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Incongruence of Neurophysiological Manifestations as 
Reflection of Disturbances in Synaptic Pruning of the Cortex 
in Paranoid Schizophrenia

Abstract
Current study provides a comprehensive analysis of neurophysiological and molecular genetic data concerning the etiology of hallucinatory-paranoid syndrome 
in schizophrenia. The level of cortical excitation and inhibition was determined by analysis of Event-Related Potential (ERP) parameters: latency and amplitude 
of intermediate (P200) and late (P300, N400) ERP components. The results showed the impossibility to determine the level of different cortical areas activation 
during perceiving stimuli of different significance in patients with hallucinatory-paranoid syndrome due to unidirectional shift of both ERP parameters to significant 
stimuli. The observed simultaneous increase of both amplitude and latency of these components in frontal regions is associated with an excessive number of 
aberrant synapses, and a decrease in the central regions is associated with synaptic deficit, this is due to disturbances in synaptic pruning of the cortex. Thus, the 
inhomogeneity of number and quality of synapses in central and frontal cortical areas was revealed, caused by inhomogeneity of their elimination process, which 
may be an essential condition for hallucinatory-paranoid syndrome emergence. An epigenetic analysis was also performed to assess the methylation level of gene 
expressing an extracellular matrix protein and playing a key role in neural connections distribution in ontogenesis. The detected epigenetic disorders in form of 
demethylation of RELN gene cause pathological synaptic pruning and elimination diversity in different brain areas.

Keywords: Paranoid schizophrenia • Evoked potentials • Paradox effect • Synaptic elimination • RELN gene

Arkhipov Andrei Yurevich1*, Nurbekov Malik Kubanichbekovich2 and Strelets Valeria Borisovna1

1Department of Higher Nervous Activity and Neurophysiology, Russian Academy of Sciences, Moscow, Russia
2Department of General Pathology and Physiopathology, Russian Academy of Medical Sciences, Moscow, Russia

*Corresponding Author:  Arkhipov Andrei Yurevich, Department of Higher Nervous Activity and Neurophysiology, Russian Academy of Sciences, Moscow, Russia; E-mail: arhip76@
bk.ru

Copyright: © 2022 Yurevich AA, et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted 
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Received date: 25-Aug-2022, Manuscript No. CSRP-22-84344; Editor assigned: 29-Aug-2022, PreQC No. CSRP-22-84344 (PQ); Reviewed: 12-Sep-2022, QC No. 
CSRP-22-84344; Revised: 19-Sep-2022, Manuscript No. CSRP-22-84344(R); Published: 27-Sep-2022; DOI: 10.3371/CSRP.YAKN.092722.

Introduction

An alteration of synaptic elimination may form a basic pathology for 
neurophysiological abnormalities in schizophrenia and correlate with the 
clinical picture of the disease [1]. Comparing the results of the study of 
postnatal ‘synaptic pruning’ mechanisms with the clinical picture of the 
disease, Feinberg formulated a radically new theory of schizophrenia 
etiology, suggesting that the disease can occur as a result of pathological 
synaptic pruning. However, Feinberg's studies did not describe the exact 
pathophysiological mechanisms of the elimination process disturbance, but 
only suggested the possibility of synaptic connections number increase or 
decrease and pathological synapses formation [2,3].

Feinberg hypothesis was extended by Hoffman and Dobscha, and 
as well by Jernigan and colleagues, who suggested that excessive 
pruning of collateral axons in the Prefrontal Cortex (PFC) leads to clinical 
manifestations of schizophrenia [4,5].

Most studies relating disorders of synaptic elimination in schizophrenia 
correlate them with structural and morphological indicators: changes in 
cortical thickness; decrease in size of neurons in limbic, temporal and 
frontal regions, abnormal density of dendritic spines in the cortex, altered 
cytoarchitecture (which may be associated with abnormal migration, 
differentiation of neurons or a reduction of cell number) [6-9].

Molecular-genetic studies attempt to find a correlate of these structural 
brain alterations in structural gene violations that provoke impairments in 
expression associated with synaptic function, energy metabolism, immune 
system activation, and oligodendrocyte transcripts [10,11]. Theoretically, 
all these violations can be associated with pathological synaptic pruning, 
which emerges as a result of genetic predisposition and environmental 

influences interaction. All the above studies were mostly conducted after 
a considerable time after the disease onset, and there is no data on the 
neurophysiological conditions of occurrence of first psychotic episode in 
form of hallucinatory-paranoid syndrome.

In our opinion, an important aspect of identifying the pathology of 
synaptic elimination is the method of investigation of neurophysiological 
mechanisms and their connection (indirectly through synaptic pruning) with 
epigenetic functions.

The eliminated synapses are exclusively excitatory contacts and 
therefore it is considered that synaptic pruning is crucial for establishing the 
balance of excitation and inhibition processes in the adult cerebral cortex 
[12,13]. A well-known fact of schizophrenia disorder is an imbalance of 
the processes of cortical excitation and inhibition, in which the main role 
belongs to number and quality of synaptic contacts [14].

The most effective method of analyzing the physiological mechanisms 
of excitation and inhibition is the method of evoked potentials of the brain, 
which operates the precise neurophysiological parameters that are closely 
related to synaptic connectivity: ERP parameters- latency and amplitude.

Assessment of the violation of excitation and inhibition processes 
interaction in different cortical areas is carried out by ERP method when 
stimuli of different significance are presented. It is known that in patients with 
schizophrenia, comparing to the norm, there is a decrease in the amplitude 
or an increase in the latency of ERP components in frontal areas, which is 
called hypofrontality [15]. Most of scientific data witness the predominance 
of inhibition process in this disease [16]. A significant factor is the difference 
in activation between cortical areas when perceiving stimuli of different 
significance. In case of excessive rise of stimulus intensity, a state develops 
that Pavlov called ‘overall (protective) inhibition’ [17]. However, there are 
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Materials and Methods

Subject

The study was conducted at psychiatric hospital (Department of acute 
psychosis). The group of patients included 45 people (25 men and 20 women) 
suffering from first psychotic episode of schizophrenia with a predominance 
of hallucinatory-paranoid syndrome aged from 18 to 31 years. The diagnosis 
was made by psychiatrists of the Department of acute psychosis, according 
to the International Classification of the Disease (ICD)-10 category F20.0. 
Total score of severity of psychopathological symptoms determined by the 
PANSS scale, in patients was 75.2 ± 6.3 (Table 1). All patients had their first 
psychotic attack and did not receive neuroleptic antipsychotic treatment, 
before and during the experiment. The control group consisted of 43 healthy 
subjects (23 men, 20 women) aged 20 to 32 years. Subjects recruited to 
both patient and control groups were somatically healthy, right-handed 
people with 100% or 100% corrected vision without substance abuse in 
medical history. There were no statistically significant differences in gender, 
age, or educational level between groups (p>0.1).

Table 1. Clinical Demographics and Characteristics.

Characteristic Controls 
(n=43)

Patients 
(n=45)

Significance 
T Value

Age (years) 30.55 28.39 1.28

Sex: male/female 23/20 25/20 1.13

Education: higher/secondary 34/7 37/8 1.09

Employment: works/studies 40/3 39/6* 1.26

PANSS positive symptoms - 30.5 ± 2.8 -

PANSS negative symptoms - 9.1 ± 2.3

PANSS general psychopathology - 35.9 ± 4.2

PANSS total psychopathology - 75.2 ± 6.3

Note: PANSS: Positive and Negative Syndrome Scale; Significant: T statistic 
for the between-group t test; *: at the time of hospitalization.

Electrophysiological methods

Stimuli and methods of presentation: Equal number of neutral and 
threatening images from the International Affective Picture System (IAPS) 
were selected. Order of stimuli presentation was random. Time of stimulus 
presentation was 800 ms, inter-stimulus interval randomly varied from 1.5 
to 3 seconds.

Procedure: Subjects of both groups were presented with stimuli on a 
14-inch monitor screen at a distance of 0.75 m from the subject sitting in a 
dark silent room. Experiment was conducted in implicit conditions.

ERP Recording: EEG was recorded using a 24-channel amplifier MBN 
(Russia) with 19 leads: Fp1, Fp2, F3, F4, F7, F8, C3, C4, T3, T4, T5, T6, 
P3, P4, O1, O2, Fz, Cz, Pz (modified 10-20% electrode placement scheme) 
with built-in Ag/AgCl electrodes. A combined ear electrode was used as a 
reference lead, with ground electrode located in the center of the forehead. 
The quantization frequency was 200 Hz, the impedance kept up below 10 
kOhm.

Data processing and analysis: After oculographic artifacts remove 
and excluding epochs with myographic, motor, and other artifacts, filtering 
was performed. To suppress the electrooculogram, pulse and other 
artifacts, a method combining EEG filtering and result processing using 
factor analysis (principal component method) was implemented. High-pass 
filters were set to 50 Hz, time constant was 0.3 s, quantization frequency 
was 200 Hz, and impedance was below 10 kOhm (in most recordings <5 
kOhm). After averaging of evoked potentials across groups and selecting 

studies that testify an amplitude increase and latency decrease in ERP 
components, that is the predominance of excitation processes in brain 
cortex in patients [18]. Such data contradiction may be due to clinical state 
of patients and neuroleptic therapy. In our studies patients were in acute 
psychotic state were engaged and at the moment of the experiment they 
haven’t receive neuroleptic therapy. Inconsistency can also be explained by 
limitations of data obtainment in the experiment: studies built separately on 
the analysis of latency and amplitude may differ in their results [19].

The ERP method is a non-invasive method evaluating neurophysiological 
parameters that reflect the state and changes in synaptic connections that 
determine elimination process. 

This article describes a new factor which can counteract to judge the 
prevalence of one of the main cortical processes (excitation/inhibition) 
in subjects with paranoid schizophrenia. This is a Paradox Effect (PE)-
simultaneous increase either decrease of both ERP parameters latency and 
amplitude. PE is an incompatible conjunction/combination of informational 
processing acceleration with the decrease of neuron amount and, on the 
contrary, informational processing slow-up with neuron amount decline.

In our work we have studied ERPs to the stimuli of different emotional 
significance and revealed in patients with paranoid schizophrenia the 
PE. Emotional significance is caused by the high activation of almost all 
subcortical structures and reflect the earliest psychic process [20].

Feinberg identified in adolescents EEG changes of sleep, which 
are characterized by a 75% decrease in peak amplitude of delta wave 
[2]. This can be explained as a sign of a brain metabolic rate decrease, 
which may be associated with a decrease in neural plasticity. Functional 
imaging studies using single-photon emission computer tomography and 
positron emission tomography revealed additional evidence in favor of 
this assumption, confirming that blood flow indicators show a pattern of 
development similar to the ratio between age and synaptic density during 
synaptic elimination process, which was reported by Huttenlocher [21,22]. 
The blood flow intensity increases from birth to its maximum at 5 years 
(which was 70% higher than the adult norm) decreased to the level of adults, 
which was reached at the age of 15-19 years. Since the glucose metabolism 
measured by PET is substantially determined by synaptic processes 
activity, it can be considered as a correlate of synaptic density. It is believed 
that age-related blood flow patterns reflect postnatal development of the 
brain, accompanied by myelination and dendrite sprouting, followed by 
synaptic pruning processes. Using the ERP method, Courchesne found a 
remarkable decrease of P300 latency from the age of 6 to 23 years [23]. At 
the same time, it was found that P300 amplitude shows a temporal dynamic 
similar to synaptic density indices, with maximum values in 4-6 years and a 
further decrease in later childhood and adolescence [24]. Latency decrease 
was presumably associated with a myelination increase, while the P300 
amplitude was considered to reflect a decrease in the number of synapses.

It is supposed that disturbances seen in hallucinatory-paranoid 
syndrome are caused by deviations in nervous system ontogenesis at 
the time of neural connections formation at macro and micro levels as a 
result of damage of mechanism determining the timing and proper level 
of compliance of processes necessary for brain development [25]. In this 
regard, it was proposed to study epigenetic disorders that can affect the 
anlage of neural structures, and further deviations in their physiology and 
interconnection.

The violation of synaptic elimination at the molecular-genetic level is 
associated with the pathological expression of synaptic proteins affecting 
quality and quantity of forming synapses [26]. We studied the methylation 
of RELN gene encoding the extracellular matrix protein reelin, which 
plays a trophic role and performs a signaling function, that is, controls the 
formation of neural systems and regulates synaptogenesis [27]. Reelin is 
produced by neurons and serves as a signaling molecule for the formation 
of connections between them; its concentration is critical for germination of 
neural sprouts. When the methylation of RELN gene is impaired, targeting 
of neural connections (axon/dendrite guidance and target directions) is 
distorted, leading to indirect connections [28].
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revealed the following statistically significant results:

In healthy subjects, latency of P200 was shorter to threatening stimuli 
comparing to neutral in right occipital (O2: p<0.001), right posttemporal (T6: 
p<0.01), and right parietal (P4: p<0.01) areas; amplitude of this wave to 
threatening stimuli was greater than to neutral ones in the same regions. 
Thus, in healthy people, activation process to emotionally negative stimuli 
is stronger than to neutral in right occipital, right posttemporal, and right 
parietal areas.

In patients, latency of P200 component was lower and amplitude higher 
to threatening stimuli compared to neutral, in right occipital (O2: p<0.01) 
and right posttemporal (T6: p<0.01) regions as well as in the norm. Thus, 
in patients, as well as in healthy subjects there was a higher activation in 
the right occipital and right posttemporal regions to emotionally significant 
stimuli shown in Figure 1.

In patients in left central area (C3: p<0.01), there was a PE in form 
of simultaneous decrease of both-latency and amplitude. This PE with a 
decrease of both P200 parameters does not correspond either to activation 
or inhibition of the process to stimuli of different significance.

In left lower frontal area (F7: p<0.01), a PE was found in form of 
simultaneous increase of P200 latency and amplitude, which is also not 
corresponding to the dynamics of activation to stimuli of higher significance.

In healthy subjects, latency of P300 component was lower to threatening 
stimuli comparing to neutral in left occipital (O1: p<0.01), left posttemporal 
(T5: p<0.001), left central (C3 p<0.01), right central (C4: p<0.05), and right 
lower frontal (F8: p<0.01) areas; amplitude of this component in the same 
regions to threatening stimuli was greater than to neutral ones. Thus, in 
healthy individuals, activation to emotionally negative stimuli were greater 
than to neutral in left occipital, left posttemporal, left central, right central, 
and right lower frontal regions.

In patients latency of P300 component was lower, and amplitude 
greater to threatening stimuli comparing with neutral, as well as in healthy 
controls in left occipital (O1: p<0.01) and left lower temporal (T5: p<0.01) 
areas. Thus, in patients with emotionally significant stimuli, higher activation 
to threatening stimuli is observed, as well as in healthy people in the left 
occipital and left lower temporal regions.

In patients in P300 component there was found PE same as in P200 
component, in form of simultaneous decrease of both amplitude and latency 
in midcentral (Cz: p<0.01) and right central (C4: p<0.01) areas; this PE in 
P300 component also does not correspond to activation dynamics to stimuli 
of different significance.

components of interest, the maximum amplitude extremes were found in 
individual potentials with a step of 5 ms, most close to average ERP in 
intervals from 170 to 250 ms for the P200 component; from 270 to 340 
ms for the P300 component; and from 370 to 440 ms for N400. The pre-
stimulus interval was 200 ms, 300 ms, and 400 ms; after stimulus of 700 
ms. For statistical analysis latency and amplitude of P200, P300, and N400 
components from all leads were exported.

The results were analyzed using STATISTICA 8.0 software. The 
Mann-Whitney test was used to verify the experimental hypothesis relating 
the presence of intergroup differences, and the Wilcoxon test was used 
to analyze intra-group differences (for two experimental conditions). 
Exclusively leads with significant (p<0.05) differences in both amplitude and 
latency of P200, P300, and N400 were considered. This allowed not to use 
the correction for multiple comparisons (with 19 leads 0.05*0.05*19<0.05, 
that is, all the considered differences were automatically valid, considering 
the Bonferroni correction).

Molecular genetic methods

A panel of DNA extracted from peripheral blood leukocytes was 
screened for methylation of the RELN gene promoter region. Blood samples 
were collected in specialized glass tubes with К3EDTA solution (BD 
Vacutainer™ K3EDTA). DNA was purified using hemolysis techniques and 
magnetic nanoparticles in accordance with the protocols of the companies 
(‘Biret’, ‘Silex’, Russia). Using the latter method, let to acquire RNA together 
with DNA, suitable for both methylation analysis and analysis of gene 
expression level by cDNA after reverse transcription and TaqMan RT PCR 
for RELN gene.

PCR amplification of RELN gene promoter region fragments (about 
550 BP) containing a sequence of CpG dinucleotides was performed in two 
stages: first, selected primer pairs were used to amplify a large fragment 
(450 BP), then a shorter fragment within this sequence (320 BP) was 
amplified. PCR conditions: 94˚C/4 min × 1 cycle; 94˚C/1 min, 61˚C/2 min, 
72˚ C/2 min × 5 cycles; 94˚C/1 min, 61˚C/1.5 min, 72˚C/1.5-2 min × 25 
cycles; 72˚C/5 min × 1 cycle.

Methylation was studied by bisulfate transformation of DNA samples. 
Bisulfate transformation was performed with 1-2 mcg of DNA treated with 
bisulfate with minor changes. The DNA was denatured with 0.3 N NaOH at 
37˚C for 15 minutes. 15 mcL of freshly prepared 10 mM hydroquinone were 
added into the test tubes with DNA samples, the solutions were thoroughly 
mixed using inversion with minimal aeration, 250 mcL of freshly prepared 
sodium bisulfate 3.6 M, pH 5.0 were added to the test tubes, incubated 
at 37˚C, and the solutions were thoroughly mixed again using inversion 
with minimal aeration. The reaction mixtures were coated with mineral oil 
and incubated at 55˚C for 16 hours in the dark. The water phases were 
transferred to new test tubes and desalted on columns with ion exchange 
resin. DNA was eluted with 120 mcL of distilled water, and traces of alcohol 
were removed by centrifugation. 10 mcL of 3N NaOH were added to 100 µl 
of desalted DNA and incubated for 15 min at 37˚C. DNA was precipitated 
with 33 µl 10 M of sodium acetate pH 7.8 and 300 µl of chilled ethanol using 
glycogen as a co-precipitator in an ice bath for 10 min, then centrifuged at 
13000 × g for 60 min. The precipitate was resuspended in 100 µl with TE 
pH 8.0.

The resulting bisulfite-transformed DNA preparations were subjected to 
the ‘nested’ PCR procedure, using specific priming to the above-mentioned 
regions of the gene promoter region containing GC pairs. The resulting 
amplifications were cleared of excess primers and non-specific fragments 
by electrophoresis in 2% agarose, and then the strips cut from the gel 
were transferred to sequencing of the corresponding RELN gene promoter 
regions (Syntol, RF).

Results

Intra-group comparison of P200, P300, and N400 ERP components 
to emotionally negative (threatening) stimuli comparing to neutral ones 

Figure 1.  Activation in the occipital areas in schizophrenia patients and healthy 
control.
Notes: ERP results for healthy control (Nor) (A) and patients (SCH) (B) in right 
occipital area (O2). These include grand-averaged P200 ERP waveforms in 
response to significant (dark line) and neutral (light line) stimuli over occipital sites.
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Appearance of PE in the P200 component, which is called the 
recognition potential, is associated with orientation response, information 
synthesis, and emotional evaluation of stimuli indicates a violation of these 
functions in patients with schizophrenia, presenting mainly in frontal and 
central regions. PE in P300 component, registered in the same areas as 
P200, indicates a violation of emotional assessment of significance and the 
decision-making process based on ‘Information Synthesis’ in schizophrenia 
[29-32]. PE in N400 component in prefrontal regions in patients with 
schizophrenia can be explained by a violation of matching information with 
past experience and correcting of stimulus perception [33].

The PE in ERP in patients cannot be defined neither as the process of 
excitation nor inhibition, it must be probably a conflict of these mechanisms. 
This abnormal state is caused by synaptic pruning violation, which 
manifests in ERP in two ways. First-in a simultaneous decrease in latency 
and amplitude, and second-in an increase of both these parameters. PE 
with latency and amplitude reduction is probably a consequence of smaller 
number of neurons activated by the stimulus (decrease in amplitude), 
and smaller number of synapses (decrease in latency) due to excessive 
pruning. PE with latency and amplitude increase can be seen because of 
increase of responding neurons number (increase of amplitude), but time 
(peak latency) also increases due to a larger number of synapses activating 
neurons. However, these synapses, due to pathological pruning, remain 
functionally defective, aberrant, that is, both number and quality of synapses 
alteration takes place (Figure 2).

It is important to note that the process of synaptic pruning extends 
from occipital areas, through central ones to frontal regions, which may be 
explained by the evolutionary and ontogenetic dynamics of nervous system 
development [34].

Apparently, in patients before the psychosis onset, there are a bigger 
number of synapses in central cortical areas, and by the time of pruning 
process beginning in frontal areas, number and functional state of synapses 
in central-parietal areas is already disrupted. At the same time, the process 
of synapse elimination taking place in frontal regions is insufficient, which 
finally leads to heterogeneity of elimination and synaptic inhomogeneity in 
frontal and central regions. On this basis, we assume that in schizophrenia 
a decline of synapse number takes place, but for the conditions of the 
first psychotic episode occurrence and for predominance of productive 
symptoms in clinical picture, it is necessary not only an inhomogeneous 
ratio of number of synapses in frontal and central cortex, but also a greater 
number of aberrant synapses in frontal regions, which in turn, during the 
course of the disease, become inactivated with low elimination, which 
eventually entails to a gray matter density decrease in schizophrenia with 

In left prefrontal (Fp1: p<0.01), right prefrontal (Fp2: p<0.01), left lower 
frontal (F7: p<0.01) and right lower frontal (F8: p<0.01) areas, patients 
showed a PE, as well as in P200 component, in form of simultaneous 
increase in both ERP parameters. This PE in P300 component also does 
not correspond to activation dynamics to stimuli of different significance 
shown in Figure 2.

In healthy subjects, latency of N400 component was shortened to 
threatening stimuli compared to neutral in right posttemporal (T6: p<0.01), 
right prefrontal (Fp2: p<0.01), and midcentral (Cz: p<0.01) regions; 
amplitude of this component in the same regions to threatening stimuli was 
greater than to neutral ones. Thus, in healthy individuals, higher activation to 
emotionally significant stimuli is noted in right posttemporal, left prefrontal, 
and midcentral areas.

In patients latency of N400 component was lower, and amplitude 
greater to threatening stimuli comparing to neutral, same as in healthy 
subjects in right posttemporal (T6: p<0.01) area. Thus, in patients as well 
as in norm activation to emotionally significant stimuli were found in right 
posttemporal area.

In midcentral (Cz: p<0.01) and right central (C4: p<0.01) regions, 
patients had a PE, as well as in the P200 and P300 components, in form of 
simultaneous decrease of both ERP parameters. This PE in N400 wave does 
not correspond to activation dynamics to stimuli of different significance.

In patients in N400 as well as in P200 and P300 components, PE was 
observed, in form of simultaneous both ERP parameters increase in right 
prefrontal (Fp2: p<0.01) and right lower frontal (F8: p<0.01) areas. This PE 
in N400 component also does not correspond to activation dynamics to 
stimuli of different significance.

Results of RELN methylation

Analysis of methylation of RELN gene obtained from peripheral 
blood (promoter region -600 to 900), site -442, revealed 100% absence 
of methylation in patients with schizophrenia. In healthy individuals, 99% 
of RELN methylation in this promoter region is present in all CG pairs. A 
consequence of RELN gene demethylation in patients is an increase of 
reelin protein expression (Figure 3).

Discussion

The aim of the study was to identify the neurophysiological mechanisms 
of psychosis in schizophrenia and to consider the relationship between two 
levels-physiological (based on the analysis of ERP to highly significant 
and neutral stimuli) and molecular genetic (analysis of methylation of 
RELN gene sites), to examine the relationship of these levels to define the 
etiopathogenetic factor of hallucinatory-paranoid syndrome.

In our study, the highest ERP brain activation response to significant 
stimuli was found in P200, P300, and N400 components. The fact that these 
components respond to negative stimuli with increased activation (latency 
shortening and amplitude increase) in both groups of subjects and in the 
same areas (occipital and posttemporal) indicates that the processing of 
primary visual information in sensory areas in schizophrenia is preserved 
(Figure 1).

Differences appear 200 ms after stimulus presentation. It is a pathology 
found in patients’ neural networks, which manifests in a simultaneous 
increase of both ERP parameters-latency and amplitude in frontal and 
anterior temporal areas and their simultaneous decrease in central areas. 
Both simultaneous increase and decrease of amplitude and latency form/ 
conceive/ constitute PE from physiological point of view which can be seen 
in patients with schizophrenia. The detection of PE is the most important 
results of our study, as it shows for the first time the incongruence of ERP 
parameters-a simultaneous increase in both amplitude and latency, or their 
simultaneous decrease in response to significant stimuli in certain areas 
in schizophrenia. Simultaneous unidirectional shift in both amplitude and 
latency in response to significant stimuli in certain areas in schizophrenia.

Figure 2.  Paradox effects of parameters of evoked potentials in schizophrenia 
patients.

Notes: ERP results for schizophrenia patients (SCH): A) PE with decrease of 
both P300 parameters in midcentral area (Cz); B) PE with increase of both P300 
parameters in left prefrontal area (Fp1). A) Grand-average P300 waveforms in 
response to significant (dark line) and neutral (light line) stimuli over midcentral 
area; B) the same over left prefrontal area.
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for the target molecule (which in our opinion is a key mechanism) leads to 
aberrant anlage of these connections and insufficient resorption of synapses. 
Result of the latter is an emergence of excessive number of synapses with 
the violated functions of information transmitting and processing. This 
number gradually increases which is reflected in the conflict of excitation 
and inhibition processes in form of PE in ERP. Our conclusion doesn’t 
contradict the data of MRI studies that describe a decrease of gray matter 
density [40-41], since we assume that the decrease in density can emerge 
because of insufficiently resorbed synaptic spines, not with a decrease in 
their number [42].

Conclusion

It is worth to note the inequality of the pruning process, which first takes 
place in central and parietal areas and gradually passes to frontal ones. 
While synaptic deficit increases in central regions, a number of ill-functioned 
synapses emerge in frontal areas. Insufficiently resorbed synapses stop 
functioning, which can be detected ad simultaneous shortening of latency 
and an amplitude decrease in ERP components forming PE. At the same 
time, an excessive number of insufficiently resorbed synapses with 
aberrant functioning take place in frontal regions, with PE manifesting in 
simultaneous increase of both ERP latency and amplitude. Heterogeneity 
of elimination leads to inhomogeneity of synapses in different cortical areas, 
which we consider as a crucial condition for the first psychotic episode 
onset in schizophrenia.
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the functional importance of detected methylation disturbance in CpG 
dinucleotide of -422 sites adjacent to CREB binding area (Figure 3).

Reelin is a target molecule for guidance of synaptic connections during 
their formation [39]. Due to the lack of reelin, the competition of synapses 

Figure 3.  RELN methylation in schizophrenia. Notes: Numbers indicate the 
positions of termini from 5’ to 3’ respectively from the Transcription Start Site (TSS). 
TGACGTCC (highlighted in red): CREB factor binding site.
Note: C is the transcription start site, in the following the region of the first exon is 
highlighted (Ensemble database).

CG: Significant methylation site -442.

GGCTCAGCGGTCCTCGACAGCGTCCCCGT – rcr4: Sequencing primer.

( ): cN-myc transcription factor binding site.

( ): Tbr1 transcription factor binding site.
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