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CHAPTER I. CURRENT STATE OF KNOWLEDGE IN THE FIELD 

1.1 General concepts regarding schizophrenia 

Schizophrenia represents a major psychiatric disorder characterized by severe and constant impairment of a 

person's quality of life. The etiology of the disease is complicated and incompletely elucidated, and the manifestations 

differ notably from one individual to another [1]. Disorders within the schizophrenia spectrum differ from other 

disorders through basic and consistent cognitive and perceptual deficits, as well as through affective flattening, 

avolition, and social withdrawal. Although certain cognitive deficits may appear over time, self-awareness and 

intellectual capacity are frequently preserved by patients [2]. 

Schizophrenia is characterized by symptoms such as delusions, hallucinations, thought disorders, and 

cognitive deficits. Schizophrenia affects certain basic cognitive processes, such as perception, emotion, and judgment. 

Data increasingly convincingly support the notion that schizophrenia is a subtle disorder of development and 

neuroplasticity [1]. 

Disorganized thinking (formal thought disorder) is primarily assessed based on the individual's speech. It 

may manifest through frequent shifts from one subject to another (derailment or loosening of associations), and 

responses may be only vaguely related or completely unrelated to the questions asked (tangentiality). In rarer cases, 

speech may become so disorganized that it becomes almost impossible to understand, resembling receptive aphasia 

due to extreme incoherence ("word salad"). However, because mild forms of speech disorganization are relatively 

common and nonspecific, this symptom must be sufficiently severe to significantly impair communication. Assessing 

severity may be difficult, especially when the evaluator and the person being assessed have different linguistic 

backgrounds. Also, during the prodromal and residual phases of schizophrenia, thinking and speech may present a 

lower degree of disorganization [3]. 

Dysfunctions of working memory, attention, processing speed, visual and verbal learning, with substantial 

deficits in reasoning, planning, abstract thinking, and problem-solving, have been extensively documented in 

schizophrenia. According to some estimates, almost 98% of patients suffering from schizophrenia have such 

impairments and do not achieve the predicted cognitive functioning based on premorbid intelligence and parental 

educational levels. The neurocognitive impairment profile of patients with schizophrenia describes the underlying 

disruption of cortico-cerebello-thalamo-cortical circuits. A large retrospective study showed that cognitive deficits are 

among the earliest signs in individuals who were subsequently diagnosed with schizophrenia [4]. Cognitive deficits, 

therefore, denote a trait marker for schizophrenia. In addition, evidence of cognitive deficits in both the prodromal 

phases and throughout the course of schizophrenia justifies the inclusion of cognitive decline as a central element of 

this disease. A significant correlation is highlighted between the functional outcome of the deficits and that of 

employment, independent living, cognition, and social and community functioning. Cognitive deficits are prominent 

despite clinical stability in patients with schizophrenia and are probably associated with disability [4]. 
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Psychotic symptoms in schizophrenia generally appear between the end of adolescence and the middle of the 

fourth decade of life, with onset before adolescence being rare. Typically, the first psychotic episode occurs in the 

early to middle part of the third decade in men and toward the end of the same period in women. 

Onset may be either abrupt or gradual; however, in most cases, significant clinical manifestations develop 

slowly and progressively [3]. In the clinical assessment of schizophrenia, positive symptoms, negative symptoms, and 

general psychopathology must be taken into consideration [3]. 

Positive symptoms are usually represented by the following: 

• hallucinations (most frequently auditory);  

• disorganized thinking and speech;  

• psychomotor agitation and delusions.  

Negative symptoms are mainly represented by the following: 

• affective flattening;  

• social withdrawal;  

• stereotyped thinking;  

• anhedonia, avolition, and difficulties with abstract thinking.  

Regarding general psychopathology, clinicians and psychiatrists should look for symptoms such as somatic 

preoccupation, anxiety, depression, feelings of guilt, as well as cognitive deficits (including, but not limited to, unusual 

thinking, disorientation, attention deficit, poor impulse control, and anosognosia) [3]. 

Environmental factors, such as season of birth, have been correlated with the risk of developing 

schizophrenia, with incidence being higher among individuals born in late winter or early spring in certain regions, 

while summer births have been associated with deficit forms of the disease. The risk is also higher in individuals raised 

in urban environments and within certain ethnic minority groups [3]. 

Genetic factors make a significant contribution to vulnerability to schizophrenia, even though the majority 

of diagnosed individuals do not have a family history of psychosis. Risk is determined by the presence of a large 

number of alleles, either common or rare, each having a small but cumulative effect on overall predisposition. Many 

of these genetic variants are also involved in other psychiatric disorders, such as bipolar disorder, depression, and 

autism spectrum disorders [3]. 

First-generation antipsychotics (FGAs), commonly referred to as "typical antipsychotics," were first 

developed in the 1950s. SGAs, often called "atypical antipsychotics" or second-generation antipsychotics, became 

available during the 1980s. Regarding their mechanism of action, first-generation antipsychotics function by inhibiting 
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dopaminergic neurotransmission (with the observation that they are most effective when they block approximately 

72% of the brain's D2 dopamine receptors), as well as cholinergic, noradrenergic, and histaminergic activity. 

Second-generation antipsychotics act by blocking D2 dopamine receptors, as well as through the antagonistic 

action of serotonin receptors, with the 5-HT2A subtype being the most frequently involved [5]. Although atypical 

antipsychotics (including paliperidone, ziprasidone, and lurasidone) have shown certain cognitive benefits, high doses 

of antipsychotics are associated with a series of cognitive deficits in patients with schizophrenia [6–9]. There is 

evidence that first-generation antipsychotic medications generate extrapyramidal side effects, such as akathisia, 

dystonia, parkinsonism, and tardive dyskinesia [10,11]. Despite the fact that second-generation antipsychotics (SGAs) 

have increasingly replaced first-generation antipsychotics (FGAs) in industrialized countries, the latter are still the 

most frequently prescribed medications in many other regions of the world, particularly in poor countries where they 

are significantly more accessible [10,11]. 

The available symptomatic treatment is only partially successful. Antipsychotics or neuroleptics are a group 

of medications used in the treatment of severe psychiatric diseases. In the study conducted by Goldberg et al., 

participants selected to receive olanzapine and risperidone did not present differences regarding the cognitive measure 

at the beginning of the study, both in the initial data with nonsignificant effects of the medication group and in the 

post-hoc analysis of the differences between groups at baseline [12]. In the study conducted by Cuesta et al., in patients 

suffering from chronic schizophrenia, the atypical antipsychotic medication was associated with slight differential 

improvements over time in attention, verbal memory, and executive functions compared with typical neuroleptic 

medications. No differential improvements were found in social functioning, verbal fluency, non-verbal domains of 

memory, or visuomotor abilities [13]. Comparisons between antipsychotics, mainly regarding cognitive differences 

in affected individuals, have resulted in limited and contradictory data. 

1.2 Metacognition in schizophrenia 

Metacognition is higher-order thinking that involves the active control of cognitive processes 

involved in learning [14]. Research has indicated that many individuals with schizophrenia spectrum 

disorders experience metacognitive deficits. These include deficits regarding social cognition, working 

memory, reduced processing speed, visual and verbal learning dysfunctions, as well as significant deficits 

in reasoning, planning, abstract thinking, and problem-solving [15]. Social cognition is also impaired, that 

is, the ability to appropriately incorporate information and apply it to develop appropriate responses under 

certain circumstances. Cognitive deficits and social functioning are closely interrelated, as patients with 

schizophrenia present metacognitive deficits, which are reflected in lower performance on tests evaluating 

these abilities. They have difficulties in forming complex ideas about themselves and others, present many 

memory disorders, are generally not aware of their condition, and present a significant impairment of their 

overall cognitive capacity. Considering that metacognition is important for learning and training, 

investigating metacognitive activity and metacognitive development becomes an essential condition for 
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identifying how individuals with neurodegenerative diseases could be taught to use cognitive resources 

through metacognitive control [14,15]. 

4. Zebrafish as an animal model for schizophrenia 

Pharmacological models of schizophrenia are generally based on three main sources of evidence: 

neurochemical and molecular alterations identified in patients with schizophrenia, the pharmacodynamic properties 

of antipsychotics, and the observation that certain psychotomimetic substances can induce psychotic states in healthy 

individuals or exacerbate existing symptoms in patients diagnosed with schizophrenia [16–18]. The use of 

psychotomimetic compounds in pharmacological modeling has been based particularly on dysregulation of 

glutamatergic and dopaminergic systems, as well as the involvement of other neurotransmitter systems, especially 

serotonin [19]. The imbalance between excitatory and inhibitory neurotransmission may persist for prolonged periods 

or even permanently, contributing to the development and maintenance of neurobehavioral alterations relevant to 

schizotypal behavior [20]. Consequently, the effects of acute, chronic, or early-life exposure to psychoactive 

substances have been extensively investigated in animal models [21]. 

Exposure to psychotomimetic compounds is often combined with other experimental strategies, such as brain 

lesions, either to test increased sensitivity to such substances during adolescence or to strengthen the construct validity 

of the model used [22]. In this context, zebrafish represent a valuable experimental model because they possess all 

major neurotransmitter and neuromodulatory systems found in mammals, allowing the development of 

pharmacologically relevant models. However, because of differences in brain morphology between zebrafish and 

mammals, certain specific features of neurotransmitter-system organization must also be considered [23]. 

Pharmacological substances may be administered to rodents and zebrafish through intraperitoneal, intramuscular, or 

subcutaneous injections. In zebrafish, substances can additionally be administered non-invasively by dissolving them 

in the water of the experimental aquarium, a method that represents an important practical and methodological 

advantage [24]. 
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CHAPTER II. RESEARCH HYPOTHESIS AND OBJECTIVES OF 

THE THESIS 

The general research hypothesis was that different classes of antipsychotics differentially influence 

cognitive functions implicated in schizophrenia, and that these effects can be demonstrated both clinically, 

using standardized cognitive assessment instruments, and experimentally, using validated behavioral 

paradigms in an animal model. It was also hypothesized that the pharmacodynamic profile of each 

antipsychotic compound differentially modulates processes such as memory, exploration, novelty 

processing, and social behavior, depending on the underlying neurobiological mechanisms and the 

pharmacological model used to induce schizophrenia-like characteristics. 

To test this general hypothesis, a series of primary and secondary objectives were pursued, 

structured according to the four studies included in the thesis. 

• Primary objective 1: To evaluate the influence of antipsychotic treatment on cognitive and 

metacognitive functions in human patients diagnosed with schizophrenia by comparing 

antipsychotic monotherapy and polypharmacy. 

➢ Secondary objective 1: To analyze overall cognitive performance using the Mini-Mental 

State Examination (MMSE) and Montreal Cognitive Assessment (MoCA). 

➢ Secondary objective 2: To evaluate differences between patients receiving monotherapy 

and polypharmacy in domains such as orientation, attention, short-term memory, language, 

abstract thinking, and executive functions. 

➢ Secondary objective 3: To investigate metacognitive characteristics using the 

Metacognitions Questionnaire-30 (MCQ-30), as well as potential relationships between 

pharmacological regimen and maladaptive metacognitive beliefs, with emphasis on self-

reflexivity, thought control, and the role of worry in maintaining psychological distress. 

• Primary objective 2: To investigate the effects of haloperidol and risperidone on memory, learning, 

and exploratory behavior in an experimental model of ketamine-induced schizophrenia in adult 

zebrafish. 

➢ Secondary objective 1: To evaluate the impact of ketamine exposure on locomotor 

behavior and cognitive functions using specific behavioral tests. 

➢ Secondary objective 2: To compare the effects of a typical and an atypical antipsychotic 

on performance in memory and learning tasks. 

➢ Secondary objective 3: To analyze behavior in the novel object test, social preference task, 

and spatial memory paradigms, and to assess the value of the Danio rerio model for 

investigating pharmacological effects on cognition in schizophrenia. 
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• Primary objective 3: To analyze the effects of amisulpride and clozapine administered at two 

different doses on memory, exploration, and social behavior in a methionine-induced 

schizophrenia-like model in zebrafish. 

➢ Secondary objective 1: To evaluate the effects of methionine on novelty processing, 

cognitive flexibility, and social interaction. 

➢ Secondary objective 2: To investigate the effects of amisulpride and clozapine on 

locomotor, motivational, and cognitive parameters in the context of methionine exposure, 

including behavior in the T-maze memory test, novel object test, and social preference test. 

• Primary objective 4: To compare the effects of amisulpride and clozapine administered at two 

distinct doses in order to identify potential differences dependent on pharmacological mechanism 

and dose. 
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CHAPTER III. RESEARCH METHODOLOGY 

3.1 Cognitive tests in zebrafish 

3.1.1 Novel Object Recognition Test in the aquarium 

Impaired learning and memory are common symptoms of neurodegenerative and neuropsychiatric disorders. 

Several behavioral tests are currently used to assess cognitive functions in animal models, including the Novel Object 

Recognition (NOR) test, which is widely used. The NOR test is considered to reflect certain aspects of human 

declarative memory, and its universal nature makes it similar in several respects to memory tests used in humans [25]. 

However, few animal models allow the study of mechanisms involved in learning and memory in relation to brain 

asymmetry [26]. The test can be completed within a short period so that animals experience minimal stress and 

provides valuable information about recognition capacity after a single trial, which represents an advantage over other 

methods of memory assessment [25]. 

3.1.2 T-maze test 

Zebrafish habituation to the maze without colored sleeves was performed as described in the literature before 

testing. Training was conducted for six consecutive days by feeding the fish daily in the right arm. On the test day, 

each fish was placed in the starting box for 30 seconds, and the divider was raised and then replaced after the fish left 

the starting area. Once the fish entered either of the short arms of the T-maze, another divider was closed to prevent 

the fish from re-entering the long arm. The fish were then observed for 4 minutes. The number of entries into each 

colored arm and the open central area (colorless “blank” compartment), the time spent in each zone, and the first-entry 

preference were recorded [27]. 

3.1.3 Social preference test 

Social preference may be defined as the individual's tendency to live in a shoal with other fish [28]. In 

zebrafish, this social behavior is assessed by observing how an individual responds to or interacts with a social 

stimulus. Social preference tests have been developed for zebrafish that are similar to those used in rodents [29]. Social 

preference tests consist of two operational phases. The first is the habituation phase, during which the tested zebrafish 

is left alone in one compartment of the testing tank to explore the novel environment. The second is the interaction 

phase, which begins with the introduction of the social stimulus, consisting of one or two small groups of zebrafish. 

Alternatively, the social stimulus may consist of a pre-recorded video of live fish displayed on a computer monitor, 

computer-animated images of zebrafish [30], or virtual-reality systems [31]. To test behavior toward a single stimulus, 

a rectangular tank divided into two compartments by a transparent barrier may be used. To simultaneously test 

preference for one of two social stimuli, a rectangular tank divided into three compartments is recommended (Fig. 

3.2). Alternatively, a T-maze adapted for this purpose may be used; in this case, divider doors are used to seal the 

horizontal section of the maze, which is then divided into three compartments (Fig. 3.3). The T-maze is a laboratory 

apparatus commonly used to test cognitive abilities in rodents [32,33]. 
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Figure 3.2 and 3.3. Social preference test using a cross-shaped maze [33]. 

3.2 Study 1 

3.2.1 Mini-Mental State Examination (MMSE) 

Folstein et al. [34] originally developed the MMSE to differentiate psychiatric patients from healthy 

individuals. They explicitly stated that MMSE scores were useful for quantitatively estimating cognitive impairment 

and documenting cognitive changes over time. The MMSE was not, in itself, designed to provide a diagnosis of a 

specific disorder. It consists of different questions and tasks, has a maximum score of 30 points, and generally takes 

10–15 minutes to administer. The questions are grouped into seven categories, each representing a different cognitive 

domain/function: temporal orientation (5 points); spatial orientation (5 points); registration of three spoken words (3 

points); attention and calculation (5 points); recall of three words (3 points); language (8 points); and reproduction of 

a drawing (1 point) [35]. 

3.2.2 Montreal Cognitive Assessment (MoCA) 

The Montreal Cognitive Assessment (MoCA) was developed by Dr. Ziad Nasreddine in Montreal, Canada, 

in 1995 for the detection of mild cognitive impairment (MCI) by healthcare professionals. MCI is a syndrome defined 

as cognitive decline greater than expected for an individual's age and educational level but which does not consistently 

interfere with activities of daily living [36]. The prevalence of MCI in population-based epidemiological studies ranges 

from 3% to 19% among adults over 65 years of age, and more than half progress to dementia within 5 years. The 

MoCA may be useful to psychological and psychiatric professionals for detecting MCI or early dementia, particularly 

as the workforce ages. The test, together with its instructions, normative data, references, frequently asked questions, 

permissions, and updates, is available online free of charge [37]. 

The assessment consists of questions and tasks evaluating cognitive abilities, with a maximum score of 30 

points, and can be administered within 10–15 minutes. A score of 26 or higher is generally considered normal. A score 

below 25 points suggests the need for further specialist evaluation [37]. The MoCA evaluates several cognitive 

domains: visuospatial/executive function, naming, memory, attention, language, abstraction, delayed recall, and 

temporal-spatial orientation. Many tasks are similar to those included in other cognitive-function assessment tests. 
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3.2.3 Metacognitions Questionnaire-30 (MCQ-30) 

The Metacognitions Questionnaire (MCQ-30) measures individual differences in a selection of 

metacognitive beliefs, judgments, and monitoring tendencies considered important within the 

metacognitive model of psychological disorders. Construct validity has been demonstrated through 

confirmatory and exploratory factor analyses. Exploratory factor analysis of the short version of the 

instrument identified five factors that were highly similar to the original factors. These five factors are: lack 

of confidence in one's own thoughts, positive beliefs about worry, cognitive self-consciousness, negative 

beliefs about thoughts concerning uncontrollability, and the need to control thoughts. The MCQ-30 has 

demonstrated good internal consistency and convergent validity, as well as good test-retest reliability. 

Positive correlations between this questionnaire and questionnaires measuring worry provided additional 

support for its convergent validity [38–40]. 

Participants 

Participants were recruited from the “Socola” Institute of Psychiatry in Iași according to the following 

inclusion and exclusion criteria. 

Inclusion criteria: 

• Patients diagnosed with schizophrenia and under clinical follow-up; 

• Age between 18 and 65 years; 

• Stable medication during the previous 3 months; 

• Unchanged residence during the previous 3 months. 

Exclusion criteria: 

• Presence of other neurological disorders; 

• Delusional ideation; 

• Substance abuse during the previous 3 months; 

• Cranial trauma during the previous 3 months. 

3.3 Study 2 

Animal model used in the study (Danio rerio) 

A total of 65 wild-type zebrafish were used for these experiments. The fish were obtained from a 

local breeder and treated according to European standards for laboratory animals, with approval from the 

relevant ethics committees. 

The experimental groups were as follows: 

Group 1 – Control (15 fish) 
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Group 2 – Ketamine (15 fish) 

Group 3 – Ketamine and Risperidone (15 fish) 

Group 4 – Ketamine and Haloperidol (15 fish) 

3.3.1 Ketamine administration 

Ketamine exposure was performed at the end of the 5-day training period. On administration days, the fish 

were removed from their respective aquaria and placed in 50-mL tubes containing 0.1% ketamine solution for 5 

minutes. A concentration of 0.1% was selected because the concentration reported in the literature (0.2%) [41] 

produced an anesthetic effect during the initial phase. The solution was prepared on the day of administration from 

veterinary ketamine intended for horses, cattle, sheep, goats, pigs, dogs, and cats (Pasteur Institute, Romania; 1 mL 

injectable solution = 100 mg ketamine hydrochloride). After 5 minutes of exposure to the test substance, the fish were 

returned to the aquaria containing the antipsychotics under investigation [42]. 

3.3.2 T-maze test 

The fish were acclimatized to the apparatus by placing a transparent liftable barrier; removing the barrier 

allowed movement from one compartment to another. This was done to ensure that the fish learned about the existence 

of two different compartments in the apparatus. The fish were allowed to explore the apparatus for five minutes. The 

apparatus used was a T-maze with red and green sleeves attached to its arms. 

The cross-maze test was performed by acclimatizing the groups before treatment for a period of 7 days. On 

the first day, 10 zebrafish were initially placed in the maze and allowed to swim for 30 minutes. During the following 

two days, groups of five zebrafish were placed in the maze for 30 minutes. During the next two days, pairs of fish 

were tested for 10 minutes. Days four and five of training consisted of training two fish at a time for 5 minutes. During 

the final two days, individual subjects were trained for 5 minutes. Each day, the fish had access to the established 

stimulus (food). 

3.3.3 Social preference test 

The social preference test was performed according to the model of R. B. Jones et al. (1999), in which a T-

maze was adapted to assess social preference in chicks. We adapted this test for zebrafish. Three zebrafish were placed 

in the left arm and hermetically enclosed behind a transparent divider. The tested zebrafish was then allowed to leave 

the starting box. The fish was tested for 5 minutes, and behavior was recorded using EthoVision. 

3.3.4 Novel Object Recognition Test in the aquarium 

The protocol included one day of fish acclimatization, followed by one training day during which the fish 

were exposed to one of the novel objects for 10 minutes. On the final day, both objects (an aluminum ball and a 

colored plastic ball) were placed in the aquarium, and behavior was recorded and the number of interactions with the 

novel object was quantified. Video recordings were used in this test to assess distance traveled, mean velocity, turning 

angle, and angular velocity. These parameters were evaluated using EthoVision [43]. 
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3.4 Study 3 

A total of 90 wild-type zebrafish were used for this experiment. The fish were obtained from a local breeder 

and treated according to European standards for laboratory animals, with approval from the appropriate ethics 

committees. 

The experimental groups were as follows: 

Group 1 – Control (20 fish) 

Group 2 – Methionine (20 fish) 

Group 3 – Methionine and Clozapine (30 fish) 

Group 4 – Methionine and Olanzapine (20 fish) 

3.4.1 Substance administration 

Methionine was administered for 7 days by introducing it directly into the water at a concentration 

of 4.5 mM. The solution was freshly prepared and changed daily throughout the treatment period. This 

concentration was selected because it has properties capable of inducing schizophrenia-like symptoms [44]. 

Following this period of methionine treatment, the antipsychotics were prepared on the day of 

administration. Clozapine (CLZ) was used at a concentration of 34 μL/mL [45], while olanzapine (OLA) 

was used at concentrations of 0.7 μL/mL and 1.4 μL/mL [46]. These doses were selected from standard 

human treatment regimens and converted according to zebrafish body mass, a widely used approach in this 

type of research [47]. Individual zebrafish were placed in 50 mL of antipsychotic solution for 5 minutes. 

3.4.2 Novel Object Recognition test (NOR) 

The protocol consisted of one day of fish acclimatization, followed by one training day during 

which the fish were exposed to one of the objects for 10 minutes. On the final day, the objects (a yellow-

colored ball and a red-colored ball) were fixed to the walls of the aquarium using suction cups (Figure 3.7), 

and behavior was recorded and the number of interactions with the objects was quantified. 
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Figure 3.7. Method of fixing floating objects in the environment. 

3.4.3 T-maze test 

The cross-maze test was performed by acclimatizing the groups before treatment for a period of 7 days. On 

the first day, 10 zebrafish were initially placed in the maze and allowed to remain for 30 minutes. On days two and 

three, groups of five zebrafish were tested for 15 minutes. On days four and five, pairs of fish were tested for 10 

minutes. Day six consisted of training two fish at a time for 5 minutes, while on day seven one subject at a time was 

tested for 5 minutes. Each day, the fish had access to the established stimulus (food). 

3.5 Study 4 

Animal model used in the study (Danio rerio) 

A total of 80 wild-type zebrafish were used for these experiments. The fish were obtained from a local breeder 

and treated according to the specific European standards imposed for the treatment of laboratory animals, with 

approval from the relevant ethics committees. Several consecutive memory tests were performed. 

The experimental groups were as follows: 

Group 1 – Control (20 fish) 

Group 2 – Methionine (20 fish) 

Group 3 – Methionine and Amisulpride (20 fish) 

Group 4 – Methionine and Clozapine (20 fish) 

3.5.1 Substance administration 

Methionine was administered for 7 days by introducing it directly into the water at a concentration of 4.5 

mM. The solution was freshly prepared and changed daily throughout the treatment period. This concentration was 

selected because it has properties capable of inducing schizophrenia-like symptoms [44]. Following the methionine 

treatment period, the antipsychotics were freshly prepared. Amisulpride (AMI) was used at a concentration of 10 

μL/mL, the dose used in the study conducted by Leggieri et al. [48], whereas clozapine (CLZ) was used at 
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concentrations of 17 μL/mL and 34 μL/mL [46]. These doses were selected from standard human treatment regimens 

and converted according to zebrafish body mass, a widely used approach in this type of research [47]. On the day of 

administration, individual zebrafish were placed in 50 mL of antipsychotic solution for 5 minutes. 

3.5.2 T-maze test 

The fish were acclimatized to the apparatus by placing a transparent liftable barrier; removing the barrier 

allowed movement from one compartment to another. This was done to ensure that the fish learned about the existence 

of two different compartments in the apparatus. The fish were allowed to explore the apparatus for five minutes. The 

apparatus used was a T-maze with red and green sleeves attached to its arms. 

3.5.3 Social preference test 

The social preference test was performed according to the model of R. B. Jones et al. (1999), in which a T-

maze was adapted to assess social preference in chicks. We adapted this test for zebrafish. Three zebrafish were placed 

in the left arm and hermetically enclosed behind a transparent divider. 

3.5.4 Novel Object Recognition test 

The protocol included one day of fish acclimatization, followed by one training day during which the fish 

were exposed to one of the objects for 10 minutes. On the final day, both objects (a blue ball and a yellow-colored 

ball) were placed in the aquarium, and behavior was recorded and the number of mouth contacts with the objects was 

quantified. The balls were fixed at the water surface using thread.  
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CHAPTER IV. RESULTS 

4.1 Experiment 1 

4.1.1 Mini-Mental State Examination (MMSE) 

Regarding the results obtained for short-term memory (2A), differences were recorded only between the CTR 

group and the other groups, namely the PIT group (p = 0.030) and the MOT group (p < 0.001). However, no 

statistically significant differences were recorded between the two antipsychotic-treatment groups. For the writing 

task (2B), the PIT group showed statistically significant differences compared with CTR (p = 0.019). The results 

obtained for the copying task (2C) showed differences between PIT and MOT (p = 0.013), as well as differences 

between MOT and CTR (p < 0.001) (Fig. 4.2). 

 

 

Figure 4.2. Graphical representations of the results for short-term memory (A); results for the writing task 

(B); results for the copying task (C). Data are presented as mean ± SEM for CTR (n = 16), PIT (n = 9), and MOT (n 

= 18); “*” indicates statistical significance at p < 0.05 for one-way ANOVA. 

4.1.2 Montreal Cognitive Assessment (MoCA) 

The attention parameter (4A) was significant for the comparisons CTR vs. PIT (p = 0.031) and CTR vs. MOT 

(p < 0.001). Another significant result was the difference between the two treatment groups (p = 0.007). Similarly, 

for the drawing task (4B), differences were significant between CTR and both treatment groups (p < 0.001). For the 

third parameter presented graphically, namely visuospatial-executive function (4C), CTR and PIT showed 

significantly higher values than MOT (p < 0.001). For spatial orientation (4D), differences were recorded between 

CTR and MOT (p = 0.002) (Fig. 4.4). 
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Figure 4.4. Graphical representations of the attention task (A); results for the drawing task (B); visuospatial-

executive function (C); and spatial orientation (D). Data are presented as mean ± SEM for CTR (n = 16), PIT (n = 

9), and MOT (n = 18); “*” indicates statistical significance at p < 0.05 for one-way ANOVA. 

4.1.3 Metacognitions Questionnaire-30 

For confidence (Fig. 6A) and cognitive self-consciousness (Fig. 6C), similar effects were observed in 

participants with schizophrenia and healthy participants. However, positive beliefs about worry (Fig. 6B) were more 

pronounced among individuals treated with RIS+ARI/QUE compared with controls (p = 0.001), and a difference was 

also observed between the CLO+AMI and RIS+ARI/QUE groups (p = 0.028) (Fig. 4.6). 
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Figure 4.6. Graphical representation of MCQ-30 scores for the cognitive confidence subscale (A); positive 

beliefs about worry (B); and cognitive self-consciousness (C). Data are presented as mean ± SEM for CTR (n = 4), 

CLO+AMI (n = 4), and RIS+ARI/QUE (n = 4); “*” indicates statistical significance at p < 0.05 for one-way ANOVA 

[40]. 

4.2 Study 2 

4.2.1 T-maze memory test 

Regarding the cognitive-specific parameters, swimming latency to the decision point was significantly 

greater in KET+RIS compared with the RIS-treated group (p = 0.005) (Fig. 9A). However, no statistically significant 

values were recorded for the frequency of leftward rotations (Fig. 9B). Both RIS (p = 0.012) and KET+RIS (p = 0.012) 

spent significantly less time in the right arm of the maze compared with the CTR group (Fig. 9C), while the KET 

group (p = 0.050) spent significantly less time compared with the HAL group. No differences were recorded between 

these groups for time spent in the left arm (Fig. 9D) (Fig. 4.9) [42]. 
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Figure 4.9. Results of the behavioral T-maze test for cognitive parameters (HAL = 0.13 mg/L; RIS = 0.08 

mg/L; KET = 0.1 mg/mL). During a 5-minute test, cognitive and swimming parameters including (A) swimming 

latency to the decision point (s), (B) frequency of leftward rotations (#), (C) time spent in the right arm (s), and (D) 

time spent in the left arm (s) were recorded and analyzed. Results are presented as means ± SEM (n = 5 animals/group; 

a–c, Tukey's HSD test) [42]. 

4.2.2 Floating novel object test 

Regarding the behavioral parameters describing interaction with the objects, we observed that the time spent 

showing interest in spatial stimuli (body contact with the objects) was significantly increased after HAL and RIS 

treatment in healthy controls (CTR vs. HAL, p < 0.001; CTR vs. RIS, p < 0.001), whereas the opposite effect was 

observed in the KET-treated groups (CTR vs. KET, p < 0.001; CTR vs. KET + HAL, p < 0.001; CTR vs. KET + RIS, 

p < 0.001) (Fig. 11A). 

We also observed that interest in the silver ball was significantly higher in the KET + HAL group compared 

with CTR (p < 0.001) and HAL (p < 0.001). At the same time, RIS treatment induced lower interest in the silver ball 

compared with HAL in KET-treated groups (KET + HAL vs. KET + RIS, p < 0.001) (Fig. 11B). Proximity to the 

silver object was significantly greater after KET + RIS treatment compared with KET (p = 0.004) and KET + HAL (p 
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< 0.001). Conversely, interaction with the red ball was significantly less frequent in the RIS- and KET-treated groups 

compared with CTR (pRIS = 0.019) and HAL (pRIS = 0.002, pKET = 0.021) (Fig. 11C) [42]. 

Latency to interaction with the silver object was significantly greater in the RIS-treated group compared with 

CTR (pRIS < 0.001), HAL (pRIS = 0.001), and KET (pRIS < 0.001). KET-treated animals also showed greater interest in 

the silver ball compared with HAL-treated animals (p = 0.039), whereas RIS treatment appeared to reduce latency to 

interaction with the silver ball (p < 0.001). Conversely, for the red ball (the novel object), latency to interaction was 

significantly greater after RIS treatment compared with CTR (p < 0.001), KET (p < 0.001), and KET + RIS (p < 

0.001) (Fig. 11D) [42]. 

 

 

Figure 4.11. Graphical representations of memory and learning parameters measured using the novel object 

test (HAL = 0.13 mg/L; RIS = 0.08 mg/L; KET = 0.1 mg/mL). During a 5-minute test, memory and learning 

parameters including (A) duration of contact between fish (s), (B) time of interaction with objects (s), (C) frequency 

of interaction with objects (#), and (D) latency to interaction with objects (s) were recorded and analyzed. Results are 

presented as means ± SEM (n = 5 animals/group; (A) a–c, Tukey's HSD test; (B–D) a–e, Šídák test for multiple 

comparisons) [42]. 
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4.2.3 Social interaction test 

Regarding the parameters specifically describing social interaction behaviors, we observed that time spent at 

the decision point increased significantly in all KET-treated groups compared with the control group (CTR vs. KET, 

p < 0.001; CTR vs. KET + HAL, p < 0.001; CTR vs. KET + RIS, p < 0.001). Both HAL and RIS reduced decision 

time compared with the model group (KET vs. KET + HAL, p = 0.015; KET vs. KET + RIS, p = 0.001), but it remained 

significantly increased compared with the untreated control group (KET + HAL vs. CTR, p < 0.001; KET + RIS vs. 

CTR, p < 0.001) (Fig. 13A). 

Similarly, cumulative time spent in the left arm, containing the social stimuli, decreased significantly in all 

KET-treated groups compared with untreated controls (CTR vs. KET, p = 0.009; CTR vs. KET + HAL, p = 0.004; 

CTR vs. KET + RIS, p = 0.005). HAL and RIS did not influence preference for social stimuli in either KET-naïve or 

KET-treated animals (Fig. 13B). 

The frequency of clockwise rotations decreased following KET treatment compared with untreated controls 

(CTR vs. KET, p < 0.001), suggesting a potential anxiety-like effect. HAL and RIS also induced similar effects in 

healthy animals (CTR vs. HAL, p < 0.001; CTR vs. RIS, p = 0.018), although the effect was less pronounced than in 

the KET group for RIS treatment (RIS vs. KET, p < 0.001). HAL, but not RIS, significantly attenuated anxiety-like 

behavior in KET-treated animals (HAL vs. KET + HAL, p = 0.045), although not to levels comparable with CTR 

(CTR vs. KET + HAL, p = 0.018) (Fig. 13C). 

The frequency of counterclockwise rotations was significantly reduced by KET treatment and remained 

significantly decreased following RIS treatment compared with untreated controls (CTR vs. KET, p = 0.041; CTR vs. 

KET + RIS, p = 0.016) (Fig. 13D). 
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Figure 4.13. Behavioral assessment of sociability as evaluated using the social interaction test (HAL = 0.13 

mg/L; RIS = 0.08 mg/L; KET = 0.1 mg/mL). During the 5-minute test, locomotor and anxiety-like behavioral 

parameters, including (A) decision time between the two arms (s), (B) time spent in the left arm (s), (C) frequency of 

rightward rotations (#), and (D) frequency of leftward rotations (#), were recorded and analyzed. Results are 

presented as means ± SEM (n = 5 animals/group; a–c, Tukey HSD test) [42]. 

4.3 Study 3 

4.3.1 T-maze memory test 

For the first interaction with the stimulus arm (14A), differences were observed between the MET+OLA25 

group and CTR (p = 0.011), as well as between MET+OLA25 and MET (p = 0.014). For the frequency of entries into 

the stimulus arm (14B), the values for the MET group (p = 0.009) and the CLZ-treated group (p = 0.001) were lower 

than those of the healthy control group. Time spent in the stimulus arm (14C) did not show any statistically significant 

values (Fig. 4.14). 



28 

 

 

Figure 4.14. Results of the behavioral T-maze test for swimming parameters (MET = 0.674 mg/L; MET+CLZ 

= 34 µL/mL; MET+OLA25 = 0.7 µL/mL; MET+OLA50 = 1.4 µL/mL). During a 5-minute test, anxiety- and memory-

related parameters including (A) latency to the first interaction with the right arm (s), (B) frequency of entries into 

the right arm (#), and (C) time spent in the right arm (s) were recorded and analyzed. Results are presented as means 

± SEM (n = 10 animals, one-way ANOVA). 

4.3.2 Novel Object Recognition test 

From the perspective of exploratory and memory-related behavior, a series of results were observed. First, 

for the frequency of direct interactions with the object (19A), differences were recorded between the red and yellow 

objects (MET+OLA25 vs. MET+CLZ, p = 0.012). For the time spent interacting with the two objects (19B), the 

MET+CLZ combination showed differences compared with the other groups for both objects: for object 1 (red), 

MET+CLZ vs. MET (p = 0.042) and MET+CLZ vs. MET+OLA25 (p = 0.022); for object 2 (yellow), MET+CLZ vs. 

MET (p< 0.001) and MET+CLZ vs. MET+OLA25 (p = 0.002). For the first interaction with the objects (19C), 
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increased latency to the first interaction was observed in MET compared with CTR for both objects: for the red object, 

CTR vs. MET (p = 0.032); and for the yellow object, CTR vs. MET (p = 0.020) (Fig. 4.19). 

 

Figure 4.19. Results of the novel object recognition test in the aquarium for swimming parameters (MET = 

0.674 mg/L; MET+CLZ = 34 µL/mL; MET+OLA25 = 0.7 µL/mL; MET+OLA50 = 1.4 µL/mL). During a 5-minute 

test, memory and exploratory parameters including (A) frequency of interaction with both objects (#), (B) time spent 

interacting with both objects (s), and (C) latency to the first interaction with both objects (s) were recorded and 

analyzed. Results are presented as means ± SEM (n = 10 animals, two-way ANOVA). 

4.3.3 Social interaction test 

For the memory parameters within the arm containing the stimulus of interest, the following phenomena were 

observed. No significant changes were identified in the frequency of entries into the left arm (21A). A decrease in 

interaction time with conspecifics (21B) was observed for MET+CLZ vs. CTR (p = 0.0043). Another statistically 

significant difference was observed between MET+OLA25 and MET+OLA50 (p = 0.038) for latency to the first 

interaction with the left arm (21C). 
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Figure 4.21. Results of the social preference test for swimming parameters (MET = 0.674 mg/L; MET+CLZ 

= 34 μL/mL; MET+OLA25 = 0.7 μL/mL; MET+OLA50 = 1.4 μL/mL). During a 5-minute test, sociability parameters 

including (A) frequency of entries into the left arm (#), (B) time spent in the left arm (s), and (C) latency to the first 

interaction with the left arm (s) were recorded and analyzed. Results are presented as means ± SEM (n = 10 animals, 

one-way ANOVA). 

4.4 Study 4 

4.4.1 T-maze memory test 

Regarding parameters associated with the stimulus arm, neither the distance traveled in the right arm nor the 

distance swum at the decision point (25A and 25C) showed significant differences between groups. However, for time 

spent in the right arm (25B), the amisulpride-treated group showed significant differences compared with the other 

study groups: MET+AMI vs. CTR (p = 0.003), MET+AMI vs. MET (p = 0.034), MET+AMI vs. MET+CLO300 (p = 

0.009), and MET+AMI vs. MET+CLO600 (p = 0.004) (Fig. 4.25). 
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Figure 4.25. Results of the behavioral T-maze test for memory parameters (MET = 0.674 mg/L; MET+AMI 

= 10 μL/mL; MET+CLO300 = 17 μL/mL; MET+CLO600 = 34 μL/mL). During a 5-minute test, memory parameters 

including (A) distance swum in the right arm (cm), (B) time spent in the right arm (s), and (C) distance swum at the 

decision point (cm) were recorded and analyzed. Results are presented as means ± SEM (n = 10 animals, ANOVA 

test). 

4.4.2 Novel Object Recognition test 

Regarding parameters quantifying interaction with the yellow object, interaction time with the object (28A) 

in the CTR group showed significant differences compared with all other groups included in the study (pMET < 0.001; 

pMET+AMI < 0.001; pMET+CLO300 = 0.028; pMET+CLO600 = 0.012). No differences were recorded for interaction with the red 

object. For the yellow object, a difference was recorded between the AMI-treated group and CLO300 (p = 0.033). 

Time spent in the vicinity of the objects (28B) showed differences between CTR and all other study groups for the 

yellow object (p < 0.001), as well as a statistically significant difference between AMI and CLO600 (p = 0.022) (Fig. 

4.28). 
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Figure 4.28. Results of the novel object recognition test in the aquarium for swimming parameters (MET = 

0.674 mg/L; MET+AMI = 10 μL/mL; MET+CLO300 = 17 μL/mL; MET+CLO600 = 34 μL/mL). During a 5-minute 

test, swimming parameters including (A) time of interaction with the objects (s) and (B) time spent in the vicinity of 

the objects (s) were recorded and analyzed. Results are presented as means ± SEM (n = 10 animals, Tukey HSD test; 

parameters sharing the same letter do not differ significantly, (A) a–c; (B) a–e). 

4.4.3 Social preference test 

Regarding the sociability parameters, neither the distance swum in the stimulus arm nor its mean value (31A 

and 31B) showed statistically significant differences. However, for the distance swum in the right arm (31C), 

differences were recorded for CLO600 compared with CTR (p = 0.014) and AMI (p = 0.0045) (Fig. 4.31). 

 

Figure 4.31. Results of the social preference test for swimming parameters (MET = 0.674 mg/L; MET+AMI 

= 10 μL/mL; MET+CLO300 = 17 μL/mL; MET+CLO600 = 34 μL/mL). During a 5-minute test, swimming parameters 

including (A) total distance swum (cm), (B) swimming velocity (cm/s), and (C) distance swum at the decision point 

(cm) were recorded and analyzed. Results are presented as means ± SEM (n = 10 animals, one-way ANOVA). 

  



33 

 

CHAPTER V. DISCUSSION 

5.1 Experiment 1 

5.1.1 MMSE & MoCA 

Honer et al. [49] conducted an experiment in which patients with schizophrenia received combination 

treatment (clozapine and risperidone) to evaluate reductions in positive and negative symptoms. Their results showed 

no significant differences between monotherapy and polypharmacy. This finding is comparable with the observations 

of our team, as no differences were observed between the monotherapy and polypharmacy groups with respect to 

short-term memory and the writing task. 

Wang et al. [50] investigated the possible relationship between motor dysfunction and schizophrenia 

symptomatology, observing that reductions in negative symptoms were associated with increased motor capacity and 

general mobility. Results obtained by Lähteenvuo et al. demonstrated a similar phenomenon, namely a reduction in 

negative symptoms among patients receiving polypharmacy compared with those receiving monotherapy [51]. This 

aspect can also be observed in the results obtained by our team. 

The drawing task in the MoCA test required participants to draw a clock indicating ten past nine. Bozikas et 

al. [52] applied a similar task and found that lower scores on this test correlated with higher values on the PANSS 

(Positive and Negative Syndrome Scale), suggesting that this type of task may be useful for assessing the patient's 

cognitive status. Although no significant differences were identified between monotherapy and polypharmacy, their 

results are comparable with those obtained by our team. 

5.1.2 Metacognitions Questionnaire-30 (MCQ-30) 

Although no significant differences emerged with respect to cognitive confidence, patients treated with 

combinations of risperidone with aripiprazole or quetiapine demonstrated stronger positive beliefs about worry 

compared with both the control group and patients treated with clozapine and amisulpride. This pattern may reflect an 

increased tendency toward cognitive rigidity or maladaptive appraisal of worry as a coping mechanism, a phenomenon 

frequently described in schizophrenia [53,54]. The amplification of such beliefs may contribute to rumination and 

intrusive thought processes that maintain psychological distress and symptom persistence. 

Self-reflexive awareness (cognitive self-consciousness) was highest among healthy participants compared 

with those with schizophrenia, consistent with established evidence that schizophrenia is frequently associated with 

reduced introspective and metacognitive capacity [55,56]. Pharmacological factors may contribute: certain agents may 

affect cognitive flexibility through prefrontal dopaminergic mechanisms or secondary sedative effects [57,58]. Such 

medication-related influences on cognition may interact with disease-related deficits to further restrict metacognitive 

awareness. 
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5.2 Study 2 

5.2.1 T-maze memory test 

Our KET-based zebrafish model, previously characterized behaviorally and validated by our group [59], 

reflects some of the behavioral characteristics specific to SCZ, such as locomotor deficits suggesting dissociative 

effects, confusion, and impairment of cognitive decision-making processes. Across all behavioral assessment 

paradigms (T-maze memory task, NOR task, and social preference task), we observed that the principal locomotor 

parameters were significantly affected in KET-treated groups. 

Vinnakota et al. [60] observed that, in a mouse model, KET induced alterations of the NMDA receptor at the 

GluN2D subunit, which is responsible for excitatory neurotransmission and synaptic plasticity, resulting in locomotor 

disturbances and anxiety-related behavior. 

Furthermore, behavioral parameters associated with cognitive decision-making processes, such as latency to 

move toward the decision point, time spent at the decision point, clockwise and counterclockwise rotations, were 

significantly altered by KET exposure. Thus, behaviors such as excessive circling and increased swimming capacity 

were also observed in our model, as described in previous studies [61,62]. Another important characteristic 

successfully modeled by KET exposure may be related to associative learning impairments observed in patients with 

SCZ. Because of glutamatergic dysfunction, both patients with SCZ and KET-exposed zebrafish models have shown 

slower formation of spatial memory [63–65]. Our results showed that KET-exposed groups spent more time at decision 

points as a consequence of impaired spatial memory regarding the position of food stimuli, familiar or novel objects, 

and conspecifics. 

5.2.2 Novel Object Recognition test 

Numerous previous studies have demonstrated that impairment of dopamine pathways, particularly through 

D2 receptor antagonism by HAL, may correct KET-induced abnormal reward-related processing [66,67]. Conversely, 

previous research indicates that KET-induced NMDA receptor hypofunction may impair synaptic plasticity and 

memory encoding, thereby influencing the compensatory effects of antipsychotic treatment [68,69]. On the other hand, 

other studies [70] have reported that HAL treatment did not improve the ability of mice to retrieve learned information 

in memory tests. These conflicting reports may result from an incompletely understood drug-interaction mechanism 

[24]. 

Another important effect of combined KET-RIS treatment was obtained during the NOR test. In contrast to 

the original protocol of Gaspary et al. [71], Magyary [43] introduced a significant improvement by replacing static 

objects embedded in the environment with floating objects at the water surface to stimulate feeding-associated and 

exploratory behaviors. Our results suggested that combined KET-RIS exposure leads to significantly reduced 

exploratory behavior, most likely because of RIS-induced freezing behavior, as also observed in the T-maze memory 

task. Egan et al. [72] explained the occurrence of KET-induced freezing behavior by the anesthetic properties of KET; 

however, the current doses were selected to avoid sedative effects. Rogóz [73] and Samizadeh et al. [74] did not 
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associate reduced exploratory behavior with antipsychotic treatment in the NOR task; therefore, further studies should 

focus on elucidating these contradictory results. 

5.2.3 Social preference test 

Deficits in social interaction are also important components of the behavioral changes associated with SCZ. 

Both positive and negative symptoms of SCZ, as well as memory and learning deficits, may contribute to these 

alterations. Social detachment has previously been described as a typical behavior among patients with SCZ; however, 

little is known about the effects of antipsychotics in this respect. Our results suggested that KET-induced impairment 

of social interaction could not be attenuated by the doses of either typical or atypical antipsychotics tested in the 

present study. Marked avoidance of the arm containing social stimuli and the significantly increased presence of KET-

treated animals at the decision point during the social preference task, regardless of antipsychotic treatment, may 

suggest that social withdrawal could be caused by memory and learning deficits. Several studies have previously 

described the association between social withdrawal in patients with SCZ and impaired attention, verbal memory, and 

working memory [75,76]. In addition, impaired social interaction has previously been documented in RIS-treated 

zebrafish larvae [77], consistent with some studies in patients with SCZ reporting impaired social behavior or no social 

benefit following antipsychotic treatment [78,79]. These changes may reflect convergence between NMDA receptor 

hypofunction, which disrupts cortical networks required for social cognition, and dopaminergic dysregulation, which 

may affect reward-related aspects of social interaction [68,80,81]. 

5.3 Study 3 

5.3.1 T-maze memory test 

The results of the present study highlight the behavioral effects of methionine (MET), clozapine (CLZ), and 

olanzapine (OLA), administered individually or in combination, on memory capacity. The results for latency to the 

first interaction with the right arm, frequency of entries, and time spent in the right arm suggest that these substances 

distinctly influence the initiation and dynamics of memory-related behavior. 

Regarding latency to the first interaction with the right arm, the MET + OLA25 combination produced a 

significant increase in this parameter compared with the control and MET + CLZ groups. This delay may reflect 

reduced initiation of exploratory behavior and increased behavioral inhibition. From a pharmacological perspective, 

olanzapine has high affinity for histamine H1 receptors, and their antagonism is well known as a major mechanism 

underlying sedation and psychomotor slowing associated with newer-generation antipsychotics [82,83]. Analysis of 

the frequency of entries into the right arm revealed a significant decrease in the MET and MET + CLZ groups 

compared with controls, suggesting reduced learning and memory processes. Associative learning is closely related 

to activation of mesolimbic dopaminergic synapses, and their disruption represents a central mechanism in 

schizophrenia [67]. Methionine, through its effects on transmethylation and monoamine metabolism, may contribute 

to fragmented exploratory behavior characterized by relatively intact initiation but reduced frequency of re-entries. 
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5.3.2 Novel Object Recognition test 

Analysis of time spent interacting with objects revealed robust differences in the MET+CLZ group compared 

with MET and MET+OLA25, for both the familiar and novel objects. Increased interaction time with objects in the 

MET+CLZ group suggests more consistent exploration and possible improvement in novelty processing, compatible 

with an ameliorating effect on methionine-induced deficits. The literature supports the interpretation that prolonged 

exploration of a novel object reflects efficient memory capacity and preserved discrimination between familiar and 

novel stimuli [25,84]. 

In contrast, the lower values observed in the MET and MET+OLA25 groups may reflect either impaired 

recognition memory, increased anxiety, or reduced exploratory behavior. Given the role of methionine in one-carbon 

metabolism and the regulation of transmethylation, the observed pattern may be associated with epigenetic and 

synaptic changes affecting hippocampal–perirhinal cortex circuits, which are important for object recognition [85–

87]. 

Regarding latency to the first interaction with the objects, the significant increase observed in the MET group 

compared with controls for both objects suggests a delay in the initiation of exploration. This pattern is frequently 

interpreted as an indicator of increased anxiety or reduced interaction with novel stimuli rather than a memory deficit 

per se [88,89]. The fact that this increased latency was present for both objects supports the hypothesis of a generalized 

alteration in the initiation of exploratory behavior, potentially associated with changes in visual processing. 

5.3.3 Social interaction test 

Changes in latency and time spent at the decision point suggest impairment of behavioral-response selection 

processes and social exploration strategies. In T-maze paradigms used in zebrafish, increased time spent at decision 

points is frequently interpreted as an indicator of indecision or reduced capacity to process the environment rather 

than social avoidance itself [89,90]. In this respect, the data obtained suggest that the methionine-induced 

schizophrenia model may involve dysfunction of spatial and social information integration, affecting the organization 

of baseline behavior. 

A particularly relevant finding is represented by changes in time spent in the stimulus arm and latency to the 

first interaction with it, indicating an influence of MET on spatial strategies and behavioral flexibility in a social 

context. Considering the role of methionine in one-carbon metabolism and SAM transmethylation, the literature 

suggests that these effects may reflect changes in the expression of genes involved in synaptic plasticity and cortico-

limbic synaptic function, which are essential for social cognition [85–87]. 

The fact that antipsychotics partially modulated these variables suggests an ameliorating effect on certain 

components of social behavior, although without complete restoration. This observation is consistent with clinical 

data showing that, although antipsychotics may improve positive symptoms and certain affective components, benefits 

for social functioning are often limited and context-dependent [91,92]. Clozapine, in particular, has been described as 

having more favorable effects on certain functional domains compared with other antipsychotics; however, these 

effects do not translate uniformly into improvements in social behavior [93,94]. 
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5.4 Study 4 

5.4.1 T-maze memory test 

Regarding parameters associated with the stimulus arm, the results indicate a selective behavioral profile 

characterized predominantly by changes in the duration of stationary behavior rather than spatially directed mobility. 

Thus, the distance traveled in the right arm and the distance swum at the decision point did not show significant 

differences between groups, suggesting that the treatments did not substantially affect orientation capacity. In contrast, 

time spent in the right arm was significantly increased in the MET+AMI group in the absence of a corresponding 

increase in locomotor activity, suggesting freezing-like behavior or difficulty initiating active exploratory behavior in 

the stimulus area. In behavioral paradigms, this pattern is interpreted as a dissociation between presence in an area 

and active exploration of that area, and is associated with dopaminergic inhibition or behavioral rigidity [88,89]. 

5.4.2 Novel Object Recognition test 

An important methodological element of this test is the use of a floating object as the novel stimulus, 

introducing an additional component of perceptual and spatial complexity. Interaction with such a stimulus requires 

integration of sensory information and three-dimensional evaluation of the environment, processes known to be 

affected in schizophrenia, particularly within the cognitive symptom domain. Novel-object paradigms are frequently 

used to assess novelty processing and attention, including in the context of schizophrenia [95], and their adaptation to 

the zebrafish model contributes to the translational relevance of the results obtained. 

Analysis of behavioral parameters quantifying interaction with objects revealed significant differences 

between experimental groups, suggesting relevant alterations in novel-stimulus processing and exploratory behavior 

in the methionine-induced model. In particular, time spent interacting with the yellow object was significantly higher 

in the control group compared with all other experimental groups, indicating intact exploratory behavior and a clear 

preference for the novel stimulus under physiological conditions. This profile is consistent with existing literature 

showing that zebrafish display robust investigation of novel objects, frequently used as an indicator of the integrity of 

cognitive and attentional processes [96]. 

In the methionine-treated group, the significant reduction in time spent interacting with the yellow object 

suggests impaired novelty processing and reduced ability to discriminate relevant environmental stimuli. Such 

behavioral changes are compatible with the hypothesis that methionine can induce a schizophrenia model 

characterized by cognitive deficits and disturbances in attentional processes without directly affecting swimming 

capacity. Recent literature supports this interpretation, emphasizing that pharmacological models used in 

schizophrenia tend to predominantly affect cognitive and perceptual dimensions of behavior [97]. 

Antipsychotic treatment modulated object-interaction behavior depending on the compound and dose. In the 

case of amisulpride, time spent interacting with the yellow object remained reduced compared with controls, but the 

differences observed between amisulpride- and clozapine-treated groups suggest distinct effects of the 

pharmacological mechanisms involved. Given the predominantly D2/D3 dopaminergic antagonist profile of 
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amisulpride, these results may reflect a more pronounced influence on motivational processes and initiation of 

exploratory behavior compared with clozapine, which has a polypharmacological mechanism [97]. 

Regarding time spent in the vicinity of the objects, the significant differences observed between the control 

group and all other groups, particularly for the yellow object, indicate that methionine treatment and subsequent 

pharmacological interventions influence not only active interaction with stimuli but also the tendency to approach and 

remain near them. This parameter is considered a sensitive indicator of exploratory behavior and environmental 

evaluation processes and is frequently used in this type of paradigm [95]. 

5.4.3 Social interaction test 

Analysis of sociability parameters revealed a differentiated profile of social behavior depending on the 

behavioral measure analyzed. The absence of significant differences in distance swum in the stimulus arm and mean 

distance in this arm suggests that the general tendency to approach the social stimulus remains relatively stable. These 

results are consistent with literature showing that certain components of sociability, such as initial approach to 

conspecifics, may be more resistant to acute or subchronic pharmacological manipulations [89,98]. 

In contrast, distance swum in the right arm showed significant differences in the group treated with clozapine 

at a dose of 600 µg/mL compared with the control group and the amisulpride-treated group. Because this arm does 

not represent the stimulus area, increased activity in this region may reflect redistribution of spatial exploration or a 

change in exploration strategies rather than a direct alteration of social preference. Such effects have previously been 

described for compounds with complex pharmacological profiles that can simultaneously influence sensory 

integration, spatial decision-making, and behavioral organization [96]. 

The significant difference observed between the two clozapine doses for time spent in the left arm suggests 

a dose-dependent effect on persistence of behavior directed toward the social stimulus. This result indicates that higher 

doses may modulate maintenance of social interaction without necessarily affecting its initiation, an aspect also 

reported in clinical and preclinical studies describing differential effects of clozapine on social functioning [99]. 
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CHAPTER VI. FINAL CONCLUSIONS OF THE THESIS 

The data obtained in the clinical study complement and support the experimental observations. Cognitive 

assessments performed using the MMSE and MoCA indicated persistent deficits in domains such as orientation, 

attention, verbal memory, and abstract thinking, both under monotherapy and polypharmacy. The absence of 

consistent differences between monotherapy and combination treatments suggests that pharmacological 

intensification does not automatically translate into significant cognitive benefits. Furthermore, the results indicate 

that cognitive performance is influenced by the complex interaction between negative symptomatology, 

extrapyramidal effects, and the pharmacological profile of treatment, rather than by the number of antipsychotics 

administered. 

The metacognitive analysis, performed using the MCQ-30, showed that complex antipsychotic treatments 

may be associated with more pronounced maladaptive metacognitive beliefs, particularly in the domains of worry and 

thought control. These results suggest that, although certain pharmacological combinations may improve components 

of positive or negative symptomatology, they may simultaneously contribute to the maintenance of rigid or 

maladaptive cognitive styles. Metacognition therefore emerges as an essential dimension of clinical variability in 

schizophrenia, relatively independent of improvement in classical psychotic symptoms. 

By integrating the experimental and clinical results, the thesis highlights the translational value of Danio rerio 

models for investigating cognitive and behavioral mechanisms relevant to schizophrenia. The identified behavioral 

models, particularly those related to initiation of exploration, novelty processing, and cognitive flexibility, may be 

considered useful models for evaluating pharmacological effects and developing more targeted therapeutic strategies. 

In conclusion, the results support the view that cognitive and metacognitive deficits represent central and 

relatively persistent components of schizophrenia that are not fully corrected by standard antipsychotic treatment. The 

marked differences among antipsychotics with regard to their impact on cognition and behavior emphasize the need 

for a personalized treatment approach that considers not only control of positive symptoms but also the patient's 

cognitive and metacognitive profile. Through its theoretical, experimental, and clinical contributions, the present 

thesis provides a solid framework for future research aimed at optimizing therapeutic interventions and developing 

integrated strategies targeting cognitive and social functioning in schizophrenia. 

  



40 

 

REFERENCES 

 

1. Ross, C.A.; Margolis, R.L.; Reading, S.A.J.; Pletnikov, M.; Coyle, J.T. Neurobiology of 

Schizophrenia. Neuron 2006, 52, 139–153. 

2. WHO International Statistical Classification of Diseases and Related Health Problems ICD-10: 

Instruction Manual. WORLD HEALTH ORGANIZATION -WHO nternational statistical classification of 

diseases and related health problems ICD-10: instruction manual 2016, 2, 252. 

3. American Psychiatric Association Diagnostic and Statistical Manual of Mental Disorders. 

Diagnostic and Statistical Manual of Mental Disorders 2013, doi:10.1176/APPI.BOOKS.9780890425596. 

4. Tripathi, A.; Kar, S.K.; Shukla, R. Cognitive Deficits in Schizophrenia: Understanding the 

Biological Correlates and Remediation Strategies. Clinical Psychopharmacology and Neuroscience 2018, 

16, 7, doi:10.9758/CPN.2018.16.1.7. 

5. Chokhawala, K.; Stevens, L. Antipsychotic Medications. StatPearls 2023. 

6. Élie, D.; Poirier, M.; Chianetta, J.M.; Durand, M.; Grégoire, C.A.; Grignon, S. Cognitive Effects 

of Antipsychotic Dosage and Polypharmacy: A Study with the BACS in Patients with Schizophrenia and 

Schizoaffective Disorder. http://dx.doi.org/10.1177/0269881108100777 2009, 24, 1037–1044, 

doi:10.1177/0269881108100777. 

7. Hori, H.; Yoshimura, R.; Katsuki, A.; Hayashi, K.; Ikenouchi-Sugita, A.; Umene-Nakano, W.; 

Nakamura, J. The Cognitive Profile of Aripiprazole Differs from That of Other Atypical Antipsychotics in 

Schizophrenia Patients. J. Psychiatr. Res. 2012, 46, 757–761, doi:10.1016/j.jpsychires.2012.02.013. 

8. Hori, H.; Noguchi, H.; Hashimoto, R.; Nakabayashi, T.; Omori, M.; Takahashi, S.; Tsukue, R.; 

Anami, K.; Hirabayashi, N.; Harada, S.; et al. Antipsychotic Medication and Cognitive Function in 

Schizophrenia. Schizophr. Res. 2006, 86, 138–146, doi:10.1016/J.SCHRES.2006.05.004. 

9. Moritz, S.; Woodward, T.S.; Krausz, M.; Naber, D.; Group, P.S. Relationship between 

Neuroleptic Dosage and Subjective Cognitive Dysfunction in Schizophrenic Patients Treated with Either 

Conventional or Atypical Neuroleptic Medication. Int. Clin. Psychopharmacol. 2002, 17. 

10. Ayano, G. First Generation Antipsychotics: Pharmacokinetics, Pharmacodynamics, 

Therapeutic Effects and Side Effects: A Review. Research & Reviews: Journal of Chemistry 2016. 



41 

 

11. Spooner C; Abou-Setta; AM Mousavi SS; Mousavi, S.; Abou-Setta, A. First-Generation Versus 

Second-Generation Antipsychotics in Adults: Comparative Effectiveness. Database of Abstracts of 

Reviews of Effects 2012. 

12. Goldberg, T.E.; Goldman, R.S.; Burdick, K.E.; Malhotra, A.K.; Lencz, T.; Patel, R.C.; 

Woerner, M.G.; Schooler, N.R.; Kane, J.M.; Robinson, D.G. Cognitive Improvement After Treatment With 

Second-Generation Antipsychotic Medications in First-Episode Schizophrenia: Is It a Practice Effect? 

Arch. Gen. Psychiatry 2007, 64, 1115–1122, doi:10.1001/ARCHPSYC.64.10.1115. 

13. Cuesta, M.J.; Peralta, V.; Zarzuela, A. Effects of Olanzapine and Other Antipsychotics on 

Cognitive Function in Chronic Schizophrenia: A Longitudinal Study. Schizophr. Res. 2001, 48, 17–28, 

doi:10.1016/S0920-9964(00)00112-2. 

14. Livingston, J.A. Metacognition: An Overview. 2003. 

15. Mihaljević-Peleš, A.; Bajs Janović, M.; Šagud, M.; Živković, M.; Janović, Š.; Jevtović, S. 

Cognitive Deficit in Schizophrenia: An Overview. Psychiatr. Danub. 2019, 31, 139–142. 

16. Morris, B.J.; Cochran, S.M.; Pratt, J.A. PCP: From Pharmacology to Modelling Schizophrenia. 

Curr. Opin. Pharmacol. 2005, 5, 101–106, doi:10.1016/J.COPH.2004.08.008. 

17. Flores, G.; Morales-Medina, J.C.; Diaz, A. Neuronal and Brain Morphological Changes in 

Animal Models of Schizophrenia. Behavioural brain research 2016, 301, 190–203, 

doi:10.1016/J.BBR.2015.12.034. 

18. Breier, A.; Su, T.P.; Saunders, R.; Carson, R.E.; Kolachana, B.S.; De Bartolomeis, A.; 

Weinberger, D.R.; Weisenfeld, N.; Malhotra, A.K.; Eckelman, W.C.; et al. Schizophrenia Is Associated 

with Elevated Amphetamine-Induced Synaptic Dopamine Concentrations: Evidence from a Novel Positron 

Emission Tomography Method. Proc. Natl. Acad. Sci. U. S. A. 1997, 94, 2569–2574, 

doi:10.1073/PNAS.94.6.2569. 

19. Steeds, H.; Carhart-Harris, R.L.; Stone, J.M. Drug Models of Schizophrenia. Ther. Adv. 

Psychopharmacol. 2015, 5, 43–58, doi:10.1177/2045125314557797. 

20. Krajcovic, B.; Fajnerova, I.; Horacek, J.; Kelemen, E.; Kubik, S.; Svoboda, J.; Stuchlik, A. 

Neural and Neuronal Discoordination in Schizophrenia: From Ensembles through Networks to Symptoms. 

Acta Physiologica 2019, 226, e13282, doi:10.1111/APHA.13282. 

21. Lr Gaskin, P.; Toledo-Rodriguez, M.; Stephen, ; Alexander, P.H.; Kevin, ; Fone, C.F.; Gaskin, 

D.; Toledo-Rodriguez, A. Down-Regulation of Hippocampal Genes Regulating Dopaminergic, 



42 

 

GABAergic, and Glutamatergic Function Following Combined Neonatal Phencyclidine and Post-Weaning 

Social Isolation of Rats as a Neurodevelopmental Model for Schizophrenia. International Journal of 

Neuropsychopharmacology 2016, 19, 1–13, doi:10.1093/IJNP/PYW062. 

22. Schwabe, K.; Klein, S.; Koch, M. Behavioural Effects of Neonatal Lesions of the Medial 

Prefrontal Cortex and Subchronic Pubertal Treatment with Phencyclidine of Adult Rats. Behavioural brain 

research 2006, 168, 150–160, doi:10.1016/J.BBR.2005.11.005. 

23. Panula, P.; Sallinen, V.; Sundvik, M.; Kolehmainen, J.; Torkko, V.; Tiittula, A.; Moshnyakov, 

M.; Podlasz, P. Modulatory Neurotransmitter Systems and Behavior: Towards Zebrafish Models of 

Neurodegenerative Diseases. Zebrafish 2006, 3, 235–247, doi:10.1089/ZEB.2006.3.235. 

24. Seibt, K.J.; Piato, A.L.; da Luz Oliveira, R.; Capiotti, K.M.; Vianna, M.R.; Bonan, C.D. 

Antipsychotic Drugs Reverse MK-801-Induced Cognitive and Social Interaction Deficits in Zebrafish 

(Danio Rerio). Behavioural Brain Research 2011, 224, 135–139, doi:10.1016/j.bbr.2011.05.034. 

25. Antunes, M.; Biala, G. The Novel Object Recognition Memory: Neurobiology, Test Procedure, 

and Its Modifications. Cogn. Process. 2012, 13, 93–110, doi:10.1007/S10339-011-0430-Z/TABLES/3. 

26. Andersson, M.Å.; Ek, F.; Olsson, R. Using Visual Lateralization to Model Learning and 

Memory in Zebrafish Larvae. Scientific Reports 2015 5:1 2015, 5, 1–7, doi:10.1038/srep08667. 

27. Kim, Y.H.; Lee, K.S.; Park, A.R.; Min, T.J. Adding Preferred Color to a Conventional Reward 

Method Improves the Memory of Zebrafish in the T-Maze Behavior Model. 

https://doi.org/10.1080/19768354.2017.1383938 2017, 21, 374–381, 

doi:10.1080/19768354.2017.1383938. 

28. Liu, X.; Zhang, Y.; Lin, J.; Xia, Q.; Guo, N.; Li, Q. Social Preference Deficits in Juvenile 

Zebrafish Induced by Early Chronic Exposure to Sodium Valproate. Front. Behav. Neurosci. 2016, 10, 

198395, doi:10.3389/FNBEH.2016.00201/BIBTEX. 

29. Pham, M.; Raymond, J.; Hester, J.; Kyzar, E.; Gaikwad, S.; Bruce, I.; Fryar, C.; Chanin, S.; 

Enriquez, J.; Bagawandoss, S.; et al. Assessing Social Behavior Phenotypes in Adult Zebrafish: Shoaling, 

Social Preference, and Mirror Biting Tests. 2012, 231–246, doi:10.1007/978-1-61779-597-8_17. 

30. Gerlai, R. Animated Images in the Analysis of Zebrafish Behavior. Curr. Zool. 2017, 63, 35–

44, doi:10.1093/CZ/ZOW077. 



43 

 

31. Stowers, J.R.; Hofbauer, M.; Bastien, R.; Griessner, J.; Higgins, P.; Farooqui, S.; Fischer, R.M.; 

Nowikovsky, K.; Haubensak, W.; Couzin, I.D.; et al. Virtual Reality for Freely Moving Animals. Nature 

Methods 2017 14:10 2017, 14, 995–1002, doi:10.1038/nmeth.4399. 

32. Deacon, R.M.J.; Rawlins, J.N.P. T-Maze Alternation in the Rodent. Nature Protocols 2006 1:1 

2006, 1, 7–12, doi:10.1038/nprot.2006.2. 

33. Ogi, A.; Licitra, R.; Naef, V.; Marchese, M.; Fronte, B.; Gazzano, A.; Santorelli, F.M. Social 

Preference Tests in Zebrafish: A Systematic Review. Front. Vet. Sci. 2021, 7, 1239, 

doi:10.3389/FVETS.2020.590057/BIBTEX. 

34. Folstein, M.F.; Folstein, S.E.; McHugh, P.R. “Mini-Mental State”. A Practical Method for 

Grading the Cognitive State of Patients for the Clinician. J. Psychiatr. Res. 1975, 12, 189–198, 

doi:10.1016/0022-3956(75)90026-6. 

35. Tombaugh, T.N.; McIntyre, N.J. The Mini-Mental State Examination: A Comprehensive 

Review. J. Am. Geriatr. Soc. 1992, 40, 922–935, doi:10.1111/j.1532-5415.1992.tb01992.x. 

36. Gauthier, S.; Reisberg, B.; Zaudig, M.; Petersen, R.C.; Ritchie, K.; Broich, K.; Belleville, S.; 

Brodaty, H.; Bennett, D.; Chertkow, H.; et al. Mild Cognitive Impairment. Lancet 2006, 367, 1262–1270, 

doi:10.1016/S0140-6736(06)68542-5. 

37. Hobson, J. The Montreal Cognitive Assessment (MoCA). Occup. Med. (Chic. Ill). 2015, 65, 

764–765, doi:10.1093/OCCMED/KQV078. 

38. Nordahl, H.; Anyan, F.; Hjemdal, O.; Wells, A. The Network Structure of Dysfunctional 

Metacognition: Analysis of the MCQ- 

39. Wells, A.; Cartwright-Hatton, S. A Short Form of the Metacognitions Questionnaire: Properties 

of the MCQ- 

40. Lungu, P.F.; Lungu, C.M.; Novac, B.; Novac, O.; Albert, C.; Ciobica, A. Comparing the Effects 

of Atypical Antipsychotic Polypharmacy on Metacognitive Function in Schizophrenia: Considering AI-

Assisted Interventions as a Future Direction—a Pilot Study. Brain (Bacau). 2026, 17, 518, 

doi:10.70594/brain/17.1/34. 

41. Michelotti, P.; Quadros, V.A.; Pereira, M.E.; Rosemberg, D.B. Ketamine Modulates 

Aggressive Behavior in Adult Zebrafish. Neurosci. Lett. 2018, 684, 164–168, 

doi:10.1016/J.NEULET.2018.08.009. 



44 

 

42. Lungu, P.F.; Hritcu, L.D.; Nicoara, M.-N.; Savuca, A.; Curpan, A.-S.; Chelaru, A.I.; Lungu, 

C.M.; Gurzu, B.; Balmus, I.-M.; Ciobica, A.; et al. Preliminary Data Regarding the Alleviating Effects of 

Haloperidol and Risperidone on the Short-Term Memory and Associative Learning in a Zebrafish Model 

of Schizophrenia. Pharmaceuticals 2025, 18, 1548, doi:10.3390/ph18101548. 

43. Magyary, I. Floating Novel Object Recognition in Adult Zebrafish: A Pilot Study. Cogn. 

Process. 2019, 20, 359–362, doi:10.1007/S10339-019-00910-5/FIGURES/5. 

44. Ved, H.; Doshi, G.; Bhatia, N.; Kale, P. Metoclopramide as a Potential Antipsychotic Against 

Long-Term Methionine Exposure in Zebrafish. https://home.liebertpub.com/zeb 2023, 20, 19–27, 

doi:10.1089/ZEB.2022.0033. 

45. Subramanian, S.; Völlm, B.A.; Huband, N. Clozapine Dose for Schizophrenia. Cochrane 

Database of Systematic Reviews 2017, 2017, 

doi:10.1002/14651858.CD009555.PUB2/MEDIA/CDSR/CD009555/IMAGE_T/TCD009555-CMP-003-

08.XXX. 

46. Latifeh, Y.; Mohsen, M.; Mohamad, S.; Nassif, T. Olanzapine Dose for People with 

Schizophrenia. Cochrane Database of Systematic Reviews 2019, 2019, 

doi:10.1002/14651858.CD013266/MEDIA/CDSR/CD013266/IMAGE_T/TCD013266-AFIG-

FIG01.PNG. 

47. Nair, A.B.; Jacob, S. A Simple Practice Guide for Dose Conversion between Animals and 

Human. J. Basic Clin. Pharm. 2016, 7, 27, doi:10.4103/0976-0105.177703. 

48. Leggieri, A.; García-González, J.; Torres-Perez, J. V.; Havelange, W.; Hosseinian, S.; Mech, 

A.M.; Keatinge, M.; Busch-Nentwich, E.M.; Brennan, C.H. Ankk1 Loss of Function Disrupts 

Dopaminergic Pathways in Zebrafish. Front. Neurosci. 2022, 16, 794653, 

doi:10.3389/FNINS.2022.794653/TEXT. 

49. Honer, W.G.; Thornton, A.E.; Chen, E.Y.H.; Chan, R.C.K.; Wong, J.O.Y.; Bergmann, A.; 

Falkai, P.; Pomarol-Clotet, E.; McKenna, P.J.; Stip, E.; et al. Clozapine Alone versus Clozapine and 

Risperidone with Refractory Schizophrenia. New England Journal of Medicine 2006, 354, 472–482, 

doi:10.1056/NEJMOA053222,. 

50. Wang, S.M.; Ouyang, W.C.; Wu, M.Y.; Kuo, L.C. Relationship between Motor Function and 

Psychotic Symptomatology in Young–Adult Patients with Schizophrenia. Eur. Arch. Psychiatry Clin. 

Neurosci. 2020, 270, 373–382, doi:10.1007/S00406-019-01004-1/METRICS. 



45 

 

51. Lähteenvuo, M.; Tiihonen, J.; Lähteenvuo MarkkuLahteenvuo, M. Antipsychotic 

Polypharmacy for the Management of Schizophrenia: Evidence and Recommendations. Drugs 2021 81:11 

2021, 81, 1273–1284, doi:10.1007/S40265-021-01556-4. 

52. Bozikas, V.P.; Kosmidis, M.H.; Gamvrula, K.; Hatzigeorgiadou, M.; Kourtis, A.; Karavatos, 

A. Clock Drawing Test in Patients with Schizophrenia. Psychiatry Res. 2004, 121, 229–238, 

doi:10.1016/J.PSYCHRES.2003.07.003. 

53. Morrison, A.P.; Wells, A.; Nothard, S. Cognitive and Emotional Predictors of Predisposition 

to Hallucinations in Non‐patients. British Journal of Clinical Psychology 2002, 41, 259–270, 

doi:10.1348/014466502760379127. 

54. Freeman, D.; Garety, P. Advances in Understanding and Treating Persecutory Delusions: A 

Review. Soc. Psychiatry Psychiatr. Epidemiol. 2014, 49, 1179–1189, doi:10.1007/S00127-014-0928-7. 

55. Warman, D.M.; Lysaker, P.H.; Martin, J.M. Cognitive Insight and Psychotic Disorder: The 

Impact of Active Delusions. Schizophr. Res. 2007, 90, 325–333, doi:10.1016/J.SCHRES.2006.09.011. 

56. Lysaker, P.H.; Bob, P.; Pec, O.; Hamm, J.; Kukula, M.; Vohs, J.; Popolo, R.; Salvatore, G.; 

Dimaggio, G. Synthetic Metacognition as a Link between Brain and Behavior in Schizophrenia. Transl. 

Neurosci. 2013, 4, 368–377, doi:10.2478/s13380-013-0131-4. 

57. Keefe, R.S.E.; Arnold, M.C.; Bayen, U.J.; Harvey, P.D. Source Monitoring Deficits in Patients 

with Schizophrenia; a Multinomial Modelling Analysis. Psychol. Med. 1999, 29, 903–914, 

doi:10.1017/S0033291799008673. 

58. Stahl, S.M. Stahl’s Essential Psychopharmacology: Neuroscientific Basis and Practical 

Applications; Cambridge university press, 2021; ISBN 110883857X. 

59. Curpan, A.-S.; Savuca, A.; Hritcu, L.D.; Solcan, C.; Nicoara, M.N.; Luca, A.-C.; Ciobica, A.-

S. A New Approach to Explore the Correlation between Declarative Memory and Anxiety in Animal 

Models of Schizophrenia and Microplastic Pollution. Behavioural Brain Research 2024, 458, 114742, 

doi:10.1016/j.bbr.2023.114742. 

60. Vinnakota, C.; Schroeder, A.; Du, X.; Ikeda, K.; Ide, S.; Mishina, M.; Hudson, M.; Charles 

Jones, N.; Sundram, S.; Anne Hill, R.; et al. Understanding the Role of the NMDA Receptor Subunit, 

GluN2D, in Mediating NMDA Receptor Antagonist-Induced Behavioral Disruptions in Male and Female 

Mice. J Neurosci Res 2023, 102, doi:10.1002/jnr.25257. 



46 

 

61. Zakhary, S.M.; Ayubcha, D.; Ansari, F.; Kamran, K.; Karim, M.; Leheste, J.R.; Horowitz, J.M.; 

Torres, G. A Behavioral and Molecular Analysis of Ketamine in Zebrafish. Synapse 2011, 65, 160, 

doi:10.1002/SYN.20830. 

62. Riehl, R.; Kyzar, E.; Allain, A.; Green, J.; Hook, M.; Monnig, L.; Rhymes, K.; Roth, A.; Pham, 

M.; Razavi, R.; et al. Behavioral and Physiological Effects of Acute Ketamine Exposure in Adult Zebrafish. 

Neurotoxicol. Teratol. 2011, 33, 658–667, doi:10.1016/j.ntt.2011.05.011. 

63. Zhang, Q.; Wu, S.; Wang, P.; Zhang, R.; Valenzuela, R.K.; Shang, S.; Wan, T.; Ma, J. 

Schizophrenia-Like Deficits and Impaired Glutamate/Gamma-Aminobutyric Acid Homeostasis in Zfp804a 

Conditional Knockout Mice. Schizophr. Bull. 2024, 50, 1411–1426, doi:10.1093/schbul/sbae120. 

64. Benvenutti, R.; Gallas-Lopes, M.; Marcon, M.; Reschke, C.R.; Herrmann, A.P.; Piato, A. 

Glutamate NMDA Receptor Antagonists with Relevance to Schizophrenia: A Review of Zebrafish 

Behavioral Studies. Curr. Neuropharmacol. 2022, 20, 494–509, 

doi:10.2174/1570159X19666210215121428. 

65. Zink, M.; Schmitt, A.; May, B.; Müller, B.; Demirakca, T.; Braus, D.F.; Henn, F.A. Differential 

Effects of Long-Term Treatment with Clozapine or Haloperidol on GABAA Receptor Binding and GAD67 

Expression. Schizophr. Res. 2004, 66, 151–157, doi:10.1016/S0920-9964(03)00088-4. 

66. Grace, A.A. Dysregulation of the Dopamine System in the Pathophysiology of Schizophrenia 

and Depression. Nat. Rev. Neurosci. 2016, 17, 524–532, doi:10.1038/nrn.2016.57. 

67. Howes, O.D.; Kapur, S. The Dopamine Hypothesis of Schizophrenia: Version III--The Final 

Common Pathway. Schizophr. Bull. 2009, 35, 549–562, doi:10.1093/schbul/sbp006. 

68. Coyle, J.T. NMDA Receptor and Schizophrenia: A Brief History. Schizophr. Bull. 2012, 38, 

920–926, doi:10.1093/schbul/sbs076. 

69. Gandal, M.J.; Haney, J.R.; Parikshak, N.N.; Leppa, V.; Ramaswami, G.; Hartl, C.; Schork, A.J.; 

Appadurai, V.; Buil, A.; Werge, T.M.; et al. Shared Molecular Neuropathology across Major Psychiatric 

Disorders Parallels Polygenic Overlap. Science (1979). 2018, 359, 693–697, doi:10.1126/science.aad6469. 

70. Hou, Y.; Wu, C.F.; Yang, J.Y.; Guo, T. Differential Effects of Haloperidol, Clozapine and 

Olanzapine on Learning and Memory Functions in Mice. Prog. Neuropsychopharmacol. Biol. Psychiatry 

2006, 30, 1486–1495, doi:10.1016/J.PNPBP.2006.06.001. 



47 

 

71. Gaspary, K.V.; Reolon, G.K.; Gusso, D.; Bonan, C.D. Novel Object Recognition and Object 

Location Tasks in Zebrafish: Influence of Habituation and NMDA Receptor Antagonism. Neurobiol. Learn. 

Mem. 2018, 155, 249–260, doi:10.1016/j.nlm.2018.08.005. 

72. Egan, R.J.; Bergner, C.L.; Hart, P.C.; Cachat, J.M.; Canavello, P.R.; Elegante, M.F.; Elkhayat, 

S.I.; Bartels, B.K.; Tien, A.K.; Tien, D.H.; et al. Understanding Behavioral and Physiological Phenotypes 

of Stress and Anxiety in Zebrafish. Behavioural Brain Research 2009, 205, 38–44, 

doi:10.1016/j.bbr.2009.06.022. 

73. Rogóż, Z.; Kamińska, K. The Effect of Combined Treatment with Escitalopram and 

Risperidone on the MK-801-Induced Changes in the Object Recognition Test in Mice. Pharmacological 

Reports 2016, 68, 116–120, doi:10.1016/j.pharep.2015.07.004. 

74. Samizadeh, M.-A.; Abdollahi-Keyvani, S.-T.; Fallah, H.; Beigi, B.; Motamedi-Manesh, A.; 

Adibian, S.; Vaseghi, S. Sex Difference Alters the Behavioral and Cognitive Performance in a Rat Model 

of Schizophrenia Induced by Sub-Chronic Ketamine. J. Psychiatr. Res. 2024, 178, 180–187, 

doi:10.1016/j.jpsychires.2024.08.014. 

75. De Donatis, D.; Porcelli, S.; De Ronchi, D.; Merlo Pich, E.; Kas, M.J.; Bilderbeck, A.; Serretti, 

A. Social Withdrawal and Neurocognitive Correlates in Schizophrenia. Int. Clin. Psychopharmacol. 2022, 

37, 102–109, doi:10.1097/YIC.0000000000000395. 

76. Du, N.; Meng, X.; Li, J.; Shi, L.; Zhang, X. Decline in Working Memory in Stable 

Schizophrenia May Be Related to Attentional Impairment: Mediating Effects of Negative Symptoms, a 

Cross-Sectional Study. Neuropsychiatr. Dis. Treat. 2024, Volume 20, 149–158, 

doi:10.2147/NDT.S447965. 

77. Kalichak, F.; de Alcantara Barcellos, H.H.; Idalencio, R.; Koakoski, G.; Soares, S.M.; 

Pompermaier, A.; Rossini, M.; Barcellos, L.J.G. Persistent and Transgenerational Effects of Risperidone in 

Zebrafish. Environmental Science and Pollution Research 2019, 26, 26293–26303, doi:10.1007/S11356-

019-05890-9/METRICS. 

78. Monteleone, P.; Cascino, G.; Monteleone, A.M.; Rocca, P.; Rossi, A.; Bertolino, A.; Aguglia, 

E.; Amore, M.; Collantoni, E.; Corrivetti, G.; et al. Prevalence of Antipsychotic-Induced Extrapyramidal 

Symptoms and Their Association with Neurocognition and Social Cognition in Outpatients with 

Schizophrenia in the “Real-Life.” Prog. Neuropsychopharmacol. Biol. Psychiatry 2021, 109, 110250, 

doi:10.1016/j.pnpbp.2021.110250. 



48 

 

79. Kucharska-Pietura, K.; Mortimer, A. Can Antipsychotics Improve Social Cognition in Patients 

with Schizophrenia? CNS Drugs 2013, 27, 335–343, doi:10.1007/s40263-013-0047-0. 

80. Nakazawa, K.; Zsiros, V.; Jiang, Z.; Nakao, K.; Kolata, S.; Zhang, S.; Belforte, J.E. GABAergic 

Interneuron Origin of Schizophrenia Pathophysiology. Neuropharmacology 2012, 62, 1574–1583, 

doi:10.1016/j.neuropharm.2011.01.022. 

81. Barch, D.M.; Ceaser, A. Cognition in Schizophrenia: Core Psychological and Neural 

Mechanisms. Trends Cogn. Sci. 2012, 16, 27–34, doi:10.1016/j.tics.2011.11.015. 

82. Ichikawa, J.; Ishii, H.; Bonaccorso, S.; Fowler, W.L.; O’Laughlin, I.A.; Meltzer, H.Y. 5‐HT 2A 

and D 2 Receptor Blockade Increases Cortical DA Release via 5‐HT 1A Receptor Activation: A Possible 

Mechanism of Atypical Antipsychotic‐induced Cortical Dopamine Release. J. Neurochem. 2001, 76, 1521–

1531, doi:10.1046/j.1471-4159.2001.00154.x. 

83. Sato, H.; Ito, C.; Hiraoka, K.; Tashiro, M.; Shibuya, K.; Funaki, Y.; Yoshikawa, T.; Iwata, R.; 

Matsuoka, H.; Yanai, K. Histamine H1 Receptor Occupancy by the New-Generation Antipsychotics 

Olanzapine and Quetiapine: A Positron Emission Tomography Study in Healthy Volunteers. 

Psychopharmacology (Berl). 2015, 232, 3497–3505, doi:10.1007/S00213-015-4002-2. 

84. Dere, E.; Huston, J.P.; De Souza Silva, M.A. The Pharmacology, Neuroanatomy and 

Neurogenetics of One-Trial Object Recognition in Rodents. Neurosci. Biobehav. Rev. 2007, 31, 673–704, 

doi:10.1016/J.NEUBIOREV.2007.01.005. 

85. Bottiglieri, T. S-Adenosyl-L-Methionine (SAMe): From the Bench to the Bedside--Molecular 

Basis of a Pleiotrophic Molecule. Am. J. Clin. Nutr. 2002, 76, doi:10.1093/AJCN/76/5.1151S. 

86. Guidotti, A.; Auta, J.; Chen, Y.; Davis, J.M.; Dong, E.; Gavin, D.P.; Grayson, D.R.; 

Matrisciano, F.; Pinna, G.; Satta, R.; et al. Epigenetic GABAergic Targets in Schizophrenia and Bipolar 

Disorder. Neuropharmacology 2011, 60, 1007–1016, doi:10.1016/j.neuropharm.2010.10.021. 

87. Mentch, S.J.; Locasale, J.W. One‐carbon Metabolism and Epigenetics: Understanding the 

Specificity. Ann. N. Y. Acad. Sci. 2016, 1363, 91–98, doi:10.1111/nyas.12956. 

88. Ennaceur, A. One-Trial Object Recognition in Rats and Mice: Methodological and Theoretical 

Issues. Behavioural Brain Research 2010, 215, 244–254, doi:10.1016/j.bbr.2009.12.036. 

89. Kalueff, A. V.; Stewart, A.M.; Gerlai, R. Zebrafish as an Emerging Model for Studying 

Complex Brain Disorders. Trends Pharmacol. Sci. 2014, 35, 63, doi:10.1016/J.TIPS.2013.12.002. 



49 

 

90. Norton, W.; Bally-Cuif, L. Adult Zebrafish as a Model Organism for Behavioural Genetics. 

BMC Neurosci. 2010, 11, 1–11, doi:10.1186/1471-2202-11-90/TABLES/1. 

91. Green, M.F.; Horan, W.P.; Lee, J. Social Cognition in Schizophrenia. Nat. Rev. Neurosci. 2015, 

16, 620–631, doi:10.1038/nrn4005. 

92. Fett, A.K.J.; Viechtbauer, W.; Dominguez, M. de G.; Penn, D.L.; van Os, J.; Krabbendam, L. 

The Relationship between Neurocognition and Social Cognition with Functional Outcomes in 

Schizophrenia: A Meta-Analysis. Neurosci. Biobehav. Rev. 2011, 35, 573–588, 

doi:10.1016/J.NEUBIOREV.2010.07.001. 

93. Meltzer, H.Y.; McGurk, S.R. The Effects of Clozapine, Risperidone, and Olanzapine on 

Cognitive Function in Schizophrenia. Schizophr. Bull. 1999, 25, 233–256, 

doi:10.1093/OXFORDJOURNALS.SCHBUL.A033376. 

94. Nucifora, F.C.; Woznica, E.; Lee, B.J.; Cascella, N.; Sawa, A. Treatment Resistant 

Schizophrenia: Clinical, Biological, and Therapeutic Perspectives. Neurobiol. Dis. 2019, 131, 104257, 

doi:10.1016/j.nbd.2018.08.016. 

95. Rajagopal, L.; Massey, B.; Huang, M.; Oyamada, Y.; Meltzer, H. The Novel Object 

Recognition Test in Rodents in Relation to Cognitive Impairment in Schizophrenia. Curr. Pharm. Des. 

2014, 20, 5104–5114, doi:10.2174/1381612819666131216114240. 

96. Khan, K.M.; Collier, A.D.; Meshalkina, D.A.; Kysil, E. V.; Khatsko, S.L.; Kolesnikova, T.; 

Morzherin, Y.Y.; Warnick, J.E.; Kalueff, A. V.; Echevarria, D.J. Zebrafish Models in 

Neuropsychopharmacology and CNS Drug Discovery. Br. J. Pharmacol. 2017, 174, 1925–1944, 

doi:10.1111/BPH.13754. 

97. Langova, V.; Vales, K.; Horka, P.; Horacek, J. The Role of Zebrafish and Laboratory Rodents 

in Schizophrenia Research. Front. Psychiatry 2020, 11, 549232, doi:10.3389/FPSYT.2020.00703/BIBTEX. 

98. Gerlai, R. Fish in Behavior Research: Unique Tools with a Great Promise! J. Neurosci. Methods 

2014, 234, 54–58, doi:10.1016/j.jneumeth.2014.04.015. 

99. Meltzer, H.Y. Clozapine: Balancing Safety with Superior Antipsychotic Efficacy. Clin. 

Schizophr. Relat. Psychoses 2012, 6, 134–144. 


