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Abstract. Background. Earlier we showed that qualitative-quantitative clusters of blood pressure (BP) are very
clearly different from each other by age, sex and the constellation of neuro-endocrine, immune and metabolic
variables, which we called the tensioregulome. The tensioregulome also included the electrokinetic index (EKI)
of the buccal epithelium, which cannot formally be attributed to either neuro-endocrine-immune or metabolic
constellations. The aim of the study is to determine how changes in EKI levels correlate with changes in brain
electrical activity, heart rate variability (HRV) and adaptation hormones levels in individuals with maladaptation.
Materials and methods. Under observation, there were 42 men (49 = 15 years old) and 30 women (51 + 13
vears old) without clinical diagnosis or with chronic pyelonephritis in the phase of remission (23 men), but with
deviations in individual parameters of the neuro-endocrine-immune complex as a manifestation of maladaptation.
Upon admission, we determined EKI, as well as BP and neuro-endocrine parameters. After three rehabilitation
treatment regimens, all tests were repeated. Results. The EKI initial levels were in the range of 20+ 71.4 %. Their
changes in the range of 2.5 % considered as insignificant were reported in 49 cases. However, in 17 patients, EKI
levels increased significantly, and in 6 patients decreased. The response of EKI to the application of adaptogenic
factors did not depend on its initial levels. Neither the directionality nor the magnitude of EKI responses, nor their
absence depended on the nature of treatment regimens. There were both linear (direct and inverse) and nonlinear
correlations between changes in EKI and 32 neuro-endocrine variables. Nineteen variables were selected for the
regression model: aldosterone; 5 parameters of beta, 4 alpha, 2 delta and 2 theta EEG rhythms, SPD entropy in
T3 locus; 3 parameters of HRV, BPS,/BPS  ratio. Changes in this constellation of variables explain 72 % of the
variability in EKI changes. The forward stepwise program included in the discriminant model only 24 variables
as characteristic. On the other hand, the discriminant analysis method revealed 35 initial variables as predictors
of individual EKI responses (classification accuracy 98.6 %). It turned out that using the regression model, it
is possible to reliably predict not only the direction/quality of the EKI response, but also its actual value (the
standard error for estimation is 2.5 %). Conclusions. The electrokinetic index response to adaptogenic factors
are ambiguous and correlate with changes in EEG and HRV variables and aldosterone levels in individuals with
maladaptation. Both quality and magnitude of the EKI response are independent of its initial level or the nature
of adaptogenic factors, but can be reliably predicted (accuracy 98.6 %) by the constellation of 35 initial neuro-
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endocrine variables, including 23 EEG and 7 heart rate variables, triiodothyronine, aldosterone and diastolic
BP levels, as well as Kerdo vegetative index (KVI) and Popovych adaptation index. These findings suggest that
EKI may serve as an integrative biomarker of neuro-endocrine regulation and could be useful for personalized

rehabilitation program planning.

Keywords: electrokinetic index of the buccal epithelium; electroencephalography; heart rate variability; adaptation

hormones; multivariate analysis

Introduction

Previous studies have demonstrated that blood pressure
(BP) exhibits distinct qualitative-quantitative clustering
patterns, which correlate significantly with age, sex, and a
comprehensive constellation of neuro-endocrine, immune,
and metabolic variables — a phenomenon was termed the
tensioregulome [1—4]. Notably, the electrokinetic index
(EKI) of buccal epithelium, which cannot formally be at-
tributed to either neuro-endocrine-immune or metabolic
constellations, emerged as a significant component of this
regulatory network, showing maximal values in patients
with low normal BP and minimal values in those with arte-
rial hypertension stage 11, paralleling changes in vagal tone
and multiple EEG parameters. Interestingly, patients with
low normal BP were the youngest in the sample (43.1 + 2.1
years old), while patients with AH II were the oldest
(61.3 £ 2.5 years old).

This situation is quite natural, because EKI (syno-
nyms: electrokinetic properties of buccal epithelium cell
nuclei [5, 6]; percentage of cells with electrophoretically
movable nuclei as the value of electronegativity of cell
nuclei (ENN) [7]; electrophoretic mobility of cell nuclei
(EMN) index [8, 9]) is primarily considered a marker of
human biological ages [6, 8, 9] as well as marker of general
nonspecific resistance of the human body and changes in
energies of an organism provoked by different causes, i.e.
tiredness, medical drugs, narcotics consumption, ionizing
radiation, etc.; determination of EKI is applied to many
areas of medicine, sport and work practice [7, 10, 11]. It
has previously been shown that changes in EKI under the
influence of even the same factor are ambiguous and have
an individual character [12].

Recent advances in understanding cellular electrokine-
tic properties have revealed their connection to membrane
potential and cellular physiology [13]. The {-potential, mea-
sured a few nanometers from the cell surface, has been shown
to play a functional role in various physiological processes,
including immune response, cell-cell interactions, and aging
[13—15]. However, the relationship between electrokinetic
properties of buccal epithelium and systemic neuro-endo-
crine regulation remains poorly understood. Previous stud-
ies have demonstrated sensitivity of EKI to various stress [8]
and physical [11] factors, electric field [12, 16], and intensive
physical exercise [17, 18], but the underlying mechanisms
have not been elucidated.

Research purpose. The purpose of the study is to deter-
mine how changes in EKI levels correlate with changes in
brain electrical activity and adaptation hormones levels in
individuals with maladaptation.

Research problems. What is the relationship between
adaptogens caused changes in EKI levels and neuro-endo-

crine parameters in individuals with maladaptation? Can
initial neuro-endocrine parameters serve as predictors of
individual reactions on adaptogens?

Research hypotheses. There is a significant correlation
between adaptogens caused individual changes in EKI levels
and neuro-endocrine parameters in patients with maladap-
tation. Not only the directionality, but also the magnitude
of adaptogens caused changes in EKI are determined by the
constellation of parameters of the initial state of the neuro-
endocrine status, but not the initial level of EKI and the na-
ture of the adaptogen.

Materials and methods

The study included 72 participants: 42 men (mean age
49 +£ 15 years) and 30 women (mean age 51 * 13 years). The
cohort comprised two subgroups: 1) apparently healthy indi-
viduals without clinical diagnosis (n = 49), and 2) 23 men with
chronic pyelonephritis in stable remission phase (diagnosed ac-
cording to ICD-10 criteria, with no exacerbations for at least
6 months). Exclusion criteria included: acute inflammatory
processes, decompensated chronic diseases, pregnancy, mental
disorders, intake of medications affecting autonomic nervous
system or hormonal status within 2 weeks prior to examina-
tion. The sample size was determined based on power analysis
(a=10.05, B =0.20, effect size d = 0.6), requiring minimum 64
participants for regression analysis with 20 predictors.

A feature of this study is that it is a kind of meta-analysis
of previous studies conducted by us in August 2011, June,
September and November 2015, March 2018, and Febru-
ary 2019, using the same equipment. Some fragments were
published earlier [19—24].

All participants exhibited subclinical deviations in in-
dividual neuro-endocrine-immune parameters (described
in detail in previous studies with their participation [1—4,
19—33]), indicative of maladaptation syndrome according
to established criteria [34, 35].

At a receipt, we first determined the EKI as rate of elec-
tronegative nuclei of buccal epithelium by intracellular
microelectrophoresis on the device Biotest (produced by
V.N. Karazin Kharkiv National University), according to
the method described [5, 7, 10].

Systolic and diastolic BP and HR were measured (by
tonometer Omron M4-1, Netherlands) in a sitting position
three times in a row followed by calculation the Kerdo vege-
tative index (KVI) as well as Ps2/Ps1, Ps3/Ps1, Pd2/Pdl,
and Pd3/Pd1 ratios [3].

Then we recorded electrocardiogram in II lead to assess
the parameters of HRV (by software and hardware complex
CardioLab + HRV produced by KhAl-Medica, Kharkiv,
Ukraine). For further analyseso the following parameters
were selected. Baevsky’s parameters [34]: heart rate (HR),
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mode (Mo), the amplitude of the mode (AMo) and varia-
tional scope (MxDMn) as well as Baevsky’s stress index
(BSI = AMo/2 - Mo - MxDMn) and Baevsky’s activity of
regulatory systems index (BARSI). Temporal parameters
(time domain methods): the standard deviation of all NN
intervals (SDNN), the square root of the mean of the sum
of the squares of differences between adjacent NN intervals
(RMSSD), the percent of interval differences of succes-
sive NN intervals greater than 50 msec (pNN50); triangu-
lar index (TNN). Spectral parameters (frequency domain
methods): spectral power density (SPD) bands of HRV —
high-frequency (HF, range 0.4 +~ 0.15 Hz), low-frequency
(LFE range 0.15 +0.04 Hz), very low-frequency (VLF, range
0.04 = 0.015 Hz) and ultralow-frequency (ULF, range
0.015 = 0.003 Hz). We calculated classical indexes LF/HF
and LFnu =100 % - LF/(LF + HF) [36, 37].

Simultaneously, EEG recorded (by hardware-software
complex NeuroCom Standard (KhAI-Medica, Kharkiv,
Ukraine)) monopolar in 16 loci (Fpl, Fp2, F3, F4, F7, F8,
C3, C4, T3, T4, P3, P4, T5, T6, Ol, O2) by 10—20 inter-
national system, with the reference electrodes A and Ref on
the earlobes. Two minutes after the eyes had been closed,
25 sec of artifact free EEG data were collected by computer.
Among the options considered the average EEG amplitude
(uV), average frequency (Hz), frequency deviation (Hz),
index (%), absolute (uV2/Hz) and relative (%) SPD of basic
rhythms: B (35 + 13 Hz), o (13 + 8 Hz), 6 (8§ + 4 Hz) and
6 (4 + 0.5 Hz) in all loci, according to the instructions of
the device. In addition, calculated coefficient of asymmetry
(As) and laterality index (LI) for SPD each rhythm using
equations [38]:

As, % = 100 - (max — min)/min.
LI, % =X [200 - (right — left)/(right + left)]/8.

We calculated also for HRV bands and each EEG lo-
cus the entropy (h) of normalized SPD using Popovych’s
[25—27] equations based on classic Shannon’s [39] equation:

hHRYV = —[SPDHF - log,SPDHF + SPDLF - log,SPDLF +
+ SPDVLF - log, SPDVLF + SPDULF - log, SPDULF]/
log 4.
hEEG = —[SPDa - log,SPDa + SPD - log, SPDp +
+ SPD6 - log, SPD6 + SPDS - log,SPD3]/log,4.

In portion of the capillary blood we counted up leukocy-
togram and calculated its adaptation index as well as strain
index by Popovych [26, 27]:

PSI = [(eosinophils/3.5-1)? + (band neutrophils/3.5-1)> +
+ (monocytes/5.5-1) + (leukocytes/6-1)2] /4.

At last, we took venous blood samples for hormonal
tests. We determined content of cortisol, aldosterone, tes-
tosterone, triiodothyronine and calcitonin (by the ELISA
with the use of analyzer RT-2100C and corresponding sets
of reagents from Alkor Bio, XEMA Co., L.td and DRG In-
ternational Inc.).

Participants were allocated to three rehabilitation regi-
mens based on clinical indications and availability:

— regimen 1 (n = 38, duration 4 days): transcutaneous
electrostimulation using VEB device [23, 24, 28, 40];

— regimen 2 (n = 20, duration 7 days): oral intake of
Naftussya water (3 mL/kg three times daily, 1 h before

meals). Naftussya bioactive water is a main curative factor of
the Truskavets Spa, and established adaptogenic properties
[27, 40, 41];

— regimen 3 (n = 14, duration 10—11 days): complex
balneotherapy including Naftussya bioactive water (as in
regimen 2) combined with ozokerite applications (tem-
perature 45 °C, 30 minutes, lumbar area, every other day, 5
procedures) and mineral baths (ClI~, SO,*~, Na*, Mg** con-
taining salt concentration 25 g/L, temperature 36—37 °C, 10
minutes, every other day, 5 procedures). This comprehensive
protocol represents standard spa therapy duration [27, 30,
32, 33]. Naftussya and ozokerite have the same neuro-endo-
crine-immune effects caused by their aryl hydrocarbons [42].

The different durations reflect established clinical pro-
tocols for each modality. All assessments were repeated 24
hours after completion of the respective regimen. Partici-
pants maintained their usual diet and physical activity level
throughout the study period.

While the non-uniform treatment duration represents a
limitation, it allowed us to evaluate EKI responses across dif-
ferent therapeutic modalities and timeframes, more closely
reflecting real-world clinical practice. Importantly, our sub-
sequent analysis (Table 1) demonstrated that neither the di-
rection nor magnitude of EKI changes depended on treat-
ment type or duration, suggesting that EKI responses reflect
individual adaptive capacity rather than specific therapeutic
effects.

Tests in patients are conducted in accordance with po-
sitions of Helsinki Declaration 1975, revised and comple-
mented in 2002, and directive of National Committee on
ethics of scientific researches. During realization of tests
from all participants the informed consent is got and used
all measures for providing of anonymity of participants.

Statistical processing was performed using a software
package Microsoft Excel and Statistica 6.4 StatSoft Inc.
(Tulsa, OK, USA). Data were presented as mean * stan-
dard deviation (SD) or mean = standard error (SE) where
indicated. Normality of distribution was assessed using Sha-
piro-Wilk test. For normally distributed variables, between-
group comparisons were performed using independent
t-test or one-way ANOVA with post-hoc Tukey HSD test.
Non-parametric alternatives (Mann-Whitney U or Kruskal-
Wallis test) were applied when normality assumptions were
violated.

Definition of EKI response categories: changes in EKI
were classified as: 1) significant increase (> +2.5 %), 2)
no significant change (£ 2.5 %), or 3) significant decrease
(< =2.5%). This threshold was established based on the co-
efficient of variation for EKI measurements (Cv = 0.25) and
corresponds to changes in biological age of approximately
one year according to normative data [20—22]. Sensitivity
analysis using alternative thresholds (+ 5 %, = 10 %) con-
firmed the robustness of findings (data not shown).

Correlation and regression analysis: Pearson or Spear-
man correlation coefficients were calculated depending on
data distribution. Discriminant analysis: forward stepwise
discriminant function analysis was employed to classify
EKI response patterns based on baseline variables. Wilks’
lambda, canonical correlations, and classification accuracy
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were reported. Model performance was assessed using con-
fusion matrix and receiver operating characteristic (ROC)
analysis.

Multiple testing correction: given the exploratory nature
of correlation screening, we applied a false discovery rate
(FDR) correction using the Benjamini-Hochberg procedure
for the initial correlation analysis. For subsequent hypothe-
sis-driven analyses (regression and discriminant models), no
correction was applied as these represent confirmatory tests
of specific hypotheses.

Statistical significance was set at p < 0.05 (two-tailed).
Effect sizes were reported as R? for regression models.

Results

Distribution of EKI baseline values
and response patterns

Baseline EKI values ranged from 20 to 71.4 % (mean
43.8 = 12.1 %, median 44.5 %), showing normal distribu-
tion (Shapiro-Wilk test, p = 0.18).

Following rehabilitation interventions, EKI responses
were heterogeneous (Fig. 1):

— no significant change (£ 2.5 %): n = 49 (68.1 %),
mean change +0.3 + 1.4 %;

— significant increase (> +2.5 %): n = 17 (23.6 %),
mean change +4.8 + 1.6 %, range +2.6 to +8.5 %;

— significant decrease (< —2.5 %): n =6 (8.3 %), mean
change —4.1 £ 1.2 %, range —2.8 to —6.2 %.

where N is normal level for each age, Cv is coefficient of
its variation (0.25). Age norms were calculated using the
formula: NEKI = (82.656 — age)/0.80476, which we de-
rived based on the graph in the instructions for the Biotest
device.

Importantly, the magnitude and direction of EKI res-
ponse were independent of baseline EKI values (Fig. 1, bot-
tom panel: r = 0.08, p = 0.51 for absolute values; r = 0.11,
p = 0.36 for normalized values), suggesting that individual
response patterns reflect intrinsic adaptive capacity rather
than regression to the mean. One-way ANOVA confirmed
significant differences in EKI changes between the three res-
ponse groups (F, ,, = 156.3,p <0.001,n?=0.82), validating
our classification approach.

Moreover, EKI responses to electrical stimulation were
found to be almost identical in studies conducted in 2015,
2018, and 2019 (Table 1).

Neuro-endocrine determinants of EKI changes:
multiple regression analysis

At the next stage, a screening of correlations between
changes in EKI and the registered parameters was carried
out. Screening identified 32 variables showing significant
bivariate correlations with EKI changes. These variables
were entered into stepwise multiple regression analysis.
The final model retained 19 predictors (Table 2, Fig. 2),
explaining 72 % of variance in EKI changes (R = 0.848,

In the next stage of the analysis, the actual (V) valuesof  R? = 0.720, adjusted R? = 0.610, Flo5=7.0,p< 10-¢,
EKI were normalized by formula [43]: Z= (V/N - 1)/Cv, SE=1.5%).
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Figure 1. Relationship between initial EKI and its changes following rehabilitation treatment: A — actual EKI
values; B — age-normalized Z-scores. Each point represents one patient (n = 72). Dashed horizontal lines
indicate the threshold for significant changes (£ 2.5 %). The absence of correlation (r=0.08, p =0.51
for actual values; r=0.11, p = 0.36 for normalized values) demonstrates that EKI responses are independent
of initial levels
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Cross-validation using leave-one-out procedure yielded
similar predictive accuracy (R%cv = 0.68), confirming model
stability. Variance inflation factors (VIF) ranged from 1.3 to
2.8, indicating acceptable multicollinearity levels. Residual
analysis showed normal distribution (Shapiro-Wilk p = 0.24)
and homoscedasticity (Breusch-Pagan p = 0.31), confirming
model assumptions were met.

The model revealed several key findings:

1. Theta rhythm in T3 locus emerged as the strongest
predictor (beta = —0.609), with higher theta SPD associated
with decreased EKI. This temporal lobe region is involved in
memory and emotional processing, suggesting a link between
cognitive-emotional state and cellular electrokinetic properties.

2. Aldosterone showed negative association (beta =
= —0.219), indicating that higher mineralocorticoid activity

corresponds to decreased EKI responses. This may reflect
the role of aldosterone in cellular ion homeostasis and mem-
brane potential regulation.

3. HRV parameters (VLF SPD, LF/HF ratio) contri-
buted significantly, confirming the involvement of autonom-
ic regulation in EKI modulation.

4. Multiple EEG parameters from beta, alpha, delta, and
theta bands across different cortical regions were included,
suggesting that EKI reflects integrated brain electrical acti-
vity rather than localized processes

5. The BPS,/BPS, ratio, reflecting blood pressure reac-
tivity, was included in the model, suggesting a link between
EKI and cardiovascular regulation.

Another approach to elucidating the neuro-endocrine
accompaniment of EKI responses to adaptogenic factors

Table 1. Variants of influence (mean * SE) of adaptogenic factors on EKI

Factor " | L25% | " | sizsx | " | <‘25%
Electrostimulation by VEB 24 0.65+0.12 9 4.3+0.6 5 -45+0.9
In June and September 2015 11 0.4+0.3 6 3.7x04 4 -4.8+0.9
In March 2018 7 0.8+0.3 0 - 0 -

In February 2019 6 0.9+0.3 3 55+1.4 1 -2.6
Naftussya in November 2015 14 0.9+0.2 5 3.6+0.7 1 -3.3
Balneocomplex in August 2011 11 0.35+0.25 3 3.0x04 0 -
Table 2. Regression summary for change in EKI

N=72 Beta St'b(')e';'; of B St. err. of B ts, p-level
Variables r Intercept 0.810 0.212 3.82 103
Deviation-0, Hz 0.31 0.512 0.095 1.551 0.288 5.39 10-°
SPD VLF, % 0.27 0.117 0.102 0.016 0.014 1.15 0.254
P4-5 SPD, uV2/Hz 0.24 0.247 0.105 0.002 0.001 2.35 0.023
O1-B SPD, pV2/Hz 0.24 0.416 0.139 0.015 0.005 2.99 0.004
Asymmetry-8, % 0.21 0.344 0.087 0.023 0.006 3.94 10
Fp1-B SPD, pVv2/Hz 0.20 -0.392 0.124 -0.020 0.006 -3.16 0.003
T4-B SPD, uV3/Hz 0.20 -0.220 0.103 -0.005 0.002 -2.12 0.039
P4-B SPD, uV3?/Hz 0.20 0.264 0.158 0.012 0.007 1.67 0.100
F7-8 SPD, % 0.18 0.206 0.093 0.026 0.012 2.22 0.031
BPS,/BPS, ratio 0.18 0.111 0.085 2.146 1.644 1.30 0.198
Frequency-a, Hz 0.17 0.222 0.088 0.563 0.224 2.51 0.015
SPD VLF, msec? 0.16 -0.128 0.098 -0.000 0.000 -1.30 0.198
T3-6 SPD, % -0.25 -0.609 0.122 -0.277 0.056 -4.98 105
LF/HF ratio -0.22 -0.376 0.098 -0.129 0.034 -3.85 10+
Laterality-a, % -0.20 -0.261 0.101 -0.014 0.005 -2.59 0.013
P4-a SPD, % -0.20 -0.075 0.104 -0.014 0.019 -0.72 0.474
T3 SPD entropy -0.19 0.513 0.129 6.262 1.572 3.98 10
Aldosterone, pM/L -0.19 -0.219 0.094 -0.015 0.007 -2.34 0.023
P4-a SPD, pV2/Hz -0.17 -0.495 0.155 -0.005 0.001 -3.19 0.002

Notes: R=0.848; R?>=0.720; adjusted R>=0.610; F =6.6;p<10°% SE=1.5%.
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was to construct profiles of those variables that changed
significantly under at least one variant of EKI changes
(Fig. 3).

Therefore, there were both linear (direct and inverse) and
nonlinear correlations between changes in EKI and the re-
gistered neuro-endocrine variables.

Patterns of concomitant neuro-endocrine
changes: cluster analysis

To better understand the coordinated changes in neu-
ro-endocrine parameters accompanying different EKI
responses, we performed hierarchical cluster analysis on
Z-transformed variables that showed significant changes
in at least one EKI response group (Fig. 4). Seven distinct
clusters emerged, each representing a specific pattern of co-
ordinated regulation.

Cluster 1 (beta rhythm amplitude — F4, T4 loci): these
parameters showed the most congruent changes with EKI
across all response categories (correlation with EKI change:
r=0.68, p <0.001). This may reflect the influence of autono-
mic nervous system, as these cortical areas are involved in auto-
nomic regulation [44, 45]. This suggests that right-hemisphere
beta activity, associated with cognitive control and attention, is
tightly coupled with cellular electrokinetic properties.

Cluster 2 (VLF HRYV and theta deviation): variables in
this cluster increased proportionally with EKI increases
but showed disproportionately large decreases when EKI
decreased (asymmetry index = 2.3). This pattern suggests
a threshold effect, where downward EKI shifts may trigger
more pronounced autonomic and cortical changes.

Cluster 3 (alpha frequency and frontal-central beta
SPD): these parameters decreased with EKI decreases but
remained unchanged with EKI increases or stability, sug-
gesting they may represent protective mechanisms that are
compromised only under maladaptive conditions.

Cluster 4 (LF HRV and multiple EEG parameters):
showing inverse relationship with cluster 2, these variables in-
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Figure 2. Scatterplot of canonical correlation
between changes in neuro-endocrine variables
(X-line) and electrokinetic index (Y-line)

Notes: R =0.848; R = 0.720; x?,, =73; p< 10°%
A prime = 0.289.

creased with EKI decreases, possibly representing compensa-
tory activation of sympathetic tone and cortical arousal.

Cluster 5 (aldosterone and sympathetic markers): the
coordinated increase of aldosterone with sympathetic HRV
markers and specific EEG parameters only during EKI in-
creases suggests activation of stress-responsive neuro-endo-
crine axes during adaptive cellular responses.

Cluster 6 (laterality indices of theta and delta): these
parameters increased both with EKI increases and de-
creases, but decreased when EKI remained stable.
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Figure 3. Profiles of concomitant changes in registered variables in individuals with different EKI responses
to adaptogenic factors
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Table 3. Discriminant function analysis summary for changes in neuro-endocrine variables

(49)

Var!ables currently — Changes inoEKI (n) . Parameters of Wilks’ statistics

in the model : 4'8)/" > 7?75) %ol < _(26)5 % | Wilks’ A | Partial A F'(',Z’;‘g;’e p-level | Tole-
SPD VLF, % 22 4 230 0.156 0.941 1.45 0.245 | 0.206
SPDLF, % 32 B 83 0.162 0.908 2.34 0.108 | 0.152
SPD LFnu, % 39 B s 0.176 0.833 4.61 0015 | 0.319
Laterality-5, % : 2 3 0.196 0.747 7.79 0.001 | 0.221
Fp1-3SPD, % 20 27 Rz 0.185 0.792 6.02 0.005 | 0.225
F4-5SPD, % i i 3 0.155 0.949 1.24 0.298 | 0.133
T4-5SPD, % el 38 53 0.165 0.890 2.84 0.068 | 0.436
Deviation-0, Hz 29 9-52 o 0.196 0.747 7.78 0.001 | 0.428
Laterality-6, % 36 =3 = 0.172 0.851 4.04 0.024 | 0.199
Fp1-0 SPD, pV2/Hz 9 o A 0.167 0.879 3.16 0.052 | 0.156
Fp2-0 SPD, uV?/Hz =3 P % 0.161 0.913 2.18 0.125 | 0.161
Fp2-8 SPD, % 2D 32 23 0.169 0.868 3.50 0.038 | 0.135
F3-0SPD, % 23 73 4.2 0.174 0.843 4.27 0020 | 0.182
T3-8SPD, % 33 2 I 0.178 0.824 4.90 0012 | 0.261
Frequency-a, Hz 9-22 03 e 0.171 0.857 3.83 0.029 | 0.666
Amplitude-a, pV oL 9 29 0.177 0.830 4.72 0.014 | 0.158
P3-aSPD, % o a5 58 0.162 0.904 2.44 0.098 | 0.539
P4-a SPD, puV?/Hz > o 99 0.196 0.748 7.74 0.001 | 0.192
Amplitude-, pv 8 99 o 0.154 0.951 1.18 0317 | 0.295
F3-B SPD, uV2/Hz 9 =3 =3 0.161 0.914 217 0.126 | 0.279
F4-B SPD, % o2 P 27 0.168 0.871 3.40 0.042 | 0.076
C4-B SPD, % o8 s %7 0.154 0.954 112 0.336 | 0.234
Entropy SPD T3 ‘0%034 ‘0%034 8:8% 0.179 0.821 5.01 0.011 0.242
BPS_/BPS, ratio - 10° 29 2 3 0.155 0.948 1.27 0291 | 0518
SPD VLF, msec? 28 124 s 0.143 0.977 0.54 0.588 | 0.536
F4-0 SPD, uV2/Hz p A s 0.145 0.987 0.31 0.738 | 0.144
C3-0SPD, % o -8 39 0.146 0.994 0.14 0.869 | 0.219
F8-a SPD, pV?/Hz A - 18 0.145 0.991 0.20 0.820 | 0.458
Fp1-B SPD, % o 3 148 0.142 0.966 0.80 0458 | 0.107
T4-BSPD, % 23 o Ve 0.143 0.975 0.57 0572 | 0.115
Aldosterone, pM/L o3 Py P2 0.145 0.966 0.50 0.570 | 0.450

Notes: step 24, N of vars in model: 24; grouping: 3 groups. Wilks’ \: 0.1467; approx. F,, =3.1; p=10-°.
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Figure 4. Clusters of concomitant changes in registered variables in individuals with different EKI responses
to adaptogenic factors

Table 4. Summary of stepwise analysis for changes in variables, ranked by criterion \

Varii?‘till:ees r(:‘l;rgtee:\tly F to enter p-level A F-value p-level
SPD VLF, % 5.99 0.004 0.852 5.99 0.004
Laterality-8, % 3.89 0.025 0.765 4.89 0.001
T4-5 SPD, % 3.19 0.047 0.698 4.40 0.0004
Deviation-6, Hz 3.28 0.044 0.635 4.21 0.0002
Frequency-a, Hz 4.02 0.023 0.565 4.30 104
Fp1-5SPD, % 4.09 0.021 0.501 4.40 10
T3-6 SPD, % 2.34 0.105 0.466 4.18 10-°
Entropy SPD T3 2.99 0.057 0.425 4.14 10
Laterality-0, % 2.47 0.093 0.393 4.03 10-°
F4-5 SPD, % 1.48 0.235 0.375 3.80 10-°
P3-a SPD, % 1.45 0.243 0.357 3.61 105
SPD LFnu, % 1.30 0.281 0.342 3.43 10
Fp1-6 SPD, pVv2/Hz 1.74 0.184 0.322 3.34 10-°
BPS,/BPS, ratio 1.08 0.348 0.310 3.18 10
F3-6 SPD, % 1.05 0.357 0.299 3.04 10
Fp2-6 SPD, % 1.60 0.211 0.282 2.98 105
F4-B SPD, % 1.59 0.213 0.266 2.93 10
Fp2-6 SPD, uv2/Hz 1.60 0.211 0.251 2.88 10
F3-8 SPD, uV2/Hz 1.81 0.174 0.234 2.86 10-°
Amplitude-f, pVv 2.55 0.088 0.212 2.92 105
P4-a SPD, pV?/Hz 2.36 0.105 0.194 2.97 10-°
Amplitude-a, pv 3.43 0.041 0.170 3.12 10-°
SPDLF, % 2.39 0.102 0.154 3.17 106
C4-3SPD, % 1.12 0.336 0.147 3.09 10-°
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The leftward shift in theta-delta symmetry may reflect
hemispheric reorganization during adaptive processes,
regardless of direction.

Cluster 7 (mixed parameters): variables showing complex
non-linear relationships with EKI changes, requiring further
investigation.

This clustering reveals that EKI changes are embedded
within coordinated neuro-endocrine response patterns,
rather than being isolated cellular phenomena.

In order to identify variables, the changes of which cha-
racteristic for different variants of changes in the electrokinetic
index, discriminant analysis was conducted [46]. The forward

stepwise program included only 24 variables in the discrimi-
nant model (Tables 3, 4). Another 8 variables were found to
be out of the model, despite the clear recognition ability prob-
ably, due to duplication or redundancy of information.

However, the main goal of discriminant analysis was to vi-
sualize the individual responses of the registered variables to
adaptogenic factors. This goal was achieved by calculating in-
dividual values of discriminant roots based on raw coefficients
and constants (Table 5).

Table 6 presents the full structural coefficients and average
values (centroids) of roots as well as changes in variables, both
included and not included in the model.

Table 5. Parameters of Wilks’ statistics for discriminant variables

Coefficients Standardized Raw
Var:zl:tpLees n‘:‘;g:;‘ tly Root 1 Root 2 Root 1 Root 2
SPD VLF, % -0.656 -0.033 -0.039 -0.002
Laterality-8, % 0.955 —-0.981 0.018 -0.019
T4-53SPD, % -0.609 0.089 -0.024 0.003
Deviation-0, Hz -0.233 -0.996 -0.313 -1.340
Frequency-a, Hz -0.422 -0.413 -0.466 -0.456
Fp1-3SPD, % 1.045 0.586 0.037 0.021
T3-0 SPD, % -0.793 0.675 -0.154 0.131
Entropy SPD T3 0.986 -0.405 5.166 -2.124
Laterality-0, % -0.641 0.924 -0.013 0.018
F4-5 SPD, % 0.100 0.824 0.004 0.031
P3-a SPD, % 0.212 0.515 0.014 0.034
SPD LFnu, % 0.880 0.108 0.069 0.008
Fp1-6 SPD, uv?/Hz 0.756 0.839 0.017 0.019
BPS,/BPS, ratio 0.230 -0.342 1.917 -2.844
F3-6 SPD, % -1.114 0.244 -0.137 0.030
Fp2-6 SPD, % 1.085 0.584 0.143 0.077
F4-B SPD, % 0.532 1.644 0.030 0.094
Fp2-06 SPD, uV3/Hz -0.211 -0.953 -0.004 -0.019
F3-B SPD, pV?/Hz -0.640 -0.250 -0.014 -0.005
Amplitude-B, pv 0.494 -0.064 0.132 -0.017
P4-a SPD, pV2/Hz -1.241 0.717 -0.005 0.003
Amplitude-a, pv 1.094 -0.706 0.195 -0.126
SPDLF, % -0.943 0.171 -0.061 0.011
C4-3SPD, % -0.129 -0.577 -0.009 -0.040
Constants 0.392 0.142
Eigenvalues 2.004 1.269
Canonical R 0.817 0.748
Wilks’ A 0.147 0.441
x? 110 47
Degree freedom 48 23
p 106 0.002
Cumulative proportions 0.612 1
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As we can see (Fig. 5), along the major root axis, which
contains 61 % of discriminative information, the far right
zone is occupied by patients whose EKI significantly de-
creased. Such localization reflects, on the one hand, a con-
comitant increase in sympathetic tone, post-occlusive reac-
tivity of systolic BP, entropy of SPD in T3 locus, amplitude
of alpha rhythm and its SPD in P3 locus as well as a right-
ward shift of symmetry of SPD of delta and theta rhythms,
while on the other hand, a decrease in the frequency of alpha
rhythm and SPD of beta rhythm in F3 locus (Table 6). The
polar position is occupied by individuals whose EKI did not
change significantly. This reflects minimal, but opposite in

sign, changes in the listed parameters. The intermediate po-
sition of individuals whose EKI increased significantly re-
flects, as a rule, intermediate changes in these parameters.

Additional delineation of patients with opposite EKI re-
sponses to adaptogenic factors occurs along the minor root
axis. The lowest position of patients in whom EKI increased
reflects a slight, but maximum for the sample, decrease in
variables related to the root positively, and a slight, but maxi-
mum for the sample, increase in variables related to the root
negatively. On the other hand, the top position of patients in
whom EKI decreased reflects the maximum for the sample
increase/decrease in these parameters.

Table 6. Correlations variables-canonical roots, means of roots and changes in variables Z-score

Change in variables Varabioarots Ry 5426 % < 25%
Root 1 (61.2 %) Root 1 Root 2 -0.90 1.47 3.21
Laterality-5 0.229 -0.078 -0.21+£0.20 0.68+0.24 0.77+0.43
SPD LFnu 0.183 0.161 -0.21+£0.12 -0.08 £0.24 0.77+£0.48
Laterality-0 0.153 0.056 -0.41+0.21 -0.07+0.19 0.58 £0.48
BPS,/BPS, ratio 0.149 -0.014 -0.40+0.24 0.20+0.33 0.52+0.58
Entropy SPD T3 0.125 0.150 -0.40+0.27 -0.37+0.30 1.11+0.58
P3-a SPD relative 0.119 0.070 -0.05+0.10 0.06 = 0.21 0.42+0.18
Amplitude-a 0.108 0.074 -0.05 +0.06 0.01+0.18 0.27+0.12
Frequency-a, Hz -0.195 -0.087 0.26+0.13 -0.08+0.14 -0.72+0.33
F3-BSPD a -0.114 -0.110 0.01+0.13 -0.05+0.13 -0.62+0.30
Root 2 (38.8 %) Root 1 Root 2 0.23 -1.60 2.62
SPDLFr 0.089 0.309 0.04£0.24 -0.50+0.48 1.92+1.03
P4-a SPD a -0.018 0.229 0.05+0.08 -0.26 £ 0.23 0.36+0.21
F8-a SPD a 0.13£0.58 -0.33+£0.22 0.36 +0.29
Fp1-3SPDr 0.057 0.206 0.00+0.25 -0.43+0.44 1.25+0.54
T3-6SPDr -0.059 0.176 0.07£0.17 -0.43+£0.18 0.26+£0.16
F3-6SPDr 0.039 0.156 -0.05+£0.22 -0.32+0.22 0.69+0.23
F4-0 SPD a -0.15%£0.22 -0.24 +£0.31 0.68+0.24
C3-6SPDr -0.21£0.22 -0.27 £0.24 0.64 +0.22
Fp2-6 SPD a 0.099 0.155 -0.10£0.27 -0.19+0.38 1.32+0.68
Fp2-6 SPDr 0.052 0.150 -0.33£0.20 -0.52+0.21 0.37+0.24
F4-5SPDr -0.077 0.144 0.23£0.22 -0.38+0.23 0.27 £0.22
T4-5SPDr -0.105 0.135 0.32+0.22 -0.34 +0.21 0.17 +£0.31
Fp1-6SPD a 0.056 0.094 0.02+0.30 -0.06 £0.37 0.90 £ 0.40
Aldosterone -0.14+£0.16 -0.03+0.10 0.68 + 0.21
SPDVLFr -0.096 -0.349 -0.17£0.16 0.30+0.35 -1.63+0.60
SPDVLF a -0.39+0.18 -0.01+0.27 -1.04+0.48
Deviation-6 -0.057 -0.319 -0.02£0.18 0.59 +0.37 -1.36 £0.51
C4-BSPDr -0.086 -0.200 -0.17£0.20 0.06 £ 0.30 -1.31+0.62
Amplitude- 0.049 -0.185 -0.23%£0.14 0.25+0.32 -0.48+0.14
F4-3SPDr 0.030 -0.144 -0.10£0.23 0.38+0.25 -0.42 +0.31
T4-BSPDr -0.15%0.21 0.32+0.24 -0.47+£0.28
Fp1-BSPDr 0.05%£0.20 0.27 +0.21 -1.08 £ 0.53
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Figure 5. Individual values of discriminant roots
of changes in parameters characteristic of different
variants of changes in the electrokinetic index

Overall, in the information space of the two discriminant
roots, the demarcation of the three clusters of reactions to adap-
togenic factors, despite some mixing, is quite clear. The visual
impression is documented by both the calculation of Mahala-
nobis distances (Table 7) and classification functions (Table 8),
which revealed only 4 errors in classification (Table 9).

Thus, the three identified variants of EKI responses to
adaptogenic factors were accompanied by characteristic
changes in the constellation of neuro-endocrine variables.

It is time to move on to the analysis of the possibility of
predicting this or that reaction.

Prediction of individual EKI responses:
discriminant function analysis

Model development. Following the adopted algorithm, a
constellation of initial variables was first selected, which were
significantly different at least between the two groups (Fig. 6).

Next, the selected predictors were grouped into 10 clus-
ters containing from 1 to 11 variables (Fig. 7).

The following discriminant analysis formally demon-
strated that almost all selected predictors are characteristic
(Tables 10, 11). The final model included 35 predictors and
generated two discriminant functions (Table 12):

— root 1 (77.4 % of discriminative variance): eigenva-
lue = 4.615, canonical R = 0.907, primarily distinguished
patients with EKI decreases from others;

— root 2 (22.6 % of discriminative variance): eigenva-
lue = 1.345, canonical R = 0.757, further separated patients
with EKI increases from those with stable EKI.

The model achieved excellent discrimination
(Wilks” A = 0.076, 52, = 134, p < 107°) and classification
accuracy of 98.6 %, with only one misclassification (one pa-
tient with stable EKI predicted to have increase).

Key predictors. Analysis of structure coefficients
(Table 13) revealed the most important baseline predictors.

For root 1 (predicting EKI decrease/increase vs. stability):

— Kerdo vegetative index: higher sympathetic domi-
nance predicted EKI decreases;

Table 7. Squared Mahalanobis distances between
clusters of change (above the diagonal) and F-values
(df = 24.5) and p-levels (under the diagonal)

Clusters EKI EKI EKI
of change +2.5% >+2.5% | <-2.5%
EKI
RO 0 9.0 22.6
EKI 3.2
>+2.5 % 0.0004 0 20.8
EKI 3.4 26 o
<-2.5% 0.0002 | 0.003

Table 8. Coefficients and constants for classification
functions for clusters of change in EKI

Clusters EKI EKI EKI
+25% | >2.5% [<-2.5%
Jartables eurrently | 5~ 0.681 | p=0.236 | p=0.083
SPD VLF, % 0.021 -0.069 -0.145
Laterality-8, % -0.017 0.062 0.014
T4-5SPD, % 0.026 -0.037 -0.064
Deviation-0, Hz 0.410 2.129 -4.073
Frequency-a, Hz 0.745 0.479 -2.256
Fp1-3SPD, % -0.062 -0.012 0.142
T3-6 SPD, % 0.215 -0.391 -0.105
Entropy SPD T3 -7.844 8.310 8.311
Laterality-8, % 0.009 -0.054 0.001
F4-5 SPD, % -0.009 -0.057 0.080
P3-a SPD, % -0.030 -0.059 0.108
SPD LFnu, % -0.116 0.032 0.187
Fp1-6 SPD, pV3?/Hz -0.010 -0.005 0.102
BPS,/BPS, ratio -2.472 7.298 -1.382
F3-6 SPD, % 0.256 -0.126 -0.237
Fp2-6 SPD, % -0.328 -0.129 0.446
F4-3 SPD, % -0.019 -0.119 0.329
Fp2-6 SPD, uV3?/Hz 0.002 0.027 -0.061
F3-B SPD, uV?/Hz 0.009 -0.014 -0.061
Amplitude-f, pv -0.211 0.135 0.293
P4-a SPD, uV2/Hz 0.008 -0.009 —-0.006
Amplitude-a, pv -0.277 0.416 0.223
SPDLF, % 0.077 -0.087 -0.146
C4-3SPD, % -0.033 0.019 -0.165
Constants -1.557 -3.874 -9.844
Table 9. Classification matrix. Rows: observed
classifications; columns: predicted classifications
Cluster | Coeet | 2.5% | >2.5% | <-2.5%
EKI +2.5%| 95.9 47 2 0
EKI>2.5% | 88.2 2 15 0
EKI<-2.5% 100 0 0 6
Total 94.4 49 17 6
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— 1/mode HRYV ratio: higher circulating catecholamines
predicted EKI decreases;

— BARSI: higher regulatory stress predicted EKI de-
creases;

— F3 & C3-B SPD: lower activity predicted EKI in-
creases;

— HF band SPD: lower vagal tone predicted EKI de-
creases;

— HF/LF ratio: lower parasympathetic dominance pre-
dicted EKI decreases.

For root 2 (distinguishing EKI decrease vs. stability):

— aldosterone: lower level predicted EKI decreases;

— Popovych adaptation index (PAI): lower level pre-
dicted EKI decreases;

— T3 & T4-6 SPD: lower activity predicted EKI de-
creases;

— BSI: higher level predicted EKI stability;

— amplitude mode: higher sympathetic tone predicted
EKI stability;

— BP diastolic: higher level predicted EKI stability;

— amplitude-0 and O2-6 SPD: higher level predicted
EKI stability;

— triiodothyronine: normal but maximal for sample level
predicted EKI stability.

Fig. 8 visualizes, and Tables 13, 14 document, a clear
demarcation of the initial states of the neuro-endocrine
constellation of patients whose EKI responded differently
to adaptogenic factors.
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Figure 6. Profiles of registered variables as predictors of different EKI responses to adaptogenic factors
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Figure 7. Clusters of registered variables as predictors of different EKI responses to adaptogenic factors
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Table 10. Discriminant function analysis summary for predicting variables

Variables Changes in EKI (n)
as predictors I _ | F-re- _ | Refe-
ofchangeinEKI |>+2 5% | +2.5% |<-2.5% W'R(s tFi’:Irl\ move | p-level I:I:;?:e rence gl‘;
currently 17) (49) (6) (2,35) (112)
in the model
F3-B SPD, % 16.8 241 28.2 0.082 | 0.925 | 1.42 0.256 | 0.223 | 26.7 |0.463
C3-BSPD, % 18.5 25.1 31.3 0.079 | 0.956 | 0.81 0.453 | 0.282 | 25.4 |0.420
T6-8 SPD, uV2/Hz 52 91 59 0.101 0.751 5.79 0.007 0.425 74 0.980
Frequency-a, Hz 10.65 10.33 10.83 0.088 | 0.867 | 2.68 0.083 | 0.274 | 10.62 | 0.088
Asymmetry-a, % 18 24 16 0.083 | 0.920 | 1.52 0.233 | 0.435 20 |0.559
F8-a SPD, yV2/Hz 54 54 31 0.106 | 0.713 | 7.04 0.003 | 0.278 42 1.20
P3-a SPD, pV?/Hz 394 276 147 0.078 | 0.968 | 0.58 0.567 | 0.056 237 1.32
P4-a SPD, pV?/Hz 411 264 144 0.094 | 0.810 4.10 0.025 0.057 288 1.32
Amplitude-6, yv 8.7 9.6 7.4 0.083 | 0.916 | 1.60 0.216 | 0.066 | 7.75 |0.376
Index-0, % 12 21 4 0.110 | 0.692 | 7.81 0.002 | 0.287 14 217
Fp1-6 SPD, % 8.8 10.9 6.8 0.102 | 0.742 | 6.10 0.005 | 0.126 | 10.4 |0.588
F3-0 SPD, pV3/Hz 60 51 29 0.097 | 0.782 | 4.88 0.013 | 0.064 40 1.10
F7-6 SPD, % 7.7 10.1 6.8 0.092 | 0.829 | 3.60 0.038 | 0.229 | 18.2 |0.843
F8-06 SPD, uV3?/Hz 31 29 14 0.101 0.753 5.75 0.007 0.159 20 1.32
T3-0 SPD, pV3/Hz 37 40 21 0.082 | 0.922 | 1.49 0.240 | 0.127 30 1.08
T3-6 SPD, % 9.8 10.3 6.2 0.081 | 0.939 | 1.14 0.331 | 0.126 | 10.3 | 0.466
T4-0 SPD, % 8.6 10.7 6.2 0.088 | 0.862 | 2.81 0.074 | 0.145 9.7 |0.482
C4-0SPD, % 10.1 11.6 8.6 0.088 | 0.862 | 2.80 0.074 | 0.048 | 11.1 |0.422
P3-6 SPD, % 7.7 9.7 6.6 0.114 | 0.665 | 8.83 0.001 | 0.061 9.0 |0.552
P3-6 SPD, uV2/Hz 45 52 27 0.088 | 0.858 | 2.89 0.069 | 0.093 42 |0.888
P4-0 SPD, uV2/Hz 45 52 28 0.083 | 0.917 | 1.59 0.218 | 0.072 42 1.10
02-0 SPD, uV?/Hz 27 45 30 0.108 | 0.703 | 7.39 0.002 | 0.199 30 |0.884
P4-5 SPD, uV2/Hz 169 159 77 0.094 | 0.805 | 4.24 0.023 | 0.099 107 |0.886
Amplitude mode, % 41.5 47.3 45.2 0.093 | 0.814 | 3.99 0.027 | 0.059 | 39.1 |0.322
(VLF + ULF) SPD, % 45.3 54.5 50.8 0.136 | 0.557 | 13.92 | 0.000 | 0.108 | 58.6 |0.276
HF SPD, In msec? 5.60 4.87 5.00 0.112 | 0.679 | 8.26 0.001 | 0.052 | 5.85 |0.083
LF/HF ratio 4.04 6.06 7.29 0.087 | 0.869 | 2.65 0.085 | 0.174 | 2.84 [0.717
Mode HRV, msec 865 815 708 0.116 | 0.658 | 9.11 0.001 | 0.053 871 [0.115
BSI, units 118 201 169 0.085 | 0.889 | 2.18 0.128 | 0.068 134 |0.423
BARSI, units 2.18 3.02 4.12 0.098 | 0.773 | 5.15 0.011 | 0.359 | 1.50 |0.500
KVI, units -23 -17 6.5 0.080 | 0.952 | 0.88 0.425 | 0.105 | -15 15
BP diastolic, 81.9 83.0 75.2 | 0096 |0.788 | 4.72 | 0.015 | 0.137 | 79.0 |0.083
mmHg
Iﬂ;’f“h"m“i“e’ 1.64 2.22 176 | 0.103 | 0.740 | 6.14 | 0.005 | 0.313 | 2.20 | 0.227
S:a;’ftem“e’ 229 207 192 | 0.083 | 0.924 | 151 | 0.230 | 0.437 | 238 |0.187
PAI 1.25 1.26 0.78 0.078 | 0.970 | 0.53 0.591 | 0.427 | 1.70 |0.245
Variables currently Wilks’ | Par- F to Tole- | Refe-
not in the model >+2.5%|+£2.5% |<-2.5% A tial A | enter p-level rance | rence Cv
(VLF + LF)/HF ratio 8.5 16.0 14.0 0.076 | 0.999 | 0.004 | 0.996 | 0.067 6.7 |0.544
BP systolic, mmHg 137.3 134.7 118.1 0.073 | 0.966 | 0.593 | 0.558 | 0.352 | 124.5 | 0.122
Notes: step 35, N of vars in model: 35; grouping: 3 groups. Wilks’ A: 0.076; approx. F, =2.6; p< 10°°.
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Table 11. Summary of stepwise analysis for predicting variables, ranked by criterion A

Var:zt:::a:;gg:lntly F to enter p-level A F-value p-level
KVI, units 4.755 0.012 0.879 4.755 0.012
C3-BSPD, % 3.421 0.038 0.799 4.048 0.004
Triiodothyronine, nM/L 3.091 0.052 0.731 3.787 0.002
P4-a SPD, uV2/Hz 3.095 0.052 0.668 3.682 0.001
PAI, points 2.479 0.092 0.621 3.497 10+
T3-6 SPD, % 2.564 0.085 0.575 3.401 10+
BARSI, units 3.184 0.048 0.522 3.455 10+
T6-B SPD, uV?/Hz 2.303 0.108 0.486 3.366 10+
Frequency-a, Hz 2.290 0.110 0.452 3.302 104
T4-6 SPD, % 1.869 0.163 0.426 3.197 10+
F3-6 SPD, uV?/Hz 1.908 0.157 0.400 3.120 10+
02-6 SPD, puV?/Hz 1.928 0.155 0.375 3.061 10+
Index-8, % 2.084 0.134 0.349 3.034 10+
Fp1-6 SPD, % 1.557 0.220 0.331 2.954 10+
P4-6 SPD, uV2/Hz 1.565 0.218 0.313 2.887 10+
P3-0 SPD, uV2/Hz 1.930 0.155 0.292 2.869 10+
LF/HF ratio 1.549 0.222 0.276 2.816 10+
F8-a SPD, uV?/Hz 1.702 0.192 0.259 2.787 10+
F8-6 SPD, uV?/Hz 1.308 0.279 0.246 2.723 10+
SPD (VLF + ULF), % 1.285 0.286 0.234 2.664 10+
Asymmetry-a, % 1.015 0.370 0.225 2.585 10+
P3-a SPD, uVv2/Hz 1.766 0.182 0.210 2.583 10+
P3-0 SPD, % 1.412 0.254 0.198 2.552 10+
BSI, units 1.209 0.308 0.188 2.505 10+
SPD HF, In msec? 2.965 0.062 0.166 2.618 10+
Amplitude mode, % 1.179 0.317 0.158 2.571 10+
Mode HRV, msec 1.023 0.368 0.150 2.514 104
BP diastolic, mmHg 1.855 0.169 0.138 2.535 10+
F7-6 SPD, % 2.344 0.109 0.124 2.601 10+
C4-0SPD, % 2.283 0.115 0.111 2.663 10+
P4-5 SPD, yV2/Hz 2.434 0.101 0.099 2.741 10-°
F3-B SPD, % 1.230 0.304 0.093 2.708 10°°
Amplitude-8, uv 1.141 0.331 0.088 2.668 10-°
T3-6 SPD, uV2/Hz 1.594 0.217 0.080 2.675 10°°
Aldosterone, pM/L 1.029 0.368 0.076 2.628 10+
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Table 12. Parameters of Wilks’ statistics for predicting variables

Coefficients Standardized Raw
Var:::l::‘e:'::ll;gzln tly Root 1 Root 2 Root 1 Root 2
KVI, units -0.714 -0.238 -0.035 -0.012
C3-BSPD, % 0.344 0.322 0.030 0.028
Triiodothyronine, nM/L 0.967 -0.329 0.727 -0.247
P4-a SPD, pV2/Hz -1.957 0.516 —-0.0048 0.0013
PAIl, points 0.144 -0.302 0.275 -0.578
T3-0 SPD, % -0.755 0.178 -0.167 0.039
BARSI, units 0.754 0.540 0.335 0.239
T6-B SPD, uV?/Hz 0.440 -0.861 0.0063 -0.0124
Frequency-a, Hz -0.536 0.658 -0.508 0.623
T4-6 SPD, % 0.889 -0.726 0.155 -0.126
F3-6 SPD, uV2/Hz -2.001 -0.431 -0.0337 -0.0073
02-6 SPD, uV?/Hz 1.342 -0.128 0.028 —-0.0026
Index-6, % 1.033 -0.589 0.033 -0.019
Fp1-6 SPD, % 1.569 -0.211 0.226 —-0.0304
P4-6 SPD, pV?/Hz -0.345 1.355 -0.006 0.025
P3-6 SPD, pV?/Hz 1.355 -0.167 0.031 -0.0039
LF/HF ratio 0.828 0.578 0.163 0.114
F8-a SPD, pV2/Hz 1.103 -0.243 0.0169 -0.0037
F8-6 SPD, pV2/Hz -1.376 -0.036 —-0.0401 -0.0010
SPD (VLF + ULF), % 2.164 0.655 0.115 0.035
Asymmetry-a, % 0.164 -0.530 0.013 -0.041
P3-a SPD, pV2/Hz -0.191 -0.965 —-0.0005 -0.0024
P3-6 SPD, % -2.488 -0.810 -0.443 -0.144
BSI, units -0.228 -1.659 -0.0013 —-0.0095
SPD HF, In msec? 2.694 0.613 2.028 0.461
Amplitude mode, % 1.491 1.531 0.0946 0.0971
Mode HRV, msec -2.722 -0.763 -0.0199 —-0.0056
BP diastolic, nmHg -1.333 -0.380 -0.1306 -0.0372
F7-6 SPD, % -0.652 -0.829 -0.126 -0.160
C4-0 SPD, % 1.763 0.753 0.322 0.138
P4-3 SPD, uV2/Hz -1.521 0.334 —-0.0083 0.0018
F3-B SPD, % -0.605 0.246 —-0.045 0.018
Amplitude-8, pv 1.227 0.229 0.264 0.049
T3-6 SPD, pV2/Hz -0.785 0.438 —-0.021 0.011
Aldosterone, pM/L -0.114 -0.366 -0.0028 -0.0091
Constants 7.481 -1.589
Eigenvalues 4.615 1.345
Canonical R 0.907 0.757
Wilks’ A 0.076 0.426
x? 134 44
Degree freedom 70 34
o] 10-° 0.111
Cumulative proportions 0.774 1
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Table 13. Correlations variables-canonical roots, means of roots and predicting variables Z-score

Change Correlations EKI EKI EKI
in variables Variables-roots >+2.5% +2.5% <-2.5%
Root 1 (77.4 %) Root 1 Root 2 -3.66 0.93 2.83
KVI 0.121 0.228 -0.58 £0.39 -0.15+0.20 1.48 £0.27
1/mode HRV 0.113 0.139 0.01+0.34 0.57+0.19 1.71+0.24
BARSI 0.100 0.079 0.90 +0.68 2.03+0.45 3.56 +0.80
F3-BSPDr 0.124 0.017 -0.81+0.15 -0.21£0.17 0.12+0.48
C3-BSPDr 0.140 0.067 -0.65+0.20 -0.04+0.20 0.55+0.23
HF SPDIn a -0.102 0.073 -0.71 £0.51 -1.95+0.36 -1.73+0.88
HF/LF HRV -0.090 0.018 -0.66 £0.34 -1.54+0.37 -2.16+1.23
P4-a SPD a -0.086 -0.032 0.32+0.34 -0.15+0.24 -0.38+0.14
P3-a SPD a -0.075 -0.044 0.28 + 0.31 -0.03%£0.15 -0.37+£0.12
F3-6SPD a -0.050 -0.070 0.46 £0.37 0.25+0.19 -0.25+0.11
BP systolic 0.84 +£0.37 0.67 +0.17 -0.42 +0.20
P4-5SPD a -0.035 -0.094 0.66 =0.43 0.54+0.30 -0.32+0.26
F8-6 SPD a -0.037 -0.092 0.40 =0.40 0.32+0.17 -0.24+0.15
Root 2 (22.6 %) Root 1 Root 2 0.50 -0.60 3.44
Aldosterone -0.038 -0.231 -0.21+0.18 -0.24£0.10 -1.05+0.13
PAI -0.045 —-0.206 -1.09+0.31 -1.06 £0.17 -2.21+0.59
T3-6SPDr -0.026 -0.210 -0.11+0.20 -0.01+0.14 -0.86 £ 0.21
T4-6SPDr 0.029 -0.209 -0.23+0.24 0.22+0.19 -0.75+0.24
F7-6SPDr 0.056 -0.184 —-0.68 £0.06 -0.53+0.05 -0.74+£0.09
Fp1-6 SPDr 0.029 -0.162 -0.27+£0.20 0.08+0.18 -0.59+0.19
C4-6SPDr 0.025 -0.149 -0.22+0.29 0.10+0.17 -0.54 £0.27
P3-06SPDr 0.039 -0.156 -0.26+0.17 0.13+0.18 -0.50+0.19
P3-6SPD a -0.001 -0.144 0.08+£0.25 0.26+0.18 -0.41+0.18
P4-0 SPD a 0.002 -0.114 0.06 £0.19 0.21+0.19 -0.31+0.12
Index-0 0.029 -0.150 -0.06 +0.20 0.26 £0.17 -0.32+0.09
BSI 0.084 —-0.086 -0.22+0.25 0.96 £ 0.22 0.48 +0.82
BP diastolic -0.020 -0.180 0.44+0.42 0.61+0.22 -0.58+0.38
Amplitude-6 0.012 -0.123 0.32+0.32 0.62+0.25 -0.13+£0.28
02-6SPD a 0.056 -0.103 -0.12+0.18 0.55+0.30 -0.01£0.18
Amplitude mode 0.065 -0.064 0.16+0.17 0.56 +0.19 0.38+0.46
Triiodothyronine 0.082 -0.152 -1.11+0.34 0.05+£0.25 -0.88 £ 0.56
Asymmetry-a 0.065 -0.186 -0.23+0.20 0.35+0.18 -0.37+0.19
T3-0SPD a -0.013 -0.116 0.23+0.29 0.30+0.17 -0.28£0.12
T6-BSPD a 0.085 -0.153 -0.30+0.10 0.23+0.16 -0.21+0.14
F8-a SPD a -0.018 -0.080 0.25+0.23 0.26 +0.19 -0.21£0.13
(VLF + ULF) SPDr 0.085 -0.089 -0.83+0.25 -0.28 +0.17 -0.38+0.32
(VLF + LF)/HF ratio 0.62+0.35 2.43+0.48 2.03+£0.94
Frequency-a -0.034 0.135 0.03+0.24 -0.31+£0.17 0.23+0.18
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Table 14. Squared Mahalanobis distances
between predictors of change in EKI,
F-values (df =35.4)

and p-levels

Clusters EKI EKI EKI
of change +25% [ <-25% | >+2.5%
EKI
+2.59% 0 20 22
EKI 1.54
<-2.5% 0.102 0 51
EKI 4.07 3.26 0
>+2.5% 10+ 102
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Table 15. Coefficients and constants for classification functions for predictors of change in EKI

Figure 8. Individual values of discriminant roots
of predicting parameters for different variants

of changes in the electrokinetic index

Clusters EKI EKI EKI
of changes +2.5% <-2.5% >+2.5%
2 3 4

Jariables currently p=0.681 p=0.083 p=0.236
KVI, units 4.524 4.411 4.671
C3-BSPD, % 2.301 2.469 2.195
Triiodothyronine, nM/L -17.73 -17.35 -21.34
P4-a SPD, uV2/Hz 0.175 0.171 0.198
PAI, points 13.50 11.69 11.60
T3-60 SPD, % 5.622 5.464 6.431
BARSI -0.447 1.156 -1.720
T6-B SPD, uvV?/Hz —-0.061 -0.099 -0.104
Frequency-a, Hz 38.48 40.03 41.50
T4-0 SPD, % 1.033 0.818 0.184
F3-6 SPD, uV2/Hz -0.264 -0.357 -0.117
02-6 SPD, pV?/Hz -0.169 -0.127 -0.299
Index-0, % -1.073 -1.086 —-1.245
Fp1-6 SPD, % -5.608 -5.301 -6.680
P4-06 SPD, pv?/Hz -0.419 -0.328 -0.361
P3-6 SPD, pV2/Hz -0.160 -0.116 -0.308
LF/HF ratio 10.22 10.99 9.596
F8-a SPD, uV2/Hz 0.143 0.160 0.061
F8-6 SPD, uV2/Hz —-0.558 -0.638 -0.375
SPD (VLF + ULF), % 1.418 1.776 0.930
Asymmetry-a, % -0.283 -0.424 -0.386
P3-a SPD, pV2/Hz -0.097 -0.108 -0.098
P3-6 SPD, % 3.611 2.185 5.487
BSI, units -0.073 -0.114 -0.078
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End of Table 15

1 2 3 4

SPD HF, In msec? 42.64 48.36 33.84
Amplitude mode, % 2.471 3.042 2.143

Mode HRV, msec 0.769 0.708 0.854

BP diastolic, mmHg 8.095 7.697 8.654

F7-06 SPD, % 0.037 -0.850 0.440

C4-6 SPD, % 0.238 1.406 —-1.089

P4-5 SPD, uv?/Hz 0.271 0.263 0.311

F3-B SPD, % -0.206 -0.217 0.021
Amplitude-06, yv 5.341 6.042 4.185

T3-6 SPD, uV3/Hz 0.202 0.210 0.310
Aldosterone, pM/L 0.134 0.092 0.137
Constants -1099 -1102 -1142

Table 16. Regression summary for predictors of change in EKI
N=72 Beta g:.b‘zrtrz-; B St. err. of B t(64) p-level

Variables r Intercept -7.48 3.12 -2.40 0.019
Aldosterone, pM/L 0.32 0.304 0.106 0.028 0.010 2.86 0.006
T3 SPD entropy 0.22 0.239 0.112 4.301 2.006 2.14 0.036
Laterality-$, % 0.19 0.175 0.110 0.014 0.009 1.59 0.116
C3-56 SPD, %z 0.19 0.172 0.126 0.025 0.018 1.37 0.177
Popovych strain index -0.24 -0.160 0.107 -4.062 2.729 -1.49 0.142
BARSI -0.20 | -0.141 0.109 -0.178 0.138 -1.29 0.201
F3-B SPD, % -0.19 | -0.186 0.120 -0.039 0.025 -1.56 0.124

Notes: R=0.564; R?>=0.318; adjusted R> = 0.244; F

(7.6)

-1

Changes in EKI

)

-3

4

-5 hd
5 4 3 2 0 1 2 3

Neuro-endocrine predictors

Figure 9. Scatterplot of canonical correlation
between neuro-endocrine predictors (X-line) and
changes in the electrokinetic index (Y-line)
Notes: R=0.564; R>=0.318; )(2(7) =25; p =0.0006;
A prime = 0.682.

=4.3; p=0.0006; SE=2.5 %.

Calculating individual classification functions by add-
ing the products of their coefficients to the individual va-
lues of the predicting variables plus a constant (Table 15)
allows us to predict a particular EKI response with an
accuracy of 98.6 % (one error for a non-significant re-
sponse).

At the same time, it turned out that using the regression
model, it is possible to reliably predict not only the direc-
tion/quality of the EKI response to adaptogenic factors,
but also its actual value (Table 16, Fig. 9). Interestingly, the
standard error for estimation is the same 2.5 %, which we
accepted as the range of insignificant reactions.

Discussion
Main findings

This study demonstrates for the first time that changes
in the electrokinetic index of buccal epithelium in response
to rehabilitation treatment are closely associated with a
constellation of neuro-endocrine parameters, particularly
EEG and HRYV indices. Three key findings emerged from
our analysis. First, EKI responses to adaptogenic factors
are highly individualized and independent of both initial
EKI levels and the specific nature of the intervention (elec-
trostimulation, single balneofactor or their combination).
Second, these individual responses can be predicted with
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high accuracy (98.6 %) using a multivariate model based
on initial neuro-endocrine parameters. Third, changes in
EKI correlate both linearly and nonlinearly with alterations
in brain electrical activity, autonomic regulation, and aldo-
sterone levels.

Interpretation in the context of existing
knowledge

Our findings align with and extend previous research
on cellular electrokinetic properties. Hughes [13] de-
monstrated that the {-potential of cells is mechanistically
linked to membrane potential (Vm) and can dynamically
change through ion channel activity, affecting cell-cell
and cell-molecule interactions. Our observation that
EKI correlates with EEG and HRV parameters suggests
that systemic neuro-endocrine regulation may influence
cellular electrokinetic properties through modulation of
membrane potential. This hypothesis is supported by the
strong association we found between EKI changes and al-
dosterone levels (B = —0.219, p = 0.023), as aldosterone
is known to affect cellular ion transport and membrane
polarization [47].

The age-related decline in EMN index reported by Cza-
pla & McPhail [9] (r = —0.71 for men, r = —0.60 for women)
may reflect cumulative changes in neuro-endocrine regula-
tion over the lifespan. Our finding that EKI responses are
determined by the initial constellation of neuro-endocrine
variables, rather than by age per se, suggests that biological
rather than chronological age is the key determinant of cel-
lular electrokinetic properties.

Possible mechanisms

Several mechanisms may explain the observed neuro-
endocrine correlates of EKI. First, autonomic nervous
system activity, reflected in HRV parameters, may directly
influence buccal epithelial cells through local neurotrans-
mitter release. The oral mucosa is richly innervated by
both sympathetic and parasympathetic fibers [15], and au-
tonomic neurotransmitters can affect cellular membrane
potential through receptor-mediated mechanisms. Our
finding that VLF and LF bands of HRV correlate with EKI
supports this pathway.

Second, cortical activity, particularly in frontal and tem-
poral regions (cluster 1 in our analysis), may influence EKI
through descending autonomic pathways. The strong cor-
relation between beta-rhythm in F4 and T4 loci and EKI
changes suggests that cortical regulation of autonomic tone
may be a key mediator. This is consistent with the concept
of “central autonomic network” described by Thayer & Lane
[44], which links prefrontal cortical activity with peripheral
autonomic regulation.

Third, hormonal factors, particularly aldosterone, may
affect cellular electrokinetic properties through modulation
of ion transport. Aldosterone regulates epithelial sodium
channels (ENaC) and Na*/K*"-ATPase activity [47], which
directly influence cellular membrane potential and, con-
sequently, {-potential. The inverse correlation we observed
between aldosterone and EKI (B = —0.219) may reflect a
compensatory mechanism: increased aldosterone secretion

in response to stress may alter cellular ion balance, affecting
electrokinetic properties.

The ambiguous responses of EKI to electrostimulation
with the VEB device, revealed in this study, are realized not
only through its various neuro-endocrine effects [24, 40], but
also, probably, through a direct effect on the buccal epithe-
lium, as was established by Shckorbatov et al. [48—50] in in
vitro experiments using microwave radiation. It was shown
that irradiation of cells induced a decrease in electric charge
of native human buccal epithelium cell nuclei and an in-
crease in chromatin condensation in nuclei. The observed
effects depend on both irradiation dose and individual pe-
culiarities of donors.

According to the concept of the Truskavetsian scientific
school of balneology and phytotherapy [27, 42], the Naf-
tussya bioactive water and ozokerite exert modulating neu-
ro-endocrine (as well as immunotropic) effects by the aryl
hydrocarbons present in their composition, which bind to
the ubiquitous aryl hydrocarbon receptors of neurons, en-
docrinocytes and immunocytes. Therefore, the similarity of
EKI responses to the three adaptogenic interventions is quite
natural and was expected by us based on previous data [40].
Moreover, similarity of adaptogenic effects of Naftussya bio-
active water and phytocomposition Balm Truskavets [41, 51,
52], which contains probable agonists of aryl hydrocarbon
receptors [53], was revealed.

Clinical implications

Our findings have several potential clinical applications.
First, the high predictive accuracy of our model (98.6 %)
suggests that initial neuro-endocrine profiling could be used
to personalize rehabilitation programs. Patients with specific
neuro-endocrine patterns may benefit from tailored inter-
ventions targeting their individual regulatory mechanisms.
Second, EKI monitoring during rehabilitation could serve
as an integrative biomarker of treatment effectiveness, re-
flecting systemic neuro-endocrine changes. Third, the inde-
pendence of EKI responses from the specific type of adap-
togenic factor suggests that individual regulatory capacity,
rather than treatment modality, is the primary determinant
of outcomes. This supports a patient-centered approach to
rehabilitation.

Comparison with other biomarkers

Compared to traditional biomarkers of adaptation (cor-
tisol, heart rate variability, blood pressure), EKI offers se-
veral advantages. It is non-invasive, requires minimal
equipment, and provides rapid results. Moreover, as our
study demonstrates, EKI integrates information from mul-
tiple regulatory systems (neural, autonomic, endocrine),
making it a potentially more comprehensive marker of
adaptive capacity. However, further research is needed to
establish its sensitivity and specificity compared to estab-
lished biomarkers.

Strengths and limitations

The main strengths of this study include: 1) compre-
hensive assessment of multiple physiological systems; 2)
large number of measured parameters allowing for robust
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multivariate analysis; 3) use of advanced statistical me-
thods including regression, discriminant analysis, and
cluster analysis; 4) high predictive accuracy of the deve-
loped models.

However, several limitations should be acknowledged.
First, the study population was heterogeneous, including
both healthy individuals and patients with chronic pyelo-
nephritis in remission. While all participants showed signs
of maladaptation, the underlying mechanisms may dif-
fer between these groups. Future studies should examine
homogeneous populations to clarify these relationships.
Second, the three treatment regimens differed in duration
(4, 7, and 10—11 days) and modality. Although we found
no significant differences in EKI responses between regi-
mens, the study was not designed as a randomized con-
trolled trial, limiting causal inferences. Third, we did not
measure EKI at multiple time points during treatment,
precluding analysis of temporal dynamics. Fourth, the
mechanisms linking neuro-endocrine parameters to EKI
remain speculative and require experimental validation.
Fifth, we did not perform external validation of our pre-
dictive model on an independent sample, which is neces-
sary before clinical application.

Future research directions

Several questions remain to be addressed in future stu-
dies. First, longitudinal studies with repeated EKI measure-
ments are needed to characterize the temporal dynamics
of changes and their relationship to treatment outcomes.
Second, experimental studies manipulating specific neu-
ro-endocrine parameters (e.g., through pharmacological
interventions) could establish causal relationships. Third,
investigation of cellular and molecular mechanisms linking
systemic regulation to epithelial electrokinetic properties
would provide mechanistic insights. Potential approaches
include patch-clamp studies of ion channel activity in buc-
cal epithelial cells under different autonomic and hormonal
conditions. Fourth, validation of our predictive model in
independent cohorts and different clinical populations
is essential. Finally, comparative studies examining EKI
alongside established biomarkers would help define its
clinical utility.

Conclusions

This study demonstrates that electrokinetic index of buc-
cal epithelium is closely associated with neuro-endocrine
regulation, particularly brain electrical activity, autonomic
tone, and aldosterone levels. Individual EKI responses to re-
habilitation treatment are highly variable but can be accurate-
ly predicted from initial neuro-endocrine parameters. These
findings suggest that EKI may serve as an integrative bio-
marker of adaptive capacity and could be useful for person-
alizing rehabilitation programs. Further research is needed
to elucidate underlying mechanisms and validate clinical ap-
plications.

Acknowledgment. We express sincere gratitude to col-
leagues from sanatorium “Moldova” for help in conducting
this investigation.

References

1. Popovych IL, Kozyavkina NV, Vovchyna YV, Voronych-
Semchenko NM, Zukow W, Popovych DV. Tensioregulome as an
accompaniment of quantitative-qualitative blood pressure clus-
ters. J Educ Health Sport. 2022;12(6):418-436. doi: 10.12775/
JEHS.2022.12.06.042.

2. Kozyavkina NV, Popovych IL, Vovchyna YV, Voronych-
Semchenko NM, Zukow W, Popovych DV. Evaluation of quantitative-
qualitative levels of blood pressure by Tensioregulome. J Educ Health
Sport. 2022;12(8):1216-1236. doi: 10.12775/JEHS.2022.12.08.106.

3. Kozyavkina NV, Vovchyna YV, Voronych-Semchenko
NM, Zukow W, Popovych IL. Tensioregulome Concept. Quantitative-
qualitative Blood Pressure Clusters of Patients at Truskavets’ Spa and
Their Accompaniments. Ternopil: Ukrmedknyha; 2024. 198 pp. doi:
10.5281/zenodo. 12664757.

4. Kozyavkina NV, Popovych IL, Zukow W. Quantitative-
qualitative clusters of blood pressure and their neurogenic (EEG& HRV)
accompaniment. International Neurological Journal (Ukraine).
2025;21(5):391-410. doi: 10.22141/2224-0713.21.5.2025. 1204.

5. Goncharenko MS, Yereshchenko YeA. Test system for as-
sessing the physiological state of the body by electrophoretic properties
of buccal epithelium cells: a methodical guide. Kharkiv; 1992. 22 p.

6. Shakhbazov VG, Shckorbatov YG, Colupaeva TV. On
connection between the electrokinetic properties of cell nuclei and hu-
man biological age. Mech Ageing Dev. 1997 Dec;99(3):193-197. doi:
10.1016/50047-6374(97)00103-6.

7. Shahbazov VG, Kolupajeva TV, Shuvalov IM, et al. Meth-
od of rapid testing efficiency rehabilitation of health. Patent UA 28113,
2000. Ukrainian.

8. Czapla Z, Cieslik J. Electrophoretic Mobility of Cell Nuclei
(EMN) index - relation to biological and physical properties of the
cell. Anthropological Review. 1998;61:93-101. doi: 10.18778/1898-
6773.61.07.

9. Czapla Z, McPhail SM. Electrophoretic mobility of cell
nuclei (EMN index) as a biomarker of the biological aging process:
Considering the association between EMN index and age. Homo. 2015
Dec;66(6):549-560. doi: 10.1016/j.jchb.2015.09.002.

10.  Goncharenko MS. Valeological tools for hardware and soft-
ware diagnostics and health monitoring: a textbook. Kharkiv: Karazin
KhNU; 2011. 135 p. Ukrainian.

11.  Samoilovych VA, Hutarieva NV, Tondi LD. Effect of physi-
cal factors on bioelectric properties of cell nuclei of buccal epithelium
in students with chronic fatigue syndrome. Lik Sprava. 2005 Jul-
Sep;(5-6):60-64. Ukrainian.

12.  Shckorbatov YG, Shakhbazov VG, Navrotskaya VV, et al.
Application of intracellular microelectrophoresis to analysis of the influ-
ence of the low-level microwave radiation on electrokinetic properties of
nuclei in human epithelial cells. Electrophoresis. 2002 Jul;23(13):2074-
2079. doi: 10.1002/1522-2683(200207)23:13<2074::A1D-
ELPS2074>3.0.CO;2-A.

13.  Hughes MP. The cellular zeta potential: cell electro-
physiology beyond the membrane. Integr Biol (Camb). 2024 Jan
23;16:zvae003. doi: 10.1093/intbio/zyae003.

14.  Kubiak A, Zielinski T, Pabijan J, Lekka M. Nanomechan-
ics in Monitoring the Effectiveness of Drugs Targeting the Cancer Cell
Cytoskeleton. Int J Mol Sci. 2020 Nov 20;21(22):8786. doi: 10.3390/
ijms21228786.

15. Senel S. An Overview of Physical, Microbiologi-
cal and Immune Barriers of Oral Mucosa. Int J Mol Sci. 2021 Jul

Vol. 21, No. 7, 2025

https://inj-journal.com

547


https://doi.org/10.12775/JEHS.2022.12.06.042
https://doi.org/10.12775/JEHS.2022.12.06.042
https://doi.org/10.12775/JEHS.2022.12.06.042
https://doi.org/10.12775/JEHS.2022.12.06.042
https://doi.org/10.12775/JEHS.2022.12.06.042
https://doi.org/10.12775/JEHS.2022.12.06.042
https://doi.org/10.12775/JEHS.2022.12.08.106
https://doi.org/10.12775/JEHS.2022.12.08.106
https://doi.org/10.12775/JEHS.2022.12.08.106
https://doi.org/10.12775/JEHS.2022.12.08.106
https://doi.org/10.12775/JEHS.2022.12.08.106
https://doi.org/10.12775/JEHS.2022.12.08.106
http://dx.doi.org/10.5281/zenodo.12664757
http://dx.doi.org/10.5281/zenodo.12664757
http://dx.doi.org/10.5281/zenodo.12664757
http://dx.doi.org/10.5281/zenodo.12664757
http://dx.doi.org/10.5281/zenodo.12664757
http://dx.doi.org/10.5281/zenodo.12664757
http://dx.doi.org/10.5281/zenodo.12664757
http://dx.doi.org/10.5281/zenodo.12664757
http://dx.doi.org/10.5281/zenodo.12664757
http://dx.doi.org/10.5281/zenodo.12664757
http://dx.doi.org/10.5281/zenodo.12664757
https://doi.org/10.22141/2224-0713.21.5.2025.1204
https://doi.org/10.22141/2224-0713.21.5.2025.1204
https://doi.org/10.22141/2224-0713.21.5.2025.1204
https://doi.org/10.22141/2224-0713.21.5.2025.1204
https://doi.org/10.22141/2224-0713.21.5.2025.1204
https://doi.org/10.1016/S0047-6374(97)00103-6
https://doi.org/10.1016/S0047-6374(97)00103-6
https://doi.org/10.1016/S0047-6374(97)00103-6
https://doi.org/10.1016/S0047-6374(97)00103-6
https://doi.org/10.1016/S0047-6374(97)00103-6
https://doi.org/10.1016/S0047-6374(97)00103-6
https://doi.org/10.18778/1898-6773.61.07
https://doi.org/10.18778/1898-6773.61.07
https://doi.org/10.18778/1898-6773.61.07
https://doi.org/10.18778/1898-6773.61.07
https://doi.org/10.18778/1898-6773.61.07
https://doi.org/10.18778/1898-6773.61.07
https://pubmed.ncbi.nlm.nih.gov/26433343/
https://pubmed.ncbi.nlm.nih.gov/26433343/
https://pubmed.ncbi.nlm.nih.gov/26433343/
https://pubmed.ncbi.nlm.nih.gov/26433343/
https://ekhnuir.karazin.ua/items/8c8578f9-83db-4f23-8207-3903366469ed
https://ekhnuir.karazin.ua/items/8c8578f9-83db-4f23-8207-3903366469ed
https://ekhnuir.karazin.ua/items/8c8578f9-83db-4f23-8207-3903366469ed
https://ekhnuir.karazin.ua/items/8c8578f9-83db-4f23-8207-3903366469ed
https://ekhnuir.karazin.ua/items/8c8578f9-83db-4f23-8207-3903366469ed
https://ekhnuir.karazin.ua/items/8c8578f9-83db-4f23-8207-3903366469ed
https://ekhnuir.karazin.ua/items/8c8578f9-83db-4f23-8207-3903366469ed
https://pubmed.ncbi.nlm.nih.gov/16396296/
https://pubmed.ncbi.nlm.nih.gov/16396296/
https://pubmed.ncbi.nlm.nih.gov/16396296/
https://pubmed.ncbi.nlm.nih.gov/16396296/
https://pubmed.ncbi.nlm.nih.gov/12210261/
https://pubmed.ncbi.nlm.nih.gov/12210261/
https://pubmed.ncbi.nlm.nih.gov/12210261/
https://pubmed.ncbi.nlm.nih.gov/12210261/
https://pubmed.ncbi.nlm.nih.gov/12210261/
https://pubmed.ncbi.nlm.nih.gov/12210261/
https://pubmed.ncbi.nlm.nih.gov/38291769/
https://pubmed.ncbi.nlm.nih.gov/38291769/
https://pubmed.ncbi.nlm.nih.gov/38291769/
https://pubmed.ncbi.nlm.nih.gov/33233645/
https://pubmed.ncbi.nlm.nih.gov/33233645/
https://pubmed.ncbi.nlm.nih.gov/33233645/
https://pubmed.ncbi.nlm.nih.gov/33233645/
https://pubmed.ncbi.nlm.nih.gov/34360589/
https://pubmed.ncbi.nlm.nih.gov/34360589/

Opurinaabhi gocaigzxenns / Original Researches

N

22;22(15):7821. doi: 10.3390/ijms22157821.

16.  Shckorbatov YG, Shakhbazov VG, Rudenko AO. Modifica-
tion of electrokinetic properties of nuclei in human buccal epithelial cells
by electric fields. Bioelectromagnetics. 2001 Feb;22(2):106-111. doi:
10.1002/1521-186x(200102)22:2<106::aid-bem 1013>3.0.co;2-2.

17.  Czapla Z, Szczepanowska E, Cieslik J. The Electropho-
retic Mobility of Cell Nuclei (EMN) index and changes in acid-base
homeostasis under conditions of the intensive physical exercise. Coll
Antropol. 2007 Dec;31(4):973-978.

18.  Szczepanowska E, Czapla Z, Cieslik J. Adaptive changes of
the electrophoretic mobility of cell nuclei (EMN) index in the intensive
physical exercise of male rowers with different training experience. Coll
Antropol. 2012 Dec;36(4):1241-1246.

19.  Kyrylenko 1G, Fajda OI, Drach OV, Popel SL, Popel RL,
Zukow W. Relationships between electrokinetic index of buccal epi-
thelium and some functional and metabolic parameters at men with
chronic pyelonephrite. J Educ Health Sport. 2016,;6(1):302-314. doi:
10.5281/zenodo.45361.

20.  Kyrylenko IG. Changes of electrokinetic index of buccal epi-
thelium correlated with the changes of some parameters of EEG, HRV,
hemodynamics and metabolism. Experimental and Clinical Physiology
and Biochemistry. 2018;2(82):5- 14.

21.  Kyrylenko IG, Igor-Severyn FS, Fil VM, Zukow W, Pop-
ovych IL. Changes in electrokinetic index of buccal epithelium cor-
related with changes in some parameters of immunity and fecal micro-
biocenosis. J Educ Health Sport. 2018;8(10):168-170. doi: 10.5281/
zenodo. 1471789.

22.  Kyrylenko 1G, Fediaieva SI, Miesoiedova V, Popadynets
00, ukow X. Vegetative, metabolic and immune accompaniments of
changes in the electrokinetic index of the buccal epithelium under the
influence of therapeutic factors. J Educ Health Sport. 2022, 12(1):344-
354. doi: 10.12775/JEHS.2022.12.01.030.

23. Babelyuk VYe, Popovych IL, Babelyuk NV, et al. Perspec-
tives on the use of electrostimulation with the device “VEB”® in the
management of disorders related to COVID-19. Balneo Research
Journal. 2020;11(3):328-343. doi: 10.12680/balneo.2020.361.

24.  Babelyuk VY, Babelyuk NV, Popovych IL, et al. Effects
of transcutaneous electrical stimulation with the device “VEB” ®
on the human body. J Educ Health Sport. 2022;12(2):313-335. doi:
10.12775/JEHS.2022.12.02.033.

25.  Popadynets O, Gozhenko A, Badyuk N, et al. Interpersonal
differences caused by adaptogen changes in entropies of EEG, HRV,
immunocytogram, and leukocytogram. Journal of Physical Education
and Sport. 2020;20(Supp! 2):982-999. doi: 10.7752/jpes.2020.s2139.

26.  Gozhenko Al, Korda MM, Popadynets OO, Popovych
IL. Entropy, harmony, synchronization and their neuro-endocrine-
immune correlates: a monograph. Odesa: Feniks; 2021. 232 p. Ukrai-
nian.

27.  Popovych IL, Gozhenko Al, Korda MM, Klishch IM, Pop-
ovych DV, Zukow W, editors. Mineral waters, metabolism, neuro-en-
docrine-immune complex. Odesa: Feniks; 2022. 252 p. doi: 10.5281/
zenodo.6604298. Ukrainian.

28.  Babelyuk VY, Popovych IL, editors. Gas discharge vi-
sualization (electrophotonic imaging, kirlianography): theoretical
and applied aspects. Odesa: Feniks; 2023. 200 p. doi: 10.5281/ze-
nodo.7535880.

29.  Korda MM, Gozhenko Al, Fihura OA, Popovych DV, ukow
X, Popovych IL. Relationships between plasma levels of main adapto-
gene hormones and EEG and HRV parameters at human with dysad-

aptation. J Educ Health Sport. 2021;11(12):492-512. doi: 10.12775/
JEHS.2021.11.12.040.

30.  Zukow W, Muszkieta R, Hagner-Derengowska M, et al.
Effects of rehabilitation at the Truskavets’ spa on physical working
capacity and its neural, metabolic, and hemato-immune accompani-
ments. Journal of Physical Education and Sport. 2022;22(11):2708-
2722. doi: 10.7752/jpes.2022.11345.

31.  Korda MM, Gozhenko Al, Popovych IL, Klishch IM, edi-
tors. Neurotropic, Hormonal and Immunotropic Activity of Uric Acid:
a monograph. Ternopil: Ukrmedknyha; 2024. 206 p. doi: 10.5281/
zenodo. 10990426.

32.  Popovych IL, Zukow W, Melnyk OI, et al. Neuro-endo-
crine, hemodynamic and metabolic accompaniments of effects of bal-
neotherapy at Truskavets’ Spa on PWC in men with maladaptation.
Journal of Physical Education and Sport. 2024;24(8):1823-1839. doi:
10.7752/jpes.2024.08203.

33. Popovych IL, Zukow W, Melnyk Ol, et al. Neuroendocrine
and metabolic predictors of the effects of balneotherapy at the Truska-
vets Spa on physical working capacity in men with maladaptation. Eur
J Clin Exp Med. 2025;23(1):38-52. doi: 10.15584/¢jcem.2025. 1.4.

34.  Baevsky RM, Chernikova AG. Heart rate variability
analysis: Physiological foundations and main methods. Cardiometry.
2017;(10):66-76. doi: 10.12710/CARDIOMETRY.2017.10.6676.

35.  McEwen BS, Akil H. Revisiting the Stress Concept: Impli-
cations for Affective Disorders. J Neurosci. 2020 Jan 2;40(1):12-21.
doi: 10.1523/JNEUROSCI.0733-19.2019.

36. Task Force of the European Society of Cardiology and the
North American Society of Pacing and Electrophysiology. Heart rate
variability: standards of measurement, physiological interpretation and
clinical use. Circulation. 1996 Mar 1;93(5):1043-1065.

37.  Berntson GG, Bigger JT Jr, Eckberg DL, et al. Heart rate
variability: origins, methods, and interpretive caveats. Psychophysi-
ology. 1997 Nov;34(6):623-648. doi: 10.1111/]j.1469-8986.1997.
th02140.x.

38.  Newberg A, Alavi A, Baime M, Pourdehnad M, Santanna
J, d'Aquili E. The measurement of regional cerebral blood flow during
the complex cognitive task of meditation: a preliminary SPECT study.
Psychiatry Res. 2001 Apr 10;106(2):113-122. doi: 10.1016/50925-
4927(01)00074-9.

39.  Shannon CE. A mathematical theory of communication.
Bell Syst Tech J. 1948 Jul;27(3):379-423. doi: 10.1002/j.1538-
7305.1948.tb01338.x.

40.  Popovych IL. Similarity effects of two types of adaptogens
(transcutaneous electrical stimulation with the device “VEB” ® and
using of bioactive Naftussya water) on the human body. J Educ Health
Sport. 2022,12(4):213-258. doi: 10.12775/JEHS.2022.12.04.019.

41.  Popovych IL. Similarity of adaptogenic effects of bio-
active Naftussya water and phytocomposition “Balm Truska-
vets”. J Educ Health Sport. 2022;12(12):344-356. doi: 10.12775/
JEHS.2022.12.12.052.

42. Ruzhylo SV, Popovych Al, Zakalyak NR, et al. Bioactive
water Naftussya and ozokerite have the same neuro-endocrine-im-
mune effects in male rats caused by aryl hydrocarbons. Pharmacolo-
gyOnlLine. 2021;3:213-226.

43.  Babelyuk VYe, Dubkowa G, Korolyshyn TA, et al. Opera-
tor of Kyokushin Karate via Kates increases synaptic efficacy in the rat
Hippocampus, decreases C3-0-rhythm SPD and HRV Vagal mark-
ers, increases virtual Chakras Energy in the healthy humans as well
as luminosity of distilled water in vitro. Preliminary communication.

548

International Neurological Journal (Ukraine), ISSN 2224-0713 (print), ISSN 2307-1419 (online) Vol. 21, No. 7, 2025


https://pubmed.ncbi.nlm.nih.gov/34360589/
https://pubmed.ncbi.nlm.nih.gov/11180256/
https://pubmed.ncbi.nlm.nih.gov/11180256/
https://pubmed.ncbi.nlm.nih.gov/11180256/
https://pubmed.ncbi.nlm.nih.gov/11180256/
https://pubmed.ncbi.nlm.nih.gov/18217444/
https://pubmed.ncbi.nlm.nih.gov/18217444/
https://pubmed.ncbi.nlm.nih.gov/18217444/
https://pubmed.ncbi.nlm.nih.gov/18217444/
https://pubmed.ncbi.nlm.nih.gov/23390817/
https://pubmed.ncbi.nlm.nih.gov/23390817/
https://pubmed.ncbi.nlm.nih.gov/23390817/
https://pubmed.ncbi.nlm.nih.gov/23390817/
http://dx.doi.org/10.5281/zenodo.45361
http://dx.doi.org/10.5281/zenodo.45361
http://dx.doi.org/10.5281/zenodo.45361
http://dx.doi.org/10.5281/zenodo.45361
http://dx.doi.org/10.5281/zenodo.45361
http://dx.doi.org/10.5281/zenodo.45361
https://scispace.com/pdf/changes-in-electrokinetic-index-of-the-buccal-epithelium-4tij30c6j1.pdf
https://scispace.com/pdf/changes-in-electrokinetic-index-of-the-buccal-epithelium-4tij30c6j1.pdf
https://scispace.com/pdf/changes-in-electrokinetic-index-of-the-buccal-epithelium-4tij30c6j1.pdf
https://scispace.com/pdf/changes-in-electrokinetic-index-of-the-buccal-epithelium-4tij30c6j1.pdf
https://scispace.com/pdf/changes-in-electrokinetic-index-of-the-buccal-epithelium-4tij30c6j1.pdf
https://scispace.com/pdf/changes-in-electrokinetic-index-of-the-buccal-epithelium-4tij30c6j1.pdf
https://scispace.com/pdf/changes-in-electrokinetic-index-of-the-buccal-epithelium-4tij30c6j1.pdf
https://scispace.com/pdf/changes-in-electrokinetic-index-of-the-buccal-epithelium-4tij30c6j1.pdf
http://dx.doi.org/10.5281/zenodo.1471789
http://dx.doi.org/10.5281/zenodo.1471789
http://dx.doi.org/10.5281/zenodo.1471789
http://dx.doi.org/10.5281/zenodo.1471789
http://dx.doi.org/10.5281/zenodo.1471789
http://dx.doi.org/10.5281/zenodo.1471789
http://dx.doi.org/10.5281/zenodo.1471789
http://dx.doi.org/10.5281/zenodo.1471789
http://dx.doi.org/10.5281/zenodo.1471789
http://dx.doi.org/10.12775/JEHS.2022.12.01.030
http://dx.doi.org/10.12775/JEHS.2022.12.01.030
http://dx.doi.org/10.12775/JEHS.2022.12.01.030
http://dx.doi.org/10.12775/JEHS.2022.12.01.030
http://dx.doi.org/10.12775/JEHS.2022.12.01.030
http://dx.doi.org/10.12775/JEHS.2022.12.01.030
http://dx.doi.org/10.12775/JEHS.2022.12.01.030
http://dx.doi.org/10.12775/JEHS.2022.12.01.030
http://doi.org/10.12680/balneo.2020.361
http://doi.org/10.12680/balneo.2020.361
http://doi.org/10.12680/balneo.2020.361
http://doi.org/10.12680/balneo.2020.361
http://doi.org/10.12680/balneo.2020.361
http://doi.org/10.12680/balneo.2020.361
http://doi.org/10.12680/balneo.2020.361
http://doi.org/10.12680/balneo.2020.361
http://dx.doi.org/10.12775/JEHS.2022.12.02.033
http://dx.doi.org/10.12775/JEHS.2022.12.02.033
http://dx.doi.org/10.12775/JEHS.2022.12.02.033
http://dx.doi.org/10.12775/JEHS.2022.12.02.033
http://dx.doi.org/10.12775/JEHS.2022.12.02.033
http://doi.org/10.7752/jpes.2020.s2139
http://doi.org/10.7752/jpes.2020.s2139
http://doi.org/10.7752/jpes.2020.s2139
http://doi.org/10.7752/jpes.2020.s2139
https://dspace.bsmu.edu.ua/bitstream/123456789/17809/2/%D0%93%D0%BE%D0%B6%D0%B5%D0%BD%D0%BA%D0%BE %D0%BC%D0%B0%D0%BA%D0%B5%D1%82.pdf
https://dspace.bsmu.edu.ua/bitstream/123456789/17809/2/%D0%93%D0%BE%D0%B6%D0%B5%D0%BD%D0%BA%D0%BE %D0%BC%D0%B0%D0%BA%D0%B5%D1%82.pdf
https://dspace.bsmu.edu.ua/bitstream/123456789/17809/2/%D0%93%D0%BE%D0%B6%D0%B5%D0%BD%D0%BA%D0%BE %D0%BC%D0%B0%D0%BA%D0%B5%D1%82.pdf
https://dspace.bsmu.edu.ua/bitstream/123456789/17809/2/%D0%93%D0%BE%D0%B6%D0%B5%D0%BD%D0%BA%D0%BE %D0%BC%D0%B0%D0%BA%D0%B5%D1%82.pdf
https://dspace.bsmu.edu.ua/bitstream/123456789/17809/2/%D0%93%D0%BE%D0%B6%D0%B5%D0%BD%D0%BA%D0%BE %D0%BC%D0%B0%D0%BA%D0%B5%D1%82.pdf
https://dspace.bsmu.edu.ua/bitstream/123456789/17809/2/%D0%93%D0%BE%D0%B6%D0%B5%D0%BD%D0%BA%D0%BE %D0%BC%D0%B0%D0%BA%D0%B5%D1%82.pdf
https://dspace.bsmu.edu.ua/bitstream/123456789/17809/2/%D0%93%D0%BE%D0%B6%D0%B5%D0%BD%D0%BA%D0%BE %D0%BC%D0%B0%D0%BA%D0%B5%D1%82.pdf
https://dspace.bsmu.edu.ua/bitstream/123456789/17809/2/%D0%93%D0%BE%D0%B6%D0%B5%D0%BD%D0%BA%D0%BE %D0%BC%D0%B0%D0%BA%D0%B5%D1%82.pdf
https://dspace.bsmu.edu.ua/bitstream/123456789/17809/2/%D0%93%D0%BE%D0%B6%D0%B5%D0%BD%D0%BA%D0%BE %D0%BC%D0%B0%D0%BA%D0%B5%D1%82.pdf
https://dspace.bsmu.edu.ua/bitstream/123456789/17809/2/%D0%93%D0%BE%D0%B6%D0%B5%D0%BD%D0%BA%D0%BE %D0%BC%D0%B0%D0%BA%D0%B5%D1%82.pdf
https://dspace.bsmu.edu.ua/bitstream/123456789/17809/2/%D0%93%D0%BE%D0%B6%D0%B5%D0%BD%D0%BA%D0%BE %D0%BC%D0%B0%D0%BA%D0%B5%D1%82.pdf
https://dspace.bsmu.edu.ua/bitstream/123456789/17809/2/%D0%93%D0%BE%D0%B6%D0%B5%D0%BD%D0%BA%D0%BE %D0%BC%D0%B0%D0%BA%D0%B5%D1%82.pdf
https://doi.org/10.5281/zenodo.6604298
https://doi.org/10.5281/zenodo.6604298
https://doi.org/10.5281/zenodo.6604298
https://doi.org/10.5281/zenodo.6604298
https://doi.org/10.5281/zenodo.6604298
https://doi.org/10.5281/zenodo.6604298
https://doi.org/10.5281/zenodo.6604298
https://doi.org/10.5281/zenodo.6604298
https://doi.org/10.5281/zenodo.6604298
https://doi.org/10.5281/zenodo.6604298
https://doi.org/10.5281/zenodo.6604298
https://doi.org/10.5281/zenodo.6604298
http://dx.doi.org/10.5281/zenodo.7535880
http://dx.doi.org/10.5281/zenodo.7535880
http://dx.doi.org/10.5281/zenodo.7535880
http://dx.doi.org/10.5281/zenodo.7535880
http://dx.doi.org/10.5281/zenodo.7535880
http://dx.doi.org/10.5281/zenodo.7535880
http://dx.doi.org/10.5281/zenodo.7535880
http://dx.doi.org/10.5281/zenodo.7535880
http://dx.doi.org/10.5281/zenodo.7535880
http://dx.doi.org/10.5281/zenodo.7535880
http://dx.doi.org/10.5281/zenodo.7535880
http://dx.doi.org/10.5281/zenodo.7535880
http://dx.doi.org/10.12775/JEHS.2021.11.12.040
http://dx.doi.org/10.12775/JEHS.2021.11.12.040
http://dx.doi.org/10.12775/JEHS.2021.11.12.040
http://dx.doi.org/10.12775/JEHS.2021.11.12.040
http://dx.doi.org/10.12775/JEHS.2021.11.12.040
http://dx.doi.org/10.12775/JEHS.2021.11.12.040
http://dx.doi.org/10.12775/JEHS.2021.11.12.040
http://doi.org/10.7752/jpes.2022.11345
http://doi.org/10.7752/jpes.2022.11345
http://doi.org/10.7752/jpes.2022.11345
http://doi.org/10.7752/jpes.2022.11345
http://doi.org/10.7752/jpes.2022.11345
http://doi.org/10.7752/jpes.2022.11345
http://doi.org/10.7752/jpes.2022.11345
http://doi.org/10.7752/jpes.2022.11345
https://doi.org/10.5281/zenodo.10990426
https://doi.org/10.5281/zenodo.10990426
https://doi.org/10.5281/zenodo.10990426
https://doi.org/10.5281/zenodo.10990426
https://doi.org/10.5281/zenodo.10990426
https://doi.org/10.5281/zenodo.10990426
https://doi.org/10.5281/zenodo.10990426
https://doi.org/10.5281/zenodo.10990426
https://doi.org/10.5281/zenodo.10990426
https://doi.org/10.5281/zenodo.10990426
http://doi.org/10.7752/jpes.2024.08203
http://doi.org/10.7752/jpes.2024.08203
http://doi.org/10.7752/jpes.2024.08203
http://doi.org/10.7752/jpes.2024.08203
http://doi.org/10.7752/jpes.2024.08203
http://doi.org/10.7752/jpes.2024.08203
http://doi.org/10.7752/jpes.2024.08203
http://dx.doi.org/10.15584/ejcem.2025.1.4
http://dx.doi.org/10.15584/ejcem.2025.1.4
http://dx.doi.org/10.15584/ejcem.2025.1.4
http://dx.doi.org/10.15584/ejcem.2025.1.4
http://dx.doi.org/10.15584/ejcem.2025.1.4
http://dx.doi.org/10.15584/ejcem.2025.1.4
https://doi.org/10.12710/CARDIOMETRY.2017.10.6676
https://doi.org/10.12710/CARDIOMETRY.2017.10.6676
https://doi.org/10.12710/CARDIOMETRY.2017.10.6676
https://doi.org/10.12710/CARDIOMETRY.2017.10.6676
https://doi.org/10.12710/CARDIOMETRY.2017.10.6676
https://doi.org/10.12710/CARDIOMETRY.2017.10.6676
https://doi.org/10.12710/CARDIOMETRY.2017.10.6676
https://doi.org/10.12710/CARDIOMETRY.2017.10.6676
https://doi.org/10.12710/CARDIOMETRY.2017.10.6676
https://pubmed.ncbi.nlm.nih.gov/31896560/
https://pubmed.ncbi.nlm.nih.gov/31896560/
https://pubmed.ncbi.nlm.nih.gov/31896560/
https://pubmed.ncbi.nlm.nih.gov/8598068/
https://pubmed.ncbi.nlm.nih.gov/8598068/
https://pubmed.ncbi.nlm.nih.gov/8598068/
https://pubmed.ncbi.nlm.nih.gov/8598068/
https://pubmed.ncbi.nlm.nih.gov/9401419/
https://pubmed.ncbi.nlm.nih.gov/9401419/
https://pubmed.ncbi.nlm.nih.gov/9401419/
https://pubmed.ncbi.nlm.nih.gov/9401419/
https://pubmed.ncbi.nlm.nih.gov/11306250/
https://pubmed.ncbi.nlm.nih.gov/11306250/
https://pubmed.ncbi.nlm.nih.gov/11306250/
https://pubmed.ncbi.nlm.nih.gov/11306250/
https://pubmed.ncbi.nlm.nih.gov/11306250/
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.1002/j.1538-7305.1948.tb01338.x
https://doi.org/10.12775/JEHS.2022.12.04.019
https://doi.org/10.12775/JEHS.2022.12.04.019
https://doi.org/10.12775/JEHS.2022.12.04.019
https://doi.org/10.12775/JEHS.2022.12.04.019
https://doi.org/10.12775/JEHS.2022.12.04.019
https://doi.org/10.12775/JEHS.2022.12.04.019
https://doi.org/10.12775/JEHS.2022.12.04.019
http://dx.doi.org/10.12775/JEHS.2022.12.12.052
http://dx.doi.org/10.12775/JEHS.2022.12.12.052
http://dx.doi.org/10.12775/JEHS.2022.12.12.052
http://dx.doi.org/10.12775/JEHS.2022.12.12.052
http://dx.doi.org/10.12775/JEHS.2022.12.12.052
http://dx.doi.org/10.12775/JEHS.2022.12.12.052
https://pharmacologyonline.silae.it/files/archives/2021/vol3/PhOL_2021_3_A024_Ruzhylo.pdf
https://pharmacologyonline.silae.it/files/archives/2021/vol3/PhOL_2021_3_A024_Ruzhylo.pdf
https://pharmacologyonline.silae.it/files/archives/2021/vol3/PhOL_2021_3_A024_Ruzhylo.pdf
https://pharmacologyonline.silae.it/files/archives/2021/vol3/PhOL_2021_3_A024_Ruzhylo.pdf
https://pharmacologyonline.silae.it/files/archives/2021/vol3/PhOL_2021_3_A024_Ruzhylo.pdf
https://pharmacologyonline.silae.it/files/archives/2021/vol3/PhOL_2021_3_A024_Ruzhylo.pdf
https://doi.org/10.7752/jpes.2017.01057
https://doi.org/10.7752/jpes.2017.01057
https://doi.org/10.7752/jpes.2017.01057
https://doi.org/10.7752/jpes.2017.01057
https://doi.org/10.7752/jpes.2017.01057

INJ]

OpHrinaabHi gocaigzkenna / Original Researches

Journal of Physical Education and Sport. 2017;17(1):383-393. doi:
10.7752/jpes.2017.01057.

44.  Thayer JF, Lane RD. Claude Bernard and the heart-brain
connection: further elaboration of a model of neurovisceral integra-
tion. Neurosci Biobehav Rev. 2009 Feb;33(2):81-88. doi: 10.1016/].
neubiorev.2008.08.004.

45.  Popovych IL, Kozyavkina OV, Kozyavkina NV, Koroly-
shyn TA, Lukovych YusS, Barylyak LG. Correlation between Indi-
ces of the Heart Rate Variability and Parameters of Ongoing EEG in
Patients Suffering from Chronic Renal Pathology. Neurophysiology.
2014;46(2):139-148. doi: 10.1007/s11062-014-9420-y.

46.  Klecka WR. Discriminant analysis. Series: Quantitative
Applications in the Social Sciences, Vol 19. Thousand Oaks, CA: Sage
Publications; 1980. 72 p. doi: 10.4135/9781412983938.

47.  Palmer LG, Schnermann J. Integrated control of Na trans-
port along the nephron. Clin J Am Soc Nephrol. 2015 Apr 7;10(4):676-
687. doi: 10.2215/CJN.12391213.

48, Shckorbatov YG, Grigoryeva NN, Shakhbazov VG, Gra-
bina VA, Bogoslavsky AM. Microwave irradiation influences on the

ture of the nuclei in human fibroblasts. J Zhejiang Univ Sci B. 2010
Oct; 11(10):801-805. doi: 10.1631/jzus. B1000051.

51.  Fihura OA, Ruzhylo SV, Korda MM, Klishch IM, ukow X,
Popovych IL. The influence of the Ukrainian phytocomposition "Balm
Truskavets' on parameters of neuro-endocrine-immune complex and
biophotonics in humans with maladaptation. J Educ Health Sport.
2023;13(1):326-337. doi: 10.12775/JEHS.2023.13.01.048.

52.  Zukow W, Fihura OA, Zukow X, et al. Prevention of adverse
effects of balneofactors at Truskavets Spa on gastroenterologic patients
through phytoadaptogens and therapeutic physical education: mecha-
nisms of rehabilitation. Journal of Physical Education and Sport.
2024;24(4):791-810. doi: 10.7752/jpes.2024.04093.

53. Fihura OA, Klishch IM. Comparative study of adaptogenic
effects of Ukrainian phytocompositions “Balm Truskavets’”
ATINE®. Prospects and innovations of science. Psychology, pedagogy,
medicine. 2025;9(55):1710-1734. doi: 10.5208/2786-4952-2025-
9(55)-1710-1734.

and tea

Received 10.09.2025
Revised 14.10.2025
Accepted 17.10.2025 M

state of human cell nuclei. Bioelectromagnetics. 1998;19(7):414-419.
doi: 10.1002/(sici) 1521- 186x(1998) 19:7<414::aid-bem2>3.0.co;2-4.

49.  Shckorbatov YG, Pasiuga VN, Kolchigin NN, et al. The
influence of differently polarised microwave radiation on chroma-
tin in human cells. Int J Radiat Biol. 2009 Apr;85(4):322-329. doi:
10.1080/09553000902781113.

50.  Shckorbatov YG, Pasiuga VN, Goncharuk El, et al. Effects
of differently polarized microwave radiation on the microscopic struc-

Information about authors

NataliyaV. Kozyavkina, PhD in Medicine, Director of the Kozyavkin International Rehabilitation Clinic, Truskavets, Ukraine; Assistant Professor of the Department of Physical Rehabilitation, Occupational Therapy
and Physical Education of the |. Horbachevsky Ternopil National Medical University, Ternopil, Ukraine; e-mail: nataliakozyavkina72@gmail.com; clinic@kozyavkin.com; https:/orcid.org/0009-0004-8194-5176

Iryna G. Kyrylenko, MD, Senior Laboratory Assistant of the Department of Therapy of the Danylo Halytskyi Lviv National Medical University, Lviv, Ukraine; e-mail: Iryna2023@gmail.com;
https://orcid.org/0000-0001-9371-0383

Vitalii M. Fil, PhD in Biology, Associate Professor, Head of the Department of Medical and Biological Disciplines, Geography and Ecology of the Ivan Franko Drohobych State Pedagogical University,
Drohobych, Ukraine; e-mail: fillvitalij@dspu.edu.ua; https://orcid.org/0000-0003-4770-5633

Halyna Y. Kovalchuk, PhD in Biology, Associate Professor, Associate Professor of the Department of Medical and Biological Disciplines, Geography and Ecology of the Ivan Franko Drohobych State
Pedagogical University, Drohobych, Ukraine; e-mail: h.kovalchuk@dspu.edu.ua; https://orcid.org/0000-0002-5261-8422

IrynaY. Kopko, PhD in Biology, Associate Professor of the Department of Medical and Biological Disciplines, Geography and Ecology of the lvan Franko Drohobych State Pedagogical University, Drohobych,
Ukraine; e-mail: kopkoiryna@dspu.edu.ua; https://orcid.org/0000-0002-8607-7900

Iryna V. Bryndzia, PhD in Biology, Associate Professor, Head of the Department of Biology and Chemistry of the Ivan Franko Drohobych State Pedagogical University, Drohobych, Ukraine; e-mail:
i.bryndzia@dspu.edu.ua; https://orcid.org/0000-0002-2873-7712

Oksana M. Lupak, PhD in Agricultural Sciences, Associate Professor of the Department of Medical and Biological Disciplines, Geography and Ecology of the Ivan Franko Drohobych State Pedagogical
University, Drohobych, Ukraine; e-mail: oksana_lupak@dspu.edu.ua; https://orcid.org/0000-0002-1969-8643

Anna V. Chepeliuk, PhD in Pedagogical Sciences, Associate Professor of the Department of Theory and Methods of Physical Education and Sports of the Ivan Franko Drohobych State Pedagogical
University, Drohobych, Ukraine; e-mail: anna.chepelyuk79@gmail.com; https://orcid.org/0000-0001-7447-8478

Mariana M. Kravtsiv, Lecturer of the Department of Medical and Biological Disciplines, Geography and Ecology of the lvan Franko Drohobych State Pedagogical University, Drohobych, Ukraine; e-mail:
mariana_kravtsiv@dspu.edu.ua; https://orcid.org/0009-0003-8872-4125

Kateryna V. Feshchak, Lecturer of the Department of Physical Therapy, Occupational Therapy and Health of the Ivan Franko Drohobych State Pedagogical University, Drohobych, Ukraine; e-mail:
katerina.feshchak@dspu.edu.ua; https://orcid.org/0009-0007-8595-8056

Yaroslava 0. Maksymjak, Senior Lecturer of the Department of Physical Therapy, Occupational Therapy and Health of the Ivan Franko Drohobych State Pedagogical University, Drohobych, Ukraine;
e-mail: slavamaks71@dspu.edu.ua; https://orcid.org/0000-0001-5269-1366

Lesia V. Borysevych, Senior Lecturer of the Department of Physical Therapy, Occupational Therapy and Health of the Ivan Franko Drohobych State Pedagogical University, Drohobych, Ukraine; e-mail:
borysevychlesia@gmal.com; https://orcid.org/0000-0001-7103-1611

Dariya V. Popovych, DSc in Medicine, Professor, Chief of the Department of Physical Rehabilitation, Occupational Therapy and Physical Education of the I. Horbachevsky Ternopil National Medical
University, Ternopil, Ukraine; e-mail: darakoz@yahoo.com; https://orcid.org/0000-0002-5142-2057

Walery Zukow, DScin Medicine, Dr hab, Prof. UMK; Teaching Team of Physical Culture Sciences Faculty of Earth Sciences and Spatial Economy Nicolaus Copernicus University in Torur, Poland; e-mail:
w.zukow@wp.pl; https://orcid.org/0000-0002-7675-6117

Igor L. Popovych, PhDin Medicine, Senior Research Fellow of the Kozyavkin International Rehabilitation Clinic, Truskavets, Ukraine; e-mail:i.l.popovych@gmail.com; https://orcid.org/0000-0002-5664-5591

Conflicts of interests. Authors declare the absence of any conflicts of interests and own financial interest that might be construed to influence the results or interpretation of the manuscript.

Information about funding. This research did not receive any specific grant from funding agencies in the public, commercial, or non-for-profit sectors.

Authors’ contribution. N.V. Kozyavkina — conceptualization, methodology, software, validation, formal analysis, investigation, resources, data curation, original draft preparation, review and
editing, project administration, funding acquisition; I.G. Kyrylenko — methodology, software, data curation; V.M. Fil, H.Y. Kovalchuk, L.Y. Kopko, I.V. Bryndzia, 0.M. Lupak, A.V. Chepeliuk, M.M. Kravtsiv,
K.V. Feshchak, Y.0. Maksymjak, L.V. Borysevych, D.V. Popovych — data curation; W.A. Zukow — software, validation, visualization, supervision; I.L. Popovych — conceptualization, methodology,
software, validation, formal analysis, investigation, data curation, original draft preparation, review and editing, visualization, supervision.

Vol. 21, No. 7, 2025 https://inj-journal.com 549


https://doi.org/10.7752/jpes.2017.01057
https://doi.org/10.7752/jpes.2017.01057
https://pubmed.ncbi.nlm.nih.gov/18771686/
https://pubmed.ncbi.nlm.nih.gov/18771686/
https://pubmed.ncbi.nlm.nih.gov/18771686/
https://pubmed.ncbi.nlm.nih.gov/18771686/
https://doi.org/10.1007/s11062-014-9420-y
https://doi.org/10.1007/s11062-014-9420-y
https://doi.org/10.1007/s11062-014-9420-y
https://doi.org/10.1007/s11062-014-9420-y
https://doi.org/10.1007/s11062-014-9420-y
https://doi.org/10.1007/s11062-014-9420-y
https://doi.org/10.1007/s11062-014-9420-y
http://doi.org/10.4135/9781412983938
http://doi.org/10.4135/9781412983938
http://doi.org/10.4135/9781412983938
http://doi.org/10.4135/9781412983938
http://doi.org/10.4135/9781412983938
http://doi.org/10.4135/9781412983938
https://pubmed.ncbi.nlm.nih.gov/25098598/
https://pubmed.ncbi.nlm.nih.gov/25098598/
https://pubmed.ncbi.nlm.nih.gov/25098598/
https://pubmed.ncbi.nlm.nih.gov/9771584/
https://pubmed.ncbi.nlm.nih.gov/9771584/
https://pubmed.ncbi.nlm.nih.gov/9771584/
https://pubmed.ncbi.nlm.nih.gov/9771584/
https://pubmed.ncbi.nlm.nih.gov/19399677/
https://pubmed.ncbi.nlm.nih.gov/19399677/
https://pubmed.ncbi.nlm.nih.gov/19399677/
https://pubmed.ncbi.nlm.nih.gov/19399677/
https://pubmed.ncbi.nlm.nih.gov/20872988/
https://pubmed.ncbi.nlm.nih.gov/20872988/
https://pubmed.ncbi.nlm.nih.gov/20872988/
https://pubmed.ncbi.nlm.nih.gov/20872988/
http://dx.doi.org/10.12775/JEHS.2023.13.01.048
http://dx.doi.org/10.12775/JEHS.2023.13.01.048
http://dx.doi.org/10.12775/JEHS.2023.13.01.048
http://dx.doi.org/10.12775/JEHS.2023.13.01.048
http://dx.doi.org/10.12775/JEHS.2023.13.01.048
http://dx.doi.org/10.12775/JEHS.2023.13.01.048
http://dx.doi.org/10.12775/JEHS.2023.13.01.048
http://doi.org/10.7752/jpes.2024.04093
http://doi.org/10.7752/jpes.2024.04093
http://doi.org/10.7752/jpes.2024.04093
http://doi.org/10.7752/jpes.2024.04093
http://doi.org/10.7752/jpes.2024.04093
http://doi.org/10.7752/jpes.2024.04093
http://doi.org/10.7752/jpes.2024.04093
http://perspectives.pp.ua/index.php/pis/article/view/29215/29170
http://perspectives.pp.ua/index.php/pis/article/view/29215/29170
http://perspectives.pp.ua/index.php/pis/article/view/29215/29170
http://perspectives.pp.ua/index.php/pis/article/view/29215/29170
http://perspectives.pp.ua/index.php/pis/article/view/29215/29170
http://perspectives.pp.ua/index.php/pis/article/view/29215/29170
http://perspectives.pp.ua/index.php/pis/article/view/29215/29170

Opurinaabhi gocaigzxenns / Original Researches

KossiBkiHa H.B." 2, KupuaeHko I3, ®irb B.M.4, Kosanbyyk .44, Korko 1.51.%, bpuHass .B.4, Aynak O.M., Yeneatok A.B.%,
Kpasuis M.M.?, ®eLyaxk K.B.4, Makcum sk $1.0.4, bopmcesmnd A.B.%, Monosuy A.B.?, XKykos B.A.5, [Mornosuy LA
"MixHQPOAHQ PeabBiAITAUIMHA KAIHIKQ KO3sBKiHA, M. ToyckaBeLp, YkpaiHa

2HauioHQABHW MEANYHWV yHIBepCUTET iMeHi |.51. [op6ayeBChbKoro, M. TepHOrink, YkpaiHa

SHALIOHQABHWV MEAMYHMI YHIBEPCUTET iMeHi AQHUAQ [AAMLIbKOTO, M. /\bBIB, YKpaiHa
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HenpoeHAOKPWHHI KOPEeASITU TA NPEAUKTOPU 3MiH @AEKTPOKIHETUYHOTO IHAEKCY BYKOABHOrO eniteAito
niA 4aC peabiAITALIMHOro AiKyBAHHS: 6AratoBUMIPHUN GHOAI3

Pesiome. Axkmyaavnicme. Paninie My nokasaim, o KiJlbKiCHO-
SIKICHIi KJTacTepU apTepiaJIbHOTO TUCKY AyKe UiTKO BilIpi3HSIIOTHCS
OJIMH BiJl OAHOTIO 3aJIe3KHO Bifl BiKY, CTaTi MalLliEHTIB Ta KOMILIEKCY
HEMPOCHIOKPUHHUX, IMYHHUX I META0OJIIYHUX 3MiHHUX, SIKWIT MU
Ha3BaJIu TeH3ioperyloMoM. TeH3ioperyJioM TaKOXK BKITIOUAB €JIeK-
TpokiHeTnuHui iHaekc (EKI) OykanbHOTrO emiTelnito, 1110 ¢hopMaib-
HO He MOXHa BiTHECTH Hi 10 HEMPOEeHIOKPUHHO-IMyHHOTO, Hi 10
MeTaboiyHOro Komruiekey. Mema: BusHauutu, sik 3minun EKI
KOPEJIOIOTH 3i 3MiHAMM TTapaMeTPiB eIeKTPUIHOI AKTUBHOCTI MO3-
Ky, BapiabenbHOCTi cepiieBoro putMy (BCP) Ta BMicTOM ropMo-
HiB amanTaiiii B oci6 i3 ne3ananTtauieto. Mamepiaiu ma memoou.
[Tig cniocrepexxeHHsIM niepedyBaiu 42 yosoiku Ta 30 XiHOK 0e3
KJIiHIYHOTO JiarHO3y a00 3 XpOHIYHUM ITieJIoHepUTOM Y (hasi pe-
Micii (23 4oJI0BiKM), ajie 3 BiIXWJICHHSIMU B OKpPEMUX ITOKa3HUKAX
HENPOEHIOKPUHHO-IMyHHOTO KOMILIEKCY SIK TTPOSIBOM Je3a1anTa-
uii. [Tpu HapxomkeHHi Ha peabifitattito i Bu3Hayanu EKI, a rakox
apTepiaTbHUI TUCK Ta HEHPOSHIOKPUHHI TOKa3HUKM. [Ticiisa Tphox
pexXuMiB peadiliTalliiiHOro JiKyBaHHS i3 3aCTOCYBaHHSIM Pi3HUX
amanToOreHHUX (akTopiB yci TecTu moBTOploBanu. Pe3yasmamu.
TToyarkosuit EKI 3naxomusca B miamasoni 20 + 71,4 %.
Horo 3miHM B MexXax 2,5 %, OlliHeHi K HEeCYTTEBi, 3apeeCTPOBAHO
B 49 Bunangkax. OnHak y 17 manientis EKI 3Hauy1ie migBuimBcs,
ay 6 — 3uusuBcs. Peakuis EKI Ha 3acTocyBaHHS aganTOre HHUX
(axTopiB He 3anexaia Bin iioro moyarkosoro piBHs. Hi cripsimo-
BaHiCTb, Hi BennunHa Bimmosineir EKI, Hi ix BigcyTHICTh TaKOX
He 3aj1eXau Bifl mMpupoau aganTtoreHHux (pakropiB. CriocTtepira-
JIMCs SIK JIiHiMHI (MpsiMi 11 o6epHeHi), Tak i HeliHiiHI Kopesiii
Mmix 3miHamu EKI ta 32 HeiipoeHIOKpUHHMX MOKa3HUKIB. Jjst
perpeciitHoi Mmopeni Oyio o6paHo 19 3MiHHUX: aTbIOCTEPOH; IT SITh

rmapamMmeTpiB 6eTa-, YOTUPH aabda-, IBa Je/IbTa- Ta ABa TeTa-PUTMIB
EET, enrpomiro CIIIT y nokyci T3; Tpu nmapametpu BCP, a Takox
CMiBBIAHOIIEHHSI CUCTOJIIYHOTO apTepiabHOIO TUCKY MPU MepIIOo-
My i aipyromy BumiproBanHi (BPS,/BPS)). 3MiHu 1mX moKa3HUKiB
nosicHioloTh 72 % BapiabenbHocTi 3MiH EKI. 3a pesynbratamu
NHUCKPUMIHAHTHOTO aHaji3y, po3Mi3HaBaJbHUMM CTOCOBHO Xa-
pakTtepy peakuii EKI BusiBuincs 3minu 24 nokasHUKiB. 3 iHIIOro
OOKY, BU3HAUEHO 35 BUXIIHUX [MOKA3HUKIB SIK TIPEAUKTOPIB iIHAU-
BinyanbHux peakuiit EKI (tounicts kinacudikariii 98,6 %). Bussu-
JIOCSI TAKOXK, 1110 33 JOTIOMOTOIO perpeciiiHol MoIesIi MOXKHA Haiii-
HO Meper0ayrTi He JIMLIE HAMPaBIeHICTh (SKICTh) iHAUBILyaIbHOI
peaxuii EKI, ane i ii ¢akrnuHy BenunHy (CTaHaapTHaA MOX1OKa
JUTSL OLIIHKK CTAaHOBUTD 2,5 %). Bucnoeku. Peakiiii enektpokiHe-
TUYHOTO iHIEKCY Ha aJanToreHHi akTopu € HEOAHO3HAUHUMM i
KOPEJIIOIOTh JIiHIHO (TIPSIMO i 00epHEHO) Ta HEJIiHIHO 31 3MiHa-
mu toka3HukiB EET i BCP, a Takox piBHSIMU aTbIOCTEPOHY B OCi0
i3 ne3amarnratiero. SAxicte Ta BeamunHa Bignosiai EKI He 3anexaTts
Bi 110ro MoYaTKOBOTO PiBHSI 00 MPUPOAU amanNTOreHHUX (dak-
TOpiB, ajle MOXYTh OyTH HaaiiiHO MependaveHi (TouHicTh 98,6 %)
3a I0MOMOTro10 35 MoYaTKOBUX HEMPOEHIOKPUHHUX TTOKA3HUKIB:
23 — EETI, 7 — BCP, piBHiB TpUiiONTUPOHIHY, aJTbIOCTEPOHY i [Tia-
CTOJIIYHOTO apTePiaIbHOTO THUCKY, & TAKOX BEreTATUBHOTO iHACKCY
Kepno it innexcy apantauii [TornoBuya. Lli pe3ynbratu cBinuath
npo te, o EKI Moxe ciayryBaTu iHTerpaTMUBHUM OioMapkepoMm
HEMPOECHIOKPUHHOI peryJisiiii Ta 6yTH KOPUCHUM Y TIJIaHyBaHHI
MepcoHaIi30BaHOI TporpaMu peaditiTarltii.

Ki11040Bi C/10Ba: enexTpokiHeTUUHMI iHAEKC OYKaIBLHOTO elliTe-
JTito; eylekTpoeHIedanorpadisi; BapiabeIbHICTh CEPIIEBOTO PUTMY;
TOPMOHU afanTalii; 6araTOBUMipHUIA aHaIi3
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