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Chapter 1 Schizophrenia 

 

1.1 Introduction 

During the 1930s, William Dameshek conducted the first 

investigation on the role of white blood cells in dementia praecox[1]. 

Hermann Lehmann-Facius, a German neuropathologist, investigated 

the potential connection between the schizophrenia and the 

occurrence of an autoimmune response. Specifically, Lehmann-

Facius sought to determine if the production of antibodies targeting 

brain structures may be implicated in this pathological condition. 

Lehmann-Facius postulated that a specific group of molecules known 

as "brain lipoids" were particularly impacted since these compounds 

had biochemical specificity inside brain tissue[2]. Later, Saunders and 

Muchmore examined the impact of phenothiazine antipsychotics on 

the immune system [3].  

In 1985, some authors reported high titers of interferon in the blood   

of patients with psychosis [4]. Additional evidence supporting the 

involvement of the immune system and proposing a viral cause of 

schizophrenia was documented [5]. This study revealed an increased 

susceptibility to schizophrenia among individuals born during the 

winter months. During the 1990s, the first indications of an 

autoimmune etiology were postulated once again influenced by 

prenatal viral exposure [6].  

Moreover, the autoimmune disorder known as anti-N-methyl-d-

aspartate (NMDA) receptor encephalitis is characterized by the 

presence of immunoglobulin (Ig)G antibodies that specifically target 

the NR1 subunit of the NMDA glutamate receptor. Psychiatric 

symptoms, in particular schizophrenia-like psychosis, are seen in 

around 65% of patients[7]. 

The presence of immunological alterations found in patients with 

schizophrenia may potentially contribute to the development of the 

disease. Moreover, immunomodulatory drugs have the potential to 

impact the symptoms associated with mental diseases. The 

therapeutic benefits of antipsychotic drugs may be attributed also to 
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their ability to modulate the immune system. The comprehension and 

empirical underpinnings of immunological principles and 

immunotherapies for schizophrenia illnesses have undergone 

transformation during medical history [8,9].  

Schizophrenia is a multifaceted and chronic psychiatric condition that 

significantly impacts an individual's thought, perception, cognitive 

processes, affective states, and behavioral patterns. The condition has 

a spectrum of symptoms that may exhibit variations in both severity 

and duration [10].  

The historical trajectory of schizophrenia is characterized by its 

intricate nature and ongoing development. The comprehension and 

categorization of schizophrenia have seen significant advancements 

over many centuries. Although the name "schizophrenia" is a 

relatively recent construct, there are accounts in historical books from 

ancient civilizations that describe symptoms like those associated 

with schizophrenia [11]. This literature frequently depicted 

individuals who encountered hallucinations, delusions, and impaired 

cognition and, in Old and Middle Ages, these individuals were seen 

as afflicted by evil entities.  

The German psychiatrist, Emil Kraepelin (1856-1926), coined the 

term "dementia praecox" in the late 19th century to designate a mental 

disorder distinguished by the onset of cognitive decline and severe 

mental symptoms, including alteration in thought, perception, and 

behavior at an early stage. This notion represented a divergence from 

the dominant perspectives of the era, which frequently correlated 

mental disorders with immoral or flawed character [12].  

Kraepelin was among the pioneers in the classification of mental 

disorders according to their clinical manifestations. He made a 

distinction between "dementia praecox" and other mood disorders, 

including manic-depressive illness [13]. The definition 

"schizophrenia" was initially proposed by Eugen Bleuler (1857-

1939), a Swiss psychiatrist, in 1911. Bleuler employed this 

terminology to underscore the disintegration and fragmentation of 

cognitive processes that he observed in patients afflicted with 
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dementia praecox. [14]. Bleuler contributed to our contemporary 

understanding of schizophrenia by emphasizing symptoms and the 

division between thought, emotion, and behavior.  

In contrast, Kraepelin had directed his attention towards the clinical 

course and outcome of the illness. His contributions established the 

groundwork for a methodical and empirical framework concerning 

the categorization of psychiatric disorders. Modern diagnostic 

systems, including the Diagnostic and Statistical Manual of Mental 

Disorders (DSM) [15,16] were significantly influenced by 

Kraepelin's mental diseases classification. Kraepelin's contributions 

were instrumental in shifting from stigmatizing or moralistic 

perspectives on mental illness to a scientific and medical framework 

for the diagnosis and treatment of psychiatric disorders, such as 

schizophrenia (Fig.1). Bleuler's concept of schizophrenia emphasized 

the core features of the disorder, including disorganized thought 

processes, impaired reality testing, and disruptions in emotional 

expression. He introduced the "four A's" to describe symptoms often 

associated with schizophrenia: Ambivalence (conflicting feelings and 

thoughts), Autism (self-isolation and withdrawal from reality), 

Affective disturbances (emotional disruptions), and Associations 

(thought disorders) [17]. 

Kurt Schneider (1887-1967), a German psychiatrist, significantly 

advanced the knowledge and categorization of schizophrenia through 

his contribution. Schneider introduced the "first-rank symptoms," and 

his contributions to the identification and classification of the 

symptoms of schizophrenia are particularly renowned [18].  

 

- Auditory hallucinations, particularly those in which an ongoing 

commentary accompanies the subject's thoughts or actions. 

-Individuals who experience thought insertion, withdrawal, or 

dissemination believe that external forces are monitor or control their 

thoughts. 
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- Delusional perception pertains to instances wherein commonplace 

stimuli are perceived as possessing a distinct, typically malevolent 

significance. 

 

Schneider postulated that the inclusion of one or more of these 

primary symptoms might serve as a crucial diagnostic indicator for 

schizophrenia. His work has had an enduring effect on the field of 

psychiatry. Nevertheless, it is critical to acknowledge that diagnostic 

criteria and the comprehension of schizophrenia have transformed 

throughout history and current diagnostics. 

 

 
 

1.2 Epidemiology 

Literature data estimates the incidence rates per 100,000 individuals 

annually, around 15 for men and 10 for females. Additionally, a point 

prevalence rate of 4.6 per 1000 individuals was reported. 

Furthermore, the lifetime morbid risk was found to be roughly 

0.7%[19]. While there may be minor regional variations, the 

condition's prevalence is comparatively stable across diverse cultures 

and countries. The onset of schizophrenia generally occurs during late 

adolescence or early adulthood, with males experiencing an earlier 

onset than females. However, any age is susceptible [20]. 

schizophrenia manifests in both males and females; however, 

preliminary research indicates that males may experience a 

marginally earlier onset of the disorder compared to females. The 

overall prevalence of the condition is comparable in both sexes. 
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Schizophrenia's prevalence exhibits a relatively stable pattern across 

diverse geographic regions and cultural contexts [21]. A correlation 

has been observed between a reduced socioeconomic status and a 

heightened susceptibility to the development of schizophrenia. 

Treatment outcomes and the progression of a disease may be 

influenced by destitution and restricted access to high-quality 

healthcare [20].  The likelihood of developing schizophrenia is 

increased if one has a first-degree relative with the disorder. Several 

research studies have posited that there may be a marginally elevated 

susceptibility to schizophrenia among individuals raised in urban 

environments. The underlying causes of this disparity between urban 

and rural areas remain ambiguous, but they might include social 

tension, substance abuse, and environmental pollutants. Migration 

and environmental change have been linked to an increased risk of 

developing schizophrenia, according to the available evidence. Those 

who migrate in the opposite direction—from low-risk to high-risk 

areas—might encounter an elevated risk, whereas those who migrate 

in the opposite direction might encounter a diminished risk[21]. 

 

1.3 Etiology 

A variety of environmental and genetic factors influence 

schizophrenia. Although the complete etiology of the condition 

remains unknown, investigations have yielded valuable insights 

regarding possible causes and risk factors. Several pivotal factors 

contribute to the development of schizophrenia (Fig.2). 

 

Genetic Factors: Schizophrenia has been found to exhibit a 

significant degree of polygenicity, as evidenced by genetic 

investigations, with several unique genetic loci, perhaps numbering 

in the hundreds or even thousands, implicated in its development. 

Genomic-wide association studies (GWAS) have revealed over 100 

different genetic loci with common alleles with varying effects. The 

disease's genetic risk exhibits a notable degree of pleiotropy, as seen 

by the presence of shared risk alleles among schizophrenia [22]. A 
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recent genomic analysis has shown distinct biological processes in 

which genes are responsible for encoding a diverse range of synaptic 

proteins, including those found in the postsynaptic density and the 

voltage-gated calcium channel family of proteins [22]. Additionally, 

this phenomenon encompasses genetic elements that encode 

glutamate receptors and dopamine receptor D2. Additionally, a 

noteworthy discovery in schizophrenia research is the identification 

of several interrelated variations within the major histocompatibility 

complex (MHC). Specifically, MHC I have been identified as a 

regulator of several aspects of brain development, including synapse 

formation, neurite outgrowth, and homeostatic plasticity [23]. Several 

studies have revealed a potentially significant correlation with 

candidate genes, such as COMT, DISC1, RGS4, PPP3CC, ZDHHC8, 

AKT1, neuregulin, dysbindin, G72/G30, TRAR4, and alpha-7 

nicotinic receptor genes [23,24]. These genes are implicated in the 

modulation of dopamine, hence playing a role in the fundamental 

etiology of schizophrenia. While it is difficult to determine the 

mechanism behind these genetic connections, the linkage evidence is 

particularly robust for two specific genes:  dystrobrevin binding 

protein 1 (DTNBP1) and neuregulin 1 (NRG1). Both DTNBP1 and 

NRG1 are expressed in synapses within the central nervous system 

and have a role in modulating glutamate neurotransmission, which is 

implicated in the pathophysiology of schizophrenia [24]. 

 

Neurochemical Aberrations: Dopamine dysfunction has been 

identified as the historical cause of schizophrenia, and treatments that 

target the dopamine pathway in the central nervous system have been 

developed. Nevertheless, several shreds of evidence suggest that 

multiple dysfunctions in neural networks, underpinned by 

dopaminergic, glutamatergic, serotonergic, and gamma-aminobutyric 

acid (GABA) signaling, may be at the heart of schizophrenia's 

pathophysiology [25–27]. This dysfunction could result in aberrant 

interneural functioning, which manifests as thought, perception, 

cognitive, behavioral, and social dysfunction via disruptions in a wide 
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variety of neural networks [28]. Graph theory can be utilized to 

represent the interactions among neurotransmitters as nodes and 

edges [29]. In the case of oxidative balance, immune function and 

neurotransmitter systems can be conceptualized as multiple 

interlocking nodes centered around a central hub. Any disruption 

within these nodes could impact the entire system [29]. As a result, 

novel treatment targets beyond the dopamine hypothesis, such as 

glutamate, serotonin, acetylcholine, GABA, and inflammatory 

cytokines, which play a role in the communication of immunity cells, 

are required [30]. 

 

Brain Structure and Function: The presence of formal thinking 

disorder (FTD) is a significant clinical characteristic observed in 

individuals with schizophrenia. Distinct brain networks for positive 

and negative FTD were investigated. Both networks included brain 

areas from the frontal to occipital lobes, including the amygdala  [31].  

The ventral striatum and ventrolateral prefrontal cortex were 

associated with negative symptoms. Positive symptoms, specifically 

persecutory ideation, were associated with the 

hippocampus/parahippocampal region, amygdala, and medial 

prefrontal cortex function. While evaluated less frequently, 

disorganization symptoms were associated with dorsolateral 

prefrontal cortex function[32]. 

 

In addition, ventricular enlargement and generalized brain tissue loss 

have been observed in schizophrenic patients via CT imaging, in 

comparison to the control group [33]. The extent of the lateral and 

third ventricles increases gradually as the disease progresses[34]. 

Negative symptoms are additionally correlated with thalamic, medial 

temporal, and superior temporal lobe volume depletion[35]. 

Furthermore, structural abnormalities in the striatum, thalamus, 

cerebellum, anterior cingulate gyrus, hippocampus, medial temporal 

lobe, medial frontal, and posterior parietal cortex have been 

associated with executive function impairment [36]. In conclusion, 
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the dysfunction of the brain in schizophrenic patients is not the result 

of a singular brain region but rather a collection of brain networks. 

 

Specific prenatal and perinatal factors: Many prenatal and perinatal 

factors have been associated with an elevated tendency for developing 

schizophrenia. Various factors, including stress during prenatal 

development, malnutrition, maternal infections during pregnancy, and 

exposure to toxins, may influence the development of the disorder 

[37]. 

 

Neurodevelopmental Factors: There is a growing recognition that 

schizophrenia is a neurodevelopmental disorder, which implies that 

early abnormalities in brain development may play a role in its 

initiation. Recent research shows the genetic overlap between 

schizophrenia and childhood psychopathology syndromes known as 

"neurodevelopmental disorders" like autism-spectrum disorders, 

intellectual disability, and Attention deficit and hypermotility disorder 

[38].  

 

Substance Abuse: Cannabis use during adolescence is a recognized 

risk factor for the development of schizophrenia. The potential 

adverse effects of cannabis on brain development and function may 

elevate the susceptibility to psychosis [39]. 

 

Psychosocial factors: Social determinants of health, including but not 

limited to childhood trauma, social isolation, and lack of social 

support, may exert an influence on the trajectory of schizophrenia 

even though they do not constitute a direct causal link [40]. 

 

Immune alterations: The relationship between schizophrenia and 

immune system dysfunction is becoming increasingly supported by 

evidence. Neuroinflammation, infections, and autoimmune disorders 

may all contribute to an elevated susceptibility to the disorder[41]. 
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It is critical to recognize that schizophrenia is most likely the result of 

a complex interaction between these factors and that no single factor 

can explain its etiology in its entirety. In addition, current research is 

focused on elucidating the precise mechanisms and chronological 

progression that initiate the disorder.  

 

 
 

1.4 Course of Schizophrenia 

The progression of schizophrenia is highly unpredictable and varies 

significantly from individual to individual. Schizophrenia is 

commonly distinguished by a recurring pattern of relapse and 

remission, wherein affected individuals undergo episodes of 

psychotic episodes, which are distinct periods of active symptoms 

succeeded by intervals of relative stability. The following is a 

synopsis of the typical progression of schizophrenia [42,43]: 

 

The prodromal phase: represents the early stage of schizophrenia, 

characterized by the development of full-blown psychotic symptoms 

months or even years later. Individuals may undergo subtle alterations 

in their thoughts, perception, affectivity and conduct during this 

phase. Social withdrawal, alterations in sleep patterns, irritability, and 
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a decline in academic or occupational performance are typical 

prodromal symptoms. 

 

Acute phase is distinguished by the manifestation of active symptoms 

associated with psychosis. Hallucinations, delusions, disorganized 

thought processes, and mood and motivational disturbances are some 

of these symptoms. Diverse are the duration and severity of acute 

phases.  

 

Stabilization phase: After the acute phase, patients may experience a 

reduction in the severity of their symptoms or even a complete 

cessation. Specific individuals endure extended phases of stability, 

whereas others encounter recurring episodes. 

 

Relapse: The return of acute symptoms, or relapses, is a frequent 

occurrence in schizophrenia. Relapses may be precipitated by stress, 

substance addiction, noncompliance with medication, or other life 

changes. These risk factors must be closely monitored and managed 

to decrease the probability of relapse. 

 

Chronic Phase: Schizophrenia may progress to a chronic state 

characterized by enduring symptoms and functional limitations in 

certain instances. A recent metanalyses found that 24.2 % of patients 

recovered [44] 

 

1.5 Clinical Presentation 

The Diagnostic and Statistical Manual of Mental Disorders, Fifth 

Edition -Text Revision (DSM-5-TR) [45] provides a comprehensive 

delineation of the clinical criteria utilized in diagnosing 

schizophrenia. Presented below are several prominent clinical 

symptoms associated with schizophrenia [16,45] : 
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  Positive symptoms  

    a. Hallucinations: Auditory hallucinations, specifically the 

perception of hearing voices, are the prevailing form of hallucination 

experienced. However, it is worth noting that visual, olfactory, and 

tactile hallucinations may also manifest. 

 

    b. Delusions refer to erroneous beliefs that persist despite being 

contradicted by logical reasoning or empirical data. Schizophrenia 

commonly manifests with paranoid delusions, which involve the 

unfounded assumption that others are engaged in a conspiracy against 

the individual. Additionally, grandiose delusions are characterized by 

an inflated sense of self-importance, while odd delusions encompass 

peculiar and improbable beliefs. 

 

Disorganized Thinking 

Schizophrenia can present with symptoms of fomal thought, such as 

disorganized speech, incoherent thinking, and challenges in the 

organization and articulation of concepts.  

 

Disorganized or abnormal motor behavior encompasses a spectrum of 

actions, spanning from heightened restlessness and erratic movements 

to instances of catatonia, characterized by a state of unresponsiveness 

and physical immobility. 

 

Negative symptoms include the absence or diminishment of typical 

emotional and behavioral reactions: 

 

a. Affective Flattening refers to a condition characterized by limited 

emotional expressiveness and diminished emotional reactivity. 

Individuals who are affected may exhibit signs of apathy or emotional 

detachment. 
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b. Alogia refers to a condition where patients exhibit restricted speech 

production, which can manifest as either poverty of speech, typified 

by brief and monosyllabic responses. 

 

 c. Anhedonia refers to a diminished capacity to derive pleasure or 

exhibit interest in activities that were previously found gratifying. 

 

 d. Avolition refers to a diminished inclination to participate in 

meaningful activities, encompassing tasks related to self-care and the 

pursuit of individual objectives. 

 

e. Cognitive impairments are frequently observed in individuals 

diagnosed with schizophrenia, manifesting as deficiencies in several 

cognitive domains including memory, attention, and executive 

functioning. Cognitive impairments have the potential to significantly 

affect an individual's daily functioning and contribute to the 

development of disability. 

 

    Many individuals encounter challenges in maintaining 

interpersonal connections, sustaining employment, or fulfilling the 

obligations of their daily routines. In order to receive a diagnosis of 

schizophrenia, it is necessary for these symptoms to be consistently 

present for a substantial duration of time, typically lasting six months 

or longer, and to result in a notable deterioration in overall 

functioning. It is crucial to acknowledge that schizophrenia can show 

distinct subtypes, and patients may exhibit diverse combinations of 

symptoms. Moreover, there exists considerable heterogeneity in the 

trajectory and intensity of the condition among persons diagnosed 

with schizophrenia.  

Positive symptoms tend to exhibit relapse and remission patterns, 

while certain individuals may endure lingering long-term psychotic 

symptoms. The chronic nature of negative and cognitive symptoms is 

often linked to enduring impacts on social functioning[45]. 
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1.6 Prognosis 

The prognosis of schizophrenia exhibits considerable variability 

among individuals, contingent upon various factors such as the 

timeliness of diagnosis, the efficacy of treatment, and individual 

attributes. The implementation of early diagnosis and intervention is 

correlated with improved prognostic outcomes. The prompt 

highlights the importance of early recognition and treatment of 

schizophrenia since it significantly increases the likelihood of 

achieving symptom management and functional recovery. Adherence 

to prescribed drugs is associated with symptom management and a 

decreased likelihood of recurrence. Non-adherence to medicine poses 

a substantial obstacle in the management of schizophrenia and has the 

potential to result in a less favorable prognosis. Residual symptoms 

may persist in certain persons diagnosed with schizophrenia, even 

during periods of relative stability. The presence of residual 

symptoms, such as minor hallucinations or cognitive deficiencies, can 

have a significant impact on an individual's everyday functioning and 

may endure for an extended period [45].  
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Chapter 2 Neuroinflammation and Schizophrenia 
 

2.1 Neuroinflammation 

Neuroinflammation pertains to inflammation inside the central 

nervous system (CNS). Inflammation is an inherent physiological 

reaction of the human body in response to various forms of physical 

trauma, microbial invasion, or noxious stimuli. This process entails 

initiating immune system mechanisms aimed at safeguarding and 

restoring compromised tissues [46].  

The immune response in the CNS is initiated by the activation of 

immune cells, (i.e., macrophages) namely microglia [47], that 

represent just over 10 percent of the total cell population in an adult 

brain[48]. Under physiological conditions, microglia support the 

proliferation of neural precursor cells, thereby contributing to CNS 

homeostasis during brain development. By sculpting synapses, these 

cells maintain the integrity of neuronal circuits during the postnatal 

period. Microglia alter their morphology and downregulate genes that 

support homeostatic functions following a CNS injury. Chronically 

active microglia do secrete inflammatory proteins such as cytokines, 

Interleukin- 6 (IL-6), Interleukin 1β (IL-1β), tumor necrosis factor-α 

(TNF-α), reactive oxygen species (ROS), chemokines and 

excitotoxins, including glutamate, that can lead to neurodegenerative 

processes [49]. Microglial cells are triggered by a variety of factors, 

such as infections, trauma, autoimmune disorders, psychological or 

psychosocial stress, aging, lifestyle, diet, sleep pattern, and 

environmental influences [50–52]. Moreover, microglia are endowed 

with toll-like receptors (TLRs), which are transmembrane receptors 

distinguished by an extracellular leucine-rich repeat domain and 

capable of detecting damage-associated molecular patterns (DAMPs) 

or pathogen-associated molecular patterns (PAMPs), in order to react 

quickly to local pathogenic triggers [53,54].  
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Neuroinflammation is characterized by the following features: 

activation of microglia, elevated levels of cytokines and chemokines, 

recruitment of immune cells from the periphery, and injury to brain 

tissues [55,56] .  

The morphological characteristics of microglia may be broken down 

into three distinct stages: the resting phase (M0) and the activated 

phases (M1, pro-inflammatory; M2, anti-inflammatory) [57] (Fig.3). 

Persistent inflammation induces microglia to adopt the activated 

proinflammatory phenotype M1, which fosters inflammation and 

results in elevated levels of proinflammatory cytokines, such as TNF-

α, IL-4, IL-6, IL-12, and IL-18 [57] .  

 

 
 

In addition, microglia have only recently become known for their 

extraordinary diversity in structure and function, suggesting that they 

play an even more crucial role in regulating brain development, 

plasticity, behavior, and cognition. A multitude of environmental 

factors, in conjunction with an individual's genetic predispositions, 

contribute to a heightened lifetime risk of developing schizophrenia 

[58]. Microglia are exceptionally susceptible to protracted 

psychological stress, malnutrition, bacterial and viral infections, 

pollution, and inadequate or disrupted sleep, not only during critical 
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developmental phases but also over the course of an individual's 

lifetime [58].  

Neuronal circuits are subject to constant refinement, promoted by 

microglia, primarily through the formation, modification, and 

elimination of synaptic structures. This mechanism underpins 

learning, memory, and adaptation to an ever-changing environment. 

[59,60]. The coexistence of genetic susceptibilities and environmental 

risk factors contributes to the development of a variety of 

neuropsychiatric disorders[58] . 

Moreover, microglial involvement in the maintenance of blood 

vessels and the formation of the blood–brain barrier (BBB) has been 

suggested by findings from recently published studies [61,62] 

The CNS is safeguarded by a physiological mechanism known as the 

BBB. This barrier serves to restrict the passage of numerous immune 

cells and substances from the bloodstream into the brain. During the 

occurrence of neuroinflammation, the integrity of the BBB may be 

impaired, hence facilitating the enhanced infiltration of immune cells 

and chemicals into the brain [63,64]. The increased BBB permeability 

observed with advancing age and in pathological states like chronic 

inflammation suggests that a form of microglia, renamed as dark 

microglia may play a role in disrupting the BBB [65,66]. 

According to postmortem examination, in the prefrontal cortex of 

patients with schizophrenia, microglial cells resemble the dark 

microglia [67]. These microglia, which are characterized as 

"dystrophic," contain vacuoles-filled cytoplasm and an electron-

dense nucleus [67]. It is noteworthy that these cells were situated near 

oligodendrocytes in the white matter. Based on the discovery of the 

dark microglia adjacent to oligodendrocytes in the white matter[67], 

it is probable that they influence oligodendrocyte functions, such as 

myelin formation, either directly or indirectly [58]. 

The involvement microglia in neuroinflammation have been observed 

in various neurological and neurodegenerative disorders, such as 

Alzheimer's disease, Parkinson's disease, multiple sclerosis, and 

stroke[68].  
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2.2 Neuroinflammation and Schizophrenia 

Patients diagnosed with schizophrenia have impairments in white 

matter and cortical grey matter volume and show neuroinflammation.  

Some studies have revealed a notable decrease in cortical grey matter 

and superior frontal gyrus volumes among those diagnosed with 

schizophrenia and classified as having a 'high inflammation' status 

compared to those with schizophrenia and classified as having a 'low 

inflammation' status in the prefrontal cortex[69]. There was a 

substantial correlation seen between the expression of inflammatory-

related mRNAs in the orbitofrontal cortex and the dorsolateral 

prefrontal cortex [70].  A dysfunctional immune system and chronic 

inflammation have both been linked to schizophrenia [71–73].  

Inflammatory markers were present at greater levels in the extensive 

CATIE study. In fact, in patients with schizophrenia, several 

molecules have been linked to inflammation, including C-reactive 

protein (CRP), intercellular adhesion molecule-1 (ICAM-1), vascular 

cell adhesion molecule-1 (VCAM-1), and E-selectin [74]. 

Positron emission tomography (PET) imaging and postmortem 

investigations have provided evidence indicating a potential 

association between schizophrenia and an elevated quantity of 

activated microglia cells [75,76]. Among the hypothesized 

mechanisms are disruptions in neurotransmitter pathways, diverse 

inflammatory mechanisms, environmental risk factors, and genetic 

components. The dopaminergic hypothesis has been the most widely 

accepted explanation for the disease's pathophysiology. It establishes 

a correlation between striatal hyperdopaminergic and frontal 

hyperdopaminergic with symptoms of schizophrenia [77]. Dopamine 

exerts its effects not only as a neurotransmitter but also on peripheral 

immune cells and dopamine receptors located in the microglia of 

humans. A wide range of immune cells exhibit the presence of 

dopamine receptors and other proteins associated with dopaminergic 

activity. Additionally, numerous immune cells are involved in the 

uptake, production, storage, and release of dopamine. These 
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observations indicate that the control of immune function through 

dopaminergic mechanisms has significant importance. Investigating 

these pathways presents a potentially fruitful approach to addressing 

inflammation and illness [78]. Dopamine modulates the activation 

state, motility, and phagocytic activity of microglia, suggesting that it 

may play a recently identified immunomodulatory function in several 

diseases  [68,79]. An expanding corpus of evidence indicates that the 

progression of schizophrenia may be influenced by inflammatory 

mechanisms occurring in the CNS, primarily through the action of 

proinflammatory cytokines, glial cells, and peripheral immune cells 

[80]. Altered levels of proinflammatory cytokines have been 

identified in the cerebrospinal fluid and serum of individuals 

diagnosed with schizophrenia. While the BBB restricts the ability of 

peripheral proinflammatory molecules to enter the CNS, there is 

evidence suggesting that a certain degree of permeability exists 

between the CNS and the periphery  [64,81–83] 

The investigation of neuroinflammation in schizophrenia has been 

rendered feasible in recent times through the implementation of PET 

and the creation of radiotracers that specifically target the 18 kDa 

translocator protein (TSPO). It has been hypothesized that the 

overexpression of TSPO in activated microglial cells and astrocytes 

is indicative of cerebral inflammation[81–83].  

Neuroinflammation is mediated by pro-inflammatory molecules, such 

as cytokines and chemokines, released by activated microglia [85–

88]. Furthermore, maternal infections that occur during pregnancy 

have the potential to elevate the risk of schizophrenia in the offspring, 

potentially by triggering neuroinflammation[84]. 

The utilization of human postmortem brain tissue has unveiled 

indications of immune activation, characterized by microglia 

activation and microgliosis, in specific regions of the brain, namely 

the dorsolateral prefrontal cortex and orbital frontal cortex, among a 

considerable subset of individuals diagnosed with schizophrenia, 

respect to individuals without schizophrenia [85–88] 
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Whether neuroinflammation is a cause or effect of the disorder 

remains unknown. Multiple factors, such as genetic predisposition, 

immune dysregulation, and environmental exposures, presumably 

interact reciprocally to contribute to the etiology of schizophrenia. In 

brief, although there exists evidence indicating a potential correlation 

between neuroinflammation and schizophrenia, further investigation 

is required to ascertain the precise characteristics of this association 

and its impact on the pathogenesis and advancement of the disorder. 

To better comprehend the mechanisms at play and the potential for 

therapeutic interventions that target neuroinflammatory processes in 

schizophrenia, additional research is required [50,89–91]. 
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The neuropathology of schizophrenia is intricately linked to 

microglial activation, associated with secretion of 

cytokines/chemokines (Fig.4). These molecules not only induce 

direct neuronal damage but also hinder neurogenesis and induce white 

matter abnormalities in the brains of schizophrenia patients. 

Inhibiting microglial activation as a treatment modality could provide 

novel insights into the therapeutic approach toward schizophrenia 

[92]. 

 

2.3 Cytokines and Chemokines 

Cytokines and chemokines are a class of secreted proteins that exhibit 

overlapping activities in growth, differentiation, and activation 

processes. The cytokine superfamily of proteins plays a crucial role 

in facilitating intercellular communication and is important for the 

development and regulation of the immune system. These proteins 

play a crucial role in the regulation and modulation of immune 

responses, as well as in the control of immune cell migration and the 

organization of immune response [94]. Cytokines are synthesized and 

secreted by a diverse array of cellular populations, including both 

immune cells, such as T cells, B cells, macrophages, and dendritic 

cells, and non-immune cells, including fibroblasts, endothelial cells, 

stromal cells, and microglia [93,94].  

Inflammation is a biological response characterized by the release of 

cytokines, which can have pro-inflammatory or anti-inflammatory 

effects. Inflammatory cytokines, such as IL-1, IL-6, and TNF-α, play 

a pivotal role in the initiation and maintenance of inflammatory 

reactions, which are essential for the body's defense against 

infections. Interleukin-10 (IL-10), which falls under the category of 

anti-inflammatory cytokines, plays a crucial role in the resolution of 

inflammation and the prevention of exaggerated immune responses. 

 



 22 

 
Activated microglia release cytotoxic molecules anti-inflammatory and pro-

inflammatory cytokines. The latter can trigger apoptosis over an extended period 

via the activation of caspases, glutamate excitotoxicity, and the occurrence of free 

radical damage. Additionally, it may lead to increased BBB permeability and the 

expression of CAMs, subsequently resulting in leukocyte diapedesis in the CNS. The 

events above underpin the neuroinflammation described in schizophrenia, and over 

an extended period, they are linked to the loss of neurons and neurodegenerative 

processes [95]. 

 

NO= Nitric Oxide, IL-4=Interleukin-4, IL-10=Interleukin-10, TGF-b= 

Transforming Growth Factor -beta, IL-1=Interleukin-1, IL-6=Interleukin-6, TNF-

a= Tumor Necrosis Factor-alpha, BBB=Blood-Brain Barrier, CAMs=Cell 

Adhesion Molecules, CNS=Central Nervous System. 

 

Neuroinflammation can arise from a multitude of sources, such as 

infections, traumas, autoimmune illnesses, and neurodegenerative 

diseases. The initiation of the immune response occurs when the CNS 

is subjected to various stimuli such as pathogens, damage, or aberrant 

proteins found in neurodegenerative illnesses [72,95,96]. Within the 

CNS, immune cells like microglia and astrocytes are responsible for 

the production and release of pro-inflammatory cytokines (Fig.5). 

Cytokines, including IL-1β, IL-6, and TNF-α, play a crucial role in 

the initiation of the immune response, while some cytokines, as 
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Transforming Growth Factor- beta (TGF-b), negatively modulates 

neuroinflammation[95] (Fig.5).  The disruption of the BBB and the 

expression of Cell Adhesion Molecules (CAMs) on endothelial 

surface, can be influenced by cytokines [95,97]. A compromised BBB 

can facilitate the enhanced infiltration of immune cells from the 

bloodstream into the brain, hence playing a role in the development 

of neuroinflammation. The process of inflammation amplification 

occurs when pro-inflammatory cytokines are generated and 

subsequently released, establishing a positive feedback loop that 

results in the escalation of the inflammatory response. The process of 

amplification might potentially result in detrimental effects on 

neurons and glial cells [93,94].  

Chronic neuroinflammation arises when there is an imbalance in the 

synthesis of pro-inflammatory and anti-inflammatory cytokines, 

resulting in a sustained inflammatory response within the nervous 

system and the consequent risk of neuronal loss and 

neurodegeneration [93,94,98,99].  

Another class of molecules involved in immune cells crosstalk are 

chemotactic cytokines, also known as chemokines. Chemokines are a 

class of cytokines that range in size from 7 to 12 kDa and are 

responsible for inducing directed chemotaxis in surrounding 

responder cells [100]. They communicate via heptahelical chemokine 

receptors coupled to G proteins on the cell surface. Their primary 

recognition stems from their capacity to induce cellular migration, 

precisely that of leukocytes, which are white blood cells. The process 

of leukocyte migration and trafficking, as well as inflammatory 

reactions, are all mediated by chemokines, which play an essential 

part in immune function [100]. As a result, chemokines are deeply 

implicated in the regulation and progression of the immune system, 

as well as in the initiation of all destructive or protective immune and 

inflammatory reactions. Classically viewed as inducers of directed 

chemotactic migration, it is now clear that chemokines can stimulate 
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a variety of other types of directed and undirected migratory behavior 

and induce cell arrest or adhesion [101,102]. 

 

2.4 Cytokines, Chemokines and Schizophrenia 

Based on meta-analyses, cytokines are divided into the following four 

categories according to the alterations they undergo in schizophrenia 

patients [103–107] 

 

Increased cytokines: IL-1, IL-6, TNF-a, TGF-b1, IL-12, IL-17, IL-

18. 

Non-altered cytokines: IL-2, IL-4, IL-17; 

Variable Levels of cytokines: IL-8, interferon (IFN)-g. 

 

Notably, variations in cytokines may be different in different stages 

of schizophrenia, which are first-episode and drug-naive, stable 

chronic, and acute relapse. In addition, the duration of the condition, 

the severity of the symptoms, the domains of the symptoms, and 

cognitive functions are all correlated with levels of cytokines 

[57,105,108–112].  

Investigating the levels of cytokines in patients with schizophrenia 

has some clinical utilities, some of which may include early diagnosis, 

the creation of novel therapeutic targets, the patient stratification 

necessary to select the most effective therapeutic protocol, and the 

prediction of both the prognosis and the treatment response [113]. 

Numerous studies have demonstrated that individuals diagnosed with 

schizophrenia exhibit potential dysregulation in the levels of 

cytokines and other inflammatory indicators within their blood and 

cerebral fluid [103,104,114]. Numerous studies have demonstrated 

that individuals diagnosed with schizophrenia exhibit potential 

dysregulation in the levels of cytokines and other inflammatory 

indicators within their blood and cerebral fluid [114,115].  

For example, TGF-b1 showed to have the potential to serve as a 

diagnostic trait marker for patients suffering from psychosis (with a 
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sensitivity of 70.4% and a specificity of 80.6%) [116]. Furthermore, 

there is evidence from certain research that antipsychotic medication 

may be able to help in lowering the levels of pro-inflammatory 

cytokines that are present in persons who have schizophrenia[117–

121]. 

Cytokines can disrupt neurotransmitter systems within the brain, 

including glutamate, serotonin, and dopamine, all of which have been 

implicated in the pathogenesis of schizophrenia [122–124]. Genetic 

and environmental factors may both play a role in the increased levels 

of cytokines observed in people diagnosed with schizophrenia. In 

addition to environmental factors such as infections, stress, and 

exposure to specific pollutants, genetic predisposition may influence 

an individual's immune response by inducing an immune response 

and contributing to cytokine elevation[122–124].  

Chemokines are recognized as immunoregulatory proteins that play a 

multifaceted role, such as neuromodulation, neurogenesis, and 

neurotransmission [125].  

The chemokines are classified into four families: CC, CX3C, CXC, 

and XC are the designations that correspond to the spacing of 

conserved cysteine motifs, with X denoting any amino acid [126]. The 

C-C motif: MCP-1 (CCL2), MIP-1α (CCL3), MIP-1β (CCL4), 

Eotaxin-1 (CCL11), RANTES (CCL5); two ligands featuring the C-

X-C motif: IL-8 (CXCL8), SDF-1a, GRO-alpha (CXCL1) and IP-10 

(CXCL10). 

The potential impact of peripheral inflammation on chemokine 

expression is a matter of concern, given that pro-inflammatory and 

anti-inflammatory cytokines modulate chemokine expression. 

Chemokine levels in the CNS and blood are significantly increased in 

various neuroinflammatory disorders, including psychiatric 

conditions like schizophrenia [127–130] 

In fact, meta-analyses confirmed the most reliable data, which 

indicated that patients with schizophrenia had elevated levels of 

CCL8/IL-8, CCL2/MCP-1, CCL4/MIP-1β, and CCL11/eotaxin-1 in 
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their blood  [125]. Some researchers have shown that chemokines 

may have direct functions in the CNS, like neuroendocrine function, 

neurotransmission, and neurodegeneration[131] . 
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CHAPTER 3  

RESEARCH PROJECT 

 

3.1 Aim of the Research 

In the present study authors aimed to examine the blood levels of 

cytokines/chemokines in patients with schizophrenia, specifically in 

relation to the intramuscular monthly administration of first-

generation (Haloperidol Decanoate, HD) and second-generation 

antipsychotics (Paliperidone Palmitate- Long-Acting Injection, PAL-

LAI). The long-acting formulation offers the clinical benefit of 

promoting greater adherence to treatment regimens and reducing 

fluctuations in blood concentrations caused by peak oral 

administration. This pharmacokinetic characteristic maintains stable 

drug concentrations in the bloodstream, thereby modifying the 

clinical course of the schizophrenia through its effects on 

dopaminergic and serotonergic neurotransmitter systems. 

Additionally, it has the potential to alter the neuroinflammatory 

biohumoral profile associated with schizophrenia. In this research 

project cytokines and chemokines plasma concentrations were 

measured in a sample of outpatients diagnosed with schizophrenia 

who were undergoing treatment with depot/long-acting 

antipsychotics. Cytokines evaluated included IL-1b, IL-18, TGF-b1. 

The panel we compiled comprised chemokines in innate and adaptive 

immunity. Some of these chemokines had dual functions, acting as 

homeostatic and inflammatory regulators (e.g., Eotaxin-1, IP-10). 

Additionally, it contained chemokines that were recognized for their 

functions in the central nervous system (e.g., MCP-1α, MIP-1β, 

Eotaxin-1, and IP-10) [132]. 

 

3.2 Material and Methods 

Research was conducted on 18 patients with schizophrenia. The 

protocol underwent approval by the Ethics Committee at the 

University of Catania. The participants in the study were required to 
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give written informed consent. Participants were recruited from the 

Institute of Psychiatry of the University of Catania (Prof. Eugenio 

Aguglia, Prof. Maria Salvina Signorelli). The use of the Structured 

Clinical Interview for the DSM-5-TR established the diagnosis of 

schizophrenia [133]. The study collected data on sociodemographic 

variables, including age, education, gender, and smoking status, as 

well as illness-related variables such as the duration of illness (DUI), 

duration of untreated psychosis (DUP) and antipsychotic medication. 

Cytokines and chemokines assays were carried out by the 

BIOMETEC department, pharmacology section, and the Drug 

Science Department of the University of Catania (Prof. Renato 

Bernardini, Prof.Giuseppina Cantarella, Prof. Filippo Caraci) 

The study's objective was to examine, in two stages at six-month 

intervals (T0 and T1) the levels of the following cytokines:  IL-1β and 

TGF-β, IL-18 and of the following chemokines: MCP-1 (CCL2), 

MIP-1α (CCL3), MIP-1β (CCL4), Eotaxin-1 (CCL11), RANTES 

(CCL5), IL-8 (CXCL8), SDF-1a, GRO-alpha (CXCL1) and IP-10 

(CXCL10), in schizophrenia, and differentiating patients regarding 

recent antipsychotic HD and PAL-LAI treatment (< 2yr) and 

correlating with psychopathological domains. Individuals who had 

also received a diagnosis of substance addiction or cognitive 

impairments were ineligible to take part in the study. Moreover, 

patients who were older than 65 years, patients with a disease history 

for more than 10 years, and those who had internist comorbidities 

were not allowed to participate in the research. Those individuals who 

met the inclusion criteria and were deemed eligible to participate in 

the study were contacted by the research team and provided additional 

details regarding the investigation. The participant IDs were 

exclusively allocated for identification purposes and did not contain 

any specific information about the individuals to whom they were 

assigned. 
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3.2.1 Psychiatric Assessment 

The assessment of negative and positive was conducted using 

interviewer-administered Positive and Negative Syndrome Scale 

(PANSS). For cognitive evaluation, the Montreal Cognitive 

Assessment (MoCA) was utilized.  

 

PANSS 

The Positive and Negative Syndrome Scale (PANSS) is widely 

recognized as one of the most rigorously tested tools for evaluating 

the presence of positive, negative, and general psychopathological 

symptoms in individuals diagnosed with schizophrenia. The PANSS 

is a validated and widely used clinical assessment tool that employs a 

structured interview format to evaluate the intensity and manifestation 

of positive and negative symptoms, along with general 

psychopathology, in individuals diagnosed with schizophrenia. Out of 

the total sample size of 30 items, seven things are classified as positive 

symptoms, seven items are classified as negative symptoms, and the 

other 16 items are categorized as general psychopathology symptoms. 

The intensity of symptoms for each item is assessed by determining 

which anchoring points on the 7-point scale (1 = absent; 7 = extreme) 

most accurately represent the manifestation of the symptom [134] 

 

MoCA 

The Montreal Cognitive Assessment (MoCA), developed by 

Nasreddine et al. [135], is a screening tool that is intended to identify 

cognitive impairments. Its administration duration is approximately 

10 minutes. The MoCA evaluates the following cognitive domains: 

orientation, language, attention, memory, executive functions, 

abstraction, and calculation. Cognitive functioning is considered 

"normal" when the cumulative score is 26 or higher on a scale of 0 to 

30. The MoCA total score incorporates years of education, with 

individuals who have completed 12 years or less having their total 

score adjusted by one point. MoCA is utilized in a clinical setting to 

screen patients with schizophrenia for cognitive impairment at the 
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bedside for a variety of reasons, including its short and 

straightforward administration, its availability for free use for clinical 

purposes, and, most significantly, its sufficient sensitivity in detecting 

cognitive impairment [136].  

 

3.2.2 Cytokines and Chemokines Assays 

Serum samples were collected and stored at -80°C until use. Serum 

samples were tested using multiplex immunobead assay technology 

(Th1/Th2 Cytokine & Chemokine 20-Plex Human ProcartaPlex™ 

Panel 1 Thermo Fisher Scientific, Vienna, Austria), according to the 

manufacturer’s instructions. Cytokines and chemokines were 

detected with the Luminex MAGPIX instrument (Luminex Corp., 

Austin, TX) and data were analyzed with xPONENT® software 

(Luminex Corp., Austin, TX). Analytes with a concentration outside 

the linear range were excluded from the analysis. 

             
                            TGF-β1 measurement in plasma samples  
 

To measure TGF-β1 levels in plasma samples obtained from patients 

at T0 and T1, we carried out the enzyme- linked immunosorbent assay 

(ELISA) in accordance with manufacturer’s instructions (Bio-techne, 

R&D system, DB100C) as previously described (DOI 

10.3389/fphar.2022.1075746). Briefly, after the activation procedure 

from latent TGF-β1 to the immunoreactive form, plasma samples 

were assayed at a 1: 10 dilutions. TGF-β1 standard curve and 

activated samples were assayed in duplicate. The optical density of 

each well was determined using a microplate reader Synergy HT 

(Agilent Bio Tek, Santa Clara, CA, United States) set to 450 nm, 540 

nm, and 570 nm as suggested by the producer. Data were analyzed 

subtracting readings at 540 nm from the readings at 450 nm to correct 

the optical imperfections in the plate.  
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The Acquiring of Data and Analyzing Statistical Information  

 

Following the completion of the PANSS, MoCA and the dosage of 

cytokines/chemokines, the data for each participant were gathered 

and recorded. After collecting them data were then entered into the 

25th version of the SPSS statistical analysis program for the purpose 

of conducting additional research. Data were presented as the mean 

and standard deviation. The non-parametric U-Mann Whitney and 

Spearman test were used to compare the means of the groups and 

correlations, respect. In all the statistical studies, a level of 

significance was defined as a P-value of less than 0.05. 

 

3.3 Results 

This study comprised a total of 18 patients with schizophrenia; 11 

patients were in treatment with PAL-LAI, and 7 patients were in 

treatment with HD. Both groups had been treated with PAL-LAI/HD 

antipsychotics for less than two years. In a nutshell, the comparison 

of the two groups of patients did not uncover any age, disease 

characteristics, or gender disparities that were statistically significant. 

Demographic data, the DUP, and DUI are reported in table 1. PANSS 

total score, positive syndrome scale, and negative syndrome did not 

change significantly between T0 and T1 in the two groups. The group 

treated with HD had a more significant presence of negative and 

cognitive symptomatology as well as greater degree of overall 

psychopathological impairment than the group treated with PAL-LAI 

for the same DUI, DUP, and demographic characteristics. The total 

score on the MoCA was higher in the group of PAL-LAI respect to 

HD. Visuospatial/executive, attention, and delayed recall were more 

deteriorated in the group treated with HD than PAL-LAI. There was 

no difference we observed in naming; attention was 5.01 (2.3), 

language was 2.09(1.01), abstraction was 1.21 (0.31), and delayed 

recall was 1.26 (0.24). Orientation was 5.43 (1.01). 

Table 2 and 3 display the results of the measurements taken of TGF-

b1, IL-1b and IL-18 cytokines levels and of chemokines RANTES 
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(CCL5) and Eotaxin (CCL11), that showed a significant variation in 

relation with treatment. Patients undergoing HD treatment exhibited 

a rise in pro-inflammatory cytokines from T0 to T1 (Graphic 2). In 

contrast, indices of neuroinflammation did not vary between T0 and 

T1 in patients treated with PAL-LAI, with the excpeption of Eotaxin. 

These differences were independent of DUI and DUP. There was no 

change in the concentrations MCP-1 (CCL2), MIP-1α (CCL3), MIP-

1β (CCL4), IL-8 (CXCL8), SDF-1a, GRO-alpha (CXCL1) and IP-10 

(CXCL10) between two groups (PAL-LAI and HD patients).  

 

 
Table 1 
Demographic 
Variables 

PAL-LAI (n=11) HD (n=7) 

Age 34.2 (5.1) 42.2 (7.2) 
Sex 5 /6 (m/f) 4/3 (m/f) 

Education 11.3 (5.2) 9.3 (4.1) 
Marital Status Married 2; 

Unmarried 8; 
Divorced 1. 

Married 1; 
Unmarried 6. 

Smokers 8 5 
DUI 6.2 (3.2) yr 7.3 (2.1) yr 

DUP 3.1 (1.4) yr 4.2 (1.6) yr 
                     

 

Continuous variables are expressed as Mean (standard deviation); PAL-LAI- 

Paliperidone     Long-acting; HD- Haloperidol Decanoate; DOI- Duration of 

illness; DUP- Duration of untreated psychosis.   

No statistical difference was observed for demographic variables between the 

groups of patients, p >0.05. 

 

 

Pro-inflammatory cytokines, and specifically, IL-1b, IL-18, directly 

correlate with DUI. In the group of patients treated with HD, we found 

at T1 a significant reduction in the anti-inflammatory cytokine TGF-

b1 and an increase in IL-1b (Graphic 1-2). In contrast, PAL- LAI did 

not affect the levels of cytokines TGF-b1 and IL-1b between T0 and 

T1 (Graphic 1). Specifically, in patients in treatment with PAL-LAI, 

TGF-b1 levels at T1 were significantly higher than those observed in 

the group of patients treated with HD (Graphic 1). Conversely, there 
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was a substantial elevation in the blood concentrations of IL-18 in 

both groups at T1 compared to T0 (Graphic 2). 

Regarding chemokines, there was a statistically significant increase 

in RANTES levels exclusively within the HD group at T1 when 

compared to T0 (Graphic 2). In T1 RANTES levels were higher in 

HD group compared with PAL-LAI group (Graphic 2). 

 

 
 

 

                           

      

Graphic 1 Levels of TGF-b1 in PAL-LAI and HD patients 
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In comparison to patients treated with HD, TGF levels in the blood were greater in 
patients treated with PAL-LAI. Moreover, between T0 and T1, TGF levels were 
significantly decreased in HD-treated patients. 
PAL-LAI- Paliperidone Long-Acting; HD-Haldol Decanoas. 
 

Graphic 2 Levels of Chemokines and Citokynes in PAL-LAI and HD patients 

The levels of pro-inflammatory cytokines IL1, Eotaxin, and RANTES were found 
to be significantly elevated in patients receiving HD treatment at T1 compared 
to T0. The pro-inflammatory cytokine levels in the cohort of patients taking PAL-
LAI were stable between the initial time point (T0) and the subsequent time point 
(T1). The levels of IL-18 showed a statistically significant increase in both 
cohorts of patients. 
PAL-LAI- Paliperidone Long-Acting; HD-Haldol Decanoas. 
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Patients in the PAL-LAI group had lower average levels at both T0 

and T1 of Eotaxin compared with HD-treated patients (Graphic 2). 

The correlation between blood levels of cytokines/chemokines and 

psychometric evaluations was investigated. The research 

demonstrated a direct correlation between TGF-b1 and MoCA scores. 

While an inverse correlation was observed between IL-1b , Eotaxin 

and MoCA scores (Tab. 5-7-9). General psychoapthology and positive 

symptoms correlate with IL-1b. IL-18 directly correlate with general 

psychopathology (Tab. 6). IL-6 values are missing, as unfortunately 

the IL-6 values did not fall within the standard of the assay curve. 
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                           Table 5 Correlations between IL-1b and Psychopathological Domains 

    

                                                                                         IL-1b 

                                                             Spearman’s Rho          p-Value 

                                              

 

            

 

 

 

 

                     

 

 

                            Table 6 Correlations between IL-1b and Psychopathological Domains 

 

                                                                                         IL-18 

                                                             Spearman’s Rho          p-Value 

                                              

 

            

 

 

 

 

 

 

 

 

 

 

 

 

 

 

PANSSGEN                                                  0.57                         0.006 

PANSSPOS                                       0.64                   0.006 

PANSSNEG                                      0.41                   0.07 

 

MoCA                               -0.39                   0.08 

 

PANSSGEN                                      0.51                   0.05 

PANSSPOS                                       0.20                   0.09 

PANSSNEG                                      0.46                   0.06 

 

MoCA                                0.49                   0.06 
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                        Table 7 Correlations between RANTES and Psychopathological Domains 

          

                                                                                    RANTES 

                                                             Spearman’s Rho          p-Value 

                                              

 

            

 

 

 

 

 

 

 

 

                           Table 8 Correlations between Eotaxin and Psychopathological Domains 

    

                                                                                         Eotaxin 

                                                             Spearman’s Rho          p-Value 

                                              

 

            

 

 

 

 

 

 

 

 

 

 

 

 

 

PANSSGEN                                      0.33                   0.08 

PANSSPOS                                       0.22                   0.09 

PANSSNEG                                      0.40                   0.07 

 

MoCA                              - 0.38                   0.08 

 

PANSSGEN                                      0.36                   0.07 

PANSSPOS                                       0.48                   0.06 

PANSSNEG                                      0.41                   0.06 

 

MoCA                               -0.51                   0.05 
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                         Table 9 Correlation between TGF- β1 and Psychopathological Domains 

 

                                                                                         TGF-β1 

                                                             Spearman’s Rho          p-Value 

                                              

 

            

 

 

 

 

 

 

 

Discussion 

The finding that individuals with schizophrenia exhibit dysregulated 

production of specific cytokines/chemokines in peripheral blood 

supports the concept that the peripheral cyto-chemokine network 

plays a role in the underlying pathogenetic mechanisms of 

schizophrenia. 

To our knowledge, this is the first study to analyze 

cytokine/chemokine values in relation to long-acting/depot drug 

therapy. Recent research attempt to identify biomarkers that have a 

high predictive value for the diagnosis, severity of illness, or 

treatment resistance. Although schizophrenia is associated with 

activated immune-inflammatory pathways, such as higher levels of 

cytokines and chemokines, not much research has proven to 

determine the predictive qualities of such [137–142] 

 

In patients treated with HD, we observed a significant rise in the levels 

of pro-inflammatory cytokines, such as IL-1β, IL-18, and of 

chemokines such as RANTES, and Eotaxin, between T0 and T1. 

Conversely, PAL-LAI was not associated with significant 

modifications of IL-1β and RANTES, between T0 and T1. On the 

 

PANSSGEN                                      0.44                   0.07 

PANSSPOS                                       0.20                   0.09 

PANSSNEG                                   - 0.46                   0.06 

 

MoCA                                0.52                   0.05 
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other hand, values significantly increased at T1 compared with T0 in 

both groups, although in the group treated with PAL-LAI, Eotaxin 

levels were higher than in the group treated with HD. 

 

In our sample, patients treated with HD had higher levels of IL-1β. 

Multiple studies have provided data indicating a significant increase 

in IL-1β among individuals, with drug-resistant schizophrenia, 

receiving clozapine treatment compared to control groups [143].  

IL-1β is a pro-inflammatory cytokine that plays a critical role in the 

initiation and regulation of host-defense mechanisms against 

infections and injuries [144]. Genetic polymorphism associated with 

IL-1β represents a vulnerability factor for schizophrenia [144]. 

Furthermore, IL-1β plays a role in both acute and chronic 

neurodegeneration, as well as in the embryonic development of the 

CNS [145]. During CNS neurodevelopment, IL-1β has a role in 

stimulating the proliferation and generation of cytokines and trophic 

factors, namely nerve growth factor (NGF), in astrocytes [146]. 

Additionally, IL-1β hinders the proper expression of brain-derived 

neurotrophic factor (BDNF) [145]. In this study, IL-1β was correlated 

with general psychopathology and positive symptoms prevalence. 

Patients with high levels of IL-1β showed more severe positive 

symptoms (delusions and hallucinations) and high levels of general 

psychopathology worsening. 

Closely related to the IL-1β is the inflammosome, which according to 

some authors [146] plays a central role in the biochemical 

mechanisms leading to neuronal dysfunction and neuroinflammation. 

In Microglia, the NLRP3 (nod-like receptor pyrin domain-containing 

protein 3) (fig.6) inflammasome plays a crucial role in the innate 

immune system by facilitating the activation of caspase-1 and the 

release of proinflammatory cytokines IL-1β/IL-18 in response to 

microbial infection and cellular injury [146]. Nevertheless, the 

atypical activation of the NLRP3 inflammasome has related to several 

inflammatory conditions, such as Alzheimer's disease, diabetes, 

atherosclerosis, and schizophrenia [146–149]. A variety of stimuli 
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induces the activation of the NLRP3 inflammasome, such as 

mitochondrial malfunction, ROS, and lysosomal damage  [147]. 

Recent research indicates that the involvement of the NLRP3 pathway 

may be implicated in the development of schizophrenia since 

systemic inflammation has been identified as a contributing factor. 

The NLRP3 inflammasome assumes a pivotal function within the 

innate immune system by facilitating the production of pro-

inflammatory cytokines [146]. The NLRP3 inflammasome has been 

proposed as a potential biomarker for schizophrenia, and its 

pharmacological modulation has promise as a viable therapeutic 

strategy. Moreover, the authors suggest the hypothesis that the 

NLRP3 pathway may play a role in the etiopathogenesis of 

schizophrenia. Patients diagnosed with schizophrenia had elevated 

levels of NLRP3, IL-1β, and IL-18 mRNA in comparison to those 

without psychiatric disorder [148] . 

IL-18 is a pleiotropic and pro-inflammatory cytokine that has been 

postulated to play a role in the development of schizophrenia [149–

153]. Patients who had the chronic form of the disease exhibited 

considerably higher levels of IL-18 in their serum compared to both 

first-episode patients and controls [154]. 

In our sample, IL-18 was found to be elevated in both groups, with an 

increase at T1 in both patients with schizophrenia taking HD and 

those treated with PAL-LAI. Despite, it was determined in a 

systematic review and meta-analysis that IL-18 does not contribute to 

the pathogenesis of the disorder [149], however, according to some 

authors, IL-18 might be helpful as a biomarker of schizophrenia and 

contribute to studies about the early detection and treatment of the 

disease [150]. 

Interestingly, in our group of patients treated with PAL-LAI, IL-18 

was significantly higher than patients treated with HD. Moreover, the 

levels of IL-18 were increased at T1 in the PAL-LAI group.  

Despite its pro-inflammatory activity, IL-18 is associate with 

cognitive function. Neurons across the brain contain components of 

the IL-18 receptor complex; furthermore, it is hypothesized that IL-
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18 exerts a direct impact on neuronal function. This effect may 

explain a portion of the IL-18-induced effects on synaptic plasticity 

and functionality in the hippocampal system. 

 

 
Specifically, hippocampal synaptic plasticity would be enhanced by 

IL-18, which would not activate the nuclear factor-kB (NFkB) or 

inhibit BDNF [151–154] . 
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The action of the chemokine is effective leukocyte activator, which is 

a property that has the potential to be significant in a variety of 

inflammatory diseases. RANTES is an 8 kDa beta chemokine that 

plays a central function in the inflammatory immune response 

because of its capacity to attract and activate leukocytes [155]. 

RANTES levels were higher in the HD group than in the PAL-LAI 

patients at time T0. At T1, although the values of the various 

psychopathological domains were not substantially changed, 

RANTES levels increased in the same manner as already observed 

with IL-1β. The findings presented in this study indicate that 

modifications in the cytokines mentioned above may be associated 

with the disease itself. However, the use of antipsychotics can play a 

pivotal role in the production of cytokines and chemokines. Some in 

vitro studies have shown that haloperidol inducing macrophage 

activation results in stimulation of the production of pro-

inflammatory cytokines, such as IL-1β[156]. The mechanism by 

which haloperidol affects the enhanced production of cytokines is 

elucidated through the activation of NFkB [157]. NFkB is a 

transcription factor that induces the expression of pro-inflammatory 

cytokines/chemokines (fig.7). 

The administration of haloperidol has been seen to undergo a 

conversion process inside the brain, resulting in the formation of a 

free radical, with consequent oxidative neuron damage [158]. 

According to a literature review conducted by Nasrallah and Chen, it 

has been shown that haloperidol exhibits neurotoxic properties at 

various dosages in both in vitro and in vivo experiments. These 

neurotoxic effects are believed to be mediated by several molecular 

processes that ultimately lead to neuronal cell death[159]. The chronic 

administration of haloperidol has been linked to the occurrence of 

significant negative consequences, which may be attributed to the 

blocking of dopamine receptors and the subsequent neurotoxicity. 

These detrimental effects have been shown to be correlated with an 

elevation in the formation of ROS [160]. The metabolite known as 

haloperidol pyridinium exhibits a high level of toxicity and 
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contributes to the induction of oxidative stress, resulting in the 

occurrence of plasma membrane impairments[160,161]. 

 
Haloperidol has been found to induce oxidative stress through its 

modulation of cell metabolism. Specifically, it has been demonstrated 

that haloperidol treatment can increase mitochondrial activity, 

resulting in an elevated production of ROS [162,163]. In addition, the 

treatment of haloperidol has been shown to result in a reduction in the 

levels of BDNF, which is a neurotrophic factor that plays a role in 

neuronal survival and plasticity[164] . 

Differently, SGAs have been shown to have neuroprotective 

properties via the upregulation of BDNF, which enhances cellular 

survival and promotes neurogenesis [165,166] 

Multiple studies have shown the therapeutic efficacy of SGAs in 

modulating the activity of microglia, particularly in the decreasing of 

pro-inflammatory cytokines and ROS [165]. 

MacDowell et al. conducted an in vivo investigation wherein they 

demonstrated that the administration of paliperidone at a dosage of 1 

Figure 7 The Key Role of NFkB in Neuroinflamma8on 
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mg/kg intraperitoneally could modulate the antioxidant and anti-

inflammatory pathways in a rat model subjected to acute and chronic 

restraint stress [167]. The medicine exhibited the ability to increase 

the expression of nuclear factor erythroid-related factor 2 (Nrf2) and 

antioxidant response element-dependent antioxidant enzymes in 

response to acute stress. Additionally, it mitigated the downregulation 

of the body's natural antioxidant system caused by chronic stress. It is 

worth mentioning that paliperidone demonstrated the ability to 

enhance the levels of TGF-β1 and interleukin-10, as well as the 

population of M2-polarized microglial cells with an anti-

inflammatory phenotype, in both acute and chronic stress [165,167]. 

Moreover, the potential antioxidant and anti-inflammatory effects of 

this SGAs may be attributed to its ability to block the production of 

nitric oxide (NO) and pro-inflammatory cytokines by activated 

microglia [168]. On the other hand, SGAs prevent the upregulation of 

interleukin IL-1β and TNF-α, as well as the activity of NO, 

cyclooxygenase, and NF-kB in the brain cortex. The distinctive 

characteristic of paliperidone lies in its capacity to regulate 

neuroinflammation through its interaction with Toll-like receptor 4 

(TLR-4). In animals models the administration of paliperidone before 

the experiment effectively inhibited the activation of and mitigated 

neuroinflammation in the prefrontal cortex of rats subjected to stress. 

TLRs family are the fundamental components of innate immune 

response, which are responsible for detecting pathogen-associated 

molecular patterns and endogenous damage-associated molecular 

patterns (DAMPs)[169]. Lastly, an immunohistochemistry study 

revealed that the administration of paliperidone leads to a decrease in 

NFkB levels, resulting in a subsequent reduction in the expression of 

cytokines [170]. 

 

The blood levels of eotaxin were found to be significantly elevated in 

the group of patients receiving HD treatment compared to those 

receiving PAL-LAI treatment. In our sample patients with lower 

scores on MoCA had higher levels of Eotaxin. This data is consistent 
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with the fact that it implicates eotaxin-1/CCL11 in the age-related loss 

of hippocampus function, with cognitive decline, including memory 

and learning impairment[171–173]; it provides support for the idea of 

"accelerated aging" in schizophrenia [174–176]. 

Eotaxin levels are found to be elevated in patients with 

neurodegenerative illnesses and schizophrenia. Preclinical research 

suggests that eotaxin may be responsible for cognitive 

impairments[173]. The release of Eotaxin/CCL11 from active 

astrocytes causes oxidative stress to be triggered by the activation of 

microglia, which in turn increases glutamate-mediated 

neurotoxicity[172].  

Expression of eotaxin, like IL-1b and RANTES, is stimulated by 

NFkB. This transcription factor can be inhibited by the anti-

inflammatory cytokine TGF-β1, while it is activated by TLRs[177]. 

Recent data suggest that there is a link between the chemokine system 

in the brain and neurotransmitter systems. This interaction indicates 

that the endogenous chemokine system inside the brain works in 

combination with the neurotransmitter and neuropeptide systems to 

regulate the functioning of the brain. The chemokine system might be 

considered as the third prominent transmitter system within the brain  

[178]. 

 

In the HD-treated group, TGF-β1 levels were significantly reduced at 

6 months. In contrast, TGF-β1 did not undergo a significant change 

in the PAL-LAI-treated group. Note, however, that at T1, TGF-β1 

levels were significantly reduced more in the HD-treated group than 

in the PAL-LAI-treated group. In this study, the cognitive domain in 

patients with schizophrenia was directly correlated with levels of 

TGF-β1. Patients who received treatment with PAL-LAI had elevated 

levels of TGF-β1 and demonstrated superior cognitive function, as 

measured by the MoCA, compared to individuals who received 

treatment with HD. 
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In previous studies, the elevation of TGF-β1 was observed in 

individuals diagnosed with psychosis, as well as in individuals 

experiencing their first episode of psychosis and in those with 

relapsed schizophrenia. The analysis revealed that TGF-β1 exhibits 

potential as a significant biomarker for psychosis. The observed 

augmentation of anti-inflammatory/immunosuppressive activity in 

individuals with schizophrenia may represent a compensatory 

mechanism aimed at mitigating or constraining persistent pro-

inflammatory mechanisms and modulating long-term inflammation 

[116]. TGF-β1 is involved in a variety of processes, some of which 

include anti-inflammatory, anti-apoptotic, protection against 

glutamate excitotoxicity, as well as neuroplasticity and 

neuroprotective action [186,187]. TGF-β1 activity is expressed 

through the induction of the SMAD (small mother against 

decapentaplegic) signaling, which facilitates neurogenesis and 

synaptogenesis [186]. Dopaminergic neurons use autocrine 

transmission of TGF-β1 to facilitate the development of axons and 

dendrites. Remarkably, the elimination of the TGF-β1 type II receptor 

in dopaminergic (DA) neurons results in a disturbance of both DA 

neurons and GABAergic receptors. Consequently, this disruption 

leads to an augmentation of inhibitory input, a reduction in excitatory 

synaptic input, and a modification of phasic firing patterns in 

dopaminergic neurons[179]. TGF-β1 signaling is crucial for neuronal 

function; it is possible that enhanced TGF-β1 signaling is necessary 

in the brain to preserve regular neuronal function amidst 

schizophrenia-related alterations. According to the so-called 

"GABAergic origin hypothesis" of schizophrenia, one possibility is 

that schizophrenia-like symptoms might be caused by NMDAR (N-

methyl-D-aspartic acid-type glutamate receptors) hypofunction at 

GABAergic interneurons in particular [180]. 

Cortical interneurons are a type of inhibitory cells that are 

GABAergic in nature. They establish local connections within the 

neocortex and have a significant impact on the modulation of cortical 

network activity. It is postulated that the malfunction of these cells 
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contributes to excessive excitation, which serves as the underlying 

mechanism for seizure-related disorders, including epilepsy, autism, 

and schizophrenia. The suppression of terminal differentiation of 

interneuron progenitors is observed with inhibition of TGF-β1 

signaling, whereas the introduction of exogenous TGF-β1 expedites 

the transition of progenitors into postmitotic neurons [181]. 

In addition, the activity of NF-κB in normal cells is typically inhibited 

by TGF-β1 [182]. The fact that an increase in NF-κB was found in 

patients with treatment-resistant schizophrenia and in the initial stage 

of untreated schizophrenia patients suggests that NF-κB plays a role 

in the physiopathology of the condition from the very beginning 

[85,88,183,184].  

Most of the cytokines and chemokines generated by microglial cells 

and astrocytes, both in their non-stimulated and activated states, are 

subject to direct regulation by the transcription factor NF-kB. 

Numerous studies have demonstrated the capacity of antipsychotics 

to regulate the release of peripheral cytokines. This study aimed to 

assess the impact of PAL-LAI and HD, widely used as the second 

SGAs and first FGAs generation of antipsychotics, respectively, on 

the release of cytokines/chemokines. Nevertheless, the administration 

of haloperidol elicited a pro-inflammatory reaction, resulting in 

elevated levels of IL-1β, RANTES, and Eotaxin in the extracellular 

environment while concurrently reducing the presence of TGF-β. The 

administration of this conventional antipsychotic has the potential to 

elicit an inflammatory reaction through the activation of the p38 

mitogen-activated protein kinase (p38 MAPK)/NFκB signaling 

pathways [185] The recent establishment of haloperidol's capacity to 

cause oxidative stress through a multi-modal mechanism, including 

enhanced dopamine metabolism, decreased glutathione content, 

stimulation of the NF-κB, and inhibition of complex I of the 

respiratory chain, has been documented [157,186]. 
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                              Figure 8 Neuroprotec8ve Ac8ons of Paliperidone 
 
 
 
 
 
 
 
 
 

 
 

 

 

Emerging research indicates that oxidative stress plays a crucial role 

in the initial stages of schizophrenia pathogenesis. Moreover, a robust 

neurobiological association has been established between 

abnormalities in the dopaminergic system, excessive microglia 

activation, and oxidative stress. Various risk factors associated with 

schizophrenia contribute to the occurrence of oxidative stress, hence 

elevating the susceptibility to psychosis development. The 

development of extrapyramidal side effects is mainly contributed by 

oxidative stress generated by first-generation antipsychotics, such as 

haloperidol. Haloperidol additionally demonstrates neurotoxic 

properties through its ability to reduce levels of antioxidant enzymes, 

hence exacerbating pro-oxidant processes. 

In contrast to haloperidol, SGAs, such as paliperidone, risperidone, 

clozapine, and olanzapine, demonstrate significant antioxidant effects 

in experimental models of schizophrenia. These effects are 

manifested through the restoration of the antioxidant system, leading 

to elevated levels of superoxide dismutase and glutathione (GSH) in 

the serum. SGAs have been found to enhance the antioxidant state and 

decrease lipid peroxidation in individuals diagnosed with 

schizophrenia. It is noteworthy that. SGAs, including risperidone, 

paliperidone, and notably clozapine, have the capacity to mitigate 

oxidative stress caused by excessive activation of microglia. This 
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reduction in oxidative stress is achieved by suppressing the generation 

of free radicals derived from microglia, ultimately safeguarding 

neurons against the detrimental effects of microglia-induced 

oxidative stress (fig.8) [165]. In contrast to neurotoxicity linked to the 

use of FGAs, several studies have indicated various neuroprotective 

effects connected with the SGAs [187]. 

Paliperidone exhibits inhibitory effects on some stress-induced 

inflammasome stimulations, with the aim of restoring the 

neuroinflammatory state that arises from stress. Given the growing 

recognition of inflammation's involvement in neuropsychiatric 

disorders, the exploration of novel pharmaceuticals that specifically 

target inflammasome pathways has significant potential as a viable 

strategy for future therapeutic interventions [188,189]. 

Neuroinflammation is mediated by innate immunity-related protein 

oligomers, the inflammasomes, as their primary motor. Various 

exogenous and endogenous noxious agents induce the formation of 

inflammasomes, the transmission of signals, and the production of 

proninflammatory cytokines (fig.6). The fundamental principle posits 

that prolonged activation of inflammasomes promotes 

neurodegeneration, whereas their transient activity reinstates tissue 

homeostasis [190]. 

In conclusion, our findings indicate that PAL-LAI and HD have 

distinct impacts on cytokines and chemokines levels, hence 

potentially exerting diverse influences on the neuroinflammatory 

processes linked to neuropsychiatric diseases. 
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Conclusions 

 

Our findings, thereby providing further support for the hypothesis that 

schizophrenia is predicated on an immune system alteration.  

 

Alterations in cytokine levels have been reported in the natural history 

of schizophrenia, specifically in patients with a duration of disease 

less than 10 years. Our study revealed a significant elevation in pro-

inflammatory cytokines/chemokines, including IL-1b IL-18, 

RANTES, and Eotaxin, with a significant rise in the anti-

inflammatory cytokine TGF-b1. 

 

Both cytokines and chemokines correlate with the psychopathological 

dimensions of schizophrenia.  IL-1b and IL-18 both correlate with the 

general symptomatologic scale, IL-1b in addition is directly 

correlated with positive symptomatology. Cognitive symptoms of 

schizophrenia correlate with TGF-b1 in a direct manner and with 

Eotaxin in an inverse manner. The correlations of the other 

cytokines/chemokines with the psychopathological dimensions of 

schizophrenia, did not reach the level of significance. Verisimilarly 

due to the small sample size. 

 

Treatment with FGAs and SGAs affects cytokine/chemokine levels. 

HD tends to worsen pro-inflammatory cytokines, whereas Pal-LAI 

does not result in a worsening of neuroinflammation indices and on 

the contrary results in an increase in TGFb1, which tends to increase 

to compensate for the increase in pro-inflammatory cytokines and has 

demonstrated neuroprotective activity. 

 

Future studies on more extensive and heterogeneous samples, 

comparing patients at onset and patients with more years of disease 

history, are desirable.  
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It would also be desirable to compare oral treatments and treatments 

with long-acting antipsychotics, which allows to assess how and 

whether the pharmacokinetics of the molecules may impact the 

neuroinflammatory profile of schizophrenia. 
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