferior frontal cortex (Aron et
al, 2003; Buchsbaum et al, 2005). Involvement of other structures including temporal and
parietal cortices, anterior cingulate cortex, basal ganglia and cerebellum was also detected
(Godefroy et al., 1996; Rubia et al., 2001; Horn et al., 2003; Aron et al., 2004).

Disruption in response inhibition can manifest as susceptibility to motor or mental
repetition or perseveration, which are words also describing symptoms of obsessive-compulsive
disorder (Chamberlain et al, 2005). Testing of OCD patients again demonstrated slower
response time, but the total number of errors did not differ from healthy controls (Watkins et al.,

2005; Chamberlain et al., 2006).
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2.3.3 Conflict monitoring and error detection

Error detection and conflict monitoring play important role in fear of ours own mistakes
and awareness of ours errors, which may affect our lives. Ability to realize one’s own mistake
make these two processes closely related to response inhibition. It was proposed, that in OCD
this fear of error is a driving force of obsessive thoughts (Pitman, 1987).

Testing error detection is based on conflict between automatic reaction and reaction
required to successfully solve a task. The Stroop task is the best known example for assessing
this capability. In this test there are words for colour names written in different colour fonts (for
example the word “red” written in green font). The name of word is dominant response, but the
task requires saying aloud a colour of the word font (Deckersbach et al, 2000). This ability is
dependent on dorsal medial frontal cortex including anterior cingulate and associated motor
cortices (Tiikel et al., 2012).

Overactive error detection and conflict monitoring, were associated with OCD pathology
because of often reported feeling "something is wrong” by patients (Abbruzzese et al, 1997).
Compulsions are than visible consequences of such concerns, patient’s attempts to reduce
conflict signals or to correct presumed errors. Indeed, the OCD patients have increased response

times when solving Stroop test than healthy controls (Tiikel et al., 2012; Stern and Taylor, 2014).

Previously mentioned cognitive functions are not the only ones which are studied in OCD
patients. OCD patients were also tested on cognitive capabilities such as attention, planning and
decision making and working and long term memory. Specific tasks are used alone or within
testing batteries. Results of these studies are not often conclusive. For example, some studies
observed deficit in form of slower responses in attention in OCD patients (Jurado et al., 2001;
Tiikel et al., 2012) but other did not (Moritz et al, 2002). However, it is possible that slower
performance during attention tasks dependent on current treatment with SRIs (Moritz et al,
2002). Another common part of cognitive testing of patients is testing of planning using Tower
of London and Tower of Hanoi tasks. Most of studies did not showed any significant differences
in planning between OCD patients and controls in classic parameters except longer latencies to
make a choice (Veale et al., 1996; Rowe et al., 2001; Bohne et al, 2005; Cavedini, 2009). Memory,
both long term and short term, is a very important cognitive function. The ability to store new
memory seems to be unaffected but several studies found impairment in recall (Deckersbach et
al, 2000; Kim et al., 2002). Observed memory deficit could have been caused by difficulties in
the use of organizational strategies when patients are focused on irrelevant details during
testing (Deckersbach et al, 2000). Although OCD patients appear to be impaired in many
cognitive domains, results remain at this time very inconclusive, sometimes even mutually

exclusive.
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In conclusion, recurrent result from many different cognitive tests suggests slower
response times of OCD patients. This may be caused by anxiety of patients not to make a mistake
(Stern and Taylor, 2014), or because task is in fact more demanding for patients than for control
subjects. It is possible, that to observe actual mistakes in OCD patients in these tasks, they have
to be more cognitively demanding, or time constrained. Testing of cognitive may be affected by
many factors. Contradictions and conflicting results between studies can be influenced for
example by different manipulation of neurotransmitter system by having patients treated with
different antidepressants or antipsychotics. It was found that intervention in serotonergic
system may change cognitive functions (Meneses, 1999). Moreover, findings can be affected by
different comorbidities. For example it was found that comorbid depression in OCD patients
contributes to cognitive deficit (Moritz et al, 2001). Some cognitive and other symptoms or
research of neuronal background of disorders are not possible to study in patients, due to
aforementioned variability in patients or, importantly, ethical viewpoint. This research area
reaps benefits from animal studies. In such cases valid animal model is very advantageous for

scientific research.
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2.4 Animal model of obsessive-compulsive disorder

Animal models of psychiatric disorders are a very useful tool to study many facets of
neuropsychiatric diseases. Novel treatments, hypotheses about causes and neurological
substrates all can be tested more readily in an animal model. Apart from the impossibility of
sacrificing human subjects during the research if needed, the main advantage of animal models
lies in sheer numbers of animals with no comorbidities - or at least with homologous ones.
Disadvantage lies in a fact that many aspects of mental disease occur only in the mind - which
becomes tricky when it comes to looking into thinking of a rat. What is left is an inference of
a mental state of an animal from its behavior.

Animal model usually does not mimic real disease in all of its aspects. Aspects of
a disease which animal model mimics were characterized by Willner in 1986. He called them
validities - set of criteria in which animal model is similar or same to a real disease. These can be
divided into three categories: face, construct and predictive (Willner, 1986). Face validity
corresponds to observable behavioral homologies; construct validity corresponds to
involvement of the same brain structures and neurotransmitter systems and includes similarity
in cognitive deficits (Albelda and Joel, 2012); lastly, predictive validity corresponds to
predictability of the treatment outcomes. To this date this division is useful in describing an
animal model although some refinements of these criteria were presented as well (Belzung and

Lemoine, 2011).

2.4.1 Quinpirole induced compulsive checking

Animal models developed for examination of obsessive-compulsive symptoms are
induced by genetic changes, behavioral manipulation, intervention in neonatal development or
pharmacological administration of drugs. All animal models of OCD have in common
manifestation of wide range of stereotypical behaviors by animals. These behaviors are regarded
as analogues of human compulsions. Unfortunately, second equally important aspect of disease,
obsessive thoughts, cannot be observed in any animal model. One of pharmacological animal
models of obsessive-compulsive disorder - quinpirole induced animal model of compulsive
checking - induces behavior that is most similar to human compulsive checking rituals.

Administration of quinpirole, the agonist of dopaminergic D2 and D3 receptors was
observed to model of OC symptoms in 1998 by research group of Prof. Szechtman (Szechtman et
al, 1998). Uniqueness of this animal model lies in modeling one concrete form of OCD symptom
- obsessive checking. Since it is challenging to directly compare human and animal behavior, set
of ethological criteria of compulsive behavior was devised by Prof. Szechtman. These criteria can

describe both animal and human behaviour in ethological terms: First, there is one or two
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particular (key) places/objects to which the subject returns excessively more often than to other
places/objects in the subject’s living place. Second, these particular places/objects are visited
more often than to others. Third, limited count of places is visited in between returns to the key
places/objects. Fourth, a characteristic set of acts is performed at the particular place/object.
Fifthly, set of acts is dependent on particular places/objects and it is changed when the
environmental properties of the places/objects are altered (Szechtman et al, 1998). All these
five criteria were shown to be true for both OCD patients and animals sensitized with QNP.
When quinpirole sensitized animal is repeatedly placed in an open field with several
(usually four) objects placed at fixed locations, it quickly pays attention to only selected few
(usually two) objects and a "home base", a corner where animal returns most often (Szechtman
et al, 1998)(See figure 7 acquired from personal
communication). Animal visits comparatively smaller
number of available objects more often, analogous to
a patient who during checking focuses on checking
mostly objects of his obsession. Similarly, patient can

withhold checking behavior, but eventually will

resume checking when his/her willpower wanes. If
home cage is placed in the open field arena where
animal conducts its checking behavior, it remains in

the home cage for a while before coming out to

resume checking activities again (Zor et al, 2011).

Figure 7: Open-field table used in original study of
animal model quinpirole-induced compulsive
checking. Movement of rats between four different
objects on the table is recorded by camera (required
behavior in environment outside their usual checking  from personal communication with Prof. Henry

Environmental dependence can be readily observed
in patients where they can withhold compulsive

i Szecht
environment (e.g. home). zechtmann)

2.4.1.1 Validity of quinpirole sensitization as an animal model of OCD

The quinpirole model of OCD has high face validity, predictive validity and some
constructive validity. High face validity is due to the above mentioned striking resemblance
between behaviour of animal sensitized by quinpirole and of patients suffering from.
Additionally, OCD behaviour is often described as perseverative (Yadin et al., 1991). This type of
behaviour was observed in spontaneous alteration in T maze (a natural tendency of animal to
enter a different arm of a maze on a next trial) where quinpirole sensitized animals alternated

much less than control animals (Einat and Szechtman, 1995).
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Animals sensitized by quinpirole are also similar in their treatment response to OCD
patients: hence have a good predictive validity. First of all, quinpirole checking is attenuated
when clomipramine is coadministered with quinpirole (Szechtman et al., 1998). Clomipramine
treatment is effective in only about 50 % patients (Leonard et al, 1989), which may mean that
quinpirole compulsive checking models only specific form of disorder sensitive to clomipramine.

Additionally, clomipramine is also effective in preventing another type of OCD related
behaviour in quinpirole sensitized rats - contrafreeloading (De Carolis et al, 2011). This term
describes a natural phenomenon where animal chooses to work for a reward instead of choosing
a freely available source (Jensen, 1963; Koffer et al, 1971). In an excess, contra-freeloading is
considered as a manifestation of compulsive behaviour (De Carolis et al., 2011). In this paradigm
water deprived animals are at first trained to press the lever to receive a small amount of water.
This part is called operant conditioning phase. This phase is followed by a choice phase where
animals are offered water by means of lever pressing and from freely available source.
Quinpirole sensitized animals chose to obtain water significantly more by means of lever
pressing compared to saline treated animals. Also, quinpirole sensitized animals did not drink all
water they obtained but actually drank less water than saline treated animals. This suggested
that increased lever pressing was not driven by increased thirst. Contrafreeloading and
hypodipsia was not attenuated by coadministration of D2/D3 inverse agonist haloperidol or
dopamine stabilizer aripiprazole. On the other hand clomipramine in dose of 10 mg/kg was
effective in reducing both contrafreeloading and hypodipsia to the level of control treated
animals (De Carolis et al., 2011).

Secondly, nicotine was shown to reduce compulsions in OCD patients (Salin-Pascual and
Basafiez-villa, 2003; Lundberg et al., 2004) as well as in quinpirole checking animals (Tizabi et
al,2002).

High frequency stimulation (HFS) is another method of OCD treatment, especially in
treatment resistant patients (Nuttin et al, 1999; Sturm et al, 2003; Greenberg et al., 2009). Main
target structures in OCD patients are anterior limb of the internal capsule, nucleus accumbens,
ventral capsule/ventral striatum, subthalamic nucleus (Kohl et al., 2014). Of these, HFS of NAC
and subthalamic nucleus (STN) was tested in quinpirole sensitization model of OCD. HFS of
nucleus accumbens (NAC) shell and core decreased checking behaviour in quinpirole sensitized
rats (Mundo et al, 2000). High frequency stimulation subthatamic nucleus also decreased
checking behaviour in quinpirole sensitized rats (Winter et al, 2008). Lesion studies revealed
that lesion of NAC increases checking behaviour in saline treated rats to alevel of quinpirole
treated rats, while NAC lesion has no effect on quinpirole sensitized rats (Dvorkin et al, 2010).
This suggests that quinpirole exerts it effect on checking behaviour via inhibiting NAC. However,

recent study showed that lesion of NAC does not prevent development of compulsive checking in
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quinpirole treated rats, it just reduced the speed by which checking develops (Ballester Gonzalez
et al., 2015). HFS of NAC and subthalamic nucleus, similarly to positive effect of clomipramine
and nicotine on compulsive checking in quinpirole treated animals support predictive validity of
this animal model.

Constructive validity of quinpirole induced animal model of OCD is supported by
involvement of D2 dopamine receptors, involvement of striatum but is hindered by lack of
evidence of OFC involvement. Additionally, reduced cognitive flexibility helps to strengthen
constructive validity of the model.

Current animal model is based on sensitization of D2 receptors with D2/D3 agonist
quinpirole. Following sensitization, changes in striatal structures were observed in QNP treated
animals. Increased of D2 receptor binding (Culver et al, 2008) and decrease of glucose
utilization was observed in NAC after sensitization with quinpirole, but, importantly, not after
acute treatment with QNP (Carpenter et al, 2003). Another brain region of interest in OCD is
orbitofrontal cortex. Interestingly, lesion of OFC has no effect on checking behaviour in
quinpirole sensitized animals (Dvorkin et al., 2010). This is very interesting in a light that HFS of
NAC has an inactivating effect on OFC (McCracken and Grace, 2007) and quinpirole is thought to
have also an inhibitory effect on NAC (Dvorkin et al., 2010). Lack of effect of OFC lesion detracts
from the constructive validity of this animal model since OFC hyperactivity is considered as one
of the most prominent intermediate phenotypes of OCD (Ursu and Carter, 2010).

Cognitive impairments, if associated with the psychiatric disease, are also considered
intermediate phenotypes and therefore, if present in animal model, can support model’s
construct validity. Although sparse, there were several studies observing similar cognitive
impairment in quinpirole treated animals as are observed in OCD patients. Spontaneous
alternation was decreased in quinpirole treated rats (Einat and Szechtman, 1995) as well as
defect in reversal learning (Boulougouris et al., 2009; Hatalova et al., 2014). These findings also

suggest involvement of D2/D3 receptors in flexible behaviour.
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3 AIMS OF THE THESIS AND FORMULATION OF EXPERIMENTAL QUESTIONS

@ s it possible to reproduce deficit in cognitive flexibility in reversal task in Carousel maze

as it was observed in previously study?

® s deficit in cognitive flexibility observed in Carousel maze sensitive to antidepressant
(clomipramine) treatment as it was observed in compulsive checking symptoms in open

field in original study of Szechtman (Szechtman et al., 1998)?

® Is co-application of clomipramine and antipsychotic drug risperidone helpful in
alleviation of detected cognitive deficit in quinpirole animal model of obsessive-

compulsive disorder?
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4 EXPERIMENTAL METHODS

4.1 Animals

Adult male Long-Evans rats aged 11-15 weeks from breeding colony of the Institute of
Physiology AS CR were used with a start body weight of 300-400 g. Animals were housed in
transparent plastic cages, four animals per cage. Animals were housed on a 12-h light cycle
(lights on at 6 a.m.) at stabile temperature of 22 °C and humidity of 50 %. Animals had a free
access to water and to standard laboratory chow pellets. Experimental procedures were
conducted during the light phase and animals were assigned into groups in pseudorandom
manner, so each group had a roughly same average body weight at beginning of experiments.
Upon arrival, animals were handled for 2 minutes daily for a week. All animal care was in
accordance with the Animal protection Code of the Czech Republic and a corresponding

directive of the European Community Council on the use of laboratory animals (2010/63/EC).

4.2 Chemical substances and regime of their application

Quinpirole hydrochloride (QNP, Sigma-Aldrich, Czech Republic, Cat. No. Q102), D2 and
D3 agonist, was diluted with saline (0.9% NacCl, Sal) to the concentration 0.5 mg/ml. Each animal
received QNP (0.5 mg/kg) by subcutaneous injection 30 minutes prior to the behavioural
testing.

Clomipramine (CMI, Sigma-Aldrich, Czech Republic, Cat. No. C7291), a tricyclic
antidepressive drug, was diluted with saline to the concentration 10 mg/ml. Administered dose
of clomipramine was 10 ml/kg intraperitonealy 1.5 h prior to the behavioural testing.

Risperidone (RIS, kindly supplied by IOCB), atypical antipsychotic drug, was dissolved in
a drop of acetic acid and diluted with saline to 0.25 mg/ml concentration. Administered dose
was 0.25 ml/kg 1.5 h prior to the behavioural testing.

All animals (total n = 68) were divided into one of six groups based on future treatment
regime: saline treated control group (0.9% NacCl, Sal, n =10), quinpirole treated group (Qnp,
n=16), clomipramine treated group (Cmi, n= 9), group treated by combination of quinpirole and
clomipramine (Qnp/Cmi, n=11), group treated by combination quinpirole and risperidone
(Qnp/Ris, n=11 ) and the last one group treated by combination of quinpirole, clomipramine and
risperidone as well (Qnp/Cmi/Ris, n=11). Drugs were administered according to schedule, 30
minutes (QNP and SAL) or 1.5 h (CMI and RIS), before actual behavioural testing in Carousel

maze.
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4.3 Experimental apparatus- Carousel maze

Carousel maze is an apparatus for testing active allothetic place avoidance (AAPA), it is a
tool to study working memory, long term episodic memory, cognitive coordination and cognitive
flexibility. Successful solving of this task is hippocampally dependent. Apparatus is an elevated
circular metal arena (diameter 80 cm) surrounded by 60 cm Perspex wall (Figure 8). The wall
has conical shape and is adapted to prevent the escape of rats. Transparency of the material
allows orientation of animal on arena based on external cues in the experimental room. The
movement of animal is recorded by a camera, which is suspended from the ceiling above the
arena. For better visibility of animal movement in dimly lit room, camera records infrared light
from led diode, which is placed on an animal’s back.

During arena rotation (about 1rpm), tracking system evaluates location of animal
relative to the room coordinates and relative to the arena itself based on a position of led diode
placed on the edge of the arena and another on an animal (Figure 9). AAPA task is based on
presence of the invisible shock sector 60 ° (in this task stable in room coordinates, therefore
does not rotate with the arena), which is defined in the computer software iTrack (Bio-Signal
Group, DE, USA). If the camera captures an animal movements in this putative sector, animal
receives a mild electrical shock (0.2 mA - 0.6 mA) through subcutaneous needle attached on the
nape of its neck (Figure 10). A mild shock was titrated to motivate an animal to escape, but not to
elicit freezing or other inappropriate escape reaction (like jumping). This form of punishment is

administered automatically every 3 seconds up to the time an animal leaves the shock sector.

Figure 8: Carousel maze

Figure 9: Laboratory rat carrying mounted
diode

Figure 10: Subcutaneous
needle chip attached on
the nape of rat

Coordinates of animal movement are processed by complementary software
TrackAnalysis (Bio-Signal Group, DE, USA) into many different parameters of its movement.
These parameters include number of entrances to forbidden sector, total number of shocks,

maximum time of avoidance or time to first entrance, total walked distance and speed.
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4.4 Experimental procedure

Experimental design has three principal phases: habituation with sensitization,
acquisition and reversal phase. The first phase - habituation and sensitization - took place in 10
sessions (HAB1-HAB10) and the procedure was performed every other day. Every session in
rotating Carousel maze was 30 minutes long (same as subsequent acquisition and reversal
testing). During habituation the shock sector was not active. Animals got used to the new
environment and because of administration of drugs prior to every session in maze according to
group assignment (see regime of drug application). Brain dopamine receptors were sensitized in
animals where QNP was a part of a treatment regime. The duration of habituation length is given
by minimal number of quinpirole application before animals develop compulsive checking
symptoms in open field maze (Szechtman et al, 1998). In carousel maze, sensitization process is
recognizable by increased locomotion.

Habituation was followed by five acquisition sessions (ACQ1-ACQ5). 24 h prior the first
acquisition session subcutaneous needle was attached on the rats’ nape, to carry electrical
current. This time, in the Carousel maze, there was a defined the shock sector on the north side
of arena. Every session took again 30 minutes, every other day. When a rat entered the shock
sector it was administered mild electric shock, which motivated animals to learn the position of
shock sector and subsequently avoid it. After the fifth acquisition session only animals which
entered to sector ten times and less during the last session, were selected to advance to the next
phase of experiment, the reversal. Threshold of ten entries was empirically established to signify
that animal successfully avoided the shock sector. It was essential that only animals that learned
the acquisition entered a reversal phase. The reason is that animal cannot reverse learns learned
rule if it was unable to learn it in the first place.

In following reversal phase of experiment, the shock sector was rotated by 180 degrees -
to the south side of arena. This phase included 3 sessions every other day (REV1-REV3), each

30 minutes long same as previous sessions.
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4.5 Parameters used and statistical analysis

Although in Carousel maze there are many parameters which can be analysed, for
example number of entrances into shock sector, total number of shocks, time to first entrance,
time spend in specific sectors, thigmotaxis or maximum avoidance time, our statistical analysis
is focused only on entrances into shock sector. This parameter most straightforwardly reflects
the ability of learning during acquisition and reversal learning after shock sector relocation.
Time to the first entrance is another important parameter which reflects between the session
memory. None the less, number of entrances will be used as a parameter for the main analysis,
because analysis of more parameters could result in increase of chance findings.

Statistical analysis of all the collected data was performed using SPSS program (SPSS Inc.
Released 2008. SPSS Statistics for Windows, Version 23.0. Chicago: SPSS Inc.). Acquisition phase
and reversal learning were analysed and interpreted separately.

Normality was tested by Shapiro-Wilk test and homogeneity of variances by Levene’s
test. If data did not have normal distribution or variances were not homogenous, appropriate
transformation was used. When data distribution met parametric assumptions they were
analysed using two way repeated measures ANOVA, which investigated effect of session, (testing
whether individual session differs from each other), effect of treatment (testing whether any
group of rats receiving one type of drug differ from another group), and interactions (which
tested it groups displayed different response trend). When appropriate, planned comparisons,

simple effect analysis and Hochberg’'s GT2 and REGWQ post hoc tests were used.
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5 RESULTS

5.1 Comparison of learning abilities of QNP and control rats with previous

results

First of all, we decided to check if these findings reproduce our previous study and
compared number of entrances only between control and quinpirole group in both acquisition
and reversal stages of experiment. In the previous study difference between these two groups
was not found in acquisition. In reversal phase quinpirole sensitized rats showed a significant

but transient impairment of learning (Hatalova et al,, 2014).

5.1.1 Acquisition analysis of number of entrances into the shock sector

Values of entrances from acquisition were not normally distributed and variances were
homogeneous. Exploration of box plots revealed a positive skew and therefore the logarithmic
transformation was selected to adjust normality of data. Unfortunately, data from ACQ5 session
of control animals did not reached normal distribution (df = 10, p = 0.27), which was caused by
high kurtosis due to highly uniform values in control group with a total of single entrance during
last acquisition day. Moreover, one outlier was found in fifth day of acquisition in control
animals, but no problem in session performance or irregularities in data were not found and
therefore there is no reason for deletion of this outlier observation. Cautiously, we proceeded
with parametric testing, risking type 2 error.

Two way repeated ANOVA revealed, that overall, control group had significantly less
entrances than quinpirole group F (1,22) = 10.845, p = 0.003. Also, an effect of session was
significant F (4,88) = 65.012, p < 0.001. Planned contrasts revealed significant decrease of
number of entrances between each consecutive two sessions except between sessions ACQ3 and
ACQ4 (ACQ1/ACQ2 F (1,22) = 41.441, p < 0.001, ACQ2/ACQ3 F (1,22) = 24.707, p < 0.001,
ACQ3/ACQ4 F (1,22) = 3.344, p = 0.081, ACQ4/ACQ5 F (1,22) = 13.347, p = 0.001). Effect of
interaction was not significant F (4.88) = 1.836, p = 0.129. Results are shown in Graph 1. Current
experiment therefore did not confirm lack of difference between quinpirole and control group in

acquisition learning (Hatalova et al., 2014).
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Graph 1: Comparison of number of entrances into the shock sector between control group of animals
(Sal) and quinpirole group of animals (Qnp) during both acquisition and reversal learning. Animals
receiving QNP had a greater number of entrances during all acquisition sessions together compared to
control group. Also in the first reversal session Qnp group showed significant worse performance than
control group. The average number of entrances is completed showing a standard error of the mean

(SEM). * denotes a significant difference from a control group at p < 0.05

5.1.2 Reversal analysis of number of entrances into the shock sector

Data from reversal learning stage of experiment were also not normally distributed and
in addition variances were not equal. Logarithmic transformation corrected both of these issues.
Two way repeated ANOVA showed significant effect of session F (2,34) = 16.270, p < 0.001
which was followed by testing of planned contrasts which shown a significant decrease in
number of entrances between each consecutive pair of sessions (REV1/REV2 F (1.17) = 11.276,
p = 0.004, REV2/REV3 F (1,17) = 6.913, p = 0.006). Effect of treatment did not demonstrate a
significant difference F (1,17) = 0.445, p = 0.514. However, there was a significant interaction
between session and treatment F (2,34) = 5.164, p = 0.011 and therefore simple effect analysis
was used and found significant higher number of entrances of QNP group F (1,17) = 8.34,
p=0.010 in first reversal session but lack of difference into subsequent reversal sessions.

Results are shown in Graph 1.
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5.2 Statistical analysis of all treatment groups
5.2.1 Analysis of entrances during acquisition

Again, two way repeated measures ANOVA was used to compare all treatment groups.
Data from entrances during acquisition of experiment were not normally distributed and were
not homogeneously distributed. Therefore logarithmic transformation was used to correct
normality, but data of control group and group Qnp/Cmi/Ris in session ACQ5 remained non-
normal distributed. We did not find a transformation which was able to correct normality in
these groups. Since, from the observation of boxplot graphs, the deviation from normality was
not extreme, two way repeated measure ANOVA was used. ANOVA showed a significant effect of
treatment F (1,59) = 941.880, p = 0.019. Hochberg’s post hoc test revealed significant difference
only between control group and group of rats which received combination QNP/CMI (p = 0.038).
Also, an effect of session was revealed F (4,236) = 101.599, p < 0.001. Following repeated
planned contrasts were significant in each set of comparisons (ACQ1/ACQ2 F (1,59) = 92.862,
p < 0.001, ACQ2/ACQ3 F (1,59) =14.513, p < 0.001, ACQ3/ACQ4 F (1,59) = 5.899, p = 0.018,
ACQ4/ACQ5 F(1,59)=20.530, p < 0.001). The effect of interaction was significant
F (20.236) = 1.741, p=0.028 but following planned contrasts did not reveal any significant
differences there. Detailed simple effect analysis explained this interaction by differences
between groups in first session F (5,59) = 2.25, p = 0.061 of acquisition and in the fifth session
F (5,59) = 4.81, p = 0.001. Hochberg’s post hoc test of the first acquisition session revealed worse
performance of QC group compared with QCR group (p = 0.039). And in data from the fifth
session Hochberg’s post hoc test revealed worse performance of Qnp/Ris group (p = 0.038), Cmi
group (p = 0.015) and Qnp/Cmi group (p = 0.001) each compared to control group of animals.

Some animals, apart from those that were excluded because acquisition criterion
(n =16), were excluded due to jumping on the walls or even out of arena desperately trying to
escape (n=7). These individuals were taken out of experiment, as not to cause them more
distress, and their records were not statistically analysed because their movements were
dependent on rotating of arena and they did not get shocks correctly. Their counts and group
memberships were recorded. Heightening of the plexiglas wall surrounding the arena in
subsequent animal runs corrected the problem.

All data from acquisition were included in statistical analysis but results from reversal
learning were processed without two entire group of rats, one which received only
clomipramine and the second which received a combination of QNP/CMI. Clomipramine group
of animals was included in the experiment due the need to exclude possible effect of
clomipramine alone on memory and learning itself. Statistical analysis of acquisition learning
did not demonstrate such outcome. For that reason clomipramine group was no longer to

necessary to have this group in experiment in reversal learning phase. The second, group
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receiving a combination of QNP/CMI had worse performance with higher number of entrances
and therefore, too few animals met the criterion of ten entrances (n = 4) to correct statistical

analysis of their reversal learning.
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Graph 2: Comparison of number of entrances into the shock sector between all treated groups of
animals during acquisition only. Throughout all sessions together group of animal receiving
combination Qnp/Cmi was significantly worse in comparison with control group. Moreover in the first
session Qnp/Cmi group had worse performance than group receiving full combination of Qnp/Cmi/Ris.
Also there were other significant differences between Cmi group, Qnp/Ris group and Qnp/cmi group
always in comparison with control group. The average number of entrances is completed showing a
standard error of the mean (SEM). * denotes a significant difference from a control group at p < 0.05.

# denotes a significant difference from a Qnp/Cmi/Ris group at p < 0.05.
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5.2.2 Analysis of entrances during reversal phase

Data from reversal learning were not normally distributed, but after logarithmic
transformation normality was achieved. Two way repeated measure ANOVA was used for on all
remaining groups. Effect of session was significant F (2,66) = 46.081, p < 0.001, with planned
comparisons showing a significant difference between REV1 and REV2 session
F (1,33) =38.297, p<0.001 as well as between REV2 and REV3 session F (1,33) = 19.774,
p < 0,001. Surprisingly, effect of treatment was not significant F (3,33) = 0.296, p = 0.828,
indicating that there was no difference in reversal performance between the groups. However,
effect of interaction was significant F (6,66) = 2.817, p = 0.017. Simple effect analysis explained
this interaction by the difference between tested animal groups during first reversal session
F (3,33) = 3.89, p = 0.017. Detailed dissection of results using Hochberg’s post hoc test revealed
that significant difference in first reversal session is caused by higher number of entrances of

QNP group compared to control group (p = 0.017).
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Graph 3: Comparison of number of entrances into the shock sector between all treated groups during
reversal only. In the reversal phase of experiment there was only one significant impairment of group of
animals receiving quinpirole alone compared with control group. The average number of entrances is
completed showing a standard error of the mean (SEM). * denotes a significant difference from control

group atp < 0.05.
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6 DISCUSSION

The cognitive flexibility is an important ability of all animals including humans. Findings,
which showed deficits in cognitive flexibility in patients suffering obsessive-compulsive
disorder, sparked a wave of new studies focused on these predispositions in OCD patients and
also in animal models. Currently, cognitive flexibility is considered to be an inseparable from
OCD and, if present in an animal model, it contributes positively to its validity. Quinpirole
sensitization rat model of compulsive checking was also verified this way. Our previous results
showed a significant deficit in cognitive flexibility in reversal task in Carousel maze (Hatalova et
al, 2014). Current study can be considered its extension.

The first objective of this study was to replicate previous results. For this purpose the
ability of acquisition and reversal learning of quinpirole sensitized rats was compared with
control rats alone. The number of entrances by rats into the shock sector was analysed as
a measure of their ability to learn. Current results show a difference between control group of
animals and quinpirole group in number of entrances during acquisition phase of experiment.
This result is inconsistent with previous finding which did not find a difference in acquisition
learning between groups (Hatalova et al., 2014).

Surprisingly main analysis of reversal learning of control animals and QNP animals did
not reveal any difference between control and quinpirole sensitized animals during all reversal
sessions together. However, from the graph it is apparent that control group had a better initial
performance but did not improve in following sessions, whereas quinpirole sensitized animals
had worse initial performance but improved throughout two following reversal sessions. This
accounted for lack of apparent difference between groups. This assumption was confirmed by
a significant interaction and following simple effect analysis. This analysis showed a significantly
better performance of control group in first reversal session and trend towards superior
performance of quinpirole group in third reversal session. Similar result of stable performance
of control animals with not much improvement during reversal sessions compared with steep
improvement of performance of quinpirole group was already observed in the previous study
(Hatalova et al, 2014). To conclude, even though QNP animals demonstrated worse
performance than control group in reversal learning, cognitive flexibility deficit cannot be

confirmed because of impaired learning observed in acquisition.

The main part of analysis included all acquired data from all treated groups of animals.
The analysis of acquisition learning sessions found impaired performance only in animals
receiving QNP/CMI compared with a control group. Additionally, detailed analysis of individual
sessions revealed differences between groups in the first acquisition session and the fifth (last)

acquisition session. In a first day of acquisition animals receiving QNP/CMI made more
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entrances compared to group treated by combination QNP/CMI/RIS. More importantly, other
three groups - QNP/RIS, CMI, and QNP/CMI - were impaired compared to control group in the
last reversal session. To note, when all groups were included in an analysis, there was no
difference between quinpirole sensitized animals and a control group anymore. From these
results it appears that not only animals receiving the combination of quinpirole and
clomipramine have damaged learning. None the less, QNP/CMI group was the only one that had
more entrances than control group in overall performance which suggests it is the worst
performing group. Moreover, this group could not be analysed in reversal learning because only
four animals met the criterion of less than 10 entrances into the shock sector in the last
acquisition day. According to visual inspection, administration of combination of clomipramine
and risperidone administration to animals treated with quinpirole tended to produce a better
performance of acquisition learning than QNP administration alone. This would agree with
clinical studies revealing better treatment outcomes of using risperidone co-application with
antidepressant treatment (Kawahara et al., 2000; Skapinakis et al, 2007). However, our study
did not find this trend significant.

Significantly worse performance of animals receiving clomipramine in addition to
quinpirole was surprising because former reports described that the clomipramine can reduce
compulsive behaviour both in clinical studies in OCD patients (Cartwright and Hollander, 1998;
Fineberg et al, 2012) and in quinpirole animal model studies (Szechtman et al, 1998). For this
reason it is surprising that our finding did show impaired acquisition learning in QNP/CMI
group of animals. It appears that in this animal model of OCD cognition and compulsive
behaviour is mediated by different, may be even antagonising, systems.

Although main analysis did not reveal any differences in reversal learning between
groups, follow up analysis of each session separately found significantly more errors in QNP
group compared to the control group in the first reversal session. Although it may appear that
both treatment with risperidone and risperidone and clomipramine improved reversal learning,
the visual inspection of the graph reveals it is not so. Trend line of these groups is more alike to
quinpirole alone treated animals than to control group. Moreover, not all animals from RIS-QNP
group were included, since acquisition learning was mildly impaired in acquisition. In summary,
best co-treatment option to improve cognitive flexibility is co-administration of CMI and RIS,
since this is the only group that was neither impaired in acquisition nor reversal compared to
control group.

In general, negative effect of clomipramine in current study was a most interesting
finding. Results of acquisition learning of the group receiving clomipramine for the purpose of
suppression of quinpirole induced behaviour lead to suspicion that clomipramine in

combination with quinpirole affects memory or cognitive coordination. Thus it is possible that
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clomipramine reduces compulsive and stereotypic behaviour in animal tests in open field
(Szechtman et al.,, 1998) by means of impairing cognition. Simply put, the reason for reduction
of stereotypes in open field may be due fact that animal forgot stereotypes performed in
previous session.

Several earlier studies found some indications of adverse tricyclic antidepressant drugs,
including clomipramine, on memory. For example, memory functions dependent on
hippocampal processing, but not frontal lobe dependent functions, were impaired in three
weeks long therapy of clomipramine (Bartfai et al, 1991). Another study involving long term
(6 month and more) administration of clomipramine found impaired memory functions
compared with healthy controls (Gorenstein et al., 2006). Finally, also in other animal model of
obsessive-compulsive disorder (Andersen et al, 2010) and depression (Bhagya et al, 2008),
based on neonatal administration of clomipramine, deficit of memory was revealed. For these
reasons we added a group receiving only clomipramine without quinpirole administration in our
experiment. We detected that performance of this group was impaired only during the fifth
acquisition session, which could indicate that clomipramine alone impairs the memory or
learning. None the less, from results it appears that much more detrimental to memory is

a combination of clomipramine and quinpirole. Further study is mandatory to answer this issue.
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7 CONCLUSIONS

This study only partly reproduced the cognitive deficit in quinpirole-induced model of
compulsive checking in rats. Moreover, even though clomipramine alone may not impair
acquisition learning, clomipramine administration alongside quinpirole administration caused
acquisition learning deficits. Reversal learning task did not reveal any convincing evidences
about effectiveness of any of used drug combination. However, reversal deficit was most
sensitive to combination of risperidone and clomipramine treatment. Quinpirole animal model
presents specific checking form of obsessive-compulsive disorder which means that results may
not be generally applicable. Possibly, this model could represent a specific group of patients with
impaired cognitive flexibility. It may be that exactly these patients would benefit from direct

augmentation of SRI treatment with neuroleptics.
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