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Abstract

Background. We created and patented device for electrostimulation "VEB-1". It is intended
for activation of functional systems of organism by wave influence on nerve plexus by
frequency beats method. This article launches a series of articles on the influence of this
device on the parameters of the neuroendocrine-immune complex and the metabolism of
various categories of people. Materials and Methods. The object of observation were 14
males aged 24-59 years without clinical diagnose but with dysfunction of neuro-endocrine-
immune complex and metabolism. In the basal conditions we recorded electroencephalogram
(EEG) a hardware-software complex “NeuroCom Standard” (KhAI Medica, Kharkiv,
Ukraine). Then the volunteers were subjected to an electrostimulation session lasted for 21
minutes in four days. One day after the last session, the EEG was re-registered. Results. 20
parameters of EEG were identified, in which the volunteers' neurodynamics before and after
the course of electrostimulation differed considerably (Squared Mahalanobis Distance make
up 191; F=16,7; p<10). The neurotropic stimulation effect has a modulating character,
namely: the initially decreased spectral power density (SPD) of the alpha-rhythm in F3, F4,
T4, T5 loci as well as of theta-rhythm in P3 locus increases; decreased SPD of beta-rhythm in
the F3, C3, C4, P3, P4 and O2 loci as well as Amplitude of beta-rhythm becomes even
smaller; the initially increased SPD of delta-rhythm in the loci Fpl, F8 and P4 rises further.
Conclusion. A four-day electrostimulation course causes on males with dysfunction of the
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neuro-endocrine-immune complex and metabolism a notable neuro-modulating effect
evaluated by changes in basal EEG.

Keywords. Device for electrostimulation, frequency beats method, electroencephalogram,
neuro-modulating effect.

INTRODUCTION

The generator design for electrotherapy and stimulation of human nerve centers.

Conceiving and creating our device, we were based on the following provisions. The
influence of impulses of a rectangular shape (range 7-18 Hz) made it possible to fix the
frequency ranges of each basic nerve node. Low frequency had minimal effects of stimulation
on the corresponding nerve node, while high frequency - the maximum. For the effective
excitation of nerve centers, the frequency beat method is used. It consists in obtaining
oscillations with close frequencies.

To obtain the effect of the frequency beats are generated by pulses of rectangular shape to
two signal channels. The channels differ in frequency, which is the beat frequency. For
example, for obtaining a beat frequency 6 Hz, forming pulses in a first channel to a carrier
frequency of 30 Hz, a second channel at a frequency of 36 Hz. When the first pulse is formed
on both channels with a phase shift of 0°, we obtain an absolute zero current in the output
(Figure 1).

Fig. 1. Oscillogram of the first clock pulse

Figure 2 shows a periodic signal generated by frequency beats voltage in the two channels
to form a common output signal (a). Also in Figure 2 is a graph of the current of the output
signal (6). Such effect creates a shock wave through the object at the desired frequency. He
also spins an electromagnetic field in the object.
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Fig. 2. Received by frequency beats a periodic signal (a) and a current diagram of the
generated output signal (6)

The generator is assembled on the basis of the patent of Ukraine for utility model 105875
“Portable device for electrotherapy and stimulation” [4]. Its operation is described in [5].

The generator is assembled on the basis of a two-channel circuit using two frequency
synthesizers, amplifiers, each of which generates its own frequency.

Figure 3 shows a block diagram of the device indicating the movement of electric current.
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Fig. 3. A block diagram of the generator
1-display; 2-synthesizer of the signal with a sampling frequency up to 0,001 Hz; 3-micro-controller; 4-
the encoder; 5-channel A signal synthesizer; 6-synthesizer of the channel B signal; 7-channel A signal
amplifier; 8-the amplifier of a signal of the channel B; 9-battery 5 V; 10-voltage converter 5-24 V; 11-

voltage regulator; 12-amplitude control of the output signal.
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Table 1. The technical characteristics of the generator

Parameter Parameter norm
The maximum power consumption, W 1,2
Output signal level by amplitude, V 3,6-16,2
The maximum amplitude of the output signal, V 16,2
The maximum possible current impact mA 25
Ripping protection when current exceeds 25 mA yes
Operating current, mA 8-18
The shape of the output signal Meander
Frequency range of action, Hz 144-1120
Power battery voltage, V 4,8-5,3
Continuous operation time, hours 8

Transmission of the electrical signal to the patient is carried out by means of contact
copper electrodes through the wires. The generator operates as follows. Instrument software
sets the operating frequency of the pulse beats 0,01-100 Hz with steps on each channel is not
more than 0,001 Hz. Discreteness in each channel is not more than 0,001 Hz is provided by a
clock synthesizer (2). It forms the frequency corresponding to the number of filling of the
thirty two-bit synthesizer frequency (5,6) divided by 1000.

The appearance of the generator with a set of necessary equipment is shown in Figure 4.

Fig. 4. The appearance of the generator with a set of necessary equipment
1-generator VEB-1; 2-two cords with JACK connectors and terminal clamps for connection to
OUT-A and OUT-B outputs; 3-contact pads or tubes; 4-power cable with connectors USB-B and
USB-A,; 5-battery 5 V.

MATERIAL AND RESEARCH METHODS

The object of observation were 14 males aged 24-59 years (including three authors)
without clinical diagnose but with dysfunction of neuro-endocrine-immune complex and
metabolism, characteristic for premorbid (intermediate between health and illness) state.

In the morning on an empty stomach we recorded electroencephalogram during 25 sec a
hardware-software complex “NeuroCom Standard” (KhAIl Medica, Kharkiv, Ukraine)
monopolar in 16 loci (Fpl, Fp2, F3, F4, F7, F8, C3, C4, T3, T4, P3, P4, T5, T6, O1, 02) by
10-20 international system, with the reference electrodes A and Ref on tassels the ears.
Among the options considered the average EEG amplitude (1V), average frequency (Hz),
frequency deviation (Hz), index (%), coefficient of asymmetry (%), absolute (qulHZ) and
relative (%) spectral power density (SPD) of basic rhythms: f (35+13 Hz), a (13+8 Hz), 0
(8+4 Hz) and 6 (4+0,5 Hz) in all loci, according to the instructions of the device.
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RESULTS AND DISCUSSION

Abstracts of the results of medical research published previosly [1-3].

For the purpose of adequate comparative assessment changes in data EEG they are
transformed into normalized parameter Z, calculated by formula [6]:

Z=(VIN - 1)/Cv; where

V is individual value of variable; N is its mean of normal (reference) value; Cv is
coefficient of variation (SD/N) in norm.

For a qualitative estimation of deviations from the norm, we adopted the scale at which
the Z-score in the range of +0,5 Euklidean units reflects the narrowed norm (green), the range
-1++1 reflects the expanded norm (yellow color), instead of going beyond the last we regard
as a significant deviation from the norm (red color).

By the results of the screening of the Z values of the EEG parameters, we identified a
series of patterns. The first pattern reflects an increase in the initially lower levels of SPD
alpha- and theta- rhythms (Figure 5).
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F4-a SPDr  F3-aSPDr  T4-aSPDa  T5-a SPDr  P3-6 SPDa  T5-a SPDa

Fig. 5. Activating electrostimulation effects on the initially reduced EEG parameters.
Here and in the future, in each pair of columns, the first reflects the initial level of the
parameter, and the second - the final level (Mean+SE)

While moderately decreased SPD levels of beta-rhythm as well its Amplitude becomes
even smaller. To this pattern we also included an increase in the Asymmetry of the theta-
rhythm (Fig. 6).
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Fig. 6. Inhibiting electrostimulation effects on the initially reduced EEG parameters

The third pattern includes SPD of delta-rhythm, which initially were on the upper limit of
the norm or were moderately elevated, and under the influence of electrical stimulation
significantly increased, in particular in locus F8 drastically (Fig. 7).
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Fig. 7. Activating electrostimulation effects on the initially elevated EEG parameters

The last pattern (Fig. 8) included parameters of the EEG, whose initial normal levels,
judging by the mean values, did not significantly change under the influence of
electrostimulation. The reason for taking them to consideration will be discussed later.

And now we suggest looking at Figure 9, which shows integrated patterns. The first
pattern combines the parameters shown in Figure 5 and displays a normalizing increase in the
lowered parameters. Instead, the second pattern reflects the further decrease of the initially
lower parameters shown in Figure 6. The third pattern visualizes the irregularity of the
initially normal parameters placed on Figure 8. The fourth pattern reflects the normalizing
decline of the initially elevated SPD of beta-rhythm in locus O2. The fifth pattern
demonstrates the further increase of the initially elevated parameters given in Figure 7.
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Fig. 8. Uncertain electrostimulation effects on the initially norm EEG parameters
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Fig. 9. Integrated patterns of electrostimulation effects on EEG

As we see, only the first, third and fourth patterns correspond to the classical JF Wilder’s
“law of the initial level”. However, going ahead, we note that the second and fifth patterns
also reflect physiologically favorable changes in the EEG.

If we calculate the changes of the considered parameters of EEG by the method of direct
differences, then they are significant for all, including initially normal (Fig. 10-12).
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Fig. 10. Ranking of inhibiting neurotropic effects of electrostimulation
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Fig. 11. Ranking of enhancing neurotropic effects of electrostimulation
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Fig. 12. Drastically enhancing neurotropic effects of electrostimulation
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Based on the results of discriminant analysis [7] by the method of forward stepwise the
model included 20 parameters EEG (Table 2 and 3).

Table 2. Discriminant Function Analysis Summary
Step 20, N of vars in model: 20; Grouping: 2 grps. Wilks' A: 0,020; approx. F(1)=16,7; p<10'3

Variables Reference | Initial Final Change Wil | Par- | F-re | p- Tole
currently in level level level after 4 ks> | tial | mo- | le- ran-
the model (n=88) (n=14) (n=14) Seanses A A ve vel cy
0-rhythm De- 1,06+0,07 | 1,21+0,18 0,79+0,11 -0,43+0,20 | ,134 | ,153 [ 38,8 | 10* | ,072
viation, Hz 0 +0,22+0,26 | -0,40+0,17 | -0,62+0,29

F3-B SPD, 89+5 59+7 454 -13+6 ,052 | ,391 | 10,9 | ,013 | ,088
uVe/Hz 0 -0,61+0,15 | -0,88+0,08 | -0,27+0,12

B-rhythm Am- | 13,6+0,5 11,6+0,7 10,3+0,5 -1,3+0,8 ,107 | ,191 | 29,6 | ,001 | ,017
plitude, uV 0 -0,48+0,17 | -0,79+0,12 | -0,30+0,18

02-B SPD, 117+8 97+20 66+9 -31+19 147 | 140 | 43,1 | 10* | 011
nV%Hz 0 -0,27+0,28 | -0,69+0,12 | -0,42+0,26

3-rhythm Asy- | 33+3 57+6 46+7 -11+9 178 | ,115 [ 54,0 | 10* | ,033
mmetry, % 0 +0,90+0,21 | +0,48+0,26 | -0,41+0,35

C3-B SPD, 96+5 62+8 51+4 -11+6 ,035 | 581 | 50 | ,060 | ,066
nV%Hz 0 -0,70+0,16 | -0,92+0,08 | -0,22+0,13

P4-B SPD, 25,5+1,8 2444 18+3 -5,843,5 ,026 | ,791 | 19 ,215 | ,089
% 0 -0,11+0,23 | -0,46+0,19 | -0,35+0,21

P4-B SPD, 90+4 6648 5447 -12+8 ,040 | 514 | 6,6 ,037 | ,015
uVeHz 0 -0,63+0,21 | -0,93+0,17 | -0,30+0,21

02-B SPD, 26+2 21+4 164 -5,2+3,1 ,042 | 486 | 7,4 ,030 | ,107
% 0 -0,24+0,19 | -0,50+0,18 | -0,26+0,16

C4-B SPD, 88+5 66+8 58+6 -8+5 ,102 | ,200 | 28,0 | ,001 | ,025
uV%Hz 0 -0,53+0,20 | -0,71+0,16 | -0,18+0,12

F8-6 SPD, 71+14 2524106 1730+831 +1478+790 | ,062 | ,328 | 14,3 | ,007 | ,016
szle 0 +1,38+0,81 | +12,61+6,3 | +11,23+6,0

P3-6 SPD, 7,6+0,3 6,1+0,9 7,6+0,8 +1,5+0,9 223 |,092 | 69,3 | 10* | ,022
% 0 -0,53+0,32 | 0,00+0,28 +0,53+0,33

Fpl-6 SPD, 63+13 358+146 9104449 +552+374 ,088 | ,232 | 23,2 | ,002 | ,013
uVZIHz 0 +2,51+£1,25 | +7,23+3,83 | +4,71+3,19

P4-5 PSD, 19,1+1,3 31+5 40+7 +9+6 ,065 | ,313 | 15,4 | ,006 | ,023
% 0 +0,98+0,43 | +1,69+0,53 | +0,71+0,47

T5-0. SPD, 37+2 2244 2946 +7+4 ,026 | ,775 | 2,0 ,197 | ,079
% 0 -0,69+0,19 | -0,35+0,27 | +0,34+0,21

T5-0. SPD, 134+16 69425 112+39 +43+25 169 | ,121 [ 50,8 | 10* | ,010
uV%Hz 0 -0,43+0,16 | -0,14+0,26 | +0,28+0,16

T4-0 SPD, 134+13 42+8 59+16 +17+11 ,063 | ,327 | 14,4 | ,007 | ,017
nV%Hz 0 -0,75+0,06 | -0,61+0,13 | +0,14+0,09

F4-0 SPD, 41+2 20+4 2645 +6+3 ,085 | ,241 | 22,1 | ,002 | ,017
% 0 -1,07+0,19 | -0,77+0,29 | +0,30+0,16

01-6 SPD, 5,27+0,34 | 5,55+0,85 6,49+0,85 +0,95+0,60 | ,027 | ,768 | 2,1 ,189 | ,190
% 0 +0,09+0,27 | +0,39+0,27 | +0,30+0,19

0O1l1-a SPD, 48+3 28+7 33+7 +4,9+25 ,047 | ,434 | 9,1 ,019 | ,023
% 0 -0,77+0,26 | -0,58+0,28 | +0,19+0,10

Variables Reference | Initial Final Change Wil Par | Fto | p- | Tole
currently not | level level level after 4 ks’ tial en- | le- | ran-
in the model (n=88) (n=14) (n=14) Seanses A A ter | vel | cy
P3-B SPD, 100+5 74+11 57+6 -17,1+8,6 ,020 1,0 ,00 99 | ,040
UWV4/Hz 0 -0,54+0,23 | -0,89+0,12 | -0,35+0,18

a-rhythm 50+3 40+9 51+9 +11£5 ,020 |,992 | ,05 |,83|,014
Index, % 0 -0,32+0,30 | +0,03+0,28 | +0,35+0,15

F3-a SPD, 42+2 23+4 29+6 +6,5+3,1 ,020 ,983 | ,08 | ,78 | ,039
% 0 -0,97+0,22 | -0,63+0,31 +0,33+0,16
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Table 3. Summary of Stepwise Analysis

Variables currently in Fto |p- A F-va- | p-
the model enter | level lue level
0-rhythm Deviation, Hz | 4,1 ,054 ,865 | 4,1 ,054
F3-B SPD, uV/Hz 6,0 ,022 ,698 | 54 ,011
F8-5 SPD, uV*/Hz 3,5 ,074 ,610 | 5,1 ,007
P3-6 SPD, % 3,4 ,077 5630 | 5,1 ,004
T5-a SPD, % 1,9 ,185 489 | 4,6 ,005
8-rhythm Asymmetry, % | 2,2 ,156 443 | 44 ,005
P4-5 PSD, % 3,6 ,071 375 | 4,8 ,003
02-B SPD, uV*/Hz 4,1 ,058 ,309 | 5,3 ,001
Fp1-8 SPD, pV°/Hz 1,7 ,204 282 | 5,1 ,002
B-rhythm Amplitude, pV | 2,8 ,114 242 | 5,3 ,001
T5-a SPD, pV°/Hz 2,2 ,157 213 | 54 ,001
C4-B SPD, pV°/Hz 3,0 ,106 ,178 | 5,8 ,001
C3-B SPD, puV°/Hz 1,8 ,197 ,157 | 5,8 ,001
0O1-0 SPD, % 2,0 ,182 136 | 5,9 ,001
02-B SPD, % 5,0 ,045 096 |75 ,0006
F4-0. SPD, % 3,6 ,083 ,072 | 8,8 ,0004
T4-a SPD, pV°/Hz 6,5 ,029 ,044 | 12,8 ,0001
P4-B SPD, pV°/Hz 3,6 ,090 ,031 | 15,4 ,0001
01-0 SPD, % 1,7 ,229 ,026 | 15,8 ,0002
P4-B SPD, % 1,9 ,216 ,020 | 16,7 ,0004

Information about the parameters is condensed in the canonical discriminant root, which
correlates with some of them positively, and with others negatively (Table 4). The same table
shows the Raw Coefficients and Constant for discriminant variables, based on which as well
as on the individual values of the parameters of the EEG, the individual values of the
canonical root before and after electrostimulation course were calculated (Fig. 13).

Table 4. Standardized, Structural and Raw Coefficients and Constant for variables

Variables currently in Standar- Struc- Raw
the model dized tural
F8-5 SPD, pV*/Hz -6,539 ,050 -,003
P3-0 SPD, % 6,510 ,036 2,011
Fp1-8 SPD, pV°/Hz 7,778 ,033 ,006
P4-5 PSD, % 5,472 ,029 240
T5-a SPD, % 1,710 ,029 ,090
T5-a SPD, uV°/Hz 9,432 ,026 ,076
T4-a SPD, pV°/Hz -6,276 027 -132
F4-o SPD, % 6,676 ,025 ,383
01-0 SPD, % 1,118 ,022 ,351
O1-a SPD, % -4,994 014 -,190
8-rhythm Deviation, Hz -3,458 -,057 -6,153
F3-B SPD, uV/Hz -2,660 -,045 -121
B-rhythm Amplitude, pV | 7,003 -,042 3,010
02-B SPD, uV*/Hz -9,131 -,040 -, 156
d-rhythm Asymmetry, % | -5,209 -,035 -,217
C3-B SPD, pV°/Hz 2,541 -,034 ,109
P4-B SPD, % 1,546 -,033 119
P4-B SPD, pV°/Hz 5,713 -,031 ,205
02-B SPD, % -2,218 -,028 -161
C4-B SPD, pV°/Hz -5,664 -,020 -,201
Eigenvalue 47,856 Constant | -33,1
R=0,990; Wilks' A=0,020; 3°,0=62; p<10™

204



Root EEG
o oo A N O N M OO @

Kis Dash Lekh Koh BaN Kikh Ik Bos Pop BaR Kun BaV Lyn Naj

N
o
|

Fig. 13. Individual values of the canonical discriminant root before (red columns) and
after (green columns) four-day electrostimulation course with the device "VEB-1"

The striking changes in neurodynamics are documented by calculating the square of the
Mahalanobis distance between the recognition parameters before and after the course of
electrostimulation: D*y=191 (F=16,7; p<107).

Selected 20 parameters can be used to identify initial or final status a particular volunteer.
This is achieved through the calculation of classification functions on the basis of the obtained
Coefficients and Constants (Table 5).

Table 5. Coefficients and Constants for Classification Functions

Variables currently in Before | After
the model course course
0-rhythm Deviation, Hz -155,2 -237,2
F3-B SPD, uV“/Hz 2,812 | -4,429
F8-5 SPD, pV°/Hz -,095 -135
P3-0 SPD, % 57,12 83,93
T5-a SPD, % 1,558 2,762
d-rhythm Asymmetry, % | -5,407 -8,297
P4-6 PSD, % 8,279 11,48
02-B SPD, uV?/Hz -4536 | -6,610
Fp1-8 SPD, uV°/Hz ,190 273
B-rhythm Amplitude, uV | 84,36 124,5
T5-a SPD, pV°/Hz 2,233 3,251
C4-B SPD, pV’/Hz 5,342 | -8,024
C3-B SPD, uV*/Hz 2,357 3,808
0O1-a SPD, % -3,298 -5,829
02-B SPD, % -4,693 -6,835
F4-a SPD, % 10,75 15,85
T4-a SPD, pV°/Hz -3,820 | -5,584
P4-B SPD, uV?/Hz 6,549 9,279
01-0 SPD, % 14,12 18,80
P4-B SPD, % 5,916 7,502
Constants -511,4 -9527

In the following articles we will give data on the influence of electrostimulation on
parameters of autonomous and hormonal regulation, metabolism as well as gas discharge
visualization. After that, there will be a detailed discussion.
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