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Abstract. The relevance of this article is due to the variability of scientific ideas about the mechanisms of development
of neurocognitive deficit associated with a line of psychopathological conditions. Many questions remain about the
functions of individual brain structures and systems, as well as central neurodynamics in the development of cognitive
defects. The question of the influence of the disorganization of vertically oriented structures of the first brain functional
block (BFB) on the formation of neurocognitive deficit in mental pathology of the schizophrenic spectrum remains the
least studied in modern neuroscience. The present research was aimed to assess the functional state of the first brain
energy block and to determine the role of disorders in the neurodynamic components of activity in the development
of neurocognitive deficit in psychopathology. Materials and methods. 40 patients with paranoid schizophrenia and
38 healthy subjects matched in age, gender ratio and educational level were examined. EEG by monopolar according
to the international system 10/20 using a 21-channel system “Telepat-1” was registered. With the help of visual and
spectral methods of analysis, both nonspecific physical parameters of the a-rhythm — index, frequency and amplitude,
and physiological features of a-oscillations — reactivity, regularity, autorhythm (modulation) and stability of the a-rhythm
were studied. The functional state of the RF was determined by the parameters of the latent periods of synchronization,
desynchronization, and the depth of desynchronization in the eye opening/closing test. The tonus of the cortex by the
ratio of the values of the indices of alpha- and delta-rhythms was determined. The threshold of convulsive readiness
of the brain was calculated from the number of recorded flashes in the background EEG. Fluctuations in the frequency
of the basic alpha rhythm exceeding 0.5 Hz were regarded as a sign of instability in the oscillatory activity of the brain.
Results. It has been established that impairment of cognitive functions in schizophrenia is associated not only with
cortical dysfunction (Il and Ill BFB), but also with disorganization of vertically oriented structures of the | BFB. Revealed
disorganization of the reticular formation and alpha-regulating system, decreased tone and activation of the cerebral
cortex. The possible pathogenetic influence of these pathophysiological factors on the formation of neurocognitive deficit
has been substantiated. The most informative diagnostic EEG-signs of disorders in the neurodynamic components of
brain activity were determined.
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ANEKTPOIHLEE®ANOrPAGUYECKAA OLIEHKA
HEMPOOMHAMUYECKWUX KOMNOHEHTOB AEATENBHOCTU MO3rA
MPY NCUXONATONOMMKA U UX BO3MOXHOW PO B PA3BUTUM
HEMPOKOrHUTUBHOIO OEGULIMTA
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Pestome. AkmyanbHocmb paboTbl 06ycnosneHa BapnabenbHOCTbIO Hay4YHbIX NPEACTaBNEHUIA O MEXaHN3MaXx
Pa3BUTUS HEMPOKOTHUTUBHOIO AedmuuTa, acCoLUMPOBAHHOTO C PSAOM NCUMXONATONOrMYeckux cocTosHui. Ocra-
€TCS MHOTO BOMPOCOB O (PYHKLMAX OTAENbHbIX CTPYKTYP U CUCTEM MO3ra, a TakXe LieHTpanbHON HeNpoauHaMUKK
B Pa3BUTUN KOTHUTUBHOTO CHUXEHNS. HauMeHee n3y4YeHHbIM B COBPEMEHHON HENPOHAYKe 0CTaeTcs BONpPoC 0
BIIMSIHWUM Ae30praHn3aLumn BepTUKanbHO OPUEHTUPOBAHHLIX CTPYKTYP | PyHKUMOHanbHOro 610ka Mo3ra (PBM) Ha
(hopMMpOBaHWNE HENPOKOTHUTUBHOIO AeduLmTa Npu NCUXMYECKON NaTonoruy WiusopeHndeckoro cnektpa. Lesns
uccrnedoeaHus 3aKnyanach B oLeHKe (yHKLMOHANbLHOTO COCTOSHIUS NEPBOro 3HepreTnyeckoro 6oka Mosra u
onpegeneHny ponu HapyLeHUn HeMpogUHaMNYECKNX KOMMOHEHTOB JeATEeNIbHOCTU B Pa3BUTUN HEMPOKOTHUTUBHOTO
peduunta npu neuxonatonorun. Mamepuansi u memodsl. O6cnegoBaHo 40 naunMeHToB, CTPALAOLLMX XPOHUYECKOI
napaHouaHown Wn3odpeHmnei, 1 38 300poBbIX UCMbITYEMBIX, CONOCTaBKMbIX MO BO3PACTY, FeHAEPHOMY COOTHOLLEHUIO
1 obpasoBaTenbHOMY ypoBHI0. Pernctpaums 331 ocywecTBnanace MOHOMONASPHO MO MeXAYHApOAHOW cucteme
10/20 ¢ nomoLbto 21-KaHanbHOro annapaTHO-NPOrpaMMHOro komnnekca «Tenenat-1». C NOMOLLbIO BU3yanbHOrO
CNeKTparnbHOro METO0B aHanm3a u3yyanuch kKak Hecneuuduyeckue gusndeckre napameTpsbl o-pUTMa — WHOEKC,
yactoTa M amnnnTyaa, Tak 1 u3nonornieckne 0COBEHHOCTM o-OCLUMNNALUIA — PerynspHoCTb, aBTOPUTMUYHOCTb
(Mogynauum) n cTabunbHOCTb ai-puTMa. OyHKLUMOHANBHOE COCTOSIHIUE PeTUKYNsapHOI hopmaumn (PO) onpeaensnu
no napameTpam NaTeHTHbIX NePUOOB CUHXPOHM3ALMN, ECUHXPOHU3ALMN W TYOUHBLI AECUHXPOHM3aLWK B Npobe
C OTKPbITMEM/3aKpbITUEM [11a3. TOHYC KOpbl ONpeaensann N0 COOTHOLIEHWIO 3HAYEHUI MHAEKCOB anbda- 1 genbTa-
puTMOB. lopor CyaopOXHOIM FOTOBHOCTM MO3ra pacCy1ThiBany No KONUYECTBY 3aperncTpupoBaHHbIX BCMbILWEK B
toroBon I3 KonebaHus yactoTbl 6a3oBoro anbda-putma, npesbiwatowme 0,5 M, pacLeHnBanuch Kak npuaHak
HeCcTabunbHOCTM OCLUNASTOPHOM aKTUBHOCTW MO3ra. Pe3ynibmamabl. YCTAHOBMEHO, YTO HapyLLEeHUs No3HaBaTesbHbIX
OYHKLMIA NpU LUM30MPpEHUM CBSI3aHbI He TOMbKO ¢ aucdyHkumei kopbl (Il n [l ®BM), Ho Takxe ¢ ge3opraHusaymnen
BEPTUKaNbHO OPMEHTUPOBaHHbLIX CTPYKTYp | ®BM. BrisiBneHa gesopraHusauus peTukynsapHon hopmaumm u ansga-
perynupytoLLen CUCTeMbl, CHKEHUE TOHYCa U akTUBaLMK kopbl Mo3ra. OBOCHOBaHO BO3MOXHOE NaToOreHeTUYeckoe
BNUSIHME 3TWX NaTOM3NONOorniecknx hakTopoB Ha (POPMUPOBAHME HEMPOKOTHUTUBHOTO Aeduumta. OnpeneneHsb!
Hanbonee MHopMaTUBHbIE AnarHocTuyeckne AOM-Npu3Haky HapyLLEHNS HEMPOANHAMUYECKNX KOMNOHEHTOB [esi-
TENbHOCTM MO3ra.

KnioyeBble cnoBa: napaHouaHas Wu3odpeHus, anekTposHLedanorpadus, cnekTpanbHbIi aHanms, HepoaMHaMIKa,
HENPOKOrHUTUBHBIN Aeduunt

INTRODUCTION

Modern civilization is based on the knowledge and pro-
cessing of significant amounts of information. At the same
time, the volume and speed of accumulation of new infor-
mation necessary for successful functioning of society and
activities of an individual are growing exponentially. That
is why a modern person in order to remain professional-
ly competent and develop his intelligence and innovative

thinking, needs to acquire ever greater amounts of know-
ledge throughout his life [1, 10, 11].

Meanwhile, modern education system is acquiring the
character of personality-oriented learning, in which cog-
nitive development is aimed at qualitative transformation
of all cognitive processes. In the age of information tech-
nology, it is not enough for a person to possess the only
knowledge and skill. It is also necessary to possess such
qualities of higher nervous activity as flexibility in thinking,

& POCCHIICKHE BUOMETMIIMHCKUE HCCTEOBAHIAL  TOM 9 Nol 2024

¢ISSN 2658-6576




26

ORIGINAL PAPERS

high adaptability to changing conditions, desire to self-edu-
cation and volitional qualities in achieving the goal [17].

However, literature analysis shows that cognitive im-
pairment is associated with a significant number of neuro-
logical, mental and psychosomatic disorders. Their preva-
lence is increasing due to population aging. Many forms of
psychopathology related to the sphere of so-called major
psychiatry are in most cases also associated with neuro-
cognitive deficit. It has often had chronic disabling nature
and leads to pronounced occupational and social mala-
djustment. The most common disease in this category is
schizophrenia.

Currently, there are about 50 million people in the world
suffering from various types of dementia. The number of
patients with severe cognitive disorders doubles every ten
years, and by 2050 their total number in all countries of
the world will reach 130 million [13]. Cognitive disorders
occur in 20% of children and adolescents. This leads to
learning difficulties, deviant behavior, psychoemotional
disorders and, as a consequence, to social maladjustment
(2, 3, 14].

In this regard, there is growing interest in cognitive psy-
chophysiology in studying the mechanisms of cognitive dys-
function, as well as their role in the development of learning
difficulties and mechanisms of neurocognitive deficit. The
problem of studying the biological basis of cognitive dys-
function (especially in severe forms of psychopathology)
has become one of the most pressing issues in neurosci-
ence [10, 11]. The formation of neurocognitive deficit that
occurs during the development of the schizophrenic process
is one of the most complex and poorly understood problems
of modern neurobiology.

According to DSM-V criteria, cognitive disorders include
a decrease, compared to premorbid level, in one or more
higher brain functions that ensure the processes of atten-
tion, perception, storage, transformation and transmission
of information [27].

From the standpoint of the concept of three functional
units of the brain according to A.R. Luria, structures of all
blocks of the brain are of interest in formation of neurocog-
nitive deficit. However, specifics and mechanisms of disor-
ders at the level of each of them remain poorly studied [14,
19]. For this reason, establishing patterns and deciphering
the mechanisms of cognitive disorganization, participation
in their pathogenesis of vertically (Unit 1) and horizontally
(Unit Il and I11) oriented parts of the brain is one of the most
complex and interesting issues of neuropsychology, which
has both theoretical and practical significance.

An analysis of the available neuropsychological litera-
ture shows that pathogenetic significance of disorganization
of central neurodynamics, which is carried out by Unit 1,

in mechanisms of development of neurocognitive deficit in
schizophrenia and other psychopathological conditions is
also a poorly studied problem. There are few publications
in literature devoted to the study of neurodynamics in cogni-
tive dysfunction [2, 18].

The paradigm of “neurocognitive deficit” proposed at
the end of the 20th century by A. Breier considers cognitive
impairment as the “third key group of symptoms” of schizo-
phrenia, along with positive and negative clinical symptoms
[26]. Recently, it has been established that neurocognitive
deficit in schizophrenia is observed in 94% of patients, ma-
nifests itself in the early stages, persists throughout the en-
tire period of disease and remains in remission [13].

In clinical neuropsychology, the study of mechanisms of
neurocognitive decline and, in particular, the role of neuro-
dynamic aspects of cognitive impairment in patients with
psychopathology is given undeservedly little attention. Ob-
jective neuropsychological research on brain function based
on the systemic neurodynamic approach, the founder of
which in the field of psychophysiology was A.A. Ukhtomsky,
remains unreasonably little in demand by modern resear-
chers. In addition, the term “neurodynamics” itself is used
less and less in neuroscientific literature.

Productivity of studies of cerebral dysfunctions in neuro-
psychology is associated with a systemic approach. Its es-
sence consists in constructing a holistic picture of the object
of study based on the proposed systemic principle and con-
ducting research based on this principle. Beginning with the
classical works of A.A. Ukhtomsky, it was shown that brain
is a complex neurodynamic system, constantly striving for
integration and stereotype of unified activity [6, 24].

According to modern concepts, brain is considered as a
complex computer information system with a large number
of equilibrium, but variable states. Brain stability within cer-
tain functional level is a neurodynamic process that main-
tains physiological parameters through homeostatic regu-
lation. Homeostatic regulation processes correct all internal
fluctuations in state of the central nervous system (CNS)
around the average levels [9].

The theoretical framework of this study of neuropsy-
chological mechanisms of neurocognitive deficit was:
A.R. Luria’s concept of three functional units of the brain
[14, 19], I.P. Pavlov's teaching on the major neurodynamic
laws [23], and A.A. Ukhtomsky’s theory of dominance [24].

According to the concept of A.R. Luria, all mental pro-
cesses and various types of conscious human activity in
normal and pathological conditions should be considered
from the standpoint of functional role of three functional
units or blocks of the brain. Unit | is a unit that ensures
the regulation of tone and level of wakefulness. Unit Il is
a block for receiving, processing and storing information.
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Unit Il is a unit for programming, regulation and control of
mental activity.

Optimal cortex tone and adequate level of wakefulness
are necessary to ensure the normal speed and quality of
neurocognitive processes. The brain can best receive and
process information, recall necessary selective systems of
connections and associations, and program activities only in
such a neurodynamic state.

The fact that optimal tone of the cortex is necessary for
implementation of organized and effective cognitive activity
was already indicated by I.P. Pavlov, who described major
neurodynamic laws. Thus, according to the neurodynamic
“law of force”, in a state of reduced tone of the cortex, nor-
mal ratio of excitatory and inhibitory processes. Their mo-
bility, necessary for implementation of organized course of
mental activity, is also disrupted [23].

The first energy block of the brain includes structures of
the brainstem, parts of the diencephalon and mediobasal
regions of the frontal and temporal lobes (Fig. 1).

At different levels of Unit | of the brain, there are three
main energy sources, which provide regulatory influences
on the cerebral cortex, maintenance of working tone and
level of wakefulness.

The main source of maintaining tone and activation of
the cerebral cortex is the brainstem reticular formation (RF).
The ascending and descending reticular systems of the

Fig. 1.  The first functional block of the brain: 1 — cerebral cortex;
2 — visual tubercle; 3 — hypothalamus; 4 — brainstem;
5 — medulla oblongata; 6 — ascending brainstem RF; 7 —
cerebellum

Puc. 1. MepBbin (hyHKUMOHANbHLIA 610K Mo3ra: 1 — Kopa ronos-

HOro Mo3ra; 2 — 3puTenbHbIi Oyrop; 3 — runotanamyc;
4 — mocT; 5— npogonroBatbiin Mo3r; 6 — Bocxoasiwas PO
CTBONA MO3ra; 7 — MO3Xe4oK

brainstem constitute a single self-regulating apparatus. It
ensures the redistribution of tone and activation of the cere-
bral cortex depending on the level of its functional activity
in a certain period of time. At the same time, activating and
inhibitory effects of the RF affect all sensory, motor, verbal
thinking, and other functions of the brain.

The second key structure of Unit | of the brain, respon-
sible for maintaining brain energy status, tone and activa-
tion of the cortex, is neural apparatus of the hypothalamus,
which regulates the body’s metabolic processes.

The third energy source is associated with thalamic sys-
tem, which controls the entry of polymodal information into
the brain. Firstly, sensory streams of verbal and non-verbal
information support activation processes and tone of the
cortex. Secondly, the thalamus is morphofunctionally close-
ly connected with the Peipets’ limbic circle, through which
energy impulses associated with the cerebral cortex circu-
late [19, 25].

Perception of any information causes a reaction in the
form of an orienting reflex. According to I.P. Pavlov, it is the
most important factor of cognitive activity, closely connected
with the work of both the RF and thalamic system of the
brain. A significant source of activation and maintenance of
tone of the cerebral cortex is also the verbal thinking ac-
tivity of a person, his mental plans and understanding of
perspective, which are formed in the process of purposeful
cognitive activity.

In this way, normally all levels of the first functional block
of the brain and all its energy sources are closely intercon-
nected and work in interaction with the higher areas of the
cortex. They not only tone the cortex, but also experience
modulating influences from cortical regions of the brain, thus
ensuring an adequate level of cognitive functioning.

Cognitive resource is considered in psychophysiology as
a general factor of successful solution of cognitive tasks. It
ensures the perception of verbal and non-verbal verbal ima-
ginative information, analysis and correlation of perceived
information with that stored in long-term memory and deci-
sion-making [6, 8, 9, 20]. According to Hans Eysenck’s ac-
tivation theory, the level of tone and activation of the brain
is the central explanatory point of the influence of individual
differences on the efficiency of cognitive activity [4, 25]. The
Yerkes-Dodson law establishes an inverted U-shaped rela-
tionship between the success of completing a cognitive task
and level of tone and activation of the brain. Optimal condi-
tion for cognitive success is a certain average level of tone
and activation of the cerebral cortex, which was confirmed in
our previous studies of efficiency of perception of non-verbal
auditory information [7].

According to G. Eysenck, with insufficient activation of
the cerebral cortex, the number of errors in subjects when
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presented with cognitive tasks increases by 3 times compa-
red to patients with an optimal level of tone and activation [4].

It is known that the world around us, as we know it, is
based on our cognitive structures. They are nonspecific, but
ordered representations of previous experience. Cognitive
structures formed during individual development support the
processes of cognitive self-regulation and internal mecha-
nisms of self-control. The process of cognitive self-regula-
tion involves the development and improvement of cognitive
structures and concepts, which are the product of learning.
The functional role of cognitive self-regulation system lies in
its ability to ensure purposeful activity in the direction that we
consider correct in specific conditions. That is, we behave
as our cognitive structures prescribe. At the same time, cog-
nitive skills of a mentally healthy person give us opportunity
to manage our own behavior and ensure a variety of inter-
personal interactions and correction of ineffective cognitive
schemas [9].

In schizophrenia and other forms of psychopathology, as
a result of disorganization of physiological mechanisms of
neurocognitive self-control, the ability for cognitive self-regu-
lation is reduced. The cognitive system formed during the de-
velopment of the schizophrenic process becomes invariant,
often acts automatically. It is not very dynamic and is unable
to perceive experience and adapt to changing circumstances.
The ability to adhere to standards of behavior is lost, patient’s
actions are subordinated, rather, to external stimuli than to
the mechanisms of cognitive self-regulation [12].

AIM

The aim of the study was to conduct an EEG assess-
ment of functional state of the main structures of brain’s en-
ergy block and to substantiate the pathogenetic significance
of disturbances in neurodynamic components of activity in
the development of cognitive deficit in psychopathology.

MATERIALS AND METHODS

A total of 78 people were examined, including 40 pa-
tients suffering from chronic paranoid schizophrenia asso-
ciated with neurocognitive deficit and 38 healthy subjects.
The average age of the main group was 37.7£3.3 years,
average duration of disease was 13.4 years. Women ac-
counted for 55%, men — 45%. The control group consisted
of 38 healthy subjects, matched by age, gender ratio and so-
cial status: the average age of subjects was 38.6+3.7 years,
men accounted for 52.6%, women — 47.4%.

Computer-based electroencephalography was used as
the main method for studying central neurodynamics and
local dynamic cerebral systems. EEG was recorded using a

21-channel system “Telepat-1” of national production with a
sampling frequency of 400 Hz. EEG was recorded monopo-
larly according to the international system “10%—-20%" from
the frontal (F3-F4), central (C3-C4), parietal (P3-P4), oc-
cipital (01-02), anterior temporal (F7-F8), middle temporal
(T3-T4) and posterior temporal (T5-T6) cortical regions.
Combined ear clips served as the reference electrode.

In the post-real period, visual and spectral analysis of
artifact-free EEG sections was performed, duration of which
was established experimentally. A detailed analysis of al-
pha-frequency range parameters as one of the basic brain
regulatory systems was carried out taking into account ex-
ceptional role of alpha rhythm in information and analytical
activities of the brain. Attention was also paid to the fact of
its close morphofunctional connection with fronto-thalamic
system, which is the key structure of Unit | of the brain. Both
nonspecific physical parameters of alpha wave process (in-
dex, frequency and amplitude) and physiological features of
alpha oscillations (regularity, autorhythmicity (modulations)
and stability of alpha rhythm) were analyzed.

Functional state of the RF was determined by para-
meters of latent periods of synchronization (normally 0.4-
1.0 s), desynchronization (normally 0.01-0.03) and depth
of desynchronization (normally 5-6 times) in the “open
eyes — close eyes” test.

Tone of cerebral cortex was determined by ratio of fre-
quency indices of alpha and delta rhythms. Normally, va-
lues of cerebral cortex tone vary in the range of 12-15. The
paroxysmal index was estimated by the number of flashes
in background EEG. More than two flashes in a minute seg-
ment of EEG recording are usually considered a sign of an
increase in the degree of paroxysmal activity or lowering
seizure threshold of the brain. Functional stability of brain
oscillatory activity was evaluated by the degree of stability
of background frequency of alpha rhythm. In this case, al-
pha frequency fluctuations exceeding 0.5 Hz are regarded
as a sign of instability of brain’s oscillatory activity [15, 16, 21,
22]. The WIN-EEG software, version 1.3, developed at the In-
stitute of Human Brain of the Russian Academy of Sciences,
was used to process EEG data. Statistical analysis of all data
obtained was performed using the STATISTICA package,
version 6.0. The reliability of results was assessed using
Student’s t-test.

RESULTS

Functional state of key vertically oriented structures of
Unit | was assessed differentially taking into account their
physiological role in maintaining cortex tone and wakeful-
ness level. Comparative assessment of neurodynamics of
the brain in main and control groups was carried out on
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the basis of computer-based EEG as a systemic method
of studying the brain. The results of EEG study of functio-
nal state of non-specific systems, cortex tone and seizure
threshold of the brain are presented in Table 1.

In subjects of the main sample, the latent period of de-
synchronization exceeded normative values by 2.3 times
(p <0.05), and latent period of synchronization was higher
than normative values by 1.6 times (p <0.05). At the same
time, depth of synchronization in patients with schizophrenia
was 1.22 times lower than normal. The totality of obtained
data indicates a violation of functional state of ascending ac-
tivating and ascending inhibitory systems of the brainstem.

Based on average normative values of the alpha index
in healthy subjects of 50-60% and normative values of the
delta index of 4-5%, value of the coefficient of tone and
activation of cerebral cortex is normally 12.2. In our studies,
average values of the coefficient of tone and activation of the
cerebral cortex in subjects of the control group were 12.5,
which corresponds to physiological norm. In subjects of the
main group, values of the coefficient of tone of the cerebral
cortex were 4.5, which is significantly lower than normative
values by 2.3 times (p <0.001). A decrease in basic values
of tone of the cerebral cortex creates the prerequisites for
disorganization of neurophysiological mechanisms of infor-
mation and analytical activity of the brain.

Functional state of ponto-hypothalamic region of the
brain was assessed by the number of flashes recorded in
background EEG. Normally, number of flashes on electro-
encephalogram does not exceed 2 per 1 minute of recor-
ding. In patients with psychopathology, the average number
of flashes was 5.1 per minute, which exceeded normal va-
lues of the control group by 2.5 times (p <0.04). This indi-
cated a tendency toward a moderate but reliable increase in
the degree of paroxysmal activity of the brain.

A detailed analysis of alpha-frequency range parameters
as one of the basic brain regulatory systems was carried out
taking into account exceptional role of alpha rhythm in infor-
mation and analytical activities of the brain. Attention was
also paid to the fact of its close morphofunctional connec-
tion with fronto-thalamic system, which is the key structure
of Unit | of the brain.

Both nonspecific physical parameters of alpha wave
process (index, frequency and amplitude) and physiolo-
gical features of alpha oscillations (regularity, autorhyth-
micity (modulations) and stability of alpha rhythm) were
analyzed.

The functional status of thalamic system of the brain
was determined based on analysis of the main parameters
of the alpha-frequency regulatory system of the brain: the
alpha index (%), average frequency (Hz) and amplitude
(uV) of alpha rhythm, width of alpha range (Hz), depth of
EEG desynchronization, regularity, modulations and stabili-
ty of alpha rhythm.

Comparative analysis of parameters of alpha rhythm,
presented in Table 2, reflects functional state of key cogni-
tive areas of the brain in norm and in pathology.

In individuals with psychopathology all parameters of al-
pha activity are significantly changed. Zonal decrease in fre-
quency of alpha rhythm below 9.15 indirectly demonstrates
disintegration of neurofunctional structures that play a key
role in the functioning of the brain. Fluctuations in frequency
of basic alpha rhythm exceeding 0.5 Hz indicate instability
of oscillatory activity that ensures the most important regu-
latory processes in the brain.

At the same time, EEG showed a 2.5-fold increase
(p <0.04) in the number of flashes, which indicates an up-
ward trend in the degree of paroxysmal activity of the brain
in schizophrenia.

Table 1

Comparative analysis of key parameters of neurodynamics in persons of the main and control groups

Tabnuya 1

CpaBHMTeanbIVI aHanu3 Knw4eBbiX napameTpoB HeﬁPOAMHaMMKM y nuy OCHOBHOW U KOHTpOﬂbHOVI rpynn

[TokasaTenu HelnpoanHaMukm /
Indicators of neurodynamics

HopmatunBHble 3HayYeHus /
Normative values

OcHoBHas rpynna /
The main group

KoHTponbHas rpynna /
The control group

1N pecuHxponnsaumm / LP desynchronization

0,01-0,03 ¢

0,070,002

0,02+0,012

N cuHxpoHuaayun / LP synchronization

0,4-10c

1,61£0,009

0,75+0,03

KoathdnumeHT rnybuHbl fecuHxpoHusamn /
Depth factor desynchronization

5-6-kpaTHoe CHuxeHue /
5-6-times reducing

3—4-kpaTHoe CHuxeHue /
3-4-times reducing

5-6-kpaTHoe CHuxeHue /
5-6- times reducing

KoathpmumeHT ToHyca 1 akTueaLum 12,2 4,50+2,58 12,50+2,15
kopbl mosra / The coefficient of tone
and activation of the cerebral cortex

Benbiwkw / Flashes He 6onee 2 ¢/ No more 2 sec 5,1+0,85 1,8%0,25

& POCCHIICKHE BUOMETMIIMHCKUE HCCTEOBAHIAL  TOM 9 Nol 2024

¢ISSN 2658-6576




30

ORIGINAL PAPERS

Table 2

Comparative analysis of background parameters of the EEG alpha rhythm in individuals of the main and control groups

Tabnuua 2

CpaBHuTENbHbIN aHanu3 hoHoBLIX napameTpoB A anbda-pUTMa y NUL, OCHOBHOI U KOHTPONbLHOW Fpynn

Mapametpsbl a-putMa / a-rhythm parameters

OcHosHas rpynna / The main group

KontponbHas rpynna / The control group

Wupeke, % / Index, % 38,6£6,6 65,7
Yacrora, 'y / Frequency, Hz 8,8 10,1
Llinpuna anbta-guanasona, Iy / 7,2-12,1 8-13
The width of the alpha range, Hz
Amnnutypa, MkB / Amplitude, uV 49,8 62,2
PerynsapHocTb, 'y / Regularity, Hz 1,9 0,47

Mogynsuuu / Modulations

- +H+

CrabunbHocTb / Stability

- +++

DISCUSSION

In modern neuropsychology, the strategy for studying
mental resources of a person is based on understanding the
brain as a global neurodynamic system consisting of many
neural networks whose operating modes are modulated by
structures of Unit I. Anatomically, neural networks consist of
many neurons of different brain modules. In addition, they
interact in such a way that as a result of their functioning,
an optimal cognitive reserve is created. lt, in turn, ensures
targeted cognitive and behavioral activity of the individual.
That is why neurodynamic system is the basis for studying
disorders of mental processes, mechanisms of develop-
ment of cognitive deficit, negative and positive symptoms.
All this is observed within the framework of formation of
schizophrenic process and other psychopathological condi-
tions [20].

According to the two-component model, total EEG is con-
sidered as the result of interaction of synchronizing and de-
synchronizing systems of the brain. Electroencephalogram re-
flects the activity of neurons of the cortex, which are under the
constant influence of these regulatory systems of the brain.

Functional state of the cerebral cortex is determined by
the balance of reciprocally interacting desynchronizing and
synchronizing subcortical structures. The speed of interac-
tion of activating and inhibitory effects of the RF on cortical
horizontally oriented structures of the brain (Unit Il and Il),
determined by latent periods of synchronization and desyn-
chronization of alpha rhythm, was significantly reduced. When
performing the test of opening and closing eyes, a reliable
increase in latent periods was revealed. This, combined with
incomplete suppression of alpha rhythm in patients with schi-
zophrenia, indicates a violation of functional balance of desyn-
chronizing (activating) and synchronizing (inhibitory) systems

of the brainstem. A decrease in functional state of these basic
modulating systems creates prerequisites for a slowdown in
the speed of mental processes.

In 10 subjects of the main sample (25%), EEG showed
dysrhythmia patterns, which were characterized by a non-
dominant combination of waves of different frequency ranges.
Dysrhythmia patterns are caused by a simultaneous increase
in activity of synchronizing and desynchronizing systems.
Such neurodynamic states are usually manifested by a pro-
nounced cognitive decline.

Average values of the alpha index in control group sub-
jects were within the range of normal values — 65.7%. In
main sample subjects, average values of the alpha-index
did not exceed 38.6%, which is 1.7 times lower than in the
group of healthy subjects.

A decrease in representation of dominant alpha rhythm
in EEG as a functional core of oscillatory activity of the brain
can be rightfully interpreted as a factor that negatively af-
fects cognitive functions. Any morphological or functional
disorders in the brain lead primarily to a decrease in the
alpha index, usually below 50%, or its complete reduction.

It is known that frequency of alpha rhythm is a neuro-
physiological condition and prerequisite for the effective-
ness of cognitive activity. At the same time, its slowdown is
due to disorganization of thalamic system of the brain and
disruption of corticothalamic interactions.

Indicators of width of alpha range and variability of its
amplitude are markers of neurodynamic plasticity, and
therefore, the effectiveness of cognitive activity. In the group
of patients suffering from schizophrenia, these indicators
differ significantly from normative values towards slowing
down and a left-sided frequency shift of alpha rhythm.

Modulations of alpha rhythm are the most important
qualitative criterion of electroencephalograms related to
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organized alpha type. The presence of modulations in re-
lative resting state indicates the optimal interaction of three
regulatory systems of the brain: activating desynchronizing
system of the brainstem, synchronizing inhibitory system of
the thalamus and lower parts of the pons, as well as system
of neocortical control of desynchronization and synchroni-
zation processes [14].

This EEG parameter subtly reflects the dynamics of en-
semble organization of cortical neural activity, volume and
“lifetime” of the neuronal ensemble, which is an important
prerequisite for normal cognitive functioning of the brain. In
EEG studies we conducted, all subjects in the main sample
either had no alpha rhythm modulations at all, or they were
intermittent and fragmentary.

Consequently, the decrease in frequency, regularity, ab-
sence of modulations, disruption of synchronization-desyn-
chronization processes of alpha rhythm indicates disorga-
nization of alpha regulatory system of the brain. This sys-
tem is closely connected with the first functional block of the
brain. The multi-vector disorganization of alpha rhythm that
we have identified is of unconditional importance in mecha-
nisms of development of cognitive decline in schizophrenia,
as well as in other psychopathological conditions.

An increase in the number of flashes on EEG by
2.5 times above normal values indicates dysfunction of the
brainstem-thalamic regions of Unit I. According to modern
concepts, the neurodynamic structure that causes flashes
is formed as a result of a decrease in functional state of
posterior hypothalamus and brainstem structures and hy-
peractivation of nonspecific and specific nuclei of the tha-
lamus [6, 25].

In this way, the results of studies we have presented
show that patients suffering from schizophrenia have a
functional decline in key areas of the first block of the brain,
which provide activation-energy functions in brain activity.
Structures of Unit | determine the function of attention, indi-
vidual perceptual capabilities, memory and access to cogni-
tive resources through the regulation of tone and activation
of the cerebral cortex. Thus, they determine the efficiency
of cognitive functioning. Therefore, disorganization of these
brain regions creates the preconditions for a decline in cog-
nitive resources.

Experience with patients of neuropsychiatric spectrum
shows that they are characterized by intellectual passi-
vity, inability to “mental stress”, lack of motives and goals
in behavior, “atony” of psyche, complacency, aspontaneity,
attention disorder. These qualities combine with the mani-
festation of inertia, tendency to stereotypes, fantasizing and
reasoning. Along with this, patients suffering from schizo-
phrenia clearly demonstrate oddities of thought and beha-
vior, inadequacy of speech and actions.

Pathophysiology of these psychopathological phenome-
na remains insufficiently studied. The results of our studies
allow us to conclude that indicated disorders are largely de-
termined by the primary defect of subcortical systems that
form energy basis of mental activity. In terms of neuropsy-
chology, the set of these signs characterizes a neurocogni-
tive deficit associated with functional decline in energy block
of the brain and decrease in the level of wakefulness.

CONCLUSION

Our studies have revealed previously unknown informa-
tion about the significance of disturbances in neurodynamic
components of activity in the development of cognitive defi-
cit in paranoid schizophrenia, which have not only theore-
tical but also practical importance. It has been established
that psychopathology involves multilevel disorganization of
Unit |, which provides the entire spectrum of basic neuro-
dynamic processes. A decrease in activation-energy and
other neurodynamic components of brain function creates
prerequisites for impaired concentration, perception of in-
formation, memory loss, and slowed mental processing
speed. Disorganization of these components of cognitive
reserve inevitably leads to the formation of profound cog-
nitive deficits.

FINDINGS

1. Reliable signs of disorganization of nonspecific brain
systems were revealed: the latent period of desynchroniza-
tion increased by 2.33 times; latent period of transition to
synchronization register increased by 2.14 times, and depth
factor desynchronization decreased by 1.22 times, which in-
dicates a significant violation of activation processes of the
cerebral cortex.

2. The indicators of tone and energy of the cerebral cortex
in the main sample were 2.8 times lower than normative va-
lues, which is an objective sign of a decrease in wakefulness
level.

3. In patients with psychopathology, a moderate but reli-
able tendency to increase paroxysmal activity was revealed.
The number of EEG flashes exceeded normal values by
2.5 times, which indicates a decrease in functional state of
the posterior hypothalamus and lower brainstem during acti-
vation of nonspecific and specific nuclei of the thalamus.

Thus, EEG study of the main neurodynamic components
of brain activity that determine the cognitive resource and
mental performance of an individual may be very useful in
objectifying functional cognitive disorders. It can also be im-
portant in choosing pathogenetic treatment of psychopatho-
logical disorders.
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