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Biophysical Research of ZEOLITH detox and ZEOLITH Creme of the Company
Lava Vitae 2, Ignat Ignatov 2"
aScientific Research Center of Medical Biophysics, Sofia, Bulgaria

Abstract

We studied the mathematical model of interaction with water of natural mineral and
microporous crystalline mineral ZEOLITH detox and ZEOLITH Creme of LavaVitae Company
(Austria). In this report are submitted data about the interaction of ZEOLITH detox and ZEOLITH
Creme with water, obtained by non-equilibrium (NES) and differential-equilibrium energy
spectrum (DNES) of water. The average energy (AEmn. o) of hydrogen H...O-bonds among
individual molecules H,O after treatment of ZEOLITH detox with water measured by NES- and
DNES-methods is AE=-0.0034+0.0011 eV for ZEOLITH detox. The average energy (AEmn.. o) of
hydrogen H...O-bonds among individual molecules H,O after treatment of ZEOLITH detox with
water measured by NES- and DNES-methods is AE=-0.0034+0.0011 eV for ZEOLITH detox.
The average energy (AEn.. o) of hydrogen H...O-bonds among individual molecules H.O after
treatment of ZEOLITH detox with water measured by NES- and DNES-methods is AE=-
0.007+0.0011 €V for ZEOLITH Creme. These results suggest the restructuring of AEx.. o values
among H,O molecules with a statistically reliable increase of local extremums in DNES-spectra.
The research is performed for ZEOLITH detox with study of pH and oxidative reduction potential
(ORP).

Keywords: ZEOLITH detox, ZEOLITH Créme, nanostructures, mathematical model, NES,
DNES.

1. Introduction

The ZEOLITH detox is mineral refers to new generation of natural mineral sorbents (NMS).
Zeolites are the alumosilicate members of the family of microporous solids known as "molecular
sieves", named by their ability to selectively sort molecules based primarily on a size exclusion
process. Natural zeolites form when volcanic rocks and ash layers react with alkaline groundwater.
Zeolites also crystallize in post-depositional environments over periods ranging from thousands to
millions of years in shallow marine basins. Naturally occurring zeolites are rarely pure and are
contaminated to varying degrees by other minerals, metals, quarts, or other zeolites. For this
reason, naturally occurring zeolites are excluded from many important commercial applications
where uniformity and purity are essentials.

As natural mineral zeolite has unusually broad scope of application in industry. Adsorption,
catalytic, and reduction-oxidation Zeolites is widely used in industry as a desiccant of gases and
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liquids, for treatment of drinking and sewage water from heavy metals, ammonia, phosphorus,
as catalyst in petrochemical industry for benzene extraction, for production of detergents and for
extracting of radionuclides in nuclear reprocessing. It is also used in medicine as nutritional
supplements having antioxidant properties. Some authors make qualifications of zeolites as nano
materials.

A wide range of properties of zeolite defines the search for new areas of industrial application
of these minerals in science and nano technology that contributes to a deeper study the mechanism
of interaction of these minerals with water. The company LavaVitae produces ZEOLITH Creme
with exceptional results on the skin and skin diseses. This paper deals with evaluating of
mathematical models of interaction of ZEOLITH detox and ZEOLITH Creme with water.

2. Materials and Methods

2.1. Materials

The study is performed with samples of ZEOLITH detox ZEOLITH Creme from LavaVitae
Company.

There are valid the following methods for research of zeolite.

2.2, Analytical Methods

The analytical methods were accredited by the Institute of Geology of Ore Deposits.
Petrography, Mineralogy, and Geochemistry (Russian Academy of Sciences). Samples were treated
by various methods as ICP-OES, GC, and SEM.

2.3. Gas-Chromatography

Gas-chromatography (GC) is performed at Main Testing Centre of Drinking Water (Moscow,
the Russian Federation) on Kristall 4000 LUX M using Chromaton AW-DMCS and Inerton-DMCS
columns (stationary phases 5% SE-30 and 5% OV-17), equipped with flame ionization detector
(FID) and using helium (He) as a carrier gas.

2.4. Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES)

The mineral composition is studied by inductively coupled plasma optical emission
spectrometry (ICP-OES) on Agilent ICP 710-OES (Agilent Technologies, USA) spectrometer,
equipped with plasma atomizer (under argon stream), MegaPixel CCD detector, and 40 MHz free-
running, air-cooled RF generator, and Computer-optimized exhale system: the spectral range at
167—785 nm; plasma gas: 0—22.5 l/min in 1.5 1/min; power output: 700-1500 W in 50 W
increments.

2.5. Transmission Electron Microscopy (TEM)

The structural studies were carried out with using JSM 35 CF (JEOL Ltd., Korea) device,
equiped with X-ray microanalyzer “Tracor Northern TN”, SE detector, thermomolecular pump, and
tungsten electron gun (Harpin type W filament, DC heating); working pressure: 104 Pa (10 Torr);
magnification: 300.000, resolution: 3.0 nm, accelerating voltage: 1—30 kV; sample size: 60—130 mm.

2.6. IR-Spectrospopy

IR-spectra of water samples, obtained after being contacted 3 days with shungite and zeolite,
are registered on Fourier-IR spectrometer Brucker Vertex (“Brucker”, Germany) (a spectral range:
average IR — 370—7800 cm; visible — 2500-8000 cm; the permission — 0.5 cm; accuracy of
wave number — 0.1 ¢cm™ on 2000 cm™);

For the research of ZEOLITH detox and ZEOLITH Creme the methods are:

2.7. Non-equilibrium Spectrum (NES) and Differential Non-equilibrium
Spectrum (DNES)

The energy spectrum of water is characterized by a non-equilibrium process of water droplets
evaporation, therefore, the term non-equilibrium spectrum (NES) of water is used. The difference

Af(E) = f (samples of water) — f (control sample of water) — is called the “differential non-
equilibrium energy spectrum of water” (DNES).

2.8. Measurement of pH and ORP (oxidative-redox potential )

The research is performed from Georgi Gluhchev with device from Hanna Instruments.

3. Results and Discussion

In comparison with zeolite comprises a microporous crystalline aluminosilicate mineral
commonly used as commercial adsorbents, three-dimensional framework of which is formed by
linking via the vertices the tetrahedral [AlO,]> and [SiO,]> (Panayotova, Velikov, 2002). Each
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tetrahedron [AlO,]? creates a negative charge of the carcasses compensated by cations (H*, Na*,
K+, Ca2*, NH,*, etc.), in most cases, capable of cation exchange in solutions. Tetrahedrons formed
the secondary structural units, such as six-membered rings, five-membered rings, truncated
octahedra, etc. Zeolites framework comprise interacting channels and cavities forming a porous
structure with a pore size of 0.3—1.0 nm. Average crystal size of the zeolites may range from 0.5 to
30 pm.

By the measurement of IR spectra in the range of vibrations in the crystal mineral framework
one can obtain the information: a) on the structure of the framework, particularly type lattice ratio
Si0./Al,O3, nature and location of cations and changes in the structure in the process of the
thermal treatment; b) on the nature of the surface of the structural groups, which often serve as
adsorption and catalytically active sites.

Other method for obtaining information about the average energy of hydrogen bonds in an
aqueous sample is measuring of the spectrum of the water state. It was established experimentally
that at evaporation of water droplet the contact angle 6 decreases discretely to zero, whereas the
diameter of the droplet changes insignificantly (Antonov, 1995). By measuring this angle within a
regular time intervals a functional dependence f(0) can be determined, which is designated by the
spectrum of the water state (Ignatov, 2005; Ignatov, 2012; Ignatov, Mosin, 2013). For practical
purposes by registering the spectrum of water state it is possible to obtain information about the
averaged energy of hydrogen bonds in an aqueous sample. For this purpose the model of W. Luck
was used, which consider water as an associated liquid, consisted of O—H...O-H groups (Luck et
al., 1980). The major part of these groups is designated by the energy of hydrogen bonds (-E), while
the others are free (E = 0). The energy distribution function f(E) is measured in electron-volts
(eV1) and may be varied under the influence of various external factors on water as temperature
and pressure.

For calculation of the function f(E) experimental dependence between the water surface
tension measured by the wetting angle (0) and the energy of hydrogen bonds (E) is established:

f(E)=bf(0) /1— (1 + b E)2)z,
where b = 14.33 eV; 0 = arcos(-1 — b E)

The energy of hydrogen bonds (E) measured in electron-volts (eV) is designated by the
spectrum of energy distribution. This spectrum is characterized by non-equilibrium process of
water droplets evaporation, thus the term “non-equilibrium energy spectrum of water” (NES) is
applied.

The difference Af(E) = f (samples of water) — f (control sample of water) — is designated the
“differential non-equilibrium energy spectrum of water” (DNES).

DNES is calculated in milli-electron volts (0.001 eV or meV) is a measure of changes in the
structure of water as a result of external factors. The cumulative effect of all other factors is the
same for the control sample of water and the water sample, which is under the influence of this
impact. The research with NES method of water drops received after 3 days stay with zeolite in
deionized water may also give valuable information on the possible number of hydrogen bonds as
percent of water molecules with different values of distribution of energies. These distributions are
basically connected with restructuring of H,O molecules with the same energies.

3.1. Results with spectral analysis of 1% solution of ZEOLITH detox

The average energy (En..0) of hydrogen H...O-bonds among individual H.O molecules in 1 %
solution of ZEOLITH detox is measured at E=-0.1219 eV. The result for the control sample
(deionized water) is E=-0.1185 eV. The results obtained with the NES method are recalculated with
the DNES method as a difference of the NES (1 % solution of ZEOLITH detox) minus the NES
(control sample with deionized water) equaled the DNES spectrum of 1 % solution of ZEOLITH
detox. Thus, the result for 1 % solution of ZEOLITH detox recalculated with the DNES method is
AE=-0.0034+0.0011 €V. The result shows the increasing of the values of the energy of hydrogen
bonds in 1 % solution of ZEOLITH detox regarding the deionized water. The result is effect of
stimulation on human body. This shows restructuring of water molecules in configurations of
clusters, which influence usefully on human health on molecular and cellular level. The effects are
describing with mathematical model of 1 % solution of ZEOLITH detox.
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3.2. Mathematical model of ZEOLITH detox

The research with the NES method of water drops is received with 1 % solution ZEOLITH
detox, and deionized water as control sample. The mathematical models of 1 % solution ZEOLITH
detox gives the valuable information for the possible number of hydrogen bonds as percent of H.O
molecules with different values of distribution of energies (Table 1 and Fig. 1). These distributions
are basically connected with the restructuring of H.O molecules having the same energies.

Table 1. The distribution (%, (-Evalue)/(-Etotal valee) of H.O molecules in 1 % water solution of
ZEOLITH detox (product of LavaVitae, Austria) and control deionized water

-E(eV) 1 % water Control -E(eV) 1 % water Control
X-axis solution Sample X-axis solution Sample
ZEOLITH Deionized ZEOLITH Deionized water
detox water detox y-axis
(LavaVitae) y-axis (LavaVitae) (%((-Evatue)*/-Erotal
y-axis (%((- y-axis value) ¥ ¥
(%((‘Evalue) */ Evalue)*/ (‘ (%((‘Evalue)
(‘Etotal Value) w* Etotal value) ** * /
(‘Etotal
value)**
0.0937 0 6.7 0.1187 0 15.5
0.0962 0 6.7 0.1212 18.92 0
0.0987 0 6.7 0.1237 0 6.7
0.1012 6.0 15.5 0.1262 0 6.7
0.1037 12.5 6.7 0.1287 0 0
0.1062 0 6.7 0.1312 0 3.3
0.1087 3.1 0 0.1337 12.5 0
0.1112 3.11 0 0.1362 12.5 3.3
0.1137 0 15.5 0.1387 18.93 0
0.1162 12.5 (o] — — —
Notes:

E=-0.1212 eV is the local extremum for anti inflammatory effect

E=-0.1387 eV is the local extremum for inhibition of development of tumor cells of molecular level
Notes:

* The result (-Evae) is the result of hydrogen bonds energy for one parameter of (-E)

** The result (-Evane) is the total result of hydrogen bonds energy

Figure 1 shows the distribution (%, (-Evaiue)/(-Etotal vaive) 0f H,O molecules in and 1 % of water
solution of ZEOLITH detox (product of LavaVitae, Austria) (red line) and control sample deionized
water (blue line).
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Fig. 1. Mathematical model (Ignatov, Mosin, 2013) of 1 % water solution of ZEOLITH detox
(product of LavaVitae, Austria)
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Notes:

E=-0.1212 eV is the local extremum for anti-inflammatory effect

E= -0.1387 €V is the local extremum for inhibitation of development of tumor cells of molecular
level

The experimental data obtained testified the following conclusions from the mathematical model of in
1 % water solution of ZEOLITH detox (product of LavaVitae, Austria) and control deionized water.
The distribution (%, (-Evaiue)/(-Etotal vaive) 0f water molecules in mathematical model of in 1 % water
solution of ZEOLITH detox (product of LavaVitae, Austria) and control deionized water.
The distribution (%, (-Evawe)/(-Etotal vawe) of water molecules in ZEOLITH detox (product of
LavaVitae, Austria) according control sample is different. However, for the value E = -0.1387 eV or A =
8.95 um there is the biggest local extremum (18.9 (%, (-Evalue)/(~Etotal value)) corresponding to the re-
structuring of hydrogen bonds among H.O molecules for inhibition of development of tumor cells
of molecular level. This difference may indicate on the different number of hydrogen bonds in
water samples, as well as their physical parameters (pH, ORP), resulting in different distribution of
H.O molecules and different values of H.O molecules with ratios of (-Evaiue)/(-Etotal vaue). Particularly
it was observed the statistical re-structuring of H.O molecules in water samples according to the
energies. The experimental data may prove that stipulates the restructuring of H,O molecules on molecular
level and may be used for the prophylaxis of development of tumor cells. For the value E=-0.1212 eV or
A=10.23 um there is the bigger local extremum (18.9 (%, (-Evaiue)/(~Etotal value)) corresponding to the re-
structuring of hydrogen bonds among H,O molecules for anti inflammatory effect.. The experimental data for
ZEOLITH detox may prove that stipulates the restructuring of H.O molecules on molecular level and the
biophysical effects are:

E=-0.1212 eV is the local extremum for anti inflammatory effect

E= -0.1387 eV is the local extremum for inhibition of development of tumor cells of
molecular level

3.3 Results with spectral analysis of 1% solution of ZEOLITH Creme

The average energy (En..0) of hydrogen H...O-bonds among individual H.O molecules in 1 %
solution of ZEOLITH Creme is measured at E=-0.1200 eV. The result for the control sample
(deionized water) is E=-0.1130eV. The results obtained with the NES method are recalculated with
the DNES method as a difference of the NES (1 % solution of ZEOLITH Creme) minus the NES
(control sample with deionized water) equaled the DNES spectrum of 1 % solution of ZEOLITH
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Creme. Thus, the result for 1 % solution of ZEOLITH Creme recalculated with the DNES method is
AE=-0.00740.0011 €V. The result shows the increasing of the values of the energy of hydrogen
bonds in 1 % solution of ZEOLITH detox regarding the deionized water. The results is effect of
stimulation on human body. The result is 6.4 times more than statistical reliable result. This shows
restructuring of water molecules in configurations of clusters, which influence usefully on human
health on molecular and cellular level. The effects are describing with mathematical model of 1 %
solution of ZEOLITH Creme.

3-2. Mathematical model of ZEOLITH detox

The research with the NES method of water drops is received with 1 % solutions ZEOLITH
Creme and deionized water as control samples. The mathematical models of 1 % solution ZEOLITH
Creme give the valuable information for the possible number of hydrogen bonds as percent of H.O
molecules with different values of distribution of energies (Table 1). These distributions are
basically connected with the restructuring of H,O molecules having the same energies.

3.3. Mathematical model of ZEOLITH Creme (product of the company
LavaVitae)

The research with the NES method of water drops is received with 1 % solution ZEOLITH
Creme, and deionized water as control sample. The mathematical model of 1 % solution ZEOLITH
Creme gives the valuable information for the possible number of hydrogen bonds as percent of H,O
molecules with different values of distribution of energies (Table 2 and Fig. 2). These distributions
are basically connected with the restructuring of H.O molecules having the same energies.

Table 2. The distribution (%, (-Evae)/(-Etotavaie) 0of H>O molecules in 1 % water solution of
ZEOLITH Creme (product of LavaVitae, Austria) and control deionized water

-E(eV) 1 % water Control -E(eV) 1 % water Control
X-axis solution Sample X-axis solution Sample
ZEOLITH Deionized ZEOLITH Deionized water
Creme water Creme y-axis
(LavaVitae) y-axis (LavaVitae) | (%((-Evale)*/ (-Etotal
y-axis (%((- Y'aXiS value)**
(%(('Evalue) */ Evalue)*/ (' (%((‘Evalue)
(‘ Etotal value) w* Etotal Value) *H* * /
(‘Etotal
value)**
0.0937 0 0 0.1187 0 5.7
0.0962 0 11.4 0.1212 15.22 5.7
0.0987 7.8 5.7 0.1237 3.8 0
0.1012 7.8 5.7 0.1262 3.8 5.7
0.1037 3.8 11.4 0.1287 7.7 5.7
0.1062 7.8 11.4 0.1312 7.7 0
0.1087 3.8 0 0.1337 7.7 0
0.1112 3.8 5.7 0.1362 3.8 5.7
0.1137 0 8.8 0.1387 7.73 5.7
0.1162 7.8 5.7 - - -
Notes:
E=-0.1212 eV is the local extremum for anti-inflammatory effect
Notes:

* The result (-Evalue) is the result of hydrogen bonds energy for one parameter of (-E)
** The result (-Evale) is the total result of hydrogen bonds energy

Figure 2 shows the distribution (%, (-Evaue)/(Etotal vae) 0f H-O molecules in and 1 % of water
solution of ZEOLITH Creme (product of LavaVitae, Austria) (red line) and control sample
deionized water (blue line).
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Fig. 2. Mathematicalmodel (Ignatov, Mosin, 2013) of 1% watersolution of ZEOLITH Creme
(product of LavaVitae, Austria).

Notes:
E=-0.1212 eV is the local extremum for anti-inflammatory effect

The experimental data obtained testified the following conclusions from the mathematical model of in
1% water solution of ZEOLITH Creme (product of LavaVitae, Austria) and control deionized water.
The distribution (%, (-Evalue)/(-Etotal vae) of water molecules in mathematical model of in 1 % water
solution of ZEOLITH Creme (product of LavaVitae, Austria) and control deionized water.
The distribution (%, (-Evaiue)/(-Etotal vae) of water molecules in ZEOLITH Creme (product of
LavaVitae, Austria) according control sample is different. However, for the value E =-0.1212 eV or A
= 10.23 um there is the biggest local extremum (15.2(%, (-Evalue)/(~Etotal value)) corresponding to the re-
structuring of hydrogen bonds among H,O molecules for inhibition of development of tumor cells of
molecular level. This difference may indicate on the different number of hydrogen bonds in water
samples, resulting in different distribution of H.O molecules and different values of H.O molecules
with ratios of (-Evaiue)/(-Etotal value). Particularly it was observed the statistical re-structuring of H.O
molecules in water samples according to the energies.The experimental data may prove that stipulates the
restructuring of H,O molecules on molecular level and may be used for cleaning of skin with anti
inflammatory effect. The experimental data for ZEOLITH Creme may prove that stipulates the restructuring
of H,O molecules on molecular level and the biophysical effect is:

E=-0.1212 eV is the local extremum for anti-inflammatory effect

4. Results with pH and ORP

There are valid the following results of pH as indicator for acid alkaline medium of the
products of Lava Vitae. There are the results also of ORP or Oxidation-reduction potential.

The results are for 1% of solutions of products, which are made from deionized water.
This research is performed with Georgi Gluhchev from Bulgarian Academy of Science. The results
of pH of deionized water is 6.05 and of ORP is 119.7. Table 3 shows the results of pH and ORP.
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Table 3. Results of products of company LavaVitae for pH and ORP

Product pH ORP (mV) Coordinates
Fig. 2

VITA 4.07+0.02 -104.5 Point 1

Intense (4,07; -104.5)

BOOST 3.60+0.02 +113.6 Point 2
(3,90;113.6)

ZEOLITH 8.01+0.02 +109.5 Point 3

detox (8,01;103.3)

Deionized 6.05+0.02 +119.7

water

Figure 3 shows the dependence between the acidity and basicity (pH) of electrochemically
activated solutions and the oxidation-reduction potential (ORP). The pH value within the interval
from 3 to 10 units and the ORP within the interval from -400 mV to +900 mV characterize the area
of the biosphere of microorganisms. Outside these ranges of pH and ORP the microorganisms will
hardly survive.

ORP Biosphere of
micro-organisms
{ORP and pH)

+ 1200 = '__ CIII RV (L e D" by By M)
s ___l u Point1
z ' ) Point2
__- \\ ‘ Point 3
pH
= L 1
0 4 8 12
@ e enfronment @ tiosphete of
which electrotyzex micio-ceganisms

acid water produces

Fig. 3. The dependence between acidity and basicity (pH) of solutions and the ORP on the
biosphere of micro-organisms (point 1; VITA intense), (point 2; BOOST), point 3; ZEOLITH
detox).

Owing to the unique porous structure the mineral Zeolites are ideal absorbents and fillers
(Gorshteyn et al., 1979), and as sorbents have a number of positive characteristics:

- High adsorption capacity, characterized by low resistance to water pressure;

- Mechanical strength and low abrasion resistance;

- Corrosion-resistance;

- Absorption capacity relatives to many substances, both organic (oil, benzene, phenol,
pesticides, etc.) and inorganic (chlorine, ammonia, heavy metals);

- Catalytic activity;

- Relatively low cost;

- Environmental friendliness and ecological safety.

5. Discussion and Conclusions
5.1. ZEOLITH detox (product of LavaVitae company)
The interaction of ZEOLITH detox with water is quiet complex and results the restructuring
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of energy values among H.O molecules with a statistically reliable increase of local extremums in
DNES-spectra after treatment of ZEOLITH detox with water. These values are measured at -0.1219
eV for ZEOLITH detox. The result for control sample (deionized water) is -0.1185 eV. The results
with NES method were recalculated by the DNES method. The result of ZEOLITH detox with
DNES method is 0.0034+0.0011 €V.

From the NES and DNES spectrum and mathematical model of 1 % solution of ZEOLITH
detox and deionized water as control sample are valid the following conclusions for biophysical
effects for ZEOLITH detox (LavaVitae Company)

- Anti-inflammatory effect;

- inhibition of development of tumor cells of molecular level;

Naturally occurring zeolites are rarely pure and are contaminated to varying degrees by other
minerals, metals, quarts, or other zeolites. For this reason, naturally occurring zeolites are excluded
from many important commercial applications where uniformity and purity are essential.
In comparison with zeolite comprises a microporous crystalline aluminosilicate mineral commonly
used as adsorbent. Zeolite- creates a negative charge of the carcasses compensated by cations
(H*, Na*, K+, Ca2*, NH,*, etc.), in most cases, capable of cations exchange in solutions. Efficiency of
using zeolite is stipulated by the high range of valuable properties (absorption, catalytic,
antioxidant, regenerative, antibacterial). There is permanent antioxidant activity of zeolite on
enzymes (Dogliotti et al., 2012; Ignatov, Mosin, 2015).

5.2. ZEOLITH Creme (product of LavaVitae company)

From the NES and DNES spectrum and mathematical model of 1% solution of ZEOLITH
Creme and deionized water as control sample is valid the following conclusion for biophysical
effects for ZEOLITH Creme (LavaVitae company)

- anti-inflammatory effect;

Naturally occurring zeolites are rarely pure and are contaminated to varying degrees by other
minerals, metals, quarts, or other zeolites. For this reason, naturally occurring zeolites are excluded
from many important commercial applications where uniformity and purity are essential. In
comparison with zeolite comprises a microporous crystalline aluminosilicate mineral commonly
used as adsorbent. Zeolite- creates negative charge of the carcasses compensated by cations (H*,
Na+, K*, Ca2*, NH,*,etc.), in most cases, capable of cations exchange in solutions. Efficiency of
using zeolite is stipulated by the high range of valuable properties (absorption, catalytic,
antioxidant, regenerative, antibacterial). There is permanent antioxidant activity of zeolite on
enzymes (Dogliotti et al., 2012; Ignatov, Mosin, 2015).
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Abstract

This paper presents the results of evaluation of possible biophysical methods and approaches
for registering of various non-ionizing radiation (NIR) wave types of the human body in the
electromagnetic and optical range. Many types of NIR (electromagnetic waves, infrared radiation,
thermo radiation, bioluminescence) emitted from the human body were reviewed. In particular the
results on of spontaneous biophoton emission and delayed luminescence from the human body are
submitted along with infrared thermography (IRT) results. It was shown that 1 ecm2 of skin
generally emits ~85 photones for 1s. The intensity of biophoton emission ranges from 1019 to 1016
W/cem?2 (approx. ~1-1000 photons-.cm=s). The specific photon emission from part of the human
thumb was detected as a spectrum of various colors with the method of Color coronal spectral
analysis on a device with an electrode made of polyethylene terephthalate (PET hostafan) with
applied electric voltage 15 kV, electric impulse duration 10 ps, and electric current frequency
15 kHz. It was established that photons corresponding to a red color emission of visible
electromagnetic spectrum have energy at 1.82 eV. The orange color of visible electromagnetic
spectrum has energy at 2.05, yellow — 2.14, blue-green (cyan) — 2.43, blue — 2.64, and violet —
3.03 eV. The reliable result measurement norm was at E > 2.53 eV, while the spectral range of the
emission was within 380—495 nm and 570-750 nm+5 nm. Also were estimated some important
physical characteristics (energy of hydrogen bonds, wetting angle, surface tension) of water by the
methods of non-equilibrium energy (NES) and differential non-equilibrium energy (DNES)
spectrum of water, that helps understand in general how electromagnetic radiation interacts with
water and establish the structural characteristics of water.

Keywords: electromagnetic waves, infrared radiation, thermo radiation, bioluminescence,
color coronal spectral analysis, NES, DNES.

1. Introduction

All living organisms have a cellular therefore, a molecular organized structure. The living
processes inside of them run on a cellular and a molecular level. Bioelectrical activity is one of the
very important physical parameters of living organisms (Ignatov et al., 1998). Bioelectric potentials
generated by various cells are widely used in medical diagnostics (Rubik, 2002) and are recorded
as electrocardiogram, electromyogram, electroencephalogram, etc. It was proved that the human
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body and tissues emanate weak electromagnetic waves, the electric voltage of which is denoted as
resting potential, action potential, omega-potential etc. (Dobrin et al., 1979; Adey, 1981). Between
the outer surface of the cell membrane and the inner contents of the cell there is always the electric
potential difference which is created because of different concentrations of K+, Na+* and Cl- inside
and outside of the cell and their different permeability through the cell membrane (Kiang et al.,
2005). Their value in the human body varies ~50—80 mV and is defined by the galvanic contact of a
voltmeter input with an object that indicates on the galvanic type of their source (Cleary, 1993).
When being excited a living cell changes the membrane electric potential due to changes in
membrane permeability and active ion movement through the membrane. In cells of excitable
tissues (muscle, nervous), these processes can occur within a very short time intervals
(milliseconds) and are called “current action” potential. Its magnitude makes up ~120 mV.
Electromagnetic fields refer to non-ionizing radiation (NIR), i.g. the radiative energy that, instead
of producing charged ions when passing through matter, has sufficient energy only for excitation.
Nevertheless it is known to cause biological effects (Kwan-Hoong, 2003). The NIR spectrum is
divided into two main regions, optical radiations and electromagnetic fields. The optical spectrum
can be further sub-divided into ultraviolet, visible, and infra-red. The electromagnetic fields are
further divided into radiofrequency (microwave, very high frequency and low frequency radio
wave). NIR encompass the long wavelength (> 100 nm) and low photon energy (<12.4 eV) portion
of the electromagnetic spectrum, from 1 Hz to 3-10% Hz. As a result of research carried out in the
1990-s and subsequent years, it was established the property of animal and plant tissues
to generate relatively strong transient NIR electric fields due to mechanical stresses and
temperature changes in biological structure (Anderson, 1993). These electric fields are mainly due
to the piezoelectric and pyroelectric voltage electric polarization of natural biological structures.
Owing to cell metabolism, electric dipoles (polar and ionized molecules) involved in polarization of
biostructures are continuously destroyed and restored, i.e. this is a non-equilibrium polarization
(Barnes, Greenebaum, 2006). Such type of non-equilibrium electric polarization is known as a
main characteristic of electrets (Gubkin, 1978). Electrets include dielectric insulators and
semiconductors, which under certain conditions, i.g. under the influence of a strong electrostatic
field or ionizing radiation, light and other factors acquire property to generate an external electric
field, existing for a long time (days, years) and slowly diminishes because the destruction of their
substance by polarization (Sessler, Gerhard-Multhaupt, 1998). Along with the electromagnetic field
electrets generate specific elecric currents produced by heating — thermally stimulated current
(TSC) (Gross, 1964). Electrets belong to the non-galvanic type of electrical sources, which tend to a
strong electric field (up to 10° V/m) and the infinitesimal electric current (~104 A/mm?2).
By analogy with the physical fields the electric field emitted from the human body on its physical
characteristics resembles the electric field generated by electrets. The electrets play an important
role in functioning of many biological structures as they themselves possess electret properties.
The bioelectret fild registered on the surface of the human body basically are generated by the basal
cells of the epidermis (Marino, 1988). Dermis cells adjacent to the bottom layer of basal cells are
surrounded by a conductive interstitial fluid, which electric voltage while grounding of the human
body is close to zero (so called ground potential). This interstitial fluid screens off electromagnetic
fields of underlying tissues. With the average thickness of the epidermis (~0.1 mm) and the
maximum value of electric voltage (~30.0 V), the electric field strength can reach significant values
at ~300000 V/m (Seto et al., 1992). The strength of the electric field is quiet sufficient for its
influence on the biological processes in cells and surrounding tissues, including the synthesis of
proteins and nucleic acids (Liboff at al., 1984; Frey, 1993; Shimizu et al., 1995). This electric field
along with the field of transmembrane assymetry of ions concentrated at inside and outside of the
membrane (~105 V/cm?2) can participate in the cooperative effects in cell membrane structures
(Holzel, Lamprecht, 1994; Miller, 1986). Thus, owing to the bioelectret condition of certain
subcellular structures in the cell and its surroundings is generated slowly oscillating electric field
that is strong enough to influence the biological processes. This field and the electric field due to
the piezoelectric voltage and intramembrane electric field forms the total electromagnetic field of
the cell and its supracellular structures. It is known that the human skin emanates electromagnetic
waves in close ultraviolet range, optic range and also in close infrared range. Infrared thermal
bioradiation is found in the middle infrared range at wavelengths from 8 to 14 pm. At wavelength
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of 9.7 um infrared bioradiation has its maximum value at t = 36.6 °C. At this temperature the skin
emission is closest to the emission of absolute black body (ABB) being at the same temperature.
Infrared emission penetrates the skin surface at a depth of ~0.1 mm, and is reflected in accordance
with the physical laws of reflection of the visible part of the electromagnetic spectrum. Evidently,
radiation energy influences tissues while being absorbed by them. Yu.V. Gulyaev and E.E. Godik
(Gulyaev, Godik, 1984) determined that the threshold of skin sensitivity for infrared radiation
compiled ~104 W/cm2. When thermal influence is applied to the point of threshold skin sensitivity,
there is developed a physiological reaction toward the thermal current. The intensity of the
radiated thermal current generated by skin makes up ~2.6:102 W/cmz2. The second component of
electromagnetic waves is bioluminescence (Young, Roper, 1976; Chang et al., 1998). It is supposed
that biophotons, or ultraweak photon emissions of biological objects, are weak electromagnetic
waves in the optical range of the spectrum (Cohen, Popp, 1997). The typical observed emission of
biological tissues in the visible and ultraviolet frequencies ranges from 109 to 107® W/cm?
(~1—1000 photons-cm=sec™) (Edwards et al., 1989; Choi et al., 2002). This light intensity is much
weaker than that one to be seen in the perceptually visible and well-studied spectrum of normal
bioluminescence detectable above the background of thermal radiation emitted by tissues at their
normal temperature (Niggli, 1993). Bioelectric emission from parts of the human body as thumbs
can be easily detected with the method of Color coronal spectral analysis under applying gas
electrical discharge of high voltage and frequency developed by I. Ignatov (Ignatov, 2005).
This method has big scientific and practical prospects in biophysics and medical diagnostics
(Chiang et al., 2005). Its advantages include safety, sterility, clarity and interpretability of the data
obtained, ease of storage and subsequent computer data processing, the ability to monitor the
development of processes in time, comparing the structural, functional and temporal processes etc.
The purpose of this research was studying of possible biophysical methods and approaches for
registering various NIR wave’s types emitted from the human body (electromagnetic waves,
infrared radiation, thermo radiation) and methods of their visualization by different technique
including magnetography, infrared thermography, chemiluminescence, and color coronal gas
discharge spectral analysis.

2. Materials and Methods

2.1. Registration of electromagnetic fields

The registration of electromagnetic fields was used with super conductive detectors based on
Joseffson junctions — divice made by sandwiching a thin layer of insulating nonsuperconducting
material between two layers of superconducting cooper pairs (S-I-S).This allows the registering of
magnetic fields 10 times weaker than the Earth’s magnetic field. The study of electric field nearly
the human body was done using a standard Faraday cage formed by conducting material
(aluminium foil) blocks external static and non-static electric fields by channeling electricity
through the conducting material, providing constant voltage on all sides of the enclosure.

2.2, Color coronal gas discharge spectral analysis

Experiments were carried out by using selective high-frequency electric discharge (SHFED)
on a device with the electrode made of polyethylene terephthalate (PET, hostafan) with an electric
voltage on the electrode 15 kV, electric impulse duration 10 ps, and electric current frequency
15 kHz. The electrode of the device was made of hostafan, and was filled up with electro-conductive
fluid. The spectral range of the emission was in the range 380—495 nm and 570-750+5 nm.
The measurements were measured in electronvolts (eV). Detection of gas discharge glowing was
conducted in a dark room equipped with a red filter. On the electrode put a photosensitive paper or
color film. The object under study (human thumb) was placed on top of a sheet of photo paper or
color film. Between the object and the electrode were generated impulses of the electric voltage
15 kV and electric current frequency — 15—24 kHz; on the reverse side of the electrode was applied
the transparent electrically conductive thin copper coating. Under these conditions in the thin
contact gas space between the studied object and electrode was generated gas electric discharge in
the form of characteristic glow around the object — a corona gas electric discharge in the range of
280—760 nm, illuminates a color photo or a photographic film on which was judged about the
bioelectric properties of the studied object. Along with the visible range, for this method were
obtained color spectra in UV and IR range. Evaluation of the characteristic parameters of
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snapshots was based on the analysis of images treated by standard software package. Statistical
processing of the experimental data was performed using the statistical package STATISTISA 6
using Student's t-criterion (at p < 0.05).

2.3. NES and DNES experiments on interaction of electromagnetic field with
water

The research was made with the method of non-equilibrium spectrum (NES) and differential
non-equilibrium spectrum (DNES). The device measures the angle of evaporation of water drops
from 72 © to 0 °. As the main estimation criterion was used the average energy (AExu..o) of hydrogen
O...H-bonds between H.O molecules in water’s samples. The spectrum of water was measured in
the range of energy of hydrogen bonds 0.08-0.1387 eV or 8.9-13.8 um with using a specially
designed computer program. The study with Risimanski was performed with deionized water and
1 % of glucose solution.

3. Results and Discussion

3.1. Color coronal gas discharge spectral analysis

Coronal gas discharge effect is indicated by the glow corona electrical discharge (flooding,
crown, streamer) on the surface of objects being placed in the alternating electric field of high
frequency (10-150 kHz) and electric voltage (5—30 kV) (Kilrian, 1949). In this process in the
ionization zone develops the gas corona discharge sliding on dielectric surface, occurring in a
nonuniform electric field near the electrode with a small radius of curvature. In the thin air layer
with thickness of ~10—100 pm between the studied object and the electrode are developed the
following processes:

1) Excitation, polarization and ionization by electric field of high frequency the main
components of air — the molecules of nitrogen (78 % N.), oxygen (21 % O.) and carbon dioxide
(0.046 % CO,). In the result of this is formed an ionized gas, i.e. gas with separated electrons
having negative charges, creating a conductive medium as plasma;

2) Formation of a weak electric current in the form of free electrons separated from
molecules of N,, O, and CO,, which generate gas discharge between the studied object and the
electrode. The form of gas discharge glowing, its density and surface brightness distribution is
determined mainly by electromagnetic properties of the object;

3) The transition of electrons from lower to higher energy levels and back again, during
which there appears a discrete quantum of light radiation in the form of photon radiation.
The transition energy of electrons depends on the external electric field and the electronic state of
the studied object. Therefore, in different areas surrounding the electric field, the electrons receive
different energy impulses, i.e. “skipping” at different energy levels those results in emission of
photons with different wavelengths (frequencies) and the energy, coloring the contour of the glow
in various spectral colors. Processes outlined above form the total gas electric effect (Ignatov,
Mosin, 2012), allows to study the electrical properties of the object at its interaction with an
external electromagnetic field (Ignatov, Mosin, 2013a; Ignatov, Mosin, 2013b). It was shown that
the electrical conductivity of the object has almost no effect on the formation of the electric images,
which mostly depends on the dielectric constant (Pehek et al., 1976).

There is a relationship (1) of the electric discharge per unit area of the recording medium on
the following parameters:

0 =[a — Up(d2+6)/d-]eo(d=+6)/6d>, (1)

where: 6= d,/e, + d3/e3

a — slope rate of electrical pulse;

T — duration of the electrical pulse;

U, — breakdown voltage of the air layer between the sobject and the recording medium,;

d, — the width of the object;

d. — width of the zone of influence of the electromagnetic field;

d; — width of the recording medium;

€0 — dielectric permittivity of the air (&, = 1.00057 F/m);

&, — dielectric permittivity of the studied object;

g5 — dielectric permittivity of the medium.

To calculate the breakdown voltage of the air layer is used this formula:

Up,= 312 + 6,2d. (2)
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As a result of mathematical transformations is obtained a quadratic equation describing the
width of the air layer:

6,2d2 — (aT — 6,26 — 312)d. + 3126 = 0 (3)

This equation has two solutions:

d>=[aT - 6,26 — 312] + [(aT — 6,26 — 312)?— 77385)/2(4)

The above equations allow calculating maximum and minimum width of the air layer for the
occurrence of elecric discharge under which is being formed the electrical image of the studied
object. Gas discharge characteristics for various biological objects vary in character and light
intensity, size of contour glow and color spectrum and depend both on its own electromagnetic
radiation and the dielectric constant of the object. The intensity depends on the electric voltage
applied on the electrode. Studies have shown that the contours of gas discharge glow at 12 kHz and
15 kHz are homogeneous in their structure. The contour at kHz is 55 % of the contour at 15 kHz and
at 24 kHz — only 15 % of the contour at 15 kHz that is important for further analysis and
identification of images. The incidence of bioelectrical activity of the body reducing the intensity of
gas discharge glow. Pathology in the organism and surrounding tissues also alter the bioelectric
activity and the shape and color of gas discharge glow, which is determined mainly by energy of
photon emission at the transition of electrons from higher energy levels to the lower ones when
being excited by the external electric field. Thus, for red color of the electromagnetic spectrum this
energy compiles 1.82 eV, for orange color — 2.05 eV, yellow — 2.14 €V, blue-green (cyan) — 2.43 eV,
blue — 2.64 eV, and violet — 3.03 eV. The reliable result norm is at E > 2.53 eV.

The spectral range of the photon emission for different colors is within 380-495 nm and 570—
750 nm+5 nm. The photons, corresponding to the emission with green color in the visible
electromagnetic spectrum, are not being detected under those experimental conditions. Thus, the
more predominant in the color spectrum yellow, orange, blue, blue-green and purple colors, the
more pronounced is gas discharge glow and bioelectric properties of the object. According to the
data obtained, the incidence of bioelectrical activity of the body reducing the intensity of gas
discharge glow. Studies carried out by A. Antonov and I. Ignatov on 1120 patients shown that the
overall drop in the bioelectric activity of the body, as well as pathology in organism alter the
bioelectric activity and reduce the apparent size of the gas discharge glow. This dependence is
observed for many disorders, although there are not statistical reliable results that this method can
be applied in medical diagnostics. The research area was from part of the thumb contacted with
transparent electrode. The norm of energy of photon emission compiles 2.54 eV. If the value is over
than 2.54 eV this is an indicator of normal bioelectrical status. Some people with high energy status
possess the values of photon emission over 2.90 eV. The high values of this parameter are possible
with practicing of yoga, sport etc. The emission less than 2.53 €V is characteristic for people with
low bioelectrical status. These results are interesting from scientific point of view, because they
may provide brilliant prospects for further using of this method for biophysical studies.interesting
from scientific point of view, because they may provide prospects for further using of this method
for biophysical studies.

Figure 1 shows the results of of Dimitar Risimanski with color coronal discharge.
The bioelectrical discharge in norm is on fig. 1a). The code of bioelectrical photography of
Risimanski is 1b). The coronal image of the man A.A. before bioinfluence of Risimanski is 3c¢).
The picture is with blue biophoton emission 2.64 eV. The result of the man A.A. after influence on
Risimanski is 3d). It is with biophoton emission with blue and predominant violet color and
biophoton emission — 3.00 eV.
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a). Bioelectrical discharge b). Bioelectrical discharge image
of a person in norm (1.94 eV) of Dimitar Risimanski (3.03 V)

c). Bioelectrical discharge image d). Bioelectrical discharge image
of AA.. (2.64 eV) of A.A. (3.00 eV)

Fig. 1. Bioelectrical discharge images of the research with Dimitar Risimanski (I. Ignatov)

3.2. NES and DNES analysis of water

Water seems to be a good model system for studying the interaction with electromagnetic
field and structural research. The recent data indicated that water is a complex associated non-
equilibrium liquid consisting of associative groups (clusters) containing from 3 to 50 individual
H.O molecules (Keutsch, Saykally, 2011). These associates can be described as unstable groups
(dimers, trimers, tetramers, pentamers, hexamers etc.) in which individual H.O molecules are
linked by van der Waals forces, dipole-dipole and other charge-transfer interactions, including
hydrogen bonding (Ignatov, Mosin, 2013c¢). At room temperature, the degree of association of H,O
molecules may vary from 2 to 21. The measurements were performed with using NES and DNES
methods. It was established experimentally that the process of evaporation of water drops, the
wetting angle 6 decreases discreetly to 0, and the diameter of water drop basis is only slightly
altered, that is a new physical effect (Antonov, Yuskesselieva, 1983). Based on this effect, by means
of measurement of the wetting angle within equal intervals of time is determined the function of
distribution of H.O molecules according to the value of f(8). The distribution function is denoted as
the energy spectrum of the water state. A theoretical research established the dependence between
the surface tension of water and the energy of hydrogen bonds among individual H.O-molecules
(Antonov, 1995). The hydrogen bonding results from interaction between electron-deficient
H-atom of one H.O molecule (hydrogen donor) and unshared electron pair of an electronegative
O-atom (hydrogen acceptor) on the neighboring H.O molecule; the structure of hydrogen bonding
may be defined as O---HHU+-QHO,
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For calculation of the function f(E) represented the energy spectrum of water, the
experimental dependence between the wetting angle (6) and the energy of hydrogen bonds (E) is
established:

f(E) =b = 1(8)/1 - (1 + b x E)?)V2, (4)
where b = 14.33 eV (5)

The relation between the wetting angle (0) and the energy (E) of the hydrogen bonds between
H.O molecules is calculated by the formula:

0 = arcos (-1 — 14.33E) (6)

The energy spectrum of water is characterized by a non-equilibrium process of water droplets
evaporation, therefore, the term non-equilibrium spectrum (NES) of water is used. The energy of
hydrogen bonds measured by NES is determined as E = -0,1067 + 0,0011 €V.

The difference Af(E) = f (samples of water) — f (control sample of water) — is called the
“differential non-equilibrium energy spectrum of water” (DNES).

Thus, DNES spectrum is an indicator of structural changes of water as a result of various
external factors. The cumulative effect of these factors is not the same for the control sample of
water and the water sample being under the influence of this factor.

Figure 2 shows NES-spectrum of deionized water that was used as a model system for
studying the interaction of electromagnetic field with water. On the X-axis are given three scales.
The energies of hydrogen bonds among H.O molecules are calculated in eV. On the Y-axis is shown
the energy distribution function f(E) of H.O molecules measured in eV It was shown that the
window of transparency of the earth atmosphere for the electromagnetic radiation in the middle
IR-range almost covers NES-spectrum of water. Arrows A and B designate the energy of hydrogen
bonds among H,O molecules. Arrow C designates the energy at which the human body behaves
itself as absolute black body (ABB) at optimum temperature 36.6 °C and adsorbs the thermal
radiation. A horizontal arrow designates the window of transparency of the earth atmosphere for
the electromagnetic radiation in the middle IR-range.

700 800 900 1000 1100 = k (cm']]

B C 9 8.5 ]
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f 1 1 1 * 1 * 1 1 * 1 L

(ev‘]] window of fransparency of the earth atmosphere
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30 7
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Fig. 2. Non-equilibrium energy spectrum (NES) of water as a result of measurement for 1 year: A —
wavelength, k — wave number
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Another important physical parameter was calculated with using NES and DNES methods —
the average energy (AEn.0) of H...O-bonds between H,O compiled -0.1067+0.0011 eV. The most
remarkable peculiarity of H...O-bond consists in its relatively low strength; it is 5—10 times weaker
than chemical covalent bond. In respect of energy hydrogen bond has an intermediate position
between covalent bonds and intermolecular van der Waals forces, based on dipole-dipole
interactions, holding the neutral molecules together in gasses or liquefied or solidified gasses.
Hydrogen bonding produces interatomic distances shorter than the sum of van der Waals radii,
and usually involves a limited number of interaction partners. These characteristics become more
substantial when acceptors bind H atoms from more electronegative donors. Hydrogen bonds hold
H.O molecules on 15 % closer than if water was a simple liquid with van der Waals interactions.
The hydrogen bond energy compiles 5-10 kcal/mole, while the energy of covalent O—H-bonds in
H.O molecule — 109 kcal/mole. With fluctuations of water temperature the average energy of
hydrogen H...O-bonds in H.O molecule associates changes. That is why hydrogen bonds in liquid
state are relatively weak and unstable: it is thought that they can easily form and disappear as the
result of temperature fluctuations. The next conclusion that can be drawn from our research is that
there is the distribution of energies among individual H20 molecules.

Further we performed two types of temperature-dependent experiments on heat exchange
from the surface of the human body by DNES-method. In first experiment we studied heat
exchange when the temperature of the human body was higher than the temperature of the
surrounding environment (curve 1a and 1b on Fig. 3). In second experiment there was heat
exchange when the temperature of the human body was lower than that of the surrounding
environment (curve 2a and 2b on Fig. 3). In both experiments it was detected a local maximum at
9.7 um on curve 1 and curve 2 (Fig. 3). This local maximum corresponds to the maximal level of
heat emission from the surface of the human body and lays within the “transparency window” of
Earth atmosphere to electromagnetic radiation in the mid IR-range of the electromagnetic
spectrum. In this range, the electromagnetic radiation emitted by the earth in the surrounding
space is being absorbed by the Earth atmosphere. There is a statistical difference between the
results of heat emission from the surface of the human body to the surrounding environment and
back to the human body according to the t-criterion of Student at p < 0.01. The local maximum on
curve 1a is detected at 7.3 eV, while the local maximum on curve 2a — at 2.4 eV~ (Fig. 3). The
result of Dimitar Risimanski from him to environment is (-7.2 meV). The. result of Dimitar
Risimanski from environment to him is (7.1 meV). The difference is definite as effective energy is (-

7.5)-(7.5) = (-15.0) meV.
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Fig. 3. Differential non-equilibrium energy spectrum (DNES) reflecting the heat exchange of the
human body with surrounding environment
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4. Conclusion

In frames of this research many types of NIR radiation (electromagnetic waves, infrared
radiation, thermo radiation, and bioluminescence) emitted from the human body were studied and
carefully scrutinized. The approaches and methods for detecting various types of radiation
employed in this research as magnetography, chemiluminescence and color coronal gas discharge
spectral analysis can find further application in many branches of applied science and medical
diagnostics, while other methods as NES and DNES may be applied for studying the interaction of
electromagnetic fields with water and structural studies. The research of Risimanski’s bioinfluence
was performed with two model systems. First is biophysical analysis on water spectrum. Second is
biochemical analysis with 1 % solution of glucose. In the report are presented the phenomenal
biophysical results of influence of Dimitar Risimanski (Bulgaria). The results are base for
additional biochemical, biological and medical research projects.
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Abstract

Background: The purpose of this study was the effect of the alkaloid Cytisinum regulation of
the calcium channels of brain synaptosomes in rats. This enables the regulation of the transport of
mediator’s glutamatergic neurotransmitter receptors.

Methods: The study was carried out using the Weilers method. Synaptosomes were isolated
from the brain of rats by a two-step centrifugation method. The entire isolation procedure was
carried out at 4°C. To measure the amount of cytosolic Ca2* synaptosomes were calculated by the
Grinkevich equation.

Results: Increase in the concentration of Ca2* ([Ca2*]i) caused by glutamate, primarily due to
activation of membrane permeability, movement of Ca2* into the cell and release of Ca2* from
intracellular stores. Cytisinum does not compete with glutamate for the binding site. Perhaps the
effect of Cytisinum is due to the interaction with the ion channels of NMDA receptors. Cytisinum is
able to interact with the glutamate binding site of the NMDA receptor and allosteric modulating
sites located on the membrane of the ion channels. In these studies it was shown that in the
presence of Cytisinum, the inhibitory effect of magnesium ions (10 uM) is not observed. This is
probably due to competition between Mg2+ and Cytisinum over sites that stimulate the opening of
ion channels. Perhaps there is a competition between Cytisinum and nifedipine for the site of
regulation of dihydropyridine-sensitive calcium channels.

Conclusion: The action of the alkaloid of Cytisinum is due to the interaction with the ion
channels of NMDA receptors. Cytisinum is able to interact with the glutamate binding site of the
NMDA receptor and the allosteric modulating sites. There is competition between Mg2+ and
Cytisinum over sites that stimulate the opening of ion channels and in nifedipine for the site of
regulation of dihydropyridine-sensitive calcium channels.

Keywords: synaptosomes, NMDA, glutamate, Cytisinum, nifedipine, Mg2+.

1. Introduction
NMDA receptors (NMDARs) are glutamate-gated cation channels with high calcium
permeability that play important roles in many aspects of the biology of higher organisms. They are
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critical for the development of the central nervous system (CNS), generation of rhythms for
breathing and locomotion, and the processes underlying learning, memory, and neuroplasticity.
Consequently, abnormal expression levels and altered NMDAR function have been implicated in
numerous neurological disorders and pathological conditions. NMDAR hypofunction can result in
cognitive  defects, whereas overstimulation causes excitotoxicity and subsequent
neurodegeneration. Therefore, NMDARs are important therapeutic targets for many CNS disorders
(Kemp et al., 2002; Jansen et al., 2003; Chazot , 2004; Farlow, 2004; Wood,2005; Cai,2006;
Missale et al.,2006; Brown et al., 2006) including stroke, hypoxia, ischemia, head trauma,
Huntington’s, Parkinson’s, and Alzheimer’s diseases, epilepsy, neuropathic pain, alcoholism,
schizophrenia, and mood disorders. To date, drugs targeting NMDARs have had only limited
success clinically due to poor efficacy and unacceptable side effects, including hallucinations,
catatonia, ataxia, nightmares, and memory deficits.

A detailed understanding of the mechanisms underlying agonist-induced receptor activation
would facilitate development of more selective drugs that target specific NMDAR subtypes and
alter their function to a well-defined extent. This chapter will investigate the physiological roles
NMDARs play in the mammalian nervous system and the molecular and structural basis of
NMDAR activation. One of the main questions that will be addressed is how agonist binding results
in opening of the NMDAR ion channel. Although the mechanism coupling ligand binding
to channel opening remains incompletely understood for NMDARSs, we propose that this process
suggests promising approaches to drug design (Antonius et al., 2008).

Glutamate is the major excitatory neurotransmitter, in the mammalian CNS. Not surprising,
then, that a large number of physiological functions based on the active use of glutamatergic
transmission. It would be impractical to try to describe all the possible physiological effects of the
activation of the NMDA-receptor complex. Nevertheless, there are three main physiological
functions of NMDA-receptor, which reflect the functional characteristics of these receptors are the
basis for the development of pharmacological modulation techniques.

In light of this, special attention attracts glutamatergic system of the brain. The glutamatergic
system includes receptors (ionotropic and metabotropic) glutamate and carriers. signal feature in
the synapse by means of glutamate is that in addition to neurons in the process are directly
involved glial cells: as for the termination of the exciting action of glutamate needed its evacuation
from the synaptic cleft, glutamate is transferred into astrocytes, where "neutralized", turning into
glutamine (Cycle glutamate/glutamine works much more intense, '"reuptake" torus
neurotransmitters glutamate neural carriers).

In the pathology, Nicholson et al (Nicholson et al., 1977) showed that hypoxia of the brain
tissue causes a rapid increase in the concentration of intracellular calcium in them, the "calcium
hypothesis" was transferred to brain neurons to explain calcium-mediated neuronal death in
ischemia/hypoxia, hypoglycemia, and epilepsy (Siesjo, 1994). And after the culture of neurons
(Rothman et al., 1987) and brain sections (Garthwaite et al., 1986) showed that glutamate and the
corresponding excitatory amino acids cause neuronal cell death, the name "excitatory glutamate
toxicity" arose. Currently, the hypothesis of "glutamate excitotoxicity” in most cases is considered
within the "calcium hypothesis of ischemic cell death" (Kristian et al., 1998). Its main provisions in
the application to the tissues of the brain are as follows.

The concentration of free Ca2* in the cytoplasm of cells is about 10-7 M, while in the
intercellular environment and in the cellular organelles it is about 10-3 M. As a result of ATP
deficiency, the activity of active calcium transporters (Ca-ATPase and Na / Ca-exchangers)
decreases The Ca2* concentration in the cytoplasm increases. In addition, the deficiency of ATP
leads to a decrease in the membrane potential, which in turn activates the potential-dependent Ca
channels, and this leads to an even greater increase in the intracellular Ca2+concentration.

Because of the specific nature of nerve cells, a fatal role in them is played by an increase in
the concentration of Ca2* in the presynapses region, which leads to a massive release of various
neurotransmitters, among which the exciting mediator glutamic acid has a special role. This is due
to the fact that, first of all, the most synapses in the brain (about 40%) are glutamate-ergic and,
secondly, the majority of postsynaptic glutamate receptors (NMDA- and AMPA-receptors) control
the calcium channels and, correspondingly, even more Increase the concentration of intracellular
Ca2*. In connection with this positive feedback, the concentration of cytoplasmic Ca2* in glutamate-
sensitive neurons increases dramatically. Therefore, up to now, one more name of the processes
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occurring in the ischemic focus of the brain continues to exist: "exciting toxicity" or otherwise
"glutamate excitotoxicity" (Kristian et al., 1998; Fohr et al., 1995; Berridge, 1993).

Like other divalent cations Ca2* have a negative modulatory influence on the activity of
NMDA-receptor complex. High extra- and intracellular Ca2+ concentration reduces the NMDA-
receptor channel conductivity (McBain et al., 1994), which can be seen as paradoxical, but very
reasonable self-defense mechanism of the neuron from overstimulation. The inhibitory effect of
Caz* could be due to redistribution of the surface charge of the membrane with a specific blocking
action ("blockage of the channel"), activation of tyrosine and serine phosphatases that
dephosphorylate C-terminal fragments of subunits NR; and NR., activation of calmodulin,
NO-synthetase, as well as depolymerization of actin.

The modulating effect of Ca2* may be mediated by changes in the cytoskeleton. For example,
it was found that the activity of NMDA-receptor complex aktinopodobnym regulated protein that is
depolymerized by increasing intracellular calcium concentration (Rosenmund et al., 1993) It is
believed that the Ca2*-dependent inactivation of NMDA-receptor complex occurs with the
participation of several regulatory proteins - a-actinin-2 neyrofilament- a (Ehlers et al., 1998), as
well as postsynaptic PSD family of proteins that bind to the subunits NR2 (Harris et al., 1997).
The meaning of this regulation is that the NMDA-receptor (more precisely, its channel) is active
only when the regulatory proteins bind subunits klasterizuya receptor complex in the synaptic
region in close proximity to second messenger systems Clustering is another highly efficient
mechanism of self-regulation activity NMDA-receptor complex, since the entrance of Ca2* through
the channel associated with the NMDA-receptor, promotes inactivation of receptors due to
activation of Ca2* -dependent phosphatase, calmodulin, which prevent binding of NMDA-receptor
complex (NR; subunit) with elements of the cytoskeleton (Rosenmund et al., 1993; Ehlers et al.,
1998).

Purpose: Actions on glutamatergic neurotransmitter system of the NMDA-receptor.

Tasks:

e Study of Cytisinum effect on binding site agonist (glutamate).

¢ The study of Cytisinum acts on the glycine co-agonist binding site.

e Study on the action of Cytisinum binding site Mg2".

¢ The study of Cytisinum binding site of action in the "channel" blockers.

2. Material and methods

Experiments were conducted on 20 outbred male albino rats weighing (200-250 g) contained
in a standard vivarium ration. All experiments were performed in accordance with the
requirements of "the World Society for the Protection of Animals" and "European Convention for
the protection of experimental animals" (European Convention..., 1986). Synaptosomes isolated
from rat brain by a two-step centrifugation (Weiler et al., 1981). The whole procedure of selection
was carried out at 4°C. To measure the amount of cytosolic Ca2+ was calculated from the equation
of Grinkevich (Grynkiewicz et al., 1985) in synaptosomes isolated from brain of rats placed in an
environment similar to, the one that was used to isolate cells were added 20 uM of
chlortetracycline (CTC). Incubated for 60 min to achieve maximal interaction with the membrane
— CTC Ca2* as in plasma, and intracellular membranes. CTC excitation wavelength — 405 nm,
recording — 530 nm. Results are expressed as a percentage, taking 100 % of the difference between
the maximum value of fluorescence intensity (fluorescence dye, a saturated Ca2*) and its minimum
value (in the absence of fluorescence of the indicator of Ca2*) obtained after adding ethylene-glycol-
bis-amino-ethyl-tetra-acetate EGTA.

Statistical analysis

The measurements were made using a universal spectrometer (USB-2000). Statistical
significance of differences between control and experimental values determined for a number of
data using a paired t-test, where the control and the experimental values are taken together, and
unpaired t-test, if they are taken separately. The value of P <0.05 indicated a statistically significant
differences.

The results obtained are statistically processed to Origin 6.1 (Origin Lab Corporation, USA).
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3. Results and discussion

Action alkaloid Cytisinum (1R, 5S) -1,2,3,4,5,6- hexahydro- 1,5-methano-8H-pyrido [1,2a]
[1,5] diazocin-8-one), isolated from plants (Thermopsis lanceolata R. Br and Cytisus ruthenicus)
on cytosolic Ca2* in brain synaptosomes of rats.

In the experiments the influence of glutamate on intracellular calcium level was investigated
in synaptosomes from rat brain. Pre using the Ca2*-sensitive chlortetracycline (CTC) set ratio of
fluorescence excited by light having wavelengths of 340 and 380 nm (F540/F380) in synaptosomes.
When removing Ca2* from the extracellular medium, pre-incubation of EGTA resulted in a decrease
in fluorescence at 5 %. In the presence of EGTA in the incubation medium, glutamate at
concentrations of 1-100 uM dose-dependent increases in fluorescence level at 25-48 %, which
indicates an increase in the concentration of cytosolic Ca2* ([Ca2*] i), called glutamate, primarily
due to activation of membrane permeability movement of Ca2* into the cell and release of Ca2*
from intracellular stores (Fig. 1).
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Fig.1. The dose-dependent effect of glutamate on the level of fluorescence.
Reliability index P <0.05

Pre-incubation of the alkaloid Cytisinum reduced fluorescence and therefore the level of
cytosolic calcium under the action of glutamate at the complex CTC-synaptosomes (Fig. 2).
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Fig. 2. Influence of the alkaloid Cytisinum in the glutamatergic neurotransmitter system

1 - fluorescence control complex CTC-synaptosomes;

2 - fluorescence complex CTC-synaptosomes by adding 50 uM glutamate;
3 - adding 50 uM glutamate in the background Cytisinum.

4 - Cytisinum 50 pM. Reliability index P <0.05.
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In studying the action alkaloid Cytisinum rat brain synaptosomes found that alkaloid
Cytisinum significantly reduces the fluorescence, respectively cytosolic calcium levels compared to
the control. At the same time increase the concentration of Cytisinum from 10 to 100 uM
glutamates for background did not lead to further reduction of the effect of glutamate.

The results show that alkaloid Cytisinum does not compete with the binding site for
glutamate. Perhaps the action of Cytisinum has interaction with ion channels of NMDA-receptors.

It is known that, Mg2* ions selectively block the activity of NMDA receptors. Glycine
enhances NMDA-receptor responses, increasing the frequency of channel opening. In the complete
absence of glycine receptor is not activated by L-glutamate.

Indeed, adding to the incubation medium increased the 5 uM glycine-glutamate-dependent
fluorescence increase by 15-20 %. At the same time the ions Mg?* (50 uM) inhibited the glutamate-
induced Ca2*release from intracellular stores (Fig. 3).
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Fig. 3. The action of glycine and Mg2* ions to glutamate-induced intracellular Ca2* stores.
Reliability index P <0.05

It is known that glycine stimulating effects of glutamate and competitive receptor antagonists
such as AP;, AV-2-1 toxin can prevent activation of glutamate. Other drugs and Mg2* ions may
block the open channel through the non-competitive antagonism. These medications include
experimental neuroprotective drug MK-801 and argiolobate (Martin et al., 1977).

In order to identify, possible interaction with Cytisinum areas overstimulation NMDA-
receptor responsible for the opening of calcium channels, investigated its effect on the background
of the non-competitive antagonists such as magnesium ions, argiolobate and calcium channel
blockers — nifedipine.

It is shown that magnesium ions in mill molar concentrations significantly inhibit the
fluorescence of the complex glutamate CTC-synaptosomes. The inhibitory effect of magnesium ions
fluorescence complex CTC-synaptosomes in the presence of Cytisinum is not changed.

These studies have shown that in the presence of Cytisinum inhibitory effect of magnesium
ions (10 uM) was observed. This is probably due to the competition between the Mg2* and
Cytisinum for sites that promote opening of ion channels. Also, shown that argiolobate effect on
NMDA-receptor calcium channels in the presence of Cytisinum is not changed (Fig. 4).

60




European Journal of Medicine, 2017, 5(2)

E control

[ cytisinum

[ ] magnesium

I  agnesium+cytisinum
- argiolobate

[ arg+cytisinum

(O8]
]
1

y°] N

(a) ()]

L L
A

(]
\

Intensity of fluorescence (%)
O

W
1

Fig.4. The effect of magnesium ions and Cytisinum at argiolobate fluorescence and cytosolic
calcium levels in rat brain synaptosomes. Reliability index P <0.05.

In studying the action of Cytisinum for calcium-dependent processes are NMDA-receptor
were examined for background nifedipine (Ca2* channel blocker of L-type) in synaptosomes from
rat brain.

Pre-incubation of nifedipine with CTC synaptosomes-complex, led to a decrease in
fluorescence. Pre-incubation with Cytisinum CTC synaptosomes-complex, also led to a decrease in
fluorescence. Pre-incubation of Cytisinum in the background with nifedipine CTC synaptosomes-
complex, led to a slight decrease in fluorescence (Fig. 5), which indicates that competition between
Cytisinum and nifedipine for land regulation dihydropyridine-sensitive calcium channels.
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Fig. 5. Effect of Cytisinum for calcium-dependent processes on NMDA-receptor in background
nefedipine. Reliability index P <0.05

These results demonstrate the possibility of use in the regulation of Cytisinum
dihydropyridine-sensitive calcium channel subtypes major neuronal receptors.

4. Conclusions

Increase in the concentration of cytosolic Ca2* ([Ca2*];), called glutamate, primarily due to
activation of membrane permeability, movement of Ca2* into the cell and release of Ca2* from
intracellular stores. Cytisinum does not compete for the glutamate binding site. Perhaps the action
of Cytisinum has the interaction with ion channels, NMDA-receptors. The Cytisinum capable of
interacting with the glutamate binding site of the NMDA-receptor sites allosterically modulate
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disposed on a membrane ion channel. These studies have shown that in the presence of Cytisinum
inhibitory effect of magnesium ions (10 uM) was not observed. This is probably due to the
competition between the Mg2+ and Cytisinum for sites that promote opening of ion channels. There
may be competition between Cytisinum and nifedipine for land regulation dihydropyridine-
sensitive calcium channels.

As in any field of fundamental science, the completion of one stage does not solve all
problems. In what directions can we continue to develop the results and conclusions of this work.
First, it is necessary to continue the research of substances for which effects on these channels are
found: pharmaceutical preparations and alkaloids. Secondly, it is necessary to continue the search
for resonance frequencies for other physiologically significant ions: Na*, K+, Cl-, Fez +, GABA,
acetylcholine, etc., and to explore the possibility of simultaneous application of several frequencies
to activate various processes in the body.
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