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Abstract

The structural and optical properties of the titanium dioxide nanoparticles [TiO2 NPs] have
been investigated using [UV-Vis] spectrophotometer and SEM. The produced nanoparticles show
small and about sharp round peaks around 220 nm. The produced nanoparticles have a spherical
shape with an average particle size <50 nm. The effect of titanium dioxide NPs was studied on the
activity of Alkaline Phosphatase [ALP] in the saliva of 25 patients with gingivitis in comparison to
20 healthy subjects with the average age about 22—23 years for both groups. The results correlated
with the observation that salivary alkaline phosphatase activity increase in patient with gingivitis in
comparison to control group and salivary ALP activity inhibited by titanium dioxide nanoparticles.

Keywords: TiO2 nanoparticles, ALP activity, gingivitis, saliva.

Introduction

Periodontal diseases are bacterial infections of the gingiva, bone and attachment fibers that
support the teeth and hold them in the jaw. The main cause of the diseases is a bacterial plaque, a
sticky, colorless microbial film that constantly forms on teeth [1]. The microbial plaque
accumulation on teeth surfaces adjacent to the gingival tissues brings the oral sulcular and
junctional epithelial cells into contact with the waste product, enzymes and surface components of
colonizing bacteria. As the bacterial load increases so do the irritation of the host tissues by these
substances [2]. From the periodontal diseases gingivitis and periodontitis are the two predominant
periodontal diseases and may be present at the same time. In gingivitis, the gingival are inflamed
but their destruction is reversible while in periodontitis the inflammatory changes are irreversible
changes [3]. Gingivitis represents the inflammation process limited to the gingival tissue next to
the tooth without any loss of attachment and possibly acts as a precursor to attachment loss around
the tooth [4]. Gingivitis is typically characterized as a vigorous inflammatory response limited
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mostly to the superficial gingival connective tissues and is a comparatively nonspecific response to
a nonspecific bud up of dental plaque. With continuing plaque accrual, gingivitis becomes well
established, but still confined to the superficial gingival connective tissues [5].

In humans, alkaline phosphatase [ALP] exists in each tissue through the entire body, but is
specially concentrated in liver, bile duct, bone, kidney, the placenta and intestinal mucosa [6].
The enzyme ALP plays a role in bone metabolism. It is a glycoprotein enzyme that is bounded to
membrane and it produced by many cells, such as leukocytes, polymorphonuclear, macrophages,
fibroblasts, and osteoblasts in the area of the gingival tissue and periodontium [7]. Gao J. et al. [8]
show that the highest ALP activity was found in osteoblasts, but moderate in periodontal ligament
PDL fibroblasts, and lowest in gingival fibroblasts. No activity was detected in cementoblasts.
In the periodontium, the ALP is very important enzyme as it is part of normal turnover of
periodontal ligament, root cementum and maintenance, and bone homeostasis. Some forms of
enzyme are also produced by plaque bacteria [9]. Some studies have shown a strongly increased
activity of salivary alkaline phosphatase in periodontal disease particularly in the acute phase, and
after the periodontal rehabilitation, the activity of these enzymes restored to the normal value that
found in the healthy persons [10].

Nanoparticles have many different effects on human health relative to bulk original material
from which they are produced [11]. Consequently of their tiny size, nanoparticles may propose
other advantages to the biomedical field through increased biocompatibility [12]. Studies of the
effects of nanoparticles [NPs] from different industry branches on cells and pathways are
emerging, and most of the biological effects of NPs seem to be due to their interactions with
proteins [13]. Enzymes are biologic polymers that catalyze the chemical reactions that make life
possible, with the exception of catalytic RNA molecules, or ribozymes, enzymes are proteins [14].

In current years, metal oxide nanoparticles have been mainly examined for their
antimicrobial activity, especially titanium dioxide which is considered a clean photo catalyst, low-
cost, with nontoxicity and chemical stability [15, 16]. Titanium dioxide nanoparticles are produced
universally for multiplicity of engineering and bioengineering uses. Titanium dioxide nanoparticles
are often consumed as a material for orthopedic implants. TiO2 in powder form is also commonly
used as a whitener in toothpastes [15, 16]. Titanium dioxide is the most extensively used white
pigment because of its brilliance and refractive index for it which is very high, in which it is
exceeded just by a few other materials. About 4.6 million tons of pigmentary TiO2 are used yearly,
and this number is likely to increase as application continues to rise [17].

There is no study about the effect of TiO2 NPs on ALP activity in saliva of gingivitis patients,
so we decided to investigate this effect in this research.

Material and methods

1. Nanoparticles

Titanium dioxide nanoparticles have been obtained from Hongwunanmter, China.
This product supplies as TiO2 Nano powder. Absorbance spectra of NPs solution were measured by
UV-VIS spectrophotometer. All spectra were measured at room-temperature in a quartz cell with
1cm optical path. The structure and nano size measurement of nanoparticles samples were
identified by the Scanning Electron Microscope SEM (Electronic Microscope Centre-Collage of
applied Science, University of Technology, Iraq).

2. Salivary Alkaline Phosphatase assay

Alkaline phosphatase activity was measured to determine the best saliva volume for this
experiment by using different volume of sample 20, 40, 60, 80 and 100 pl. The salivary Alkaline
Phosphatase activity was determined spectrophotometrically according to the recommendation of
the German Clinical Chemistry Association using the kit of Human Company, Germany.
The reaction mixture contained a substrate 50 mmol/L p-Nitrophenylphosphate, and a buffer
contained 1.25 mol/L Diethanolamine buffer [pH 10.35+0.2] and 0.625 mmol/L. magnesium
chloride in a total volume of 1.250 ml. In the presence of alkaline phosphatase [100 pL of saliva],
p-nitrophenylephosphate is reduced to p-nitrophenol. The rate of decrease in absorbance at
405 nm is directly proportionate to the ALP activity in the sample.

3. Collection of Saliva

Unstimulated saliva of 25 patients with gingivitis from teaching hospital of College of
Dentistry/University of Baghdad was collected. The diagnosis of the patients was done by the
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following assessment parameters: Gingival index [Loe and Sillness] [18], and Plaque index
[Sillness and Loe] [19]. Another 20 healthy samples were collected from dental students with
average age about 22-23 years for both groups. Collection was performed during 2-3 hours after
the volunteer usual breakfast time and after thoroughly rinsing the mouth with water. Saliva was
collected by standard spitting method from both groups: control and gingivitis group then saliva
collected in a plane tube, centrifuged 10 min at 1500 g, and the supernatant liquid was used for
chemical analysis.

4. Effect of TiO2 nanoparticles on salivary ALP activity

Stock solution of [200 pg/ml] concentration of TiO2 NPs was prepared and then the
following concentrations 10, 20, 30, 50, and 100 pug\ml are prepared by diluting with the same
solvent. The enzyme ALP activity was measured in human saliva by using 100 pl of saliva in the
same method with replace 20 pl of the solvent [3:1,water:ethanol] with 20 pl of TiO2 NPs solution.
The percentage effect on activity was calculated by comparing the activity with and without the
TiO2 NPs and under the same conditions according to the following equations:

% inhibition = 100 — 100 x [Activity in the presence of nanoparticles/Activity without the
nanoparticles]

A constant final concentration of TiO2 NPs [0.15 ug/ml] was used to measure the enzyme
activity in saliva samples of gingivitis patients and control persons.

5. Statistical analysis

Statistical analysis was performed using SPSS [version 14] and Microsoft Office Excel
[Microsoft Office Excel for windows; 2010]. Data were analyzed by using Two Way Analysis of
Variance [ANOVA]. The Student t-test was used to assess significant difference among means at
level [P < 0.05].

Results and discussion
Table 1 shows the obvious difference between control group and persons with gingivitis in
gingival and plaque index.

Table 1. Summary of GI and PI Scores

20 0.95+0.20 0.61+0.27
persons
R R
Gingivitis

Figure 1 shows the difference in mean and standard deviation for plaque index and gingival
index in healthy control person [PLI, GI] and patient with gingivitis [PLI2, GI2]. The increase in
the two main parameters considers from the main causes of gingivitis and this is proved in many
studies.
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1,2
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Figure 1. The difference between control in plaque index [PLI] and gingival index [GI] and
gingivitis group [PLI2, GI2]

Figure 2 shows the UV-VIS absorption spectra that indicated the characteristic absorbance
feature of titanium dioxide nanoparticles, illustrates absorption spectra of titanium dioxide
nanoparticles, so the surface related peak could be clearly distinguished. This peak was around
240 nm. This result is in agreeement with that of Chen et al [20], which indicate the absorbance
intensity of GalA-TiO2 NPs dispersion in the UV region at <300 nm.

Figure 2. Absorbance spectra of the titanium dioxide nanoparticles

Figure 3 shows SEM pictures and size distributions of titanium dioxide nanoparticles using in
this research. The nanoparticles thus produced were calculated to have the average diameters of
30 nm.
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Figure 3. SEM pictures and size distributions of titanium dioxide nanoparticles

2,5

ALP Activity U/L

20pl 40l 60pl 80pl 100l

Volume of Saliva

Figure 4. Effect of saliva volume on ALP activity

From the results in Figure 4, it is concluded that 100 pl of saliva is the best volume for
measuring the ALP activity according to the conditions of experiments. The kinetic biochemical
tests revealed that NPs of TiO2 caused the inhibition effect on the salivary ALP activity as shown in
Figure 5. The observed results show that any increase in TiO2 NPs concentration caused decreasing
in percentage of inhibition of enzyme activity. The greater inhibition of TiO2 NPs on enzyme
activity was at concentration 0.15 pg/ml in total volume 1.370 ml of solvent as shown in Figure 6.
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Figure 5. Salivary ALP activity in presence of different concentration of TiO2 NPs

The greater percentage of inhibition of TiO2 NPs on enzyme activity was 50 % at
concentration 0.15 ug/ml as a final concentration as seen in Figure 6.

50%
45%
40%
35%
30%
25%
20%
15%
10%

5%

0%

Inhibition ALP Activity %

0.15pg/ml  0.29ug/ml  0.44pg/ml  0.73pg/ml  1.5pg/ml

Figure 6. Percentage inhibition of salivary ALP activity in different concentrations
of TiO2 NPs

In recent study of Al-Rubaee et al. [21] on the effect of Au and Ag nanoparticles on acid
phosphatase activity, similar inhibition effect was obtained, the greater inhibition of Au NPs on
ACP activity in sera of healthy subjects was 5 % at concentration 5.7 ug/ml and Ag nanoparticles
was 5.8 % at concentration 10 pg/ml. Another study on the effect of silver nanoparticles on salivary
LDH activity observed that any increase in Ag nanoparticles concentration caused increasing in
percentage of inhibition of enzyme activity and the greater inhibition of Ag NPs on enzyme activity
was 40.1 % at concentration 7.5 ug/ml [22].

Schug et al. results [23] show that in intact heterotrophic biofilms, the alkaline phosphatase
activity was not affected following exposure to surface functionalized TiO2 NPs and UV radiation.
While, an alkaline phosphatase enzyme isolated from E. coli was powerfully inhibited at lower
concentrations of titanium dioxide nanoparticles than the intact biofilms.

193




European Journal of Molecular Biotechnology, 2015, Vol.(10), Is. 4

We need many studies in order to investigate and explain the cause of high inhibition of TiO2
NPs on ALP activity in lower range of concentrations, and determine the type of inhibition.

To try to realize the possible effect of TiO2 NPs on salivary ALP activity in patients with
gingivitis the activity measured with and without NPs and compared with that of control group.
The results shown in Table 2.

Table 2: Mean and standard deviation for salivary ALP activity
in Gingivitis patients with and without TiO2 NPs and control group

Groups Salivary ALP Activity
in U/L
Mean + SD

Control group 0.74+0.77

Gingivitis group 1.49+1.34

without NPs

Gingivitis group 0.72+0.76

with NPs

Table 3: Significance level among the three groups*

df P value
Contro 19 0.036
1 - Gingivitis
Gingivi 19 0.000
tis -
TiO2NPs
Contro 10 0.916
1- TiO2NPs

* Control group which represent measurement the salivary ALP activity in healthy subject without
TiO2 NPs and gingivitis group, that represent ALP activity in patients with gingivitis without [TiO2
NPs] and the third group, salivary ALP activity in patients with gingivitis with [0.15 ug/ml] of TiO2
NPs as a final concentration

Statistical analysis comparing between the ALP activity of the three groups of this study
revealed a significant difference [P< 0.05] between control and gingivitis as the ALP activity
increase in gingivitis. This result agree with many results from other studies as in Yoshie et al. [24]
that showed an increase in the alkaline phosphatase activity in the severe stage of periodontal
diseases, and after treatment, the activity of this enzyme was restored to the normal value found in
healthy persons. There are some suggestions to explain this increase. Yan et al. [25] show the
increase in ALP enzyme activity may be due to their release by inflammatory cells and bacterial
cells into gingival crevicular fluid and consequently into saliva. This result agree with Numabe et
al. [26] who show that changes in enzymatic activity of salivary ALP activity reflect metabolic
changes in the gingiva in inflammation [26]. While other observations [26, 27] suggest that a
significant amount of alkaline phosphatase levels present in saliva is produced locally by diseased
periodontal tissues. The ALP levels can be considered as potential indicator for periodontal disease
[27, 28]. Mojgan and Afsanehin [29] show that there is unusual conditions, like loss of alveolar
bone due to periodontitis, the activity of salivary ALP may demonstrate a significant rise, which is
very important biomarker for periodontal problems.

The same statistical analysis comparing between the [gingivitis - TiO2 NPs] group, a highly
significant difference P<0.001 as a result for inhibition of ALP activity by titanium dioxide
nanoparticles. While for the third group [Control - TiO2 NPs] statistical analysis revealed a
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nonsignificant difference P> 0.05 as the ALP activity increase in gingivitis and inhibited by TiO2
nanoparticles.

Conclusion

In conclusion, the salivary ALP activity was inhibited, a highly significant, by lower
concentration of TiO2 NPs [0.15 pg\ml] more than the upper range of concentrations and this need
another study to explain it. Enzyme levels in saliva of gingivitis patients were significantly high
than the control.
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Abstract

In this paper are submited data on the possibility of applying the coronal gas discharge effect
(CGDE) in modeling non-equilibrium conditions with gas electric discharge simulating conditions
occurying in the primary atmosphere (electric sparks, lightning) imitating S. Miller’s experiments.
The physical basis and technique of visualization of gas discharge (GD) glowing of water drops in
alternating electric fields of high electrical voltage (5—30 kV) and frequency (10—150 kHz), as well
as the possible electrosynthesis of organic molecules from a mixture of inorganic substances as
hydrogen (H.), methane (CH,), ammonia (NH;) and carbon monoxide (CO) in aqueous solutions of
water exposed under the electrical discharge, UV-radiation and thermal heating to t = +100 °C
were examined. The colour coronal spectral gas discharge analysis was applied for investigation of
water samples of various origin, the samples of hot mineral, sea and mountain water obtained from
various water sources of Bulgaria.

Keywords: coronal gas discharge effect, primary atmosphere, water, origin of life, S. Miller’s
experiments.

Introduction

Coronal gas discharge effect (CGDE) is observed by the characteristic glowing of 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) [1]. In this
process in the ionization zone develops the corona gas discharge sliding on the dielectric surface,
occurring in a nonuniform electric field near the electrode having a small radius of curvature. With
decreasing in the degree of heterogeneity of the electric field (the radius of curvature of the
electrode ~1—3 mm) and with increasing of electric voltage the corona electrical discharge takes not
uniform, but streamer (sometimes flare or spray) form. In this case, the electrically active processes
are removed off at a distance of 10—20 cm from the surface of the electrode.
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In the scientific literature, along with the terms of coronal gas discharge (CGD) are used gas
discharge (GD), electric frequency (EFD) discharge, selective high frequency electric (SHFED)
discharge etc. [2].

Coronal gas discharge glowing has found some scientific and practical applications in
biophysics, as well as other branches of science [3] and technology [4]. Its advantages include
safety, sterility, clarity and interpretability of the data obtained, ease of storage and subsequent
computer processing, the ability to monitor the development of processes in time, comparing the
structural, functional and temporal processes, etc.

Scientific and fundamental aspects of the coronal gas discharge effect and its scientific value
consists in the fact that the CGD creates in laboratory conditions a selective electrical gas
discharge, similar to the natural occuring electrical plasma phenomena (lightning) and electrostatic
discharge on the surface of biological and organic objects, as well as inorganic samples of different
nature including water drops [5]. Over the past decade, using the energy of the electric field in
laboratory conditions from inorganic substances has been synthesized a variety of organic
compounds — amino acids, proteins, nucleosides [6]. In those experiments (S. Miller’s
experiments, USA) were simulated the non-equlibrium processes with different sources of energy
ocuring in primary anoxic atmosphere in which was possible the synthesis of organic molecules
from inorganic ones due to the energy of spark electrical discharges (electrosynthesis), short-wave
UV radiation from the Sun and other sources of geothermal energy [7].

The aim of this research was to explore the possibility of coronal gas discharge effect in
modeling non-equilibrium conditions with gas electric discharge simulating electrical processes
going on in primary atmosphere and forecasting the possible electrochemical reactions occurring in
water by means of the treatment by the electric field of high intensity and frequency.

Material and Methods

Objects for Study

By using the method of coronal gas discharge spectral analysis were treated and analyzed hot
mineral water samples containing bicarbonate (HCO5") anions, cations of alkali metals (Na+*, K-,
Ca2+, Mg2+, Zn2*) and water with varrying content of HDO, derived from various Bulgarian sources.

Non-Equilibrium Gas Discharge Experiments

Experiments were caried 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 A = 380—495 nm and A = 570—750+5 nm.
The measurements were measured in electronvolts (eV). Detection of gas disharge glowing was
conducted in a dark room equipped with a red filter. Along with the visible range, for this method
were obtained color spectra in UV and IR range. Evaluation of the characteristic parameters of
snapshots was based on the analysis of images treated by standard software package.

Statistical Processing of the Experimental Data

Evaluation of the characteristic parameters was carried out on the basis of the analysis of the
images processed by a standard software package. Statistical processing of the experimental data
was performed using the statistical package STATISTISA 6 using a Student's t-criterion
(at p < 0,05).

Results and Discussion

Basic Aspects of Gas Electric Discharge Effect

For generation of gas electric discharge edffect are used special electric devices generating
electromagnetic field of high frequency and voltage [8]. Schematic diagram of a typical device is
shown in Figure 1. The device contains the generator of electric field and an electrode made from
PET or hostaphan. At the electrode is applied alternating electrical field with frequency of 15 kHz
and voltage 15 kV (in other methods, these values are assumed to be equal 0,2—15 kHz and 5-
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30 kV). The studied object is grounded by a conductor, and placed on the electrode between which
and the object is formed insulator, i.g. a thin layer of air which molecules undergo dissociation
under the influence of the electromagnetic field generated by the electrode.

In this thin air layer with thickness of ~10—100 um formed between the studied object and the
electrode are developed the following processes [9]:

— Excitation, polarization and ionization by the electric field of high electric voltage and
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, i.g. plasma;

— Formation of a weak electric current in the form of free moving 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;

— The transition of electrons from lower to higher energy levels and back again, during which
there emanates a discrete quantum of light radiation in the form of photon emission. The transition
energy of electrons depends on the external electric field and the electronic state of the material 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 that result in emission of light
photons with different wavelengths (frequencies) and the energy, coloring the contour of the glow
in various spectral colors.

Processes outlined above form the gas discharge effect, allowing study the electrical
properties of the object at its interaction with an external electromagnetic field [10]. It was
demonstrated that electrical conductivity of the object — the reciprocal of electrical resistance,
expressed in siemens, has virtually no effect on the formation of GD-glow which depends mostly on
the dielectric constant.

Electric field
. generator

Photopaper Spacer

Object of study

Figure 1: Schematic diagram of the electric device for visualizing of GD-glow

Dependence of the electrical conductivity o0 (Ohm*m™) and the thermal conductivity K
(W/mK) is determined by the Wiedemann-Franz law:
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where k — Boltzmann constant (1,380662 - 1023 J/K); e — electron charge (-1,02176 - 10 Kl),
T — temperature (K).

For the calculation of the basic physical parameters of the gas discharge is used the
experimental dependence of the conductivity per unit area of the recording medium on the
following parameters of the electric discharge:

(d,+9), (d,+9),

=a-[U 2

o=a-l T T, )
where:5=i+$;
& &

a — slope rate of electrical impulse;
T — duration of the electrical impulse;
U, — breakdown voltage of the air layer gap between the sobject and the recording medium;
d, — width of the object;
d. — width of the zone of action of the electric field;
d; — width of the recording medium,;
&0 — dielectric permittivity of the air (e, = 1,00057 F/m);
g, — dielectric permittivity of the studied object;
g5 — dielectric permittivity of the recording medium.
To calculate the breakdown voltage of the air layer is used this formula:
U,=312 + 6,2d- (3)
As a result of mathematical transformations is obtained a quadratic equation describing the
width of the air gap layer:
6,2d2 + (aT — 6,26 — 312)d. + 3126 = 0, (4)
This quadratic equation is reduced to the standard quadratic equation:
ax2+ bx+c=o0, (5)
where
a=6,2;b=aT - 6,26 — 312;c = 3126
This equation has two solutions:

_ b+ \Jb? —4ac

X 6
1,2 oa (6)

Correspondidly:
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1,2 — ’

12,4

The above equations allow calculate the maximum and the minimum width of the air gap
layer for the occurrence of the elecric discharge with which help is being formed the electrical
image of the studied object, which spectrum is shown in Figure 2 depending on the energy of the
emitted light photons. Other gas discharge characteristics for various 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.

Energy of the Separated Photons of Color
Kirlian Aura (Dr. Ignatov, 2007)

3.03 2.64 2.43 2.14 2.05 1.82 eV

Figure 2: Spectrum of coronal gas discharge spectral analysis and the corresponding energy of the
emitted photons (eV) (I. Ignatov, 2007)
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As showed by the experiments [11], the characteristics of GD-glow of different biological
objects vary in characteristics and intensity of light, size and color, and depend both on its own
electromagnetic radiation and the dielectric constant of the object’s material. GD-glowing intensity
depends on the electric voltage of an electric current applied to the electrode. At low values of the
electric voltage GD-emission does not occur, and at too high voltage there is a threat of dielectric
breakdown, which is highly undesirable in experimental studies. Small electric current frequency
can also cause dielectric breakdown. The optimum lower limit frequency of the electric current in
this method is taken to be equal to 500 Hz, depending on the electrical potential difference
between the electrode and the dielectric. Thus, for a standard glass electrode (glass as a dielectric
material) is possible with low voltage electrical current to obtain the characteristic GD-glowing at
the lower limit of the electric frequency at ~200 Hz. The upper frequency limit for the electric
current lies between ~15 kHz and ~20 kHz, and mainly depends on the electrical parameters of the
electrode material. Between the lower and upper bound are observed two characteristic intense
peaks: at ~650 Hz and at ~7000 Hz. In the first case, at a low frequency of the electric current
plays an important role permittivity. In the second case — at a high frequency of electric current,
the electrical conductivity of the object is not important, but more important is the object's own
electromagnetic field, which is not uniform, and is not in direct relation with the electrical
conductivity. As an electrode may be used a plate made of a rigid polymeric material (epoxy, PET
hostafan, polyester) coated on one side with a thin electrically conductive copper layer. In this case
the function of a dielectric performs the polymer material. In order to avoid the dielectric
breakdown at the edges of the dielectric, the layer of copper at ~10 mm from the edge of the
electrode is removed. The electrode treated in this way is suitable for use with high voltage
electrical current.

The process of photographing objects is carried out in a dark room or at a red light filter.
On the dielectric plate, serving as an electrode creating the electric field of high voltage, is placed a
sheet of light sensitive paper or a film. The object under study (water droplets) is placed on the top
of the film. Between the studied object and the dielectric plate is applied the pulsating electric
voltage from the electromagnetic field generator. At the electric field with high voltage and
frequency in the air gap zone of the contact between the object and the plate there develops gas
electrical discharge (avalanche or slide) characterized by GD-glow around the object — corona
electrical discharge at the wavelength A = 380—490 nm and A = 560—780 nm, illuminates the photo
paper or the film. After developing photographic paper most striking areas become darker which is
typical for the photographic process. Since the investigated object is in contact with the photo
paper (in the form of a circle in the center), this area is not illuminated.

In Bulgarian Scientific Research Center of Medical Biophysics to visualize the GD-glowing is
developed the method of the selective high frequency electric discharge (SHFED) performed with
using the electrode of a polymer material hostafan characterized by high dielectric strength (160—
200 kV/mm). Photographing of GD-glow in this methodology is one of the physical methods, in
which the image quality when using the film is higher than using the “Polaroid” camera or digital
computer methods. The electrical voltage applied to the electrode of the device makes up ~15 kV at
a frequency of electric current at ~15 kHz. This makes it easy to obtain and carry out the parametric
analysis of GD-image. This method was used in the modeling non-equilibrium conditions with gas
electric discharge simulating primary atmosphere.

Modeling of Non-Equilibrium Conditions with Gas Electric Discharge

The first experiments on the modeling of non-equilibrium conditions with gas electric
discharge simulating primary atmosphere and electrosynthesis of organic substances by the energy
of the electric field in a primary oxygen-free atmosphere were held in 1953 by S. Miller (USA) [12].
For this aim the mixture of water and gases consisted of hydrogen (H.), methane (CH,), ammonia
(NH;) and carbon monoxide (CO) was placed into a closed glass container being exposed by
pulsating electrical spark discharges at the temperature of boiling water; oxygen was not allowed
into the unit. After processing the reaction mixure by the electric discharge it was found that from
the initial inorganic substance was synthesized organic compounds — aldehydes and amino acids.
Experiments found that approximately ~10—-15 % of carbon was transferred into an organic form.
However, about ~2 % of carbon was detected in the amino acids, the most common of which was
glycine. Initial analysis showed the presence in the reaction mixture obtained after the processing
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by spark electric discharge 5 amino acids. A more complete analysis carried out in 2008 [13],
showed the formation by electrosynthesis in the reaction mixture 22 amino acids having from 5 to
20 carbon atoms in the molecule (Figure 3). Interestingly is that along with the amino acids in the
reaction mixture after the treatment with electric spark discharges were detected trace amounts of
nucleo bases.
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Figure 3: Distribution of carbon compounds obtained in the experiments of S. Miller,
the mass and the number of carbon atoms in the molecule (diagrams constructed
by the authors according to the S. Miller experiments)

S. Miller’s experiments were reproduced in different variations with a combination of
electrical discharges, UV-radiation and heat. Thus, in aquous solutions of formaldehyde (CH.O)
with hydroxylamine (NH,OH), formaldehyde with hydrazine (N.H,) and HCN, after heating a
reactionary mixture to +95 °C were detected amino acids [14]. In model experiments reaction
products were polymerized into short peptide chains that is the important stage towards inorganic
synthesis of protein. In a reactionary mixture of water with 4-aminoimidazole-5-carboxamidine,
4-aminoimidazole-5-carboxamide, NH;, formamidine and urea at heating to +95 °C were
synthesized purines (Figure 4). In 1960 A Wilson [15] after processing by the electric spark
discharge of water vapor, ammonia (NH;), hydrogen sulfide (H.S), sulfur and yeast ash, obtained
in the reaxion mixture the larger organic polymer molecules containing 20 or more carbon atoms.
These polymers in aqueous solutions formed thin films with surface area of ~1 cm?, resembling
surfactants concentrated on the surface of the air-water interface (Figure 5). It is assumed that
these films of polymer molecules were synthesized at the boundary between different phases, and
played an important role in the early stages of the evolution of the first membrane-organized
microstructures — the proteinoid microspheres [16] formed from thermal proteinoids at thermal
treatment of the reaction mixture at temperatures of +95 °C. Thermal proteinoids are short
protein-like molecules resembling early evolutionary forms of proteins. They are formed from
amino acid mixtures subjected to influence of temperatures from +60 °C up to +170 °C, and
consisted of 18 amino acids usually occurring in protein hydrolyzates. The synthesized proteinoids
are similar to natural proteins on a number of other important properties, e.g. on linkage by
nucleobases and ability to cause the reactions similar to those catalyzed by enzymes in living
organisms as decarboxylation, amination, deamination, and oxidoreduction. Proteinoids are
capable to catalytically decompose glucose [17] and to have an effect similar to the action of o-
melanocyte-stimulating hormone [18]. The best results on polycondensation were achieved with
the mixes of amino acids containing aspartic and glutamic acids, which are essential amino acids
occurring in all modern living organisms. By morphological features the proteinoid microspheres
with a diameter ~5—10 um resemble cell membrane, which in certain conditions (pH = 4—5) may be
double (Figure 6). The catalyst for their formation could serve sulfur and its derivatives which were
found in ancient rocks in the form of grains of sulfides, as well as pyrite sands. Synthesis of
protenoid microspheres from a mixture of thermal proteinoids is is important because it provides
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material for the next stage of the evolution of life. This is the stage from disparate organic
molecules to organized proteinoid molecules having the organized structure and separated from
the surrounding environment by primitive membrane.

HN Cﬂ} OH
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I\> D = \>
—NH (-2 NHy)
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H H H
4-Aminoimidazole- 4-Aminoimidazole-5- Hypoxanthine
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(=2 NHj) | Formamidine (= 2 NH;)| Guanidine (=2 NH,)
H,N OH OH
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Figure 4: Prospective mechanisms of thermal (+95 °C) synthesis of purines — hypoxanthine,
adenine, guanine and xanthine in aqueous solutions from their predesesors — 4-aminoimidazole-5-
carboxamidine, 4-aminoimidazole-5-carboxamide, water, NH,, formamidine and urea

Figure 5: Thin films of organic polymers formed after the electrical spark discharges
in a mixture of H.O, NH;, H,S, sulfur and yeast ash [15]
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Figure 6: Electron micrographs of sections of thermal proteinoid microspheres in scanning
electron microscope (magnification x ~1000 times) [16]

It should ne noted that in the implementation of the gas discharge effect as well as in
experiments of S. Miller are modeled extreme non-equilibrium conditions with gas electric
discharge, resulting that in a thin layer of air gap with thickness ~100 um are formed reactive
radicals reacting with each other to form new compounds (electrosynthesis). Such extreme
conditions are thought to have occurred in the primary oxygen-free atmosphere of the Earth, which
supposedly consisted of a mixture of water and gases — H,, CH,, NH; and CO, subjected to spark
electrical discharges (lightning) under the conditions of high solar (UV) and geothermal activity.

According to our previous experiments, the first living structures may have evolved in warm
and hot mineral water with a high content of bicarbonate (HCO5") anions, cations of alkali metals
(Na*, K+, Ca2*, Mg2*, Zn2*) [19]. The similar composition and water temperature were modeled on
the electrode of the gas discharge device made of hostafan, with electric voltage — 15 kV, electric
impulse duration — 10 ps; electric current frequency — 15 kHz, wherein the air gap layer on the
boundary with water sample was formed the electrical gas discharge, similar to plasma phenomena
(lightning) and electrostatic discharge on the surface of organic and inorganic samples of various
kinds. The investigated water sample before being placed onto the electrode was heated up to the
boiling point temperature and then cooled. In preliminary experiments in the interelectrode space
was formed a semblance of an organized structure with dimentions ~1,2—1,4 mm (Figure 7). In the
control sample of water on the electrode the structure was not organized. With increasing the
length of the gas electric discharge, the structure was somewhat increased in size. Moreover, in
experiments was observed formation of small structures and their further “adjoining” to the larger
structure This experiment shows that, under certain external conditions (gas electrical discharge,
heat) it is possible the structural organization of water. It should be noted that water in natural
conditions is heated up to +100 °C by the magma. The structure formed from the thermoheated
water was evidently a result of self-organization. Living organisms are complex self-organizing
systems. Thermodynamically they belong to the open systems because they are constantly
exchanging substances and energy with the environment. The changes in the open systems are
relatively stable in time. The stable correlation between components in thermodynamic open
system is called a dissipative structure. According to I. Prigozhin, the formation of dissipative
structures and the elaboration to living cells is related to changes in entropy [20]. Taking these
results into consideration, it is possible to conclude that the initial stage of evolution, apparently,
was connected with the formation at high temperature the mixures of amino acids and nitrogenous
substances — analogues of nucleic acids. Such synthesis is possible in aqueous solutions under
thermal conditions in the presence of H;PO, as a catalyst. The next stage is polycondensation of
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amino acids into thermal proteinoids at temperatures 65—95 °C. After that stage in a mix of
thermal proteinoids in hot water solutions are formed the membrane like structures — proteinoid
microspheres. In 2011 T. Sugawara (Japan) created membrane like proto cells from aqueous
solution of organic molecules, DNA and synthetic enzymes under temperature close to water’s
boiling point +95 °C [21]. These experiments are excellent confirmation of the possibility that first
organic forms of life originated in hot water.

Figure 7: The organized structure in water sample subjected to the temperature +100 °C in the
electric field of high voltage and frequency (I. Ignatov, 2014). The material of the electrode —
hostafan; electric voltage — 15 kV, electric impulse duration — 10 ps;
electric current frequency — 15 kHz

Study the GD-glowing of Water Drops in Electric Field of High Voltage and Frequency

The exposure high-frequency electric discharge to water appears in the form of characteristic
GD-glowing around water drops. From the physical point of view, this process is characterized by a
process of non-equillibrium transport of electric discharge in adjacent to the object of study thin air
gap being ionized by the electric field. The authors believe that the emergence of GD-glow around
water drops may be explained by taking into account the energy of the electric field and the change
due to the influence of the electric field on the water structure, which in turn may be due to
intermolecular rearrangements within associative elements of water. This fact may indicate that
the structural elements of water may pocess “information” properties.

The authors consider that it seems unlikely that life originated in the “chaotic” non-
informative water. Living organisms and water are complex, self-organizing systems having a
characteristic structure. According to recent data, water is an associated liquid consisting of
associated elements — clusters with general formula (H.O),, where n = 3—50 [22]. 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
interactions with charge transfer, including hydrogen H...O bonding [23]. At room temperature,
the degree of association of H.O molecules may vary from 2 to 21 or even more.

The hydrogen bond 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, therefore may be
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defined as O...H**—-0%. As the result, the electron of the H-atom due to its relatively weak bond
with the proton easily shifts to the electronegative O-atom. The O-atom with increased electron
density becomes partly negatively charged — &, while the H-atom on the opposite side of the
molecule becomes positively charged — &+ that leads to the polarization of O>—H® covalent bond.
In this process the proton becomes almost bared, and due to the electrostatic attraction forces are
provided good conditions for convergence of O...O or O..H atoms, leading to the chemical
exchange of a proton in the reaction O—H...O <> O...H-O0. Although this interaction is essentially
compensated by mutual repulsion of the molecules’ nuclei and electrons, the effect of the
electrostatic forces and donor-acceptor interactions for H.O molecule compiles 5—-10 kcal per
1 mole of substance. It is explained by negligible small atomic radius of hydrogen and shortage of
inner electron shells, which enables the neighboring H.O molecule to approach the hydrogen atom
of another molecule at very close distance without experiencing any strong electrostatic repulsion.
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 were a simple liquid with van der Waals interactions. The hydrogen bond
energy compiles 5-10 kcal/mole, while the energy of O—H covalent bonds in H.O molecule —
109 kcal/mole [24]. The values of the average energy (AEx..0) of hydrogen H...O-bonds between
H.O molecules make up 0,1067+0,0011 eV [25]. With fluctuations of water temperature the
average energy of hydrogen H...O-bonds in water associates changes. Therefore, the hydrogen
bonds in the liquid state are relatively weak and unstable: they can easily occur and collapse as a
result of thermal fluctuations [26]. This process leads to structural inhomogeneity of water
characterizing it as an associated heterogeneous two-phase liquid with short-range ordering, i.e.
with regularity in mutual positioning of atoms and molecules, which reoccurs only at distances
comparable to distances between initial atoms, i.e. the first H.O layer. Changing the position of one
structural element (H.O molecules) under the influence of any external factor, or changing the
orientation of the neighboring H.O molecules ensures high sensitivity of the structural elements of
water to various external influences (electromagnetic, thermal, sound fields, etc.).

H.O molecules in the liquid state at standard conditions (1 atm, 22 °C) are able to perform
oscillating movements about its axis of rotation, as well as random and directed movement,
whereby individual molecules can be moved from one location to another through the volume of
water via cooperative interactions. As a result, in aqueous solutions is possible autoprotoliz i.e. take
off a proton H+* from one molecule of water, followed by moving and adding H* to a neighboring
molecule H,O, leading to delocalization of a proton within a cluster to form a hydronium ion as
H;0+, H;0.*, H,05*, HyO,*, etc. Hydrogen bonding leads to the formation of the next hydrogen
bond and redistribution of electrons, which in its turn promotes the formation of the following
hydrogen bond, which length increasing with distance. Cooperative hydrogen bonding increases
the O—H bond length, at the same time causing a reduction in the H...O and O...O distances [27].
The protons held by individual H.O molecules may switch partners in an ordered manner within
hydrogen networks [28]. This property explains the extremely labile, mobile character of
interaction of woter associates with each other. In the mathematical model of water it is assumed
that water consists of a variety of association elements - neutral clusters (H.O), and charged cluster
ions [(H+)(H.O).]* and [(OH-)(H.O).]- with different types of similarity which can form
quasicrystalline structure, wherein n in mathematical calculations can reach tens or even hundreds
of units [29]. This property explains the extremely labile, mobile character of the electrostatic
interaction of associative elements of water with each other, due to which occures the construction
of structural elements of water into hollow cells (clathrates) up to 0,5-1,0 um.

Due to the fact that H.O molecules are polar dipoles, they are thought to have oriented in the
electric field. In the study of GD-glowing of water droplets it was proposed that electric glow was
partly due to the polarity of H.O molecules and their orientation by an external electric field [30].
Polarization is a physical phenomenon associated with electromagnetic waves, when the
electromagnetic field oscillates (fluctuates) in one particular plane perpendicular to the direction of
wave propagation. Water has the highest dielectric constant and it determines its chemical
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properties as an universal solvent. GD-images of water drops of various origin and degree of
purification indicate that the different water samples interact in different ways with the electric
field. Moreover water is a source of super-weak and weak alternating electromagnetic radiation.
In this case, it is possible the induction of the corresponding electromagnetic field and resonance
effects of combination (superposition) of electromagnetic fields capable to altering the structural
and functional characteristics of biological objects by 70-80 % consisting of water. As it was
demonstrated by I. Ignatov (Figure 8), the character of GD-glowing of water drops placed in an
alternating electric field of high voltage and frequency influences the origin of water sample, the
method of the water treatment, the presence of impurities in water and other factors.

Figure 8: Color gas disharge spectral analysis of water droplets of different origin (I. Ignatov, 2012)
(the electrode voltage — 15 kV, electric current frequency — 15 kHz): 1 — tap water; 2 — mountain
water (Teteven, Bulgaria); 3 — seawater (Hammamet, Tunisia); 4 — Karst and mineral water
(Zlatna Panega, Bulgaria)

The differences in the GD-glowing of different water samples can be caused by different
structure and composition of water (cation-anion composition), physical and chemical properties
(pH, conductivity, surface tension), which affects the differences in the interaction of water
samples with the electric field. This method is not widely used in scientific research.

Conclusion

The data obtained suggest about the possibility of application of the selective gas discharge in
modeling non-equilibrium conditions with gas electric discharge simulating electrical spark
discharge processes going on in primary atmosphere, simulating S. Miller’s experiments. In this
process, within a thin layer of air border with 100 pum there occures the formation of reactive
radicals interacting with each other to form new compounds (electrosynthesis). Such extreme
conditions supposedly might take place in the primary anoxic Earth hydrosphere, consisting of a
mixture of water and gases — H.,, CH,, NH; u CO, subjected to the action of high-energy electrical
discharges (lightning). The experiments showed that the most favorable for the emergence of first
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organic forms and maintenance of biochemical reactions is hot mineral water interacting with
CaCoO;.
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AnHOTanMAa. B craTbe mpejcTaBiieHbl JaHHBIE O BO3MOXKHOCTH IIpUMeHeHU:A 3dpdexra
razopaspsagHoro ceuenuss (I'P) B MopennpoBaHHM HEPAaBHOBECHBIX YCJIOBHUAX C Ta30BBIM
BJIEKTPUYECKUM Pas3psAZoM, UMUTHPYIOIIUX YCJIOBUSA, NMPOUCXOAAIINE B MEPBUUYHON aTtMocdepe
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U TeIUIOBOMY HarpeBy A0 t = +100 °C. I[BeTHOW KOpDOHAJIbHOHW CIIEKTPAJIbHBIN aHAIU3 ObLI
IIpUMeHeH JJI1 UCCAeZlOBaHUA IMPoO BOABI PA3IMYHOTO IPOUCXOXKAEHUs, a TakKe 00pasIoB
ropsyeil MUHEPAJIbHOW, MOPCKOM U TOPHON BOJbI, IOJIyYeHHON W3 Pa3JIUUYHBIX HCTOUHUKOB
Boarapuun.
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Abstract

The isotopic composition, the temperature and the pH value of water were analyzed in
experiments with prognosis of primary hydrosphere and hydrological conditions for origin of first
organic forms in hot mineral water with HDO. For this aim we performed experiments with hot
mineral water and seawater from Bulgaria and water with varying content of deuterium using IR-
and DNES-spectroscopy. As model systems were used cactus juice of Echinopsis pachanoi and
Mediterranean jellyfish Cotylorhiza tuberculata. The reactions of condensation—dehydration
occurring in alkaline aqueous solutions at t = 65—95 °C and pH = 9—10, resulting in synthesis from
unorganic molecules the larger organic molecules as polymers and short polipeptides, were
discussed, as well as the possible mechanisms of the deuterium accumulation in form of HDO in
hot water. It was shown that hot alkaline mineral water with temperature from +65 °C to +95 °C
and the pH value from 9 to 11 is more suitable for the origination of life and living matter than
other analyzed water samples. In hot mineral waters the local maximums in IR-spectra are more
manifested compared to the local maximums obtained in IR-spectra of the same water at a lower
temperature. The difference in the local maximums from +20 °C to +95 °C at each +5 °C according
to the Student t-criterion makes up p < 0,05.

Keywords: deuterium, hydrosphere, evolution, origin of life, IR spectroscopy, DNES.

Introduction

Previous biological experiments with D.O and structural-conformational studies with
deuterated macromolecules, performed by us, enable to modeling conditions under which the first
living forms of life might be evolved [1—3]. The content of deuterium in hot mineral water may be
increased due to the physical chemical processes of the deuterium accumulation. It can be
presumed that primary water might contain more deuterium at early stages of evolution of first
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living structures, and deuterium was distributed non-uniformly in the hydrosphere and
atmosphere [4]. The primary reductive atmosphere of the Earth consisted basically of gas mixture
CO, H,, N,, NH;, CH,, lacked O,—O4 layer protecting the Earth surface from rigid short-wave solar
radiation carrying huge energy capable to cause radiolysis and photolysis of water. The processes
accompanying accumulation of deuterium in the hydrosphere are solar radiation, volcanic
geothermal processes and electric discharges in the atmosphere. These natural processes could
lead to the enrichment of the hydrosphere by deuterium in the form of HDO which evaporates
more slowly then H.O, and condenses faster. If this is true, this is a significant fact regarding
thermal stability of deuterated macromolecules in the preservation of life under thermal
conditions, because chemical bonds with participation of deuterium are stronger than those ones
formed of hydrogen.

The natural prevalence of deuterium makes up approximately 0,015—0,020 atom%, and
depends strongly on the uniformity of substance and the total amount of matter formed in the
course of early Galaxy evolution [5]. The average ratio of D/'H in nature makes up approximately
1:5700. In natural waters, the deuterium is distributed irregularly: from 0,02—0,03 mol.% for river
water and sea water, to 0,015 mol.% for water of Antarctic ice — the most purified from deuterium
natural water containing in 1,5 times less deuterium than that of seawater. According to the
international SMOW standard isotopic shifts for D and 80 in sea water: D/*H = (155,76+0,05)-10°
(155,76 ppm) and 80/100 = (2005,20+0,45)-10¢ (2005 ppm). For SLAP standard isotopic shifts for
D and 0O in seawater make up D/'H = 89-10° (89 ppm) and for a pair of 80/*°0 = 189410
(1894 ppm). In surface waters, the ratio D/*H = ~(1,32—1,51)-104, while in the coastal seawater —
~(1,55—-1,56)-104. The natural waters of CIS countries are characterized by negative deviations from
SMOW standard to (1,0—1,5)105, in some places up to (6,0-6,7)-10°5, but however there are also
observed positive deviations at 2,0-105.

The constant sources of deuterium are explosions of nova stars and thermonuclear processes
frequently occurring inside the stars. Probably, it could explain a known fact, why the amount of
deuterium is slightly increased during the global changes of climate in warming conditions.
The gravitational field of the Earth is insufficiently strong for the retaining of lighter hydrogen, and
our planet is gradually losing hydrogen as a result of its dissociation into interplanetary space.
Hydrogen evaporates faster than heavy deuterium, which can be collected by the hydrosphere.
Therefore, as a result of this natural process of fractionation of H/D isotopes throughout the
process of Earth evolution there should be an accumulation of deuterium in the hydrosphere and
surface waters, while in the atmosphere and in water vapour deuterium content tends to be low.
Thus, on the planet there occurs a natural process of separation of H and D isotopes, playing an
essential role in the maintenance of life on the planet.

The second point regards the influence of temperature on the biochemical processes in living
matter. Our recent studies have shown that the most favorable for the origin of life and living
matter seem to be hot alkaline mineral waters interacting with CaCO, [6, 7]. According to the law
for conservation of energy the process of self-organization of primary organic forms in water
solutions may be supported by thermal energy of magma, volcanic activity and solar radiation.
According to J. Szostak, the accumulation of organic compounds in small isolated lakes is more
possible compared to the ocean [8]. It is most likely that life originated near a hydrothermal vent:
an underwater spout of hot water. Geothermal activity gives more opportunities for the origination
of life. In 2009 A. Mulkidjanian and M. Galperin demonstrate that the cell cytoplasm contains
potassium, zinc, manganese and phosphate ions, which are not particularly widespread in the sea
aquatorium [9]. J. Trevors and G. Pollack proposed in 2005 that the first cells on the Earth
assembled in a hydrogel environment [10]. Gel environments are capable of retaining water, oily
hydrocarbons, solutes, and gas bubbles, and are capable of carrying out many functions, even in
the absence of a membrane. Hydrocarbons are an organic compounds consisting entirely of
hydrogen and carbon. The data presented in this paper show that the origination of living matter
most probably occurred in hot mineral water. This may occurred in ponds and hydrothermal vents
in seawater or hot mineral water. An indisputable proof of this is the presence of stromatolites
fossils. They lived in warm and hot water in zones of volcanic activity, which could be heated by
magma and seem to be more stable than other first sea organisms [11].

Therefore, the purpose of the research was studying the hydrological conditions of primary
hydrosphere (temperature, pH, isotopic composition) for possible processes for origin of first
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organic forms in hot mineral water with HDO. Various samples of water from Bulgaria, as well
water with varying deuterium content were studied within the frames of the research.

Material and methods

Chemicals

For preparation of water with varying content of deuterium (HDO) was used D.O
(99,9 atom.%) from the Russian Research Centre “Isotope” (St. Petersburg, Russian Federation).
D.O was preliminary distilled over KMnO, with the subsequent control of isotope enrichment by
'H-NMR-spectroscopy on a Brucker WM-250 device (“Brucker”, Germany) (working frequency:
70 MHz, internal standard: Me,Si).

Biological Objects
The objects of the study were used the cactus juice of Echinopsis pachanoi and the
Mediterranean jellyfish Cotylorhiza tuberculata (Chalkida, Greece, Aegean Sea).

Water Samples

The samples of water were taken from various water springs of Bulgaria:
1 — Mineral water (Rupite, Bulgaria);

2 — Seawater (Varna resort, Bulgaria);

3 — Mountain water (Teteven, Bulgaria);

5 — Deionized water (the control).

6 — Water with varrying deuterium content (HDO).

IR-Spectroscopy

IR-spectra of water samples were registered on Brucker Vertex (“Brucker”, Germany)
Fourier-IR spectrometer (spectral range: average IR — 370—7800 c¢m™; visible — 2500-8000 cm;
permission — 0.5 cm™; accuracy of wave number — 0.1 cm™ on 2000 cm™) and on Thermo Nicolet
Avatar 360 Fourier-transform IR (M. Chakarova).

DNES-Spectral Analysis

The research was made with the method of 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 (AEx..0) of hydrogen O...H-bonds between H.O
molecules in water’s samples. The spectra of water were measured in the range of energy of
hydrogen bonds 0,08-0,1387 eV with using a specially designed computer program.

High-Frequency Coronal Electric Discharge Experiments

A device for high-frequency coronal electric discharge was used in this study, constructed by
I. Ignatov and Ch. Stoyanov. The frequency of the applied saw-tooth electric voltage was 15 kHz,
and the electric voltage — 15 V. The electric discharge was obtained using a transparent firm
polymer electrode on which a liquid sample of water (2—3 mm) was placed. The spectral range of
the photons released upon electric discharge was from A = 400 to A = 490 nm and from A = 560 to
A =700 nm.

Results and discussion

Studying Various Water Samples on the Feasibility for Origin of Life
We have carried out the research of various samples of mineral water obtained from mineral
springs and seawater from Bulgaria (Fig. 1, curves 1—5). For this aim we employed the IR-
spectrometry and DNES method relative to the control — deionized water.
For calculation of the function f(E) represented the energy spectrum of water, the
experimental dependence between the wetting angle (0) and the energy of hydrogen bonds (E) is
established:
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14,331 (0)
") = @peyF =

where b = 14,33 eV

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) (2)

Cactus juice was also investigated by the DNES method (Fig. 1, curve 1). The cactus was
selected as a model system because this plant contains approximately 9o % of water. The closest to
the spectrum of cactus juice was the spectrum of mineral water contacting with Ca2* and HCO4
ions (Fig. 1, curve 2). DNES-spectra of cactus juice and mineral water have magnitudes of local
maximums (E, eV) at —o0,1112; -0,1187; -0,1262; -0,1287 and —0,1387 eV. The similar local
maximums in the DNES-spectrum between the cactus juice and seawater were detected at -0,1362
eV. The DNES-spectrum of the control sample of deionized water (Fig. 1, curve 5) was substantially
different from DNES-spectra of seawater and mineral water.

Another important parameter was measured by the DNES method — the average energy
(AEn.0) of hydrogen H...O-bonds among individual molecules H,O, which makes up -
0,1067+0,0011 €V. When the water temperature is changed, the average energy of hydrogen H...O-
bonds alternates. This testified about the restructuring of average energies of hydrogen H...O-
bonds among individual H.O molecules with a statistically reliable increase of local maximums in
DNES-spectra.

Dr. Ignatov, Dr. Mosin, 2010 1. juice plant, cactus

4. mountain water, Teteven

5. deionized water
60.0 +
4
50.0¢+
1
40.01
300 T
20.0+ g
" 012 013

AffeV-]

1 1 Il
t T T

0.09 0.1 0.11 0.14

Spectral analysis of water and liquids by method DNES

Figure 1: DNES-spectra of water samples of various origin: 1 — the cactus juice; 2 — mineral water
from Rupite village (Bulgaria); 3 — seawater (Varna, Bulgaria); 4 — mountain water (Teteven,
Bulgaria); 5 — deionized water (the control)

As it was shown from these experimental data, the closest to the IR-spectrum of the cactus
juice was mineral water from Rupite Village (Bulgaria), which DNES and IR spectrum is shown in
Fig. 2 and Fig. 3 (Thermo Nicolet Avatar 360 Fourier-transform IR). IR-spectra of cactus juice and
mineral water containing HCO5 (1320-1488 mg/1), Ca2* (29—36 mg/1), pH (6,85-7,19), have local
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maximums at A = 8,95; 9,67; 9,81; 10,47 and 11,12 um (Fourier-IR spectrometer Brucker Vertex).
Common local maximums in the IR-spectrum between the cactus juice and seawater are detected
at A = 9,10 um. The local maximums obtained with the IR method at A = 9,81 uym (k = 1019 cm™)
and A = 8,95 um (k = 1117 cm™) (Thermo Nicolet Avatar 360 Fourier-transform IR) are located on
the spectral curve of the local maximum at A = 9,7 um (k = 1031 cm™?) (Fig. 3). With the DNES
method were obtained the following results — (wave length A, um) 8,95; 9,10; 9,64; 9,83; 10,45 and
11,15 um, or (wave numbers, k, cm™) 897; 957; 1017; 1037; 1099 and 1117 cm™.

5 10 15 20 25

0.1

- 1420 (7.04)

_-1452 (6.89)

1382
(7.23)

- 875 (11.44)

1101 (9.08)
—— 1083 (9.23)
1031 (9.70)

1648 (6.07)
1545 (6.47)

_—

ADSOrpoance
(5.55)  (5.74)
-1725 (5.79)
(8.66)
- 1155
— 913 (10.95)
- 468 (21.37)

-1801 1741
/

800 (12.50)
- 713 (14.02)
- 529 (18.90)

~ 649 (15.41)

IR spectrum in KBr pellet
T T T T T T T T T
2400 2000 1600 1200 800 400

Wavenumber, cm™

Figure 2: IR-spectrum of water sediments obtained from Rupite Village (Bulgaria)

Table 1: Characteristics of spectra of water of various origin
obtained by DNES-method*

-E, eV A, k,
Cactus juice Mineral Seawater pm cm™
water from
Rupite
Village
(Bulgaria)
0,1112 0,1112 - 11,15 897
0,1187 0,1187 - 10,45 957
0,1262 0,1262 - 9,83 1017
0,1287 0,1287 - 9,64 1037
0,1362 - 0,1362 9,10 1099
0,1387 0,1387 - 8,95 1117

Notes:

*The function of the distribution of energies Af was measured in reciprocal electron volts (eV™?). It
is shown at which values of the spectrum -E (eV) were observed the biggest local maximums of this

function; A — wave length; k — wave number.

The results with the Mediterranean jellyfish Cotylorhiza tuberculata indicated that the
jellyfish has local maximums in IR-spectra at A = 8,08 and A = 10,18 um (Fig. 3). Before

measurements the jellyfish was kept in seawater for several days. On comparison the seawater has
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a local maximum at A = 8,93 um in IR-spectra. These results were obtained with Thermo Nicolet
Avatar 360 Fourier-transform IR. With DNES method the local maximums in spectra for jellyfish
are detected at A = 8,95 and 10,21 um, and for seawater — at A = 9,10 um. A differential spectrum
was recorded between jellyfish and seawater by using the Thermo Nicolet Avatar 360 Fourier-
transform IR method. In the IR-spectrum of jellyfish are observed more pronouncedly expressed
local maximums, detected by Thermo Nicolet Avatar 360 Fourier-transform IR and DNES method.
The measurements demonstrate that two common local maximums are observed in IR-spectra of
jellyfish and seawater. These maximums are not observed in the IR-spectrum of cactus juice and
mineral water from Rupite (Bulgaria). Jellyfish contains approximately 97 (w/w) % of water and is
more unstable living organism compared to those ones formed stromatolites. The explanation for
this is the smaller concentration of salts and, therefore, the smaller number of local maximums in
the IR-spectrum in relation to seawater.

Wavelength, um

5 10 15 2025
1 . L N NSRS FUTTY P
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3 -
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@ Y . 52 P 3
£ 38 g3 '
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Figure 3: IR-spectrum of seawater obtained from Varna (Bulgaria) and jellyfish Cotylorhiza
tuberculata, Chalkida (Greece), Aegean Sea

Such a character of IR- and DNES-spectra and distribution of local maximums may prove
that hot mineral alkaline water is preferable for origin and maintenance of life compared to other
types of water analyzed by these methods. Thus, in hot mineral waters the local maximums in the
IR-spectrum are more manifested compared to the local maximums obtained in IR-spectrum of the
same water at a lower temperature. The difference in the local maximums from t = +20 °Cto t =
+95 °C at each 5 °C according to the Student t-criterion makes up p < 0,05. These data indicate that
the origination of life and living matter depends on the structure and physical chemical properties
of water, as well as its temperature and pH value. The most closed to the IR- and DNES-spectrum
of water, which contains bicarbonates and calcium ions typical for the formation of stromatolites is
the IR-spectrum of cactus juice. For this reason cactus juice was applied as a model system. The
most closed to local maximums in IR-spectrum of cactus juice are local maximums in IR-spectra of
alkaline mineral water interacting with CaCO; and then seawater. In connection with these data the
following reactions participating with CaCOin aqueous solutions are important:

CO: + 4H,S + 0. = CH.,O + 4S + 3H.0, (3)
CaCOs + H.0 + CO- = Ca(HCO3)-, 4)
CO, + OH- = HCO4 (5)
2HCOs + Ca?* = CaCO3 + CO. + H,O (6)

The equation (3) shows how some chemosynthetic bacteria use energy from the oxidation of

H.S and CO-to S and formaldehyde (CH-O). The equation (4) is related to one of the most common

215




European Journal of Molecular Biotechnology, 2015, Vol.(10), Is. 4

processes in nature: in the presence of H,O and CO,, CaCO; transforms into Ca(HCOj;).. In the
presence of hydroxyl OH- ions, CO, transforms into HCO; (equation (5)). Equation (6) is valid for
the process of formation of the stromatolites — the dolomite layered acretionary structures formed
in shallow seawater by colonies of cyanobacteria. In 2010 D. Ward described fossilized
stromatolites in the Glacier National Park (USA) [13]. Stromatolites aged 3,5 billion years had lived
in warm and hot water in zones of volcanic activity, which could be heated by magma. This
suggests that the first living forms evidently evolved in hot geysers [14]. It is known that water in
geysers is rich in carbonates, while the temperature is ranged from +100 °C to +150 °C. In 2011 a
team of Japanese scientists under the leadership of T. Sugawara showed that life originated in
warm or, more likely, in hot water [15]. From aqueous solution of organic molecules, DNA and
synthetic enzymes were created proto cells. Under experimental conditions the initial solution was
heated to a temperature close to the water’s boiling point +95 °C. Then the temperature was
lowered to +65 °C with formation of proto cells with primitive membrane. These experiments are
excellent confirmation of the possibility that first organic forms of life originated in hot water.

The above-mentioned data can predict a possible transition from synthesis of small organic
molecules under the temperatures +70-100 °C to more complex organic molecules as proteins.
There are reactions of condensation-dehydration of amino acids into separate blocks of peptides
that occur under alkaline conditions, with pH = 9-11. The important factor in reaction of
condensation of two amino acid molecules into dipeptide is allocation of H.O molecule when a
peptide chain is formed. Because the reaction of polycondensation of amino acids is accompanied
by dehydration, the H.O removal from the reaction mixture speeds up the reaction rates. This
testifies that formation of early organic forms may have occured nearby active volcanoes, because
at early periods of geological history volcanic activity occurred more actively than during
subsequent geological times. However, dehydratation accompanies not only amino acid
polymerization, but also association of other small blocks into larger organic molecules, and also
polymerization of nucleotides into nucleic acids. Such association is connected with the reaction of
condensation, at which from one block a proton is removed, and from another — a hydroxyl group
with the formation of H.O molecule.

In 1969 the possibility of existence of condensation-dehydration reactions under conditions
of primary hydrosphere was proven by M. Calvin [16]. From most chemical substances hydrocyanic
acid (HCN) and its derivatives — cyanoamid (CH.N.) and dicyanoamid (HN(CN).) possess
dehydration ability and the ability to catalyze the process of linkage of H.O from primary
hydrosphere [17]. The presence of HCN in primary hydrosphere was proven by S. Miller's early
experiments [18]. Chemical reactions with HCN and its derivatives are complex with a chemical
point of view; in the presence of HCN, CH.N. and HN(CN). the condensation of separate blocks of
amino acids accompanied by dehydration, can proceed at normal temperatures in strongly diluted
H,O-solutions. These reactions show the results of synthesis from separate smaller molecules to
larger organic molecules of polymers, e.g. proteins, polycarboxydrates, lipids, and ribonucleic acids
(Fig. 4). Furthermore, polycondensation reactions catalyzed by HCN and its derivatives depend on
acidity of water solutions in which they proceed [19]. In acid aqueous solutions with pH = 4-6
these reactions do not occur, whereas alkaline conditions with pH = 9—10 promote their course.
There has not been unequivocal opinion, whether primary water was alkaline, but it is probable
that such pH value possessed mineral waters adjoining with basalts, i.e. these reactions could occur
at the contact of water with basalt rocks, that testifies our hypothesis.
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Figure 4: Possible reactions of condensation and dehydration in alkaline conditions with pH = 9—
10 catalyzed by HCN and its derivatives, resulting in synthesis from separate molecules larger
organic molecules of polymers. The top three equations: condensation and the subsequent
polymerization of amino acids in proteins; carbohydrates — in polycarboxydrates and acids and
ethers — into lipids. The bottom equation — condensation of adenine with ribose and H;PO,,
leading to formation of dinucleotide

It should be noted, that geothermal sources might be used for synthesis of various organic
molecules. Thus, amino acids were detected in solutions of formaldehyde CH.O with
hydroxylamine NH,OH, formaldehyde with hydrazine (N.H,) in water solutions with HCN, after
heating of a reactionary mixture to +95 °C [20]. In model experiments the reaction products were
polymerized into peptide chains that are the important stage towards inorganic synthesis of
protein. In a reactionary mixture with a HCN-NHj; solution in water were formed purines and
pyrimidines (Fig. 5). In other experiments amino acid mixtures were subjected to influence of
temperatures from +60 °C up to +170 °C with formation of short protein-like molecules resembling
early evolutionary forms of proteins subsequently designated as thermal proteinoids.
They consisted of 18 amino acids usually occurring in protein hydrolyzates. The synthesized
proteinoids are similar to natural proteins on a number of other important properties, e. g. on
linkage by nucleobases and ability to cause the reactions similar to those catalyzed by enzymes in
living organisms as decarboxylation, amination, deamination, and oxidoreduction. Proteinoids are
capable to catalytically decompose glucose [21] and to have an effect similar to the action of a-
melanocyte-stimulating hormone [22]. The best results on polycondensation were achieved with
the mixes of amino acids containing aspartic and glutamic acids, which are essential amino acids
occurring in all modern living organisms.
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Figure 5: Prospective mechanisms of thermal (+95 °C) synthesis of purines in aqueous solutions:
a) — synthesis of hypoxanthine, adenine, guanine and xanthine from 4-aminoimidazole-5-
carboxamidine, 4-aminoimidazole-5-carboxamide, water, NH;, formamidine and urea;

b) — synthesis of adenine from NH;and HCN (total reaction: 5SHCN = adenine)
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Under certain conditions (temperature, pH) in hot mixture of thermal proteinoids in water
solutions are formed elementary structures like proteinoid microspheres with diameter 5-10 um
[23]. The best results on polycondensation were achieved with the mixes of amino acids containing
aspartic and glutamic acids, which are essential amino acids occurring in all modern living
organisms. By morphological features the proteinoid microspheres with a diameter ~5—10 pm
resemble cell membrane, which in certain conditions (pH = 4-5) may be double (Fig. 6).
The catalyst for their formation could serve sulfur and its derivatives which were found in ancient
rocks in the form of grains of sulfides, as well as pyrite sands. Synthesis of protenoid microspheres
from a mixture of thermal proteinoids is important because it provides material for the next stage
of the evolution of life. This is the stage from disparate organic molecules to organized proteinoid
molecules having organized structure and separated from the surrounding environment by the
primitive membrane.

Figure 6: Electron igrs of sections of reioi 1cr1;eres in scanning
electron microscope (magnification x ~1000 times) (Nakashima, 1987).

In further experiments was applied gas electric discharge analogous to S. Miller’s experiments
[24]. The first experiments on the modeling of non-equilibrium conditions with gas electric
discharge simulating primary atmosphere and electrosynthesis of organic substances from
anorganic ones under the energy of the electric field in a primary oxygen-free atmosphere were
held in 1953 by S. Miller (USA) [24]. For this aim the mixture of water and gases consisted of
hydrogen (H.), methane (CH,), ammonia (NH;) and carbon monoxide (CO) was placed into a
closed glass container being exposed by pulsating electrical spark discharges at the temperature of
boiling water; oxygen was not allowed into the unit. After processing the reaction mixure by the
electric discharge it was found that from the initial inorganic substance was synthesized organic
compounds — aldehydes and amino acids. Experiments found that approximately ~10-15% of
carbon was transferred into an organic form. However, about ~2% of carbon was detected in the
amino acids, the most common of which was glycine. Initial analysis showed the presence in the
reaction mixture obtained after the processing by spark electric discharge 5 amino acids. A more
complete analysis carried out in 2008 [25], showed the formation by electrosynthesis in the
reaction mixture 22 amino acids having from 5 to 20 carbon atoms in the molecule. Interestingly is
that along with the amino acids in the reaction mixture after the treatment with electric spark
discharges were detected trace amounts of nucleic acid precursors — nucleosides.

It should be noted that in the implementation of the gas discharge effect as well as in
experiments of S. Miller are modeled extreme non-equilibrium conditions with gas electric
discharge, resulting that in a thin layer of air gap with thickness ~100 um are formed reactive
radicals reacting with each other to form new compounds (electrosynthesis). Such extreme
conditions are thought to have occurred in the primary oxygen-free atmosphere of the Earth, which
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supposedly consisted of a mixture of water and gases — H,, CH,, NH; and CO, subjected to spark
electrical discharges (lightning) under the conditions of high solar (UV) and geothermal activity.

The analogous experiment was conducted by the authors under laboratory conditions.
According to our previous experiments, the first living structures may have evolved in warm and
hot mineral water with a high content of bicarbonate (HCO;") anions, cations of alkali metals (Na*,
Ca2+, Mg2*, Zn2*) and deuterium in the form of HDO [26]. There occurred gas electric discharge
(lightning) in the primordial atmosphere close to the water surface. In the course of experiment
was used the similar gas electric discharge on water drops placed on the electrode of the device for
gas electric discharge formation. The similar composition and water temperature were modeled on
the electrode of the gas discharge device made of hostafan, with electric voltage — 15 kV, electric
impulse duration — 10 ps; electric current frequency — 15 kHz, wherein the air gap layer on the
boundary with water sample was formed the electrical discharge, similar to plasma phenomena
(lightning) and the electrostatic discharge on the surface of organic and inorganic samples of
various kinds. Water drops were heated up to the boiling point in an electric field of high
frequency and the electric discharge was applied, analogious as that in the primordial atmosphere.
As a result, an organized structure with a size of 1,2—1,4 mm was formed in interelectrode space
(Fig. 7). It was formed as a result of accretion of smaller elementary structures sized up 5—10 um
into the biggest structure having the size 1,2—1,4 mm and concentrated in the spase where the
electric field is applied.

It should be noted that no structure was organized in a control sample of water placed on the
electrode. Before its placement on the electrode, the water was heated to boiling point and then
cooled down. The structure organization increased with the increase of the duration of the gas
electric discharge. Moreover, in experiments was observed the formation of small structures and
their further “adjoining” to the larger structure. The large structure was preserved the original size
for some time in the absence of the electric discharge.

Figure 7: The organized structure in water sample subjected to the temperature +100 °C in the
electric field of high voltage and frequency (I. Ignatov, 2014). The material of the electrode —
hostafan; the electric voltage — 15 kV, the electric impulse duration — 10 ps; the electric current
frequency — 15 kHz.
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This experiment shows that self-organization in water under certain external termal
conditions may take place. In natural conditions water is heated up to +100 °C by the magma.
The structure formed from heated water was evidently a result of self-organization. Living
organisms are complex self-organizing systems. Thermodynamically they belong to the open
systems because they constantly exchange substances and energy with the environment.
The changes in the open systems are relatively stable in time. The stable correlation between
components in an open system is called a dissipative structure. According to I. Prigozhin, the
formation of dissipative structures and the elaboration to living cells is related to changes in
entropy [27].

Taking into account these views it may be concluded that the initial stage of evolution,
apparently, was connected with formation at high temperature of the mixtures of amino acids and
nitrogenous substances — analogues of nucleic acids. Such synthesis is possible in aqueous
solutions under thermal conditions in the presence of H;PO,. The next stage is polycondensation of
amino acids into thermal proteinoids at temperatures 65—95 °C. After that in a mix of thermal
proteinoids in hot water solutions were formed membrane like structures.

Our data are confirmed by experiments of T. Sugawara (Japan), who in 2011 created the
membrane like proto cells from aqueous solution of organic molecules, DNA and synthetic
enzymes under temperature close to the water boiling point +95 °C [28]. This data confirm the
possibility that first organic forms of life originated in hot water.

IR-Spectroscopy of Water with Varying Content of Deuterium

Numerous studies carried out by us with various biological objects in D,O, proved that when
biological objects being exposed to water with different deuterium content, their reaction varies
depending on the isotopic composition of water (the content of deuterium in water) and magnitude
of isotope effects determined by the difference of constants of chemical reactions rates kyg/kp in
H,0 and D.O. The maximum Kkinetic isotopic effect observed at ordinary temperatures in chemical
reactions leading to rupture of bonds involving hydrogen and deuterium atoms lies in the range
ku/kp = 5—8 for C—H versus C—D, N—D versus N—D, and O—D versus bonds [29].

The chemical structure of D,O molecule is analogous to that one for H,O, with small
differences in the length of the covalent H—O-bonds and the angles between them. The molecular
mass of D,O exceeds on 10% that one for H,O. The difference in nuclear masses stipulates the
isotopic effects, which may be sufficiently essential for the *H/D pair. As a result, physical-chemical
properties of D,O differ from H,O: D.,O boils at t = +101,44 °C, freezes at t = +3,82 °C, has maximal
density at t =+11,2 °C (1,106 g/cms3) [30]. In mixtures of 2H.O with H,O the isotopic exchange
occurs with high speed with the formation of semi-heavy water (‘HDO): D.O + H.O = *HDO.
For this reason deuterium presents in smaller content in aqueous solutions in form of *HDO, while
in the higher content — in form of D.O. The chemical reactions in D,O are somehow slower
compared to H.O. D.O is less ionized, the dissociation constant of D.O is smaller, and the solubility
of the organic and inorganic substances in D.O is smaller compared to these ones in H,O. Due to
isotopic effects the hydrogen bonds with the participation of deuterium are slightly stronger than
those ones formed of hydrogen.

The comparative analysis of IR-spectra of H.O solutions and its deuterated analogues (D-O,
HDO) is of considerable interest for biophysical studies, because at changing of the atomic mass of
hydrogen by deuterium atoms in H.O molecule their interaction will also change, although the
electronic structure of the molecule and its ability to form H-bonds, however, remains the same.
The IR spectra of water usually contain three absorption bands, which can be identified as 1 —
absorption band of the stretching vibration of OH- group; 2 — absorption band of the first overtone
of the bending vibration of the molecule HDO; 3 — absorption band of stretching vibration of OD-
group. OH- group is able to absorb much infrared radiation in the infrared region of the IR-
spectrum. Because of its polarity, these groups typically react with each other or with other polar
groups to form intra-and intermolecular hydrogen bonds. The hydroxyl groups not involved in
formation of hydrogen bonds are usually given the narrow bands in IR spectrum and the associated
groups — broad intense absorption bands at lower frequencies. The magnitude of the frequency
shift is determined by the strength of the hydrogen bond. Complication of the IR spectrum in the
area of OH- stretching vibrations can be explained by the existence of different types of
associations, a manifestation of overtones and combination frequencies of OH- groups in hydrogen
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bonding, as well as the proton tunneling effect (on the relay mechanism. Such complexity makes it
difficult to interpret the IR spectrum and partly explains the discrepancy in the literature available
on this subject.

The local maximums in IR-spectra reflect vibrational-rotational transitions in the ground
electronic state; the substitution with deuterium changes the vibrational-rotational transitions in
H.O molecule that is why it appears other local maximums in IR-spectra. In the water vapor state,
the vibrations involve combinations of symmetric stretch (v,), asymmetric stretch (v;) and bending
(v.) of the covalent bonds with absorption intensity (H.O) vi;v.;v3 = 2671; 1178,4; 2787,7 cm™. For
liquid water absorption bands are observed in other regions of the IR-spectrum, the most intense
of which are located at 2100 cm and 710-645 cm™. For D,O molecule these ratio compiles 2723,7;
1403,5 and 3707,5 cm™, while for HDO molecule — 2671,6; 1178,4 and 2787,7 cm™. HDO (50 mole%
H.O + 50 mole% 2H.O; ~50 % HDO, ~25 % H.O, ~25 % D,0) has local maxima in IR-spectra at
3415 cm?, 2495 cm™® 1850 cm™ and 1450 cm™ assigned to OH- -stretch, OD- -stretch, as well as
combination of bending and libration and HDO bending respectively.

In the IR-spectrum of liquid water absorbance band considerably broadened and shifted
relative to the corresponding bands in the spectrum of water vapor. Their position depends on the
temperature [31]. The temperature dependence of individual spectral bands of liquid water is very
complex. Furthermore, the complexity of the IR-spectrum in the area of OH- stretching vibration
can be explained by the existence of different types of H.O associations, manifestation of overtones
and composite frequencies of OH- groups in the hydrogen bonds, and the tunneling effect of the
proton (for relay mechanism). Such complexity makes it difficult to interpret the spectrum and
partly explains the discrepancy in the literature available on this subject.

In liquid water and ice the IR-spectra are far more complex than those ones of the vapor due
to vibrational overtones and combinations with librations (restricted rotations, i.g. rocking
motions). These librations are due to the restrictions imposed by hydrogen bonding (minor L, band
at 395,5 cm; major L, band at 686,3 cm; for liquid water at o °C, the absorbance of L, increasing
with increasing temperature, while L, absorbance decreases but broadens with reduced wave
number with increasing temperature [32]. The IR spectra of liquid water usually contain three
absorbance bands, which can be identified on absorption band of the stretching vibration of OH-
group; absorption band of the first overtone of the bending vibration of the molecule HDO and
absorption band of stretching vibration of OD- group. Hydroxyl group OH- is able to absorb much
infrared radiation in the infrared region of the IR-spectrum. Because of its polarity, these groups
typically react with each other or with other polar groups to form intra- and inter-molecular
hydrogen bonds. The hydroxyl groups, which are not involved in formation of hydrogen bonds,
usually produce the narrow bands in IR spectrum, while the associated groups — broad intense
absorbance bands at lower frequencies. The magnitude of the frequency shift is determined by the
strength of the hydrogen bond. Complication of the IR spectrum in the area of OH- stretching
vibrations can be explained by the existence of different types of associations of H.O molecules, a
manifestation of overtones and combination frequencies of OH- groups in hydrogen bonding, as
well as the proton tunneling effect (on the relay mechanism).

Assignment of main absorbtion bands in the IR-spectrum of liquid water is given in Table 2.
The IR spectrum of H,O molecule was examined in detail from the microwave till the middle (4—
17500 cm™) visible region and the ultraviolet region — from 200 nm to ionization limit at 98 nm™
[33]. In the middle visible region at 4—7500 cm™ are located rotational spectrum and the bands
corresponding to the vibrational-rotational transitions in the ground electronic state. In the
ultraviolet region (from 200 nm to 98 nm™) are located bands corresponding to transitions from
the excited electronic states close to the ionization limit in the electronic ground state.
The intermediate region of the IR-spectrum — from 570 nm to 200 nm corresponds to transitions
to higher vibrational levels of the ground electronic state.
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Table 2: The assignment of main frequencies in IR-spectra
of liquid water H.O and D.O

Main vibrations of liquid H,O and 2H.O

Vibration(s) H.O (t = 25 °C) D.O (t = 25 °C)

v, cm? Eo, M cm™ v, cm! Eo, M1 cm™
Spinning v, + 780-1645 21,65 1210 17,10
deformation v,
Composite v, + v, 2150 3,46 1555 1,88
Valence 3290—-3450 100,65 2510 69,70
symmetrical v,,
valence
asymmetrical v;,

and overtone 2v.

Results of IR-spectroscopy with Infra Spec VFA-IR device show that at A = 4,1 um, even at
low concentrations of deuterium of 0,35 and 0,71%, there is observed a decline in the local
maximums relative to the local maximum of 100% pure water (the local maximums in IR-spectra
reflect vibrational-rotational transitions in the ground electronic state because at changing the
atomic mass of hydrogen and deuterium atoms in the water molecule their interaction will also
change, although the electronic structure of the molecule and its ability to form H-bonds, however,
remains the same; with the substitution with deuterium the vibrational-rotational transitions are
changed, that is why it appears other local maximums in IR-spectra. These results are shown in
Figure 9. The result is reliable regarding the content of deuterium in natural waters from 0,015—

0,03%.
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Figure 9: The typical IR-spectra of water with varying content of deuterium

At further transition from H.O monomers to H4O. dimmer and He¢O; trimmer absorption
maximum of valent stretching vibrations of the O—H bond is shifted toward lower frequencies (v
= 3490 cm™ and v, = 3280 cm™) [34] and the bending frequency increased (v. = 1644 cm™) because
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of the hydrogen bonding. The increased strength of hydrogen bonding typically shifts the stretch
vibration to lower frequencies (red-shift) with greatly increased intensity in the infrared due to the
increased dipoles. In contrast, for the deformation vibrations of the H—-O—H, it is observed a shift
towards higher frequencies. Absorption bands at 3546 and 3691 cm™ were attributed to the
stretching modes of the dimmer [(H.O).]. These frequencies are significantly lower than the
valence modes of v, and v; vibrations of isolated H.O molecules at 3657 and 3756 cm respectively).
The absorption band at 3250 cm™ represents overtones of deformation vibrations. Among the
frequencies between 3250 and 3420 cm™ it is possible the Fermi resonance (this resonance is a
single substitution of intensity of one fluctuation by another fluctuation when they accidentally
overlap each other). The absorption band at 1620 cm™is attributed to the deformation mode of the
dimmer. This frequency is slightly higher than the deformation mode of the isolated H.O molecule
(1596 cm™). A shift of the band of deformation vibration of water in the direction of high
frequencies at the transition from a liquid to a solid state is attributed by the appearance of
additional force, preventing O—H bond bending. The deformation absorption band in IR-spectrum
of water has a frequency at 1645 cm™ and very weak temperature dependence. It changes little in
the transition to the individual H.O molecule at a frequency of 1595 cm-. This frequency is found to
be sufficiently stable, while all other frequencies are greatly affected by temperature changes, the
dissolution of the salts and phase transitions. It is believed that the persistence of deformation
oscillations is stipulated by processes of intermolecular interactions, e.g. by the change in bond
angle as a result of interaction of H.O molecules with each other, as well as with cations and
anions.

Thus, the study of the characteristics of the IR spectrum of water allows to answer the
question not only on the physical parameters of the molecule and the covalent bonds at isotopic
substitution with deuterium, but also to make a certain conclusion on associative environment in
water. The latter fact is important in the study of structural and functional properties of water
associates and its isotopomers at the isotopic substitution with deuterium. The substitution of H
with D affects the stability and geometry of hydrogen bonds in an apparently rather
complex way and may through the changes in the hydrogen bond zero-point
vibration energies, alter the conformational dynamics of hydrogen (deuterium)-
bonded structures of macromolecules as DNA and proteins in D.O.

Conclusion

The data obtained testify that origination of first organic forms of life depends on physical-
chemical properties of water and external factors — temperature, pH, electric discharges and
isotopic composition. Hot mineral alkaline water interacting with CaCO; is most closed to these
conditions. Next in line with regard to its quality is seawater. For chemical reaction of dehydration-
condensation to occure in hot mineral water, water is required to be alkaline with the pH ranged 9-
11. In warm and hot mineral waters the local maximums in IR-spectra from 8 to 14 um were more
expressed in comparison with the local maximums measured in the same water samples with lower
temperature. The content of deuterium in hot mineral water may be increased due to the physical
chemical processes of the deuterium accumulation stipulated by the solar radiation, volcanic
geothermal processes and electric discharges in the atmosphere. These natural processes could
lead to the enrichment of the hydrosphere by deuterium in the form of HDO which evaporates
more slowly than H.O, but condenses faster. If the primary hydrosphere really contained HDO,
that this may explain the thermal stability of the first organic life forms in the hot mineral water, as
the thermal stability of deuterated macromolecules like DNA and proteins in D,O solutions is
somewhat higher than their protonated forms due to isotopic effects of deuterium.
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AHHOTanUA

N3ydeH cocraB BOABI, TeMIlepaTypa U 3HadeHUe pH B skcnepuMeHTax MO MOJEIUPOBAHUIO
MepBUYHON ruApocdepsl U BO3MOXKHBIX YCJIOBUIN BO3HUKHOBEHHS OpPraHUYECKUX (POpM KU3HU B
ropsueil MuHepaibHON Bojle ¢ HDO. [lna 3ToM Iesiu mpoBefieHbl HCCAeNOBAaHUA Topsauen
MHHEpPJIBHONM UM MOpCcKOM Boapl u3 bosrapckux wucrounmkoB Merogamu HWK- u JTHIC-
CIIEKTPOCKOIIUY. B KauecTBe MOJIeIbHBIX CHCTEM HCIIOJIB30BAJIN COK KakTyca Echinopsis pachanoi
U cpeamzeMHOMoOpcKyto Mmenysy Cotylorhiza tuberculata. PaccMoTpeHBI peakIiiu KOHZEHCAIUH-
Jleri/ipaTaliuy B IIeJIOYHBIX BOAHBIX PacTBOpax co 3HadeHueM pH = 9—10, pe3ysbTaTOM KOTOPBIX
ABJIAETCA CUHTE3 M3 MeJIKUX MOJIeKys Oojiee KPYIHBIX OPraHUYECKUX MOJIEKYJI ITOJIMEPOB Kak
KOPOTKHE IOJIUIIENITH/IBI, a TaK:Ke MeXaHW3Mbl akKKyMyJAuu feiitepus B dopme HDO B ropsaueit
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MHUHepaIbHOU Bojie. [TokazaHo, UTO ropsiurie MUHEpPAJIbHbIE BOJBI C TeMIEPATypol oT +65 °C 1o
+95 °C u 3HaueHueM pH oT 9 10 11 GoJiee TPUTOAHBI AJI1 BOBHUKHOBEHUSA JKU3HU, YEM JPYTHE
HCCJIeIOBaHHBIE 00pa3ibl BOALI. B ropsueli MUHEpaJIbHOU BOZlE JIOKAJIbHbIE MaKCUMyMbl B K-
CIEKTPE MPOSBJISIIUCH OOJIBIIE BCETO, IO CPABHEHUIO C JIOKAJIBHBIMU MakcuMyMamu B MIK-ciekTpe
TOH 3Ke BOJBI IPU 00Jiee HU3KOHM TeMrepaType. Pa3HuIla B JIOKAJIbHBIX MaKCUMyMax oT +20 °C 10
+95 °C mpu yBeJIMYEHWU TeMIepaTypbl Ha KakAbl +5 °C cocTaBWwia B COOTBETCTBHUH C t-
kpurepueM CTbIoJIEHTa P < 0,05.

KiaroueBble cjoBa: Jeiitepuii, ruzapocdepa, 5BOJIONUA, BO3HUKHOBeHUEe kusHu, K-
criekrpockonus, JJHIC.
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Abstract

The present review examines several approaches to improve properties of dental implants by
modifying their bioactive surfaces (functionalization) using the techniques of molecular
transplantation. The first group of functional ligands is designed to enhance osseointegration of
implants, it includes growth factors, promoting the formation and bone remodeling: bone
morphogenetic proteins (BMPs), platelet-derived growth factor (PDGF), fibroblast growth factor
(FGF) and their combinations with each other, and several other ones. The second group of
bioactive molecules does not directly stimulate bone formation, but it promotes osteoblast seeding
on the implant surface due to the adhesive properties, thus accelerating osseointegration. Finally,
the third group of substances used to increase the antibacterial properties of coatings, thereby
reducing the formation of bacterial film on the implant surface and the risk of inflammatory
rejection of the implant. Key issues of using biofunctional coatings, despite their obvious promise
today still are relatively high cost, difficulties of controlling properties and its storage between the
fabrication and installation of implants in the bone of the recipient.

Keywords: dental implantation, functional coating, bioactive surface, cellular adhesion,
osseointegration, platelet-derived growth factors, bone morphogenetic proteins.

Introduction

The success of prosthetic dentistry, due to the advent of new diagnostic and therapeutic
technologies have led to the fact that dental implantation claims to be a "gold standard" in the
restoration after lost of teeth. The number of operations in leading dental clinics in the thousands per
year with efficiency of over 95 %, and in some age groups of the urban population in developed
nations, the part of people with dental implants is approaching to 20 % [16, 56].

The long-run objective of dental implantation is a stable recovery of function of dental system
by restoring the three-dimensional dental occlusion, which is unconceivable without the formation
of a strong bond between the implant and the recipient bone, osseointegration [2, 21, 37, 40, 57].
The failures of dental implantation specifically associated with a partial loss of foregoing
connection, with bacterial population of the resulting gaps and with inflammation of surrounding

tissues [49, 55].
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The surface of the metal structures installed in bone tissue is continuously improves. This is
one of the main approaches to solving the defined problem. Ideally, it should be absolutely
biocompatible, have a high specific area and cause intensive bone tissue formation, that is, have
osteoinductive effect [1, 8, 22]. The number of foreign analytical reviews [7, 44, 58] describes ways
to enhance osseointegration by creating biomimetic micro-relief surfaces and by coating implants
of various materials with osteoinductive properties.

Although the number of such modifications is theoretically infinite (calculated in the
hundreds in practice), manufacturers seem to reach the limit improving the osseointegration by
these methods. This is evident from the fact that there are no proven advantages of modified
surfaces over conventional screw implants in a few clinical trials [61, 62].

The surface functionalization usage opens fundamentally different possibilities. The idea is to
use them in a controlled placement on the implant’ surface of active molecules with biological
effect - adhesion, growth factors, etc., which allows the quickest possible osteogenesis initialization
throughout the implant surface. Making the surface of the predefined useful health properties
(functionalization) is achieved in this case by molecular transplantation [3, 52]. This review is
devoted to observe the advantages and unresolved problems of this approach.

1. Functionalization with growth factors

The main purpose of the active biomolecules placement on the implant surface concludes in
diminishing the initial inflammatory response to installation of the implant due to their gradual
release into the tissue. Most intensive bone formation and reduction of surface colonization by
microorganisms resulted from this action. Some growth factors and fragments of the organic matrix
of bone, known biologically active peptides, are suitable on the role of these substances [23, 30].

In the detailed review I. Nishimura [41] described two dozen growth factors somehow
involved in osteogenesis. Nevertheless, at the moment only four growth factors are promising for
the needs of implantology: bone morphogenetic proteins (BMP-2 and BMP-7), fibroblast growth
factor (FGF-2) and platelet-derived growth factor (PDGF-B). Common functional scheme of
molecular interactions in system ‘implant — bone’ presented in Figure.
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Figure. The functional system ‘implant — bone’ can be subdivided into three blocks. Signaling
molecules form the block (I) managing the activity of the two cell populations, osteoblasts and
osteoclasts. Synthesis and/or expression of executive molecules (IT) reflect functional activity of
these cells. A set of indicators the two final characteristics of osseointegration, such as the
formation and the strength of the bond between the implant and the bone (III), can influence the
concentration of signaling molecules through feedback.

i

Transforming growth factor (TGF-p) strongly accelerating the division and differentiation of
many types of mesenchymal cells, was ineffective in these conditions, because of the considerable
chondroinductive effect that could not secure the stability of implant engraftment [4]. Insulin-like
growth factor (IGF-1 and IGF-2) and vascular growth factor (VEGF) have been effective only in
combination with the above factors. Essentials facts about the main growth factors currently used to
stimulate the osseointegration of dental implants are summarized in Table.

Table
Growth factors and biologically active peptides used for molecular transplantation due to
fabrication of dental implants (on clinical trial stage)

Molecules | Mechanism of action | Ref.
Alone growth factors
léllt/l/lg:; Cell differentiation and stimulation of osteogenesis [6, 11, 14, 32, 33]

Mitogenesis and suppression of apoptosis
FGF-2 in osteogenic cell population [25, 35]
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Mitogenesis and chemotaxis of mesenchymal
PDGF-B and osteogenic cells (10,17, 43]
Combinations of growth factors
PDGF-B . . . . .
+ IGF-1 Additional stimulation of osteogenesis and collagen synthesis [45]
BMP-2 Additional stimulation of osteogenic differentiation [2 1
+ VEGF and mineralization of matrix 4> 34, 47
+BP1\‘/£}PF--22 Additional stabilization of osteoblast proliferation [29, 38]
BMP-2 . . . .
+ TGF-p Most intensive production of bone matrix [54]
Adhesive and antibacterial peptides
RGD
YIGSR Most intensive adhesion of matrix proteins to implant surface [18, 36, 52]
REDV
GL13K Protection of implant surface to bacterial colonization [18, 64]

Among the BMPs belonging to the TGF-f superfamily are the most relevant for dental
implantology BMP-2 and BMP-7 isoforms, which proved all the effects of bone formation
stimulation in vivo [4, 39]. Recently a group of Russian scientists has been developed the original
method of producing recombinant human BMP-2 (rhBMP-2) with a high-producing strain based
on Escherichia coli. On the basis of rhBMP-2 the osteoplastic material «Gamalant™ - pasta Forte
Plus" is created. It has high osteoinductive and effectively influence on the process of reparative
osteogenesis [11]. To ensure the growth factor delivery in the osseointegration area, the BMP is
applied to the surface of the implant in the form of a polymer-containing gel or emulsion of a
polyelectrolyte rate of approximately 200 micrograms per one product [14, 31, 65].

Recombinant FGF-2 which increases the number of functional osteoblasts successfully used
in the clinic for the augmentation of the dental arch in patients with periodontitis [25]. It is
contemplated to be a osteoregeneration stimulator when dental implants are installed, but is more
effective against soft tissue contacting with the cervix of the implant [35].

Platelet-derived growth factor (PDGF-B) is a potent mitogen and chemotactic agent for a
variety of mesenchymal cells, including osteoblasts, and therefore its isolated usage, as expected,
will have a certain effect [17]. Recently, Chang et al. [7] have demonstrated for PDGF to be able
stimulating osseointegration of dental implants in vivo. On the other hand, it has been reported
that the isolated recombinant PDGF affects bone formation adversely [27]. The successful attempt
to transfer gene pdgfb to bone marrow mesenchymal stem cells has been reported [10], but their
osteoinductive effect was shown only in rats at volume replacement of bone defects with collagen-
based scaffolds.

In clinics the use of platelet-rich plasma or platelet-fibrin clot may be an equivalent of pure
PDGF usage. This material comprises a mixture of biologically active substances include growth
factors, and the PDGF prevails therein. This method is gaining popularity due to safety and the
possibility of using autologous source of growth factors ex tempore, and it shows good results in a
number of clinical studies [20, 28].

The presence of multiple growth factors involved in bone formation, has pushed developers
to attempts to use them as combinations with complementary effects. Successful combinations are
given in Table 1.

2. Usage of biologically active peptides

Proteins of extracellular bone matrix are logical candidates for molecular transplantation.
Currently, functional coatings made with the inclusion of fibronectin, laminin and vitronectin were
fabricated [1, 12]. Thus, metal processing with fibronectin stimulating osteoblasts differentiation
and tissue mineralization, contributed to strong osseointegration of implants in experimental
models in vivo [48].

Recently, the focus has shifted to the usage of functional domains consisting of only a few
amino acids of the necessary protein because it does not require control of the bioactive group
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spatial accessibility. Arg-Gly-Asp (RGD), the adhesive domain derived from fibronectin and
laminin, is the most successful example of biologically active peptide [36, 52]. Other sequences,
such as Tyr-Ile-Gly-Ser-Arg (YIGSR), or Arg-Glu-Asp-Val (REDV), can also accelerate
osseointegration. Some modifications with covalent peptides binding with coating before the anode
deposition are the most stable [5, 52].

It is known the attempt to include in the coating one of the bisphosphonates (alendronate),
which was able to block fibrogenesis in favor of bone formation. This effect was confirmed at the
culture of mesenchymal stem cells seeded onto titanium with a functional coating [19]. Also using
cell cultures L. Russo et al. [50] showed anchor proteins, which were necessary to start a full
osseointegration, to increase adhesion after raising the number of free amino groups on the
implant surface by reacting HA carbonate with (3-aminopropyl)-trietoksylane.

Some osteoinductive biopolymers, in particular chitosan, are also treated as the substrate
coating. The material has adequate wettability and bioresorption degree. It is capable of inducing
osteogenesis on osteoblast culture [46]. The experiment shows the positive effect of chitosan
surface modification of titanium implants. When titanium implants with bioactive porous surface
and additional fine chitosan coating were installed, the bone formation round them accelerated and
become more intensive in conjunction with morphological markers of strong remodeling and
sealing the surrounding bone [42].

Common problems associated with the use of growth factors and biologically active peptides
can be reduced to implants cost increase, complications with the usage and preservation of the
bioactive material before implantation, and with the insufficiently developed questions of kinetics
and topography of their releasing in tissues around the implant, due to combined application, in
particular - [23, 52]. Apparently, to date, this approach has not yet been able to compete with
varying materials and relief of implants.

3. Antibacterial coating

There are several ways to functionalize the coatings that can be used to significant
improvement the durability and osseointegration of the implant in the body. One of them is to
enhance antibacterial properties, since infection is the second most common cause of implant
failure [53, 60].

In this role, silver ions are the most studied and close to implementation) [9, 13]. Particles of
gold, copper, zinc, SeO;, strontium, cerium, gallium, and a number of more exotic rare earth
metals are also could be potential agents. A number of their potentially useful features are
summarized in a review [26], but it is unlikely that they have near-term clinical applications
because of significant rise the coatings costs.

On the basis of the concept of the surfaces antibacterial properties, K.V. Holmberg et al. [18]
developed coating with GL13K peptide inclusion. Such peptide had been derived from the soluble
protein fraction of the parotid gland. As a coating it showed a high bacteriostatic activity against
Porphyromonas gingivalis, which is the main microorganism associated with peri-implant
pathology. While all the required properties of the implant surface were providing: high
hydrophobicity (1), mechanical and thermal stability (2), resistance to enzymatic degradation (3),
and high osteoinductive effect (4). The coating was recommended for clinical trials.

In a clinical study H. Tsuchiya et al. [59] used commercial dental implants with original
iodine-containing coating in 158 patients with a high risk of postoperative infection. During the
year complications occurred in 3 of 158 cases in main group, and in all 64 cases of implantation
without the iodine-containing coating usage.

Although most of the work supports the idea that the functionalization of the implant surface
can improve and accelerate its osseointegration, the key to the commercial success of this approach
(besides the absolute clench the matter of cost) is to adapt the proposed methods to the surfaces of
the specific dental alloys and to conserve controlled surface properties over the time between the
manufacturing and implantation.

Conclusion

The surface functionalization by dynamically related ligands, possessing adhesive,
modulating cell phenotype and/or antibacterial properties, at least at the level of the preclinical
and first clinical trial, demonstrates the ability to improve the dental implants osseointegration.
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Apparently, controlled surface nanoscale modification of two-dimensional (nanopatterns) and one-
dimensional nature (nano-pores and nano-columns) is promising approach. The key issue, given
the almost infinite possibilities of variation, is to reveal patterns of correlation between the
composition, surface’ fine-texture and the expected biomechanical properties of the implant, the
overall dynamics of osseointegration.
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MOJIeKyJIﬂprIe TEXHOJIOInH1u (l)yHKIII/IOHaJII/ISaIII/II/I
IMOBEPXHOCTHA ACHTAJIbHBbIX HMILJIAHTATOB

Awurennua OsieroBHa 3eKui

ITepBriii MOCKOBCKHI METUITTHCKUHN YHUBEpcUTET, Poccuiickas ®enepamust
119991, 1. MockBa, yi1. Tpybernkas, 8, cTp. 2

Kangumat MeTUIIUHCKHUX HAYK, JOIEHT

E-mail: angelinaolegovna@gmail.com

AnHoTtamua. Hacrosmuii 0630p paccMaTpuUBaeT HECKOJIBKO IOJAXOAOB K YJIYUIIEHUIO
CBOMCTB JIEHTAJIBHBIX HMIUIAHTATOB 32 CUET MOAUMUKANUU HX OHOAKTUBHOW IIOBEPXHOCTH
(byHKIIMOHAITM3AINH) C IIOMOIIBI0 TEXHOJIOTHI MOJIEKYJISIPHOU TpaHCIUIaHTaIuu. [lepBas rpymma
(OYHKIMOHAIBHBIX JIMTAHAOB IPU3BAaHA YCWIUTh OCTEOMHTETPAINIO HMIUIAHTATOB, U
Ipe/icTaBjieHa (aKTOpaMu pOCTa, CIIOCOOCTBYIOIIMMU OOPa30BaHUI0 U PeMOJIeIUPOBAHUIO
KOCTHOM TKaHU: KOCTHBIMU MopdoreHeTnueckumu 6Oenkamu (BMPs), TpomOouTapHbIM
dakropom pocra (PDGF), dakropom pocra ¢pudbpobiacroB (FGF), a Takke UX KOMOWHAIUAMU
MeXy co00i W c pAmoM Apyrux ¢akTopoB pocra. Bropas rpynma GHOAaKTUBHBIX MOJIEKYJT
HanpsIMyI0 He CTHMYJIUPYeT OOpa3oBaHME KOCTHOW TKaHH, HO 3a CUYET CTHUMYJISLIUHU aJre3WH,
CIIOCOOCTBYET YKOPEHEHUI0 OCTe00JIaCTOB HAa IMOBEPXHOCTH MMILIAHTAaTa, TEM CAMbIM YMEHBIIast
CPOKH HACTYIUIEHUsI OCTeOMHTerpanuu. HakoHeIl, TpeThs TPyIa BENIECTB HCIOJIb3YETCS JIA
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yBeJIMUEHHSI aHTHOAKTEPHUATBLHBIX CBOMCTB MOKPBITHH, CITOCOOCTBYET YMEHBIIIEHUIO 00pa30BaHUSA
OaKkTepUaTbHBIX IUIEHOK Ha IIOBEPXHOCTH UMILIAHTAaTa, CHU)KAeT PHUCK PAa3BUTHA €ro
BOCITAJIUTEILHOTO OTTOP)KeHUs. KirtoueBble MPOOJIEMBbI HCIIOJIb30BaHUA OMOGYHKITMOHABHBIX
TOKPBITUIM, HECMOTPsS HAa WX SIBHYIO IEPCHEKTUBHOCTb, Ha CETOJHs IIO-TIPEKHEMY COCTOSAT B
OTHOCHUTEJIBHOH JIOPOTOBU3HE, TPYAHOCTU KOHTPOJIMPOBAHUSA CBOHCTB U UX COXPAaHEHUS B IIEPUO/T
MEKy U3TOTOBJIEHMEM U YCTAHOBKOHM MMILJIAHTATOB B KOCTh PEIUITHEHTA.

KiaioueBble cjioBa: JieHTaJlbHas UMIUIAHTANUsl, (YHKIHOHAJIbHBIE ITOKPBITHUS,
OMOAKTHBHAS ITOBEPXHOCTh, KJIETOUHAs aAre3usi, OCTEOMHTETPAIUsI, TPOMOOIIUTAPHBIH (HaKTOP
pocTa, KOCTHbIE MOPp(OTeHEeTHYECKUE OEJTKH.
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