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Abstract

The amplitude-frequency characteristics of the late
and early components of brain- evoked potentials (EP)
and the speed of motor (MK), central (central
information processing (CIP) and sensory (SC)
component of the reaction of choice 2 from 3 stimuli
(RC,.3), presented in mode go/nogo/go investigated in
children, teenagers and young people. It was found that
the formation of reactions  of
differentiation in children, teenagers and young people

sensorimotor
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is characterized by a gradual decrease in the quantities
of mistakes and time of RC,; MK, SC, CIP, also
latency and an increase in amplitude the evoked
potential (EP). In children was invented simultaneous
activation of the early (N1, Py, N,, P,) and deactivation
of late (P3) EP of the cerebral cortex and significant
more mistakes and lower speed of RC,.5, MC, SC, CIP
which indicates the presence of cortical-subcortical
dysfunction of the sensor-motor system. In young
people high speed of RC,.3, MC, SC, CIP and a smaller
guantities of mistakes coincided with short latencies and
a high amplitude of inter- peak intervals N;-P, and P,-
N, and Psp. The results testify the formation of
neurophysiological sensory-motor
differentiation reactions happens with participation,
mainly, of the early (N;, Py, Ny, P,) components of
children whereas late components of the EP (P3) are
more actively involved in young people.

mechanisms of

Keywords: Ontogenesis, paradigm go/nogo/go, sensory
motor, central components of the reaction, evoked
potential, amplitude and latency of Psy
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Introduction

In recent years much attention is given to the
problems of neurosensory integration, functional
connections of the sensory and motor zones of the
cerebral cortex (lvanitsky, 2015; Yakovenko et al.,
2004; Satterfield et al., 1994). Neurosensory integration
is investigated in the task of differentiating complex
sensorimotor reactions during processing of data in a
two-simulation test go/nogo (Kuptsova et al., 2016;
Yakovenko et al., 2004), that is, the ability of the brain
to deliberately and quickly switch attention between
stimuli, and in the three-step test go/nogo/go when the
test is done with two hands (Lizohub et al., 2018a,
2018b, 2018c). For studying the neurophysiological
mechanisms of selection of actions it uses tasks with
random presentation of signals — go, that require action
and nogo — inhibit the motor act. The examine must not
only switch attention, but also make the motor acts with
both left and right hand or inhibit such reactions in the
go/nogo/go mode.

In organizing a complex reaction of differentiation
in the go/nogo/go mode researchers identify several
important milestones: signal detection, decision making
process and the implementation of the motor response
(Gould, 2009). At the beginning, evaluation of the
functional organization of neurosensory integration
during processing of information in the go/nogo/go
mode was carried out by indicators of latent periods
RC,.; and later was used sensory (SC), motor (MK) and
central (CIP) components of such reactions (Makarenko
et al., 2014; Makarenko et al., 2011).

Scientists significant  difficulties in
understanding  the  functional  organization  of
neurosensory integration and interpretation of the results
have obtained during researching of processing

information in the

note

go/nogo/go mode.
Neurophysiological and psychophysiological researches
have shown that the quantity of mistakes, time of
reactions and
managerial functions of the brain decrease with age
(Lizohub et al.,2018; Okhrei et al., 2016; Rovny and
Lyzozhub, 2016; Bondarenko et al., 2016).

It is noted, the state of the central component of
sensorimotor differentiation reactions and clarification
of its brain neurophysiological mechanisms during
processing of information in the go/nogo/go mode is
one of the most difficult problems of physiology

influence of interferences on the

J Cell Neurosci Oxid Stress 2019; 11: 805 - 814

(Makarenko et al., 2011; Monastra et al., 1999; Riccio
et al., 1993).

Traditionally, component composition of EP is
used for explaining the brain mechanisms of complex
sensory-motor reactions as objective criteria of research
(Gnezditsky and Shamshinova, 2013; Bazanova, 2010;
Beleteleva and Sinitsin, 2008).

The focus is specifically onthe early and late
components of EP which arise in response to stimuli
that rarely appear and require an appropriate reaction.

At the same time, there are conflicting data in the
literature regarding to the change of the amplitude and
latency of the early and late components of EP in
ontogenesis. Some authors point out that the difference
in amplitude and latency of components of P3 for
children and adults is absent (Satterfield et al., 1994),
others have found significant differences in the change
towards lower amplitude of the component P; for
children (Karayanidis et al., 2000).

Increasing of the latency of the P; wave was
detected for children compared with older examinees
(Jonkman et al., 2000; Linden et al., 1996).

In some of the works it was found decrease the
latency of the early components of EP for children
compared with older age groups of teenagers and young
people (Lizohub et al., 2018; Karayanidis et al., 2000;
Jonkman et al., 2000; Satterfield et al., 1994). Thus,
it must be stated that brain mechanisms of neurosensory
integration during processing of information in the
mode of go/nogo/go for people of different ages have
not been disclosed yet.

The question of neurophysiological
of sensorimotor integration at different stages of
ontogenesis is still controversial. Are these changes due
to plasticity at the sensory and motor level or these
processes include the higher parts of the central nervous
system. The hypothesis is proposed for a structural-
functional heterochrony in the formation of
neurophysiological integration of
complex differentiation reactions in ontogenesis
(Korobeinikova et al., 2016; Makarenko et al., 2011).

Taking into account the above mentioned, it would
be logical to assume that children and teenagers maybe
have different peripheral and central neurophysiological
mechanisms of regulation, which also have different for
older examinees during the processing of complex
visual information. In this regard, the purpose of the

mechanisms

mechanisms of
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research was to reveal age-related features of
neurophysiological mechanisms of regulation of
sensory-motor differentiation reactions and processing
information in the go/nogo/go mode for children,

teenagers and young people.

Organization and methods of research

The study was conducted in accordance with the
Helsinki Declaration (adopted in Helsinki, Finland, in
1964 and revised in October 2000 in Edinburgh,
Scotland) and approved by the Ethics Committee of the
Cherkasy National University.

Evoked brain activity was investigated according
to indicators EP and also investigated speed and
qualitative characteristics of differentiation of visual
information in the mode go/nogo/go with using a set of
instrumental examination methods in 27 children 8-9
years old, 40 teenagers 12-13 years old and young
people 18-20 years old. The research and evaluation of
speed and qualitative characteristics
information processing was carried out on a computer
system according to the specially developed method and
program "Diagnostic-1M" (Makarenko et al., 2014).
The differentiation reaction in the three-stimulus
paradigm go/nogo/go was necessary to carry out by the
researched person during the processing of information.
It was offered to the examinee on the appearance of the
circle quickly press and release the right-hand button
(go) with the right-hand finger. Fast pressing on the left
button (go) with the left-hand finger was required when
the square appeared. There was no need to click on the
button when the triangle appeared. This was a brake
signal (nogo).

The time of sensory-motor reaction
determined (RC,.3) and its sensory, motor and central
components and also the absolute and relative quantity
of false reactions (Makarenko et al., 2014). 30 second
differentiation of irritants in the optimal mode of supply
of visual stimuli was used. The certainty of the
appearance of each stimulus, that required the reaction
go or nogo was 33%. Groups of children, teenagers and
young people compared for researching age dynamics
EP.

of visual

was

Registration was made using the computer
complex "Neyrocom" KhAI Medica, in a screened
sound- and light -isolation chamber in the sitting
position with photostimulation of the right and left eyes

J Cell Neurosci Oxid Stress 2019; 11: 805 - 814

with screwed-up eyes. EP were registered in response to
LED flashes. The energy of the flash does not exceed
the standard in the clinic - 0,24-0,35 kJ. The total
quantity of flashes in the sample was 100. Duration of
stimulus generation was 5-7 s. with period of alternation
lc£15%. The epoch of analysis was 500 ms. The 300
ms time interval before the LED flash was also taken
into account. The number of averages for significant
stimuli was within of 50-70. Non-artifact realization
was analyzed. The latent periods of wave peaks Py, Ny,
P,, N,, P5 and the amplitude of between peaks intervals
N;-P, and P,-N, were taken into account. Biopotentials,
outgoing from the occipital areas O; and O,, were
analyzed, because the P; component had the maximum
amplitudes of in this placement. Ear
ipsilateral electrodes used as reference.

Statistical analysis of data was carried out using
mathematical statistics and program packages Exel,
Statistica, StatSoft, USA, 2001. The
significance of the differences between the research
indicators were evaluated according to the criterion of
significance  (Student’s  t-test) and
a nonparametric test - Mann-Whitney U-test. Critical

indicators

statistical

differences

level of significance (p) was perceived at the level of
0.05 on condition to the statistical hypothesis testing.

Results

The research results of the dynamics of formation
of sensorimotor differentiation reactions RC,.; and the
absolute and relative quantity of mistakes for children,
teenagers and young people during the processing of
information processing in the go/nogo/go mode are
presented in Table 1.

Research of the quantitative characteristics of the
reaction time of the differentiation PB,_; in the mode of
go/nogo/go (two positive and one inhibitory of three
stimuli) showed that the low values of time. In the
future, the gradual increase of speed (time reduction) of
sensory-motor response was observed with age. And
this was 385.4+8.5 ms for the examinees 18-20 years
old. Changes of indicators RC,; had significant
differences depending on age (p<0.05).
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Table 1. Indicators of speed and quality of information differentiation in go/nogo/go mode for the

examinees of different ages.

R 1
in;fg;ff; 8-9 (1) 13-14 ) 18-20 3 p-value, P
P 12<0.05;
RCy3,ms 522.9+14.1 4433493 385.4+85 P 13<0.05;
P 23<0.05;
Absolute quantity of P 1,<0.05:
mistakes, (X +5) 3.440.5 2.4+0.2 1.240.3 P 13<0.05;
P »3<0.05:
Relative quantity (%) P 12>0.05;
_ T 1.341.0 0.840.2 0.440.1 P 13<0.05;
of mistakes, (X +S) P 25>0.05;

The research of the qualitative characteristics of
the processing of sensorimotor information in the
go/nogo/go paradigm showed that he best results had
young people 18-20 years old. According to the
absolute and relative number of mistake reactions of this
age group allowed 1.240.3 (0.4+0.1%) of false
reactions. At that time, in the group of children 8-9
years old, this indicator was greater and was 3.4+0.5
(1.3¥1.0%) (p<0.05). Interestingly, the quantity of
mistakes, made by the examinees during the task of
switching visual information, decreases with age.

The presumption isthat this may be due to
increased activity of the cerebellum (Kuptsova et al.,
2016). It is known that one of the functions of the
cerebellum is the calculation of possible mistakes,
because and afferent and efferent signals pass through
it. The cerebellum is able to predict possible mistakes
and correct the following behavioral actions by
calculating the difference between the expectation and
the results obtained. Thus,
adaptive behavioral reactions: slows or accelerates
motor responses to stimuli.

Although each examinee set the optimum tempo
of information processing in go/nogo/go mode, we
discovered still found more mistakes for children 8-9
years old than for teenagers and young people. Maybe,
insufficient activation of the cerebellum, that have
younger persons, and a large number of mistakes
(associated with it) cannot be compensated by
mechanisms which appear on insufficient adaptive

the cerebellum makes

J Cell Neurosci Oxid Stress 2019; 11: 805 - 814

plasticity of the cerebral cortex, which exists in the early
stages of ontogenesis, and maybe, it cannot compensate
of low performance of the task of processing
information in go/nogo/go mode. According to results
of differentiation of stimuli in go/nogo/go mode for
children, teenagers and young people, the maximum
concentration of psychophysiological functions and
high speed and quality of information processing is
achieved at the age of 18-20 years. Results show, the
younger the examinee is - the greater the absolute and
relative quantity of mistakes they make.

Such results, maybe, attributable to the fact that
examinee must respond as quickly as possible and do
not make mistakes during the go/nogo/go test. The data
of a probable connection between the reaction time of
RC,.; and the number of mistakes indicate in favor of
such assumptions (r=0.37, p<0.05). It turns out, that the
examinees, who make a large number of mistakes, in
most cases, have more time of sensorimotor reaction to
solve the problem of differentiation and processing
information in the go/nogo/go mode. It was necessary to
slow down the speed of response in order to complete
the task and not to make mistakes for such examinees.
While examinees, who did less number of mistakes,
processed the information much faster. The differences,
we have received, show that the speed and quality
characteristics of differentiation and processing of
information in go/nogo/go mode are improved with age.

Thus, the general patterns of the formation of the
visual-motor differentiation reactions in the go/nogo/go

808


http://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/It+is+known
http://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/Results+show
http://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/The+younger
http://context.reverso.net/%D0%BF%D0%B5%D1%80%D0%B5%D0%B2%D0%BE%D0%B4/%D0%B0%D0%BD%D0%B3%D0%BB%D0%B8%D0%B9%D1%81%D0%BA%D0%B8%D0%B9-%D1%80%D1%83%D1%81%D1%81%D0%BA%D0%B8%D0%B9/The+younger

Sensorimotor and Neurophysiological Mechanisms in Ontogenesis

mode are established in the course of ontogenesis for all
examinee groups. So, we have proven that age factor of
the examinees has implications for the visual-motor
reactivity of complex differentiation reactions in the
task go/nogo/go. Since the functional organization of
complex differentiation reactions consists of several
stages: signal detection, decision-making process and
realizing motor response (Gnezditsky VV, 2003), we
believe that can be made available peculiarities in
formation of neurophysiological mechanisms at
different levels of their functional organization and
manifest in the characteristics MK, SC and CIP due to
the age dynamics of speed RC,._; in the go/nogo/go task.

Sensory, motor and central components of
reaction time RC,_; have been researched and analyzed
to identify the characteristics of the formation of
complex sensorimotor reactions in the age range from 8
to 20 years. The research results of MK, SC and CIP for
the examinees of various ages are presented in Table. 2.

The presented results showed that the time of the
sensory-motor reaction RC,.; in the go/nogo/go mode
gradually decreases, as well as the speed characteristics
of the SC, CIP and MC increase with age. The research
of speed MK showed that the greatest time was found
for children 8-9 years old. The gradual increase of MK
was observed in groups of teenagers and young people
up to the maximum in 18-20 years.

So, the age dynamics of MK formation is
established during the course of ontogenesis. It is a
gradual increase of the speed of motor reactivity.

Statistically significant differences between the
average values of MK were detected for groups of
children, teenagers and young people.

A longer time of MK for children can be
explained by an increase in the number of motor units
required to mobilize of rapid reduction and the time of
their activation as a result of the spatial and temporal
summation of the motor units for the implementation of
the motor act. A lower level of the speed of realization
of a mechanical reaction can be explained by the fact
that the children™ muscles contain a lower percentage of
high-speed muscle fibers.

Another interesting fact that deserves attention -
we detected significant changes of the dynamics of SC
for children, teenagers and young people during
performance of RC,., which may be due to age-related
features of the rearrangement of sensor systems.
Researching of the time of SC showed that the greatest
time of the sensory component was found for children
8-9 years old. The gradual reduction of SK's time was
observed in groups of teenagers and young people up to
the maximum in 18-20 years. Therefore, the age
dynamics of the formation of SC is established during
ontogenesis - gradual increase of the speed of sensory
reactivity.

Table 2. Age dynamics of the motor, sensory and central component of the time of

visual-motor reaction of differentiation for the examinees of of various ages during the

task in the go/nogo/go mode.

Research

o 8-9
indicators W

13-14 ¢

18-20 (3 p-value, P

SC, ms 129.3+13.9

CIP, ms 226.7£12.3

MC, ms 165.2+10.2

115.248.5

199.9+13.3

129.3+8.9

P 12=0.05;
P 13<0.05;
P 2.3>0.05_‘._

P 12>=0.05;
P 1.3<0.05_‘._
P 23<0.05;

105.9+6.5

161.3+£5.9

P 12<0.05;
P 13<003;
P 2.3>0.05_‘._

119.7+6.8

Note. * - significance of differences (level — p<0.05) for ages groups

J Cell Neurosci Oxid Stress 2019; 11: 805 - 814
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Statistically ~ significant differences between
averages of SC were found for children and teenagers
and for children and young people (p<0.05). It is well
known that the speed of a sensorimotor reaction
depends not only on the speed of perception and motor
realization, but also on the decision-making. The
examinees performed a complex differentiation reaction
in the go/nogo/go mode in accordance with the terms of
our research, which required much more time to
formulate the answer and make a decision according to
the results of the researches (Makarenko et al., 2011).

It is possible to predict that time for processing
information in the higher divisions of the central
nervous system should be more in this case. Our
assumptions were confirmed by the results of researches
that showed that the time for CIP was greater than for
the SC and MC. It made up 41.5 - 43.6 percent of the
all-time of reaction RC,.3. While, SC and MC was only
24 - 30%. The time of the CIP gradually decreased for
teenagers and young people with the age. The greatest
values of the time of CIP were established for a group
of children 8-9 years old - 226.7+£12.3 ms. Whereas, the
time of CIP was 161.3+5.9 ms. for a group of youths
18-20 years old. Research has shown that the speed of
CIP depends on the time of signal analysis, the decision,
its transfer to the effector. For its part, these processes
are provided by complex analytical and synthetic
specific information mechanisms, the
emergence and termination of nerve processes, the
speed of their movement through the nervous networks
of the cerebral cortex. In this case, the individual
differences of CIP parameters will depend on the
dynamic properties of the cortical structures, that is, the
entire working functional system.

Such a generalization can be fair - if we consider
the increase of the speed of CIP during ontogenesis, in
our opinion, is also the result of age-related morpho-
functional transformations of the complex integrative
activity of the brain in the conditions of rapid
discrimination of ensembles of excitation, as well as of
individual brain operations (Makarenko et al., 2011).
The presence of the difference between RC,; and CIP
in age groups in our researches suggests that the task of
processing the complex sensory-motor information in
the go/nogo/go mode occurs with the participation of a
complex analytical and synthetic activity of the higher
divisions of the central nervous system and with the

activities,

J Cell Neurosci Oxid Stress 2019; 11: 805 - 814

corresponding involvement of the structural and
functional organization of brain activity (Makarenko et
al., 2011). Such features of age dynamics RC,.3 and its
components MC, SC and CIP for persons of different
ages can be explained by the gradual maturation of
various structures of the brain which provides
processing of complex information.

It is known that children, teenagers and young people
have noticeable changes in the development of the
precentral area of the cerebral cortex. (Beleteleva and
Sinitsin, 2008). Intercentral interactions are improved at
11-12 years and, in general, the functional maturation of the
associative zones of the cerebral cortex, which regulates
complex motor activity, is completed. In addition,
increasing of the speed of information processing for
teenagers and young people, maybe, related to the
subsequent conjugation of morphological and functional
changes in the neural networks of the cerebral cortex
and the neuromuscular apparatus (Beleteleva and
Sinitsin, 2008).

So, we have proved that the differentiation
reaction in the go/hogo/go paradigm is a complex
visual-motor act that requires rapid signal perception, its
analysis, decision-making and an urgent address
response in a short period of time, a high level of
concentration and switching attention, taking into
account the presented stimulus, as well as the
corresponding activation and integration of various
brain sections.

To confirm this generalization, we researched the
EP for the presentation of high-frequency stimulation
with light for children, teenagers and young people.
Results reflect children have shorter latency periods and
between peaks intervals at early and longer ones at the
later stages of information processing. These facts are
supported by results found of significantly lower latency
peaks P31, Ny, P, and N, and longer P; for in children 8-9
years old (p<0.05). (Table 3).
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Table 3. Components of Psy for targeted stimuli in the Cz examinees of different ages.

Amplitude, pVv Latency, ms Duration, ms

AAge groups, years Naoo P00 Naoo P300 N2oo P300
8-9 6.7 4.8 76 421 115 432
13-14 5.5 5.6 98 388 78 402

18 -20 5.2 11.2 * 103* 332% 64* 355%

Note. * significance of differences (level — p<0.05) for groups of 8-9 and 18-20 years old.

It is known that EP components such as Nj, N,
and P, are connected with different stages of perception
and identification of the stimulus (Minyaeva et al.,
2009; Kokoszka et al., 2003) and P; - with selective
attraction of attention and memory, which include
information  processing and  decision  making
(Gnezditsky and Endogenous, 2001). Children (8-9 age)
had lower amplitudes of between peaks intervals N;-P,
and P,-N, than teenagers and young people. The
quantitative values of the amplitude of between peaks
intervals N;-P, and P,-N, were within the limits of
10.1+0,2 and 7.0+0.3 for the group of young people
(18-20 years old), while they reached 7.0+0.2 and
3.6+0.1 mV for children (8-9 years old) (p<0.05 - 0.01).

As to the level of the potential amplitude of Pg, its
value was statistically significantly lower (4.8 mV) in
the group of children than in the examined youth (11.2
mV), (p<0.05). The amplitude of between peaks
intervals N;-P, was 30%, P,-N, was 40%, and P5; was
38.3% lower for the children than the quantitative
values of the amplitudes of these intervals and peaks for
the young people.

Thus, the value of between peaks intervals N;-P,
and P,-N, and peak P; was lower for the children than
for the young people, which can point to processes with
attraction of fewer quantity of neurons to the formation
of memorable traces and assess of information at all
stages of its follow-up (Jebrailova et al., 2011; Faraci
and Heistad, 1991).

Using fewer neurons may indicate the local
activity of neurons that directly participate in the
evaluation and analysis of information (Jebrailova et al.,

J Cell Neurosci Oxid Stress 2019; 11: 805 - 814

2011; lyukhina 2010). Reduced amplitude of
oscillations (which children have) reflects imperfect
adaptive mechanisms of neuron activity and, probably,
less selective brain activity (Aloshina et al., 2009),
which reduces the possibilities of processing
information. It is possible that children have not
completely formed
subcortical connections yet. Which confirms, the earlier
and simultaneously lower tonic activity of cortical
structures, which comes from the limbic-reticular
complex, as evidenced by the lower latencies of Py, P,
and bigger Ps; Such results might be characteristic for
diffuse cortical-subcortical integration that still occurs
in childhood.

Furthermore, it is recognized that P, and P, waves
(waves of EP) reflect analysis of information in
subcortical centers and are indicators of the involvement
of differentiation of stimuli of nonspecific systems. In
contrast to them, component Ps is an indicator of a
specific understanding of the material involving not
only the primary but also the secondary and tertiary
fields of the cerebral cortex (Jebrailova et al., 2011). P;
component is considered an indicator of brain activity in
the primary and secondary zones of the cortex, non-
specific nucleus of the thalamus and reticular formation
(Makarenko et al., 2011).

Obviously, that the differences for the temporal
characteristics of this component between persons 8-9
and 18-20 years old testifies to the imperfection of the
formed neural connections for children and excessive
strain of neural processes in
Component P, displays processes of non-specific

cortical-cortical and cortical-

neural networks.
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information processing (lvanitsky, 2015; Jebrailova et
al., 2011) it, maybe, can be another position of
explaining the functional integration of the visual
system in children. From this position, the examinees
(8-9 years old) differed in their greater reactivity of the
cortex cells at the initial stages of signal perception.

Thus, numerous data of literature and our results
allow us to state that in childhood there is a faster
involvement in the processing of information of non-
specific structures of the brain (shorter latency P;, Ny,
P,, N,), which are rapidly being depleted (reducer
amplitude of peaks Py, Ny, P,), which reduces the level
of functioning of the cerebral cortex (higher latency
periods and lower amplitude P3). We expect, there is an
increase of dependence of brain activity from
endogenous mechanisms in the age of 8-9, which led to
faster in the early and longer — in the later stages of
information processing and points to a diffuse
functional organization in the cortical and cortical
subcortical structures of the brain.

So, it has been established that the age of the
examinees ambiguously affects to the processing of
information in the go/nogo/go mode. Firstly, research of
high-speed and qualitative characteristics of information
processing showed significantly lower performance and
lability of neurosensory integration of visual-motor
function system for children than for teenagers and
young people. Secondly, we could state that high
reactivity of the cortical and subcortical units of the
brain had been established at the early stages of
information processing for the group of 8-9 years old.
Probably, the following results, obtained for sensory-
motor system of children, on the one hand, are related to
the optimal development of the cerebral cortex due to
the systematic influence of visual afferentation. And on
the other hand, itpoints toa lack of integrative
processes and associative connections in the.

Thirdly, the results of EP and processing of
information of the young people examinees indicate that
their higher departments carried out neurosensory
integration during differentiation and processing of
information more effectively. This was reinforced by
latency and power components Ps, which indicated a
greater lability of modulation of the
(Makarenko et al., 2011).

neurons

J Cell Neurosci Oxid Stress 2019; 11: 805 - 814

Discussion

So, significant differences of the amplitude-
frequency characteristics of the EP, have revealed by us,
allow to assert that various brain mechanisms for the
processing of visual information are formed in
neuroontogenesis ~ for  children, brain
mechanisms for processing visual information are
formed in neuroontogenesis for children, teenagers and
young people. Dysfunction of neurophysiological
mechanisms  is  characteristic ~ for  children.
Neurophysiological mechanisms are characterized by
simultaneous activation in the early stages (N1, P1, N2,
P2) and deactivation of EP in the late (P3) stages of
information processing. Activation in the early stages
(N1, P1, N2, P2) is associated with mechanisms of
primary signal processing (Jebrailova et al., 2011).
Deactivation of EP in the late (P3) stages show the
processes of decision making and preparation of motor
reaction in the cerebral cortex (Baevsky and Berseneva,
2008).

The obtained results may indicate that the
improvement of the quality of the processed information
in the go/nogo/go mode for children, teenagers and
young people occurs in parallel with the increase of the
speed of sensorimotor reactions and its components
(RC,.3, SC, MC, and CIP) with simultaneous increase of
amplitude, as well as decrease the latency and duration
of the P3y wave. The latency of the Py peak was
reduced. This indicates an increase of the speed of the
nervous processes in the young people. The Psy
component for children 8-9 and teenagers 12-13 years
was longer. There was no unambiguous age variation of
amplitude, latency and duration in the case of Nyg.

Consequently, the neurotonogenesis of the
children, teenagers and young people was characterized
by a decrease of the latency and duration of the peak
Pso and an in amplitude. This was a
consequence of the general development and
improvement of cortical processes. Reduced latency of
the Pgqo is associated with improved processing of
information and modal-specific working memory.

The substantial increase of amplitude is noted as
an improvement of orientation processes and directed
attention (Livanov, 1972). This may also indicate the
involvement of functional reserves by activating
additional neural networks, because this is a prerequisite
for processing information in the go/nogo/go mode. The

various

increase
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presence of significant differences between the
indicators of speed and quality of information
processing, time values of RC,s; MK, SC, CIP
amplitude, latency and duration of the peaks Ny and
Psgo can be experimentally proof of the fact that these
indicators are related to one another for groups of
children, teenagers and young people. These indicators
have also positive age dynamics at all levels of the
functional organization: from the sensory to the central
and motor component of it. At the same time, this
indicates a gradual formation of high temporal and
spatial synchronization, coherence and discriminating
ability of several different neuronal networks in
ontogenesis. Neuronal networks were activated during
the processing of complex information in the operating
memory during the go/nogo/go paradigm (Medvedev,
2003).

Thus, the analysis of the speed and quality of the
processed information in the go/nogo/go mode, the
speed of RC,3, SC, CIP, MC, latency, duration and
amplitude of Py wave allowed to reveal the age-
sensitive of structural and functional peculiarities of the
time of signal perception, its analysis, decision making
and transmission to the effector. These processes
provide complex analytical and synthetic activities, the
involvement of specific mechanisms, the emergence and
termination of nerve processes, the movement through
neural networks of the cerebral cortex, as well as the
appearance of excitation in the receptor, reduction /
relaxation of muscle groups that carry out a motor act.
All this points to the reorganization of both central and
peripheral mechanisms of functional organization of
information processing during neurotonogenesis.

Conclusions

a. The results of the research of age dynamics of
neurophysiological regulation of
sensorimotor in children,
teenagers and young people identified gradual increase
of speed of reaction of choice 2 from 3 irritants (RC,.3),
motor component (MC), sensory component (SC) and
the amplitude of the evoked potential (EP), central
information processing (CIP), decrease of the quantity
of mistakes and latency. Indicators reach the highest
level at the age of 18-20 years.

b. Different neurophysiological mechanisms of
regulation of differentiation reactions have revealed in

mechanisms of

differentiation reactions

J Cell Neurosci Oxid Stress 2019; 11: 805 - 814

children, teenagers and young people during the
processing of information in the go/nogo/go mode. It
has been proven formation of neurophysiological
mechanisms of regulation of sensorimotor reactions of
differentiation occurs with participation, mainly, early
components (Ny, Py, Ny, P,) of children, while these
processes occur in young people with participation late
components EP (Ps).

c. It was detected that children have simultaneous
activation of the early (N4, P;, N,, P,) and deactivation
of the late (P3) EP of cortex of the brain and
significantly more mistakes and a lower speed of RC .3,
MC, SC, CIP. It points the presence of cortical
subcortical dysfunction of the mechanisms of regulation
of differentiation reactions.

d. It was detected that young people have high speed
of RC,3 MC, SC, CIP and fewer mistakes. These
results coincided with short latencies and high
amplitude of between peaks intervals N;-P, and P,-N,
and Psq.
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