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The review reports on advances in nanotheranostics and breath analysis
of patients with cancer over the past few years. It has been shown that carbon
nanotube nanoparticles and other therapeutic agents made from new
semiconductor materials are very promising for their use in such non-invasive
and effective therapeutic technologies as photothermal and photodynamic
therapy. Some semiconductor nanoparticles can also be used as biomarkers for
certain types of cancer. Results of the breath analysis in oncology were
reported.

Introduction

The death rate from cancer in the world is steadily increasing every year.
About 10 million deaths were reported in 2020. Armenia is among the top five
countries with the highest incidence and mortality from cancer in the Western
Asia region. Cancer is currently the second leading cause of death in Armenia,
accounting for 21% of all deaths [9]. This review article reports on major
advances in nanotheranostics and breath analysis of cancer patients over the
past few years. These new methods are impossible without using the achieve-
ments of modern physics of semiconductor nanomaterials and nanotechno-
logies.

1. Modern methods of cancer treatment

The only effective method of cancer treatment today is really a radical
resection of the tumor. Of course, today chemotherapy and radiation therapy are
the main treatments for almost all types of cancer. But huge advances in both
therapies have not resulted in improved survival rates of more than 30% of
patients. Conventional imaging modalities for the treatment of clinical cancer
(eg, X-ray, CT, positron emission tomography, and MRI) are not always
sufficient for early diagnosis and prognosis. This is prevented by serious toxic
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side effects in patients, damage to the immune system, etc. In addition,
continuous doses of chemotherapy drugs dramatically lower the chemical
resistance (resistance) of the tumor and ultimately reduce the effectiveness of
chemotherapy. Immunotherapy has made tremendous progress in the treatment
of cancer, however, many patients suffer from systemic side effects such as
allergic reactions. Despite the enormous progress in modern medicine, the
development of new therapeutic approaches is needed.

2. Nanotheranostics

Note that Professor Niels Finsen was awarded the Nobel Prize in
Physiology or Medicine for phototherapy based on ultraviolet light treatment.
Some non-traditional cancer treatments that have recently been proposed are
responsive to external physical stimuli and can be used alongside other current
treatments. Such physical stimuli are not only light but also radio frequencies,
magnetic fields, ultrasound, or X-rays. Currently, special nanostructures (NS)
have been implemented for the diagnosis of cancer therapy (nanotheranostics)
[30]. Note that in recent decades, nanobiotechnology has also opened up new
possibilities for cancer treatment. Due to its unique potential for increasing
surface area, nanomedicine has numerous advantages over traditional
therapeutic methods. In this area, many nanocarriers such as metal oxide
nanoparticles (NPs), black phosphorus, carbon nanotubes (CNTSs), and other
inorganic semiconductor nanomaterials can be used in the delivery of anticancer
drugs both, and in preoperative conditions. Below, we discuss some of these
semiconductor nanocarriers that are of interest due to their multifunctional
applications in both the treatment and diagnosis of cancer.

3. Properties of carbon nanotubes (CNTSs)

CNTs have attracted much attention from researchers in many fields,
including biomedical ones, due to their unique structure and properties. In
particular, their numerous applications are discussed in detail in review articles
by the author [7] including the applications of CNTs in medicine noted in [4].

CNTs can be realized in the forms of single-walled (SWCNT),
consisting of a single sheet of cylindrical graphene, and multi-walled carbon
nanotubes (MWCNT), consisting of several concentric layers of rolled graphite.
These concentric layers have an inner diameter of 1 to 3 nm and an outer
diameter of 2 to 100 nm. The thickness of a single cylindrical carbon layer in
SWCNT is 0.2 to 2 nm. SWCNTs have a higher length to diameter ratio.
MWCNTSs have a wider internal diameter compared to SWCNTSs, which can
provide more room for high drug loading. Usually, fresh prepared and non-
functionalized CNTs have high cytotoxicity and do not dissolve in liquids.
Their functionalization makes them soluble and biocompatible. The solubility
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of CNTSs in agueous solutions can be sharply increased after their oxidation with
strong carboxylic acids.

4. Photothermal therapy (PTT) and photodynamic therapy
(PDT)

PTT as a non-invasive, non-traumatic and effective therapy offers local
heating of tumor tissues directly using a source of near-infrared radiation (NIR),
after which tumor cells become healthy (i.e. destroyed) [1, 21]. Photothermal
therapy (PTT) and photodynamic therapy (PDT) are two methods that can be
used to treat cancer and demonstrate non-invasiveness and minimal side effects
compared to existing radiation therapy and chemotherapy.

As mentioned above, biological systems are known to have high
transparency for NIR radiation with a wavelength of 700-1100 nm. It is also
known that strong optical absorption of chemically functionalized SWCNTSs is
found in this special spectral wavelength range. As a result, the NIR light
absorbed by the tubes is converted into heat, which is transferred into the tumor.
The destruction of cancer cells can be achieved by heating the nanotube to 50—
70°C by laser radiation with a high power density (3.5-35 W/cm2) for a
sufficiently long time (3—4 min). Ex vitro measurements of heating a DNA-
SWCNT solution with a concentration of nanotubes of 25 mg per liter by a laser
with a wavelength of 808 nm at radiation of 1.4 W/cm2 even showed that in this
way the formation of gas bubbles in the solution and even the possible boiling
of the solution can be achieved. Thus, NIR irradiation of SWCNTSs injected into
a tumor can cause the death of diseased cells without damaging normal cells. As
a result of laser heating of the tumor, diseased cells turn into healthy cells over
an area at least more than one order of magnitude larger than the sizes of
SWCNT.

Note that there is rapid progress in nanotechnology in the field of
biomedicine due to the use of CNTs due to their physical and chemical
properties and unique architecture, such as extensive surface area modification,
high drug loading capacity, and excellent optical performance. CNTs can be
used also as excellent transporters for drug but also play an important role in
cancer treatment. Due to optimal functionalization, such limitations inherent in
CNTs as not always satisfactory water solubility and toxicity to cells have now
been overcome. But it is already clear that due to the increased biocompatibility
and biodegradability of carbon tubes and their increased ability to penetrate into
the tumor, the therapeutic properties in the treatment of cancer are improved
thanks to CNTSs that are one of the versatile nanomaterials with a wide potential
for biomedical applications in the treatment of cancer.

Photodynamic therapy (PDT) is a physicochemical dynamic process that
involves three main components: a photosensitizer (PS), light, and oxygen. All
of these components interact with each other on the same treatment time scales.
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The photodynamic process depends on the PS as well as on the nanomaterial
itself. The NS absorbs a photon of light and passes from the ground state SO to
the short-lived exciting singlet state S1. This state and ground state are
spectroscopic singlet states.

An excited photon can either return to the ground state, generating
fluorescence, or go through a path in which the spin of its exciting electron is
reversed, forming a relatively long triplet state [22]. On the other hand, a high
probability of a transition from S1 to an excited triplet state S1 is possible. The
triplet-excited PS can then directly transfer its energy to the substrate in the
form of a proton or an electron. In cancer theranostics, PDT depends on the
ability of PS to transfer energy from lasers to oxygen dissolved in the tumor to
generate cytotoxic singlet oxygen 102. Its effectiveness is reduced due to
inadequate oxygen supply to tumors. Thus, the cumulative dose of singlet
oxygen is an important factor that is assumed to be a predictor of tissue damage.
Singlet oxygen dose prediction based on measurable quantities contributing to
photodynamic effects such as light, PS, and oxygen distributions is subject to
dosimetry. Strategies, physical principles and methods for measuring direct and
implicit dosimetry are summarized in a review article [8? 32]. PDT is effective
in the window from 600 to 800 nm. In this wavelength range, the energy of each
photon is moderate (~1.5 eV) to excite PS, but low enough to penetrate deep
tissues and tumors. Monochromatic light can be easily directed into optical
fibers. Together with a fiber optic light source and NP, next-generation cancer
nanotheranostics allows PDT to be performed on desired tumor areas without
the need for complex NSs that respond to visible or near-IR light to indirectly
activate PDT. Finally, the main physical phenomenon that determines PDT in
cancer theranostics is the transfer of energy into heat. Irradiation and PDT using
SWCNT complexes have significantly increased the therapeutic efficacy of
cancer treatment. SWCNT complexes can act as sensitizers for PDT. The
photochemical property of CNTs to convert oxygen into singlet oxygen has
been used as a method of killing cancer cells with cytotoxic oxygen.

PDT-based cancer therapy is currently at an early stage of development.

So, PTT and PDT techniques allow to kill cancer cells without damaging
normal healthy cells, as well as in various cancer imaging modalities, including
MRI, radionuclide, and NIR fluorescence imaging. CNTSs also exhibit good RF
absorption characteristics. CNTs can convert laser energy into acoustic signals
and exhibit strong resonant Raman scattering and near-IR photoluminescence,
which is advantageous for their use in cancer imaging. In addition, CNTSs can be
used in nanobiosensors for the early detection of various types of cancer. As
noted above, the unique property of CNTs has been used as a method of killing
cancer cells at elevated temperatures. The optical coupling of light to CNTs can
be enhanced by CNT surface defects to increase the heating of nanotubes. It has
been found that doping CNTs with boron and nitrogen impurities (p-type
impurities) improves the characteristics of thermal destruction of tumor cells.
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The safety of nanomedicine involving CNTs still requires more research in
humans to confirm their feasibility in clinical applications.

The combination of PTT and PDT therapies for the treatment of cancer
has been implemented in recent years, and several promising results have been
presented. Note that CNT-based PTT therapy systems can be combined with
chemotherapy and gene therapy methods to increase the effectiveness of cancer
treatment. Finally, we also note that SWCNT is not the only nanomaterial that
has been used to destroy cells. For example, Au nanoshells with a laser power
of 4-35 W/cm2 and irradiation for 4 min were used in [32] for it. Many other
NIR absorbing nanomaterials with lower laser power. and shorter exposure
times for nanotheranostics will be discussed below.

5. Use of carbon quantum dots

As noted above, CNTs are promising nanotools for the treatment and
diagnosis of cancer. Another type of carbon nanomaterials, carbon quantum
dots (CQDs), will apparently also be in demand in the near future due to a
relatively simple synthesis method, low cost, and environmental friendliness
[33]. Well-known quantum dots (QDs) can generally be divided into two
categories based on their chemical composition. QDs consist of elements from
groups Il to V of the periodic table in the first category. QDs consist of
elements of 11-V1 groups of the periodic table in the second category. QDs are
semiconductor nanocrystals (2 to 10 nm in diameter). They show superior
fluorescent properties compared to conventional chromophores and contrast
agents. QDs of the second group are potentially rather toxic.

There are researhes showing that QDs can be conjugated with CNTSs,
which makes it possible to use their new properties in cancer theranostics.
Evidence suggests that CT can be used to image cancer cells, while CNTs
destroy cancer cells through thermal ablation. The combination of these two
nanomaterials has indeed made it possible to improve the electronic, optical,
and biological properties, make biosensors, biological nanoprobes, as well as
loading and delivery of nanoparticles into cells [34]. CNTs and QDs are useful
research tools in cancer treatment because they have high mechanical stability
and nanometric dimensions that allow penetration into normally inaccessible
tumor sites [11]. Unlike spherical nanoparticles, the long and cylindrical shape
of CNTs is a large internal volume that can be filled with a variety of
biomolecules, from small derivatives to proteins [34]. This introduces the
possibility of drug loading into an internal cylindrical region, which brings the
constructs into a biocompatible form.

Thus, the conjugation of QDs with CNTs will make it possible to use the
fluorescent properties of QDs, as well as the CNT photothermal platform, which
will make them effective theranostic cancer agents.
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6. New photosensitizers

The first report on PDT, based on a study by Yu. Ikada in 1997, found
that C60 fullerene can successfully create singlet oxygen under light irradiation
[31, 32]. However, fullerene and small organic molecules have a short
excitation wavelength, low structural stability, low solubility, and activity,
which lead to a delay in the development of PS for PDT.

Other FSs for PDT with light-harvesting ability to absorb visible light and
near-infrared (NIR) and efficiently transfer energy are being actively developed.
Carbon-based nanomaterials, such as graphite carbon nitride C3N4 (the
information about this material was first published in 2014), black phosphorus
BP (reported in 2015), and graphene quantum dots GQD (reported in 2012),
have advantages - chemical inertness, high photostability, and good
biocompatibility. The chemical composition and electronic structure of these
materials are easily controlled [25]. Many types of organic PS have appeared,
but the use of two-dimensional (2D) PS C3N4, BP and GQD are preferable.

The bandgap of 2D layered C3N4 has biocompatibility and excellent
chemical stability [19]. The bandgap is 2.7 eV, and various versions of oxygen
can be generated in the visible range. CsN4 by developing g- C3N4 QDs can
absorb red shift light and increase absorption.

Phosphorus atoms in one layer of white phosphor-black are bonded to
three other phosphorus atoms by chemical bonds, and different layers are linked
by van der Waals interaction [18]. The bandgap BP depends on the number of
layers and ranges from 2.0 to 0.3 eV. QDBP is suitable for biomedicine, and has
good stability in the physiological environment without obvious cytotoxicity.

Graphene QDs also can be used as PS for PDT. The transverse size is
usually less than 10 nm [35] compared to traditional PS, which provides such
advantages as good biocompatibility, and high water solubility.

Surface functional groups and structural modifications have a significant
effect on GQD. Therefore, surface modification and structural design can
improve PDT GQD. Three-dimensional (3D) PSs based on fullerene C60 and
its derivatives have a high quantum yield. Due to low solubility in aqueous
solution and poor optical absorption in the visible and near infrared ranges, its
use for PDT is limited. Note that red light and NIR light have the greatest depth
(usually 1-3 mm) of penetration into the tissue at radiation in the range of 600—
1350 nm. Optimization of the chemical structure can effectively improve the
penetration depth. Microwaves can pass through all types of tissues, induce
PDT in advanced cancer, and enhance the lethal effect of microwaves on tumor
cells. In conclusion, PDT can provide accurate diagnosis and real-time
assessment of therapeutic efficacy through imaging and use in combination with
PTT, radiotherapy, chemotherapy, and gene therapy.
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7. Analysis of the air exhaled by cancer patients

The analysis of the air exhaled by cancer patients compared with the
analysis of the breath of healthy people may be one of the possible ways to
establish an early diagnosis in some cancers. It is known that people with a
certain type of cancer have a special smell. In addition, this non-invasive
method is painless for the patient, which may be useful in the fight against the
disease itself and does not give extraneous side effects [3, 5]. Is it possible to
use volatile organic compounds (VOCs) as biomarkers of one or another type of
tumor? Researchers analyzed the breathing of patients screening for tumors of
the colon, stomach, pancreas, and gastric cancer [20, 26]. Recently, laryngeal
cancer has been studied to try to identify a set of biomarkers that allow
detection of the disease at very early stages of growth. Breath testing has also
been able to identify and detect biomarkers in patients with lung, breast, and
prostate cancer. VOCs exhaled by people with laryngeal cancer have been
compared with those exhaled by healthy people. The results show that the
concentrations of some molecules, such as ethanol and 2-butanone, are
significantly higher in individuals with squamous cell carcinoma of the larynx.

These facts open up new prospects for researchers of the properties of
semiconductor gas sensors, including those working at YSU. Some of the main
applications of breath testing methodology are based on the use of "electronic
noses”, which operate using a series of nanosensors capable of “smelling" the
breath of patients in order to apply the "nose" in clinical practice with relative
ease. The development of a fast, relatively inexpensive "electronic nose" for
early detection of volatile organic compounds will greatly improve prognosis
and provide rapid access to effective cancer treatments.

It is known that the prognosis of cancer largely depends on its stage of
development at the time of diagnosis. It is known that the chance of surviving
cancer detected at an early stage can reach 90%, while the survival rate for
advanced cancer approaches 10%. Survival is also highly dependent on the type
of cancer. The search for cancer-related VOC signatures has led to studies
looking at exhaled VOCs in lung, breast, colorectal, stomach, ovarian, liver,
head and neck cancers, and early-stage malignant mesothelioma .Several studies
have found evidence that lung cancer can be detected by VOCs in exhaled air.
Owlstone Medical's FAIMS (field asymmetric ion mobility spectrometry)
technology also has sufficient sensitivity to detect VOCs [15]. FAIMS has been
used to detect and stratify ovarian tumors in ovarian cancer using VOCs in a
patient's urine.

8. New therapeutic agents

Thanks to the use of nanotechnologies, the possibility of both destroying
cancerous tissues with minimal damage to healthy tissues and organs, as well as
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detecting cancer and eliminating cancer cells before they form tumors has
increased [14]. The use of new therapeutic agents based on nanotechnology
leads to a reduction in the risk of disease for the patient and an increase in
survival. Some therapeutic nanoparticles for the treatment of solid tumors will
be discussed below.

Sno,

Highly porous SnO, fibers functionalized with platinum particles show a
five times higher response to acetone than densely packed SnO, fibers and show
significantly faster response even at low acetone concentrations. Platinum-
decorated SnO, fibers show a significant improvement in toluene response.
Such nanoparticle fibers can be used for accurate diagnosis of diabetes and
possible detection of lung cancer (see also our results [6]).

WO,

Tungsten trioxide WO; is a semiconductor material with a bandgap of
2.5-2.8 eV, which provides sensitivity to light in the visible wavelength range
[24]. Nanoparticles and nanocrystalline WO; thin films have a wide range of
applications in microelectronics and optoelectronics, smart windows, gas -
sensitive devices, etc. [16]. Recently tungsten oxide has attracted much
attention due to its promising biomedical applications. WO; nanoparticles
significantly improve the visibility of tissue structures in x-ray imaging
techniques in computed tomography. Tungsten oxide nanoparticles with
photocatalytic properties have found application in PTT and PDT [16, 25, 33]
as well as radiation therapy and can be used as a theranostic agent for
simultaneous tumor CT and therapy (trimodal action: photothermal,
photodynamic and radiation). In cancer theranostics, photoactive semiconductor
nanoparticles should have two equally important properties: minimal toxicity in
the dark (for normal cells) and maximum activity under irradiation (for tumor
cells). Both of these requirements can be partly satisfied by changing the state
of the surface and the state of the particles during the synthesis. Various types
of nanostructured tungsten oxide have been reported. Methods for the synthesis
of WO3 nanostructures have been developed. WO; nanoparticles have been
shown to be non-toxic to breast cancer cells; they did not cause cell death in the
studied concentration range (from 0.2 to 200 pg/ml) and only slightly reduced
the metabolic activity of cells.

Zn0O

Several in vitro studies have shown that zinc oxide nanoparticles (ZnO
NP) can selectively target cancer cells with minimal damage to healthy cells [2,
29]. The antitumor activity of ZnO nanoparticles in solid Ehrlich carcinoma can
serve as a basis for the development of new antitumor drugs [29]. The
advantage of using ZnO nanoparticles with various particle sizes from 5 to 175
nm in cancer treatment is related to their cytotoxicity against cancer cells with
minimal damage to healthy cells. ZnO nanoparticles have low cost of
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production. Zinc oxide nanoparticles have proven to be cytotoxic in cancer cells
and novel cancer treatment strategies, including ZnO.

Iron oxide and graphene

Various superparamagnetic 2D and 3D lauric acid-coated iron oxide
nanoparticles and human serum albumin iron oxide nanoparticles are suitable as
a chemotherapeutic agent for the potential treatment of breast cancer [32]. Iron
oxide nanoparticles coated with citrate are used for magnetically controlled
immune therapy. Rduced graphene oxide (rGO)-Fe;O4 nanocomposites are used
in PTT [32]. The resulting rGO- Fe;O, nanocomposite exhibited superpara-
magnetic properties and the ability to raise the ambient temperature by 18-20°C
relative to the initial temperature.

Silicon and porous silicon

Silicon has ideal biocompatibility and biodegradability with biological
systems. Silicon nanoparticles are excellent for hyperthermia, which involves
local heating and killing of cancer cells by irradiation with light, RF radiation or
ultrasound. Silicon nanoparticles are poorly visualized optically in size in
contrast to porous silicon particles. Systems for controlled delivery of cancer
drugs based on mesoporous silica nanoparticles have been proposed [17].
Mesoporous silica particles have attracted much attention due to their special
properties [27]. Lu et al. showed that particles with a diameter of 50 nm are
optimal for absorption by cells [21].

Hexagonal boron nitride (white graphene).

Hexagonal boron nitride (h-BN) is a promising material for cancer
drug delivery. As a nanomaterial of small size, it quickly entered clinical
practice. Recent studies have shown that h-BN is a potential candidate in
biomedical sciences both as nanocarriers and nanoconverters. The multi-
purpose properties of h-BN have attracted huge attention for use in the drug
delivery system [35].

It should be noted that the new information, approaches, nanomaterials,
and technologies discussed above are very interesting and promising, but their
thorough testing in clinics and hospitals is necessary to understand their
shortcomings and the possibility of their joint use and the compatibility of the
patient's body with uses and the compatibility of the patient's body with other
methods prescribed, treatment, drugs and radiation. It is necessary to develop
the frequency and duration of medical procedures, etc. but the interest of
doctors and physicists in the material presented in this review is obvious.

Conclusion

The article reports major advances in nanotheranostics and breath
analysis of patients with cancer over the past few years. Methods of cancer
treatment and nanotheranostics are discussed. Carbon nanotubes and many other
therapeutic agents made from new semiconductor materials are very promising
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for use in such non-invasive and effective therapeutic technologies as PTT and
PDT. Laser illumination heats nanoparticles locally introduced into the tumor
and made from these semiconductors. As a result, tumor cells turn into healthy
ones. The search for volatile organic compounds can be used as biomarkers of
particular cancer. The work also analyzes papers about breath analysis of gases
exhaled by cancer patients and the use of this method for the diagnosis of

various forms of cancer.
Accepted 22.02.22

Hcnoab3oBaHue HAHOYACTHIL B TEPAHOCTUKE U NbIXaTCJIbHOM
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Baagumup M. ApyTioHsiH
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Jqunphuhp U. Zwupnipniiyui
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wnpyws, np unp Jhuwhwnnpyswyht Wniptphg yunpuundws wshws-
tuyht twunpunnnjuljubkph twindwuthlubpp b wy) phpuybnhl byne-
php owwn jununmdtuhg Bt wytyhuh ny htqughy b wppynibwdbn
pnrdwjutt nkjuininghwtttpnid oquugnpstint hwdwp, htusyhuhp tu
$nunotipduyhtt b $nunphtiwdhl phpuyhwtpp: 8unnn opqubwlju
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Trimeatazidine: Effective Protector of Heart and Vessels
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Trimetazidine is a cardioprotective drug that normalizes intramyocardial
metabolism and stabilizes the ionic potential of cardiomyocyte membranes [17].
The drug directly influences cardiomyocytes and brain neurons and optimizes
their metabolism and function. The cytoprotective effect is based on increasing
energy potential, oxidative decarboxylation activation, and rationalization of
oxygen consumption (increased glycolysis and blockade of fatty acid
oxidation).

Trimetazidine maintains myocardial contractility, prevents a decrease in
the intracellular content of adenosine triphosphoric acid (ATP) and
phosphocreatine. Under acidosis conditions, it normalizes the functioning of
membrane ion channels, prevents the accumulation of calciumand sodium ions in
cardiomyocytes, and normalizes the intracellular content of potassium ions. Also,
trimetazidine reduces intracellular acidosis and elevated phosphate levels. It
prevents the heart from the damaging action of free radicals, preserves the
integrity of cell membranes, modifies the activation of neutrophils in the
ischemic zone, increases the duration of the electrical potential, reduces the
release of creatine phosphokinase (CPK) from cells, and thus the severity of
ischemic myocardial damage.

Trimetazidine reduces the angina attacks frequency, reduces the demand
for nitrates administration. Also, it increases exercise tolerance and contributes
to stabile normal blood pressure (BP) achievement.

The myocardium is a highly energy-consuming and energy-independent
morphophysiological structure. In the cell, we separate 2 ways of energy
supplying regulation-production and accumulation, in the case of the
myocardium, energy accumulation is onerous due to the well-developed
myofibrillar apparatus of the cardiomyocytes' cytoplasm [11]. Consequently,
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only energy generation is possible in the myocardium, and therefore a relatively
low content and a high rate of ATP hydrolysis are determined in heart tissue [4].
It is known that a complete turnover of the ATP pool occurs within 10 s.
Considering that more than 95% of ATP molecules are synthesized due to
oxidative phosphorylation, however, this mechanism of intramyocardial
homeostasis is disturbed in heart failure [2].

The regulation of myocardial metabolism is associated with the
concentration of gasesin arterial blood, hormone levels, coronary blood flow,
inotropic state, and the state of the heart tissue itself [10]. The tricarboxylic acid
cycle is a source of acetyl-CoA, resulting from the decarboxylation of pyruvate
and B-oxidation of fatty acids. Reducing equivalents (NADH and FADH)
supply electrons to the electron transport chain, which, in fact, leads to the
formation of ATP (due to oxidative phosphorylation) [8]. In a healthy heart, the
intensification of the above reactions is determined by the need for external
energy generated by the myocardium and the rate of ATP hydrolysis.

It should be noted that there is a stoichiometric relationship between the
rate of carbohydrate oxidation, NADH and FADH reduction, electron flow
through the electron transport chain, oxygen consumption, oxidative phospho-
relation, ATP hydrolysis, actin-myosin interaction, and myocardial contractility
[3,5] (Fig.). Thus, an increase in contractility leads to a simultaneous rise in all
the listed components of the system.

Glucose
Fatty acids

Glycogen
< Glycolysis PPP —> ROS T/l -

HBP —> O-GlcNAc T

Contraction «<——ATP ADP_ 2
B

Cr PCr

ATP ADP

‘\ T |

Fig. Biochemical aspect of trimetazidine action [5]

Long-chain free fatty acids (FFA), glucose, glycogen, lactate, pyruvate,
as well as ketone bodies and amino acid metabolites, can act as a substrate for
intramyocardial ATP production. Such a heterogeneous spectrum of substances
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provides certain flexibility of myocardial metabolism; hence the following
concepts follow [1]:

1.Myocardial metabolism is adaptive to changes in the internal and
external environment. However, in HF, the degree of adaptability
decreases significantly.

2.Myocardial metabolism is a self-regulating process; this is
explained by the fact that the intermediate links of the tricarboxylic acid
cycle are mediators that control the main pathway of energy production.

3.Metabolites can also provide a plastic function.

Thus, myocardial metabolism is a complexly organized functional and
biochemical system that ensures the myocardium's coordinative functioning,
ensuring its contractile activity and the operation of ion pumps. Therefore, the
study of the mechanisms of maintaining normal myocardial metabolism in
various pathological conditions looks like a very promising direction.

Currently, trimetazidine is the only cardioprotective medication included
in clinical guidelines of noted cardiological societies, such as the European
Society of Cardiology and the Russian Society of Cardiology. Trimetazidine is
recommended for patients with stable angina [18]. Moreover, a growing body of
clinical trial results proves the efficacy of trimetazidine in patients with CHF,
including those with diabetes [6].

Trimetazidine, a piperazine compound is widely used in modern clinical
practice by cardiologists and internists. This drug belongs to the group of FFA
B-oxidation inhibitors [7]. It is known that the FFA oxidation releases a large
amount of energy, but this process requires increased oxygen consumption [9].
A shift in metabolism during ischemia towards p-oxidation of FFA is associated
with an even more significant increase in myocardial oxygen demand. In
contrast, glucose metabolism decreases, which leads to the accumulation of
lactate and, in extreme cases, to the development of metabolic acidosis [12].
Thus, trimetazidine selectively inhibits long-chain 3-ketoacyl coenzyme A
thiolase (LC 3-KAT), the final enzyme in the FFAB-oxidation pathway, thereby
increasing the rate of glucose metabolism [15].

Trimetazidine also increases pyruvate dehydrogenase activity, restoring
glucose oxidation and glycolysis balance during ischemia. This leads to a
decrease in oxygen consumption during the synthesis of adenosine-5'-
triphosphate (ATP), a limited increase in intracellular acidosis, and a decrease
in calcium ions' accumulation in the cytoplasm cardiomyocytes. Correction of
energy deficiency leads to stabilization of the plasma membrane and membrane
potential [16].

Another mechanism of action of trimetazidine that may be important for
patients with CSD, including patients with CHF, is the direct inhibition of
cardiac fibrosis, trimetazidine reduces collagen accumulation and CTGF
expression in cardiac fibroblasts, as well as NADPH oxidase activity and ROS
production, compared with placebo [18].
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Data obtained from an immense spectrum of experimental and clinical
studies conducted among experimental animals and chronic heart failure
patients demonstrated that trimetazidine has cardioprotective efficacy and is also
amore unified drug than nifedipine and propranolol because trimetazidine doesn't
possess any influence on hemodynamic parameters.

Trimetazidine also exhibits a mitochondrioprotective effect [2], limits
ROS generation within cells, and suppresses the infiltration of myocardial tissue
by neutrophils. Statistically significant data were also obtained regarding
trimetazidine-mediated stimulation of the mir-21 molecule, which modifies the
intensification of proapoptotic death of cardiomyocytes by inhibiting the
Bax/Bcl-2 and caspase-3 genes.

Summing up the above, it is worth noting that despite the multifaceted
study of the problem of cardiotoxicity of chemotherapy drugs, it is far from
being finally resolved. The use of trimetazidine in doxorubicin and
cyclophosphamide-induced disruption of the functioning of the cardiovascular
system, due to the multi-directionality of its pharmacodynamics, can become a
very promising direction in the prevention of cardiotoxicity caused by the AC-
mode of chemotherapy.
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Tpumerasuaun: 3pPeKTHBHBINA MPOTEKTOP CepPALA U COCYA0B

A.A. ABarnmsH, JI.B. Kaktypcknii, JI.LE. 'ornamsuiau, A.B. Epanocsin

TpumerasuauH, COECAMHEHHWE IMIEpPa3UHA, LIMPOKO NPUMEHSEMOEe B
COBPEMEHHON KJIMHUYECKOW IPAKTUKE KApAHOJIOraMu U TepaneBTaMy. J{aHHbII
npernapaTr OTHOCUTCS K TPYIIe HHTHOUTOPOB B-OKUCIICHUS CBOOOHBIX HKHUPHBIX
KHCIIOT. M3BECTHO, YTO MPH OKUCIICHHH >KUPHBIX KUCIOT BBIAEISIETCS OOJIBIIOE
KOJIMYECTBO JHEPIUH, OAHAKO JAHHBIM mpouecc TpeOyeT MOBBIIEHHOTO
notpetyieHust kucnopoaa. [Ipu uiieMun MpOUCXOAUT CIBUT MeTaboym3Ma B
CTOPOHY [-OKHCIIEHHsS CBOOOJHBIX MHPHBIX KHCIIOT, YTO CBSI3aHO C elle
OOJNBIIMM pPOCTOM MOTPEOHOCTH MHOKapia B KHCIOPOAE, B TO BpEMS Kak
MeTa0O0JIM3M TIIFOKO3bI CHUKAETCS, YTO MPUBOAMT K HAKOIUICHHIO JIAKTaTa W, B
KpaiiHEeM ciyd4ae, K Pa3BUTHIO META0OJIMYECKOro amuao3a. TakuM o0pasowm,
TPUMETA3UJINH, CEJIEKTUBHO WHTHOMPYs JUIMHHOIEIIOYEYHYI0 —3-KeTOAInI-
kodepment A tnonazy (LC 3-KAT), xoropas siBisieTcs KOHEYHBIM (pepMeH-
TOM B IYTH [-OKHCJIECHUS CBOOOIHBIX JKMPHBIX KHUCJIOT, YBEIHMYUBAECT TEM
CaMbIM CKOPOCTh METabO0IM3Ma TIIFOKO3bI.
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Sphutwnnwghpht. upwnh b wunpubph wpyobuytn Yuonyw

U.U. Udughdjul, L.9. Yulwnnipuljh, L.G. Snghwoyhih,
2.4, Gpuunuyub

Sphubkwnwghnhtt whybkpughtiwghtt dhwgnipnip juytnpkt oquuw-
gnpdynud E dwdwiwljuljhg Yihuhjulwt ypulunhjumnd uprnwpwb-
ukph b hunbtpthunttph Ynnuhg: Uju phinuuhengp wwwnjwund L

wquwn  Jwpyuwppniubph p-opupnugdwt  huhhphwnpubph  fudphte
Zujnth L, np dwpwuppniubph opuhnugnidhg wquuynid b ks
pwhwlnipjudp tubpghw, uwluyt wju gqnpépupwugp wwhwbenid L
ppYywsth uyundwt wybjugnid: Pokdhwih dwudwbwly wnbnh £ niuk-
unud  ynipuhnpwbwlnipjutt mnupwpd nhyh wquun upyw-
ppniutph p-opuhnugnid, hisp Juuydws L upnwdjuuh ppdusih
wwhwbownlyh k| wykh dké wgh hbwn, dhtynbn qniynquyh iynipw-
thnjuowbiwlnipniup wwgqnud k, hyp hwtghginid E jujunwunh Ynt-
nuljiwi b suypuwhbn nhwppnud’ Uknwpnihl wghnngh qupqugdub:
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Prujumubdhwubph pinhwinip punipughpp

2.U. Qphgoputt3, L. U. Zulnpyut?3, L.U.Lpdnjubt23,
U.Z. Tuubpuid, L. 2. Junqupouljuiv??

1Bpluuith Uluppwp Zhpugn: whywl wEknwluh pdolulul huduyuwpu,
Uwblwlwl ninnigpuipwinipyul b wpynt iupwinipyul wdphni
0025, pliul, Ynpynilh th., 2
2ZZuywuwnw b dwblwlwl punglbnh b wppub hpywinnyemnibabph jEinnpni
0014, Eplwiy, Zp. Ubpupwwih., 7
3Npny. [}. 2. Snpubh wiul wpynihwpwiulul §hnpni
0014, Eplwiy, Zp. Ubpupwywih., 7

FPubuyp  punkp. pupuubdhw, widw pwjuwubdhw, phbunw pujuubdhw,

tnpubpupynud-jupyuw;  pujuubdhw, ny tnpbubpup-
Ynud-jupyyuy pujuubdhw, giubnhly hhyuinnipniuutp

SYw] wohimwnwiph tyuwunwlt £ wdthnihl] pujuubdhwubph
Yipuhjujwt nwuwlupgnidp, whinnpnydwt b pniddwt Uninbkgnid-
ubkpp:

Cunhwump punmpwghp

Pujuubdhwbptt wpjutt htknbpngbt fudph qhubnphlulub hh-
Jutngnipnittp kb, npnup wnwewunid i qunphth onpwttph uhtiptqh
wjuquut wpyniupnid: Zkungnpht Ephppnghwunubph pedwshi Ypng
punqunphst £, b npu hpdbwlwb dip’ HbA-U, punugus b htdhg
Juwyywsé gnphuh Epynt wpdw b Eplne phnnw onpwubkph hbw: Unp-
duynud qnphth onpwubph uphtptqp hwjwuwpulondus bk Udw b
phinw onpwubph pwtwlp hwjwuwp b wquun snputtp gopstw-
Jutnud skt thunud: Bpp opquthqunid wju onpwutnhg dkyp pudupup
pwbwlyny sh uptptqynid, dniu snpwttph wykigniju wgptqugynid b
Yninwlynud E Ephppouphnghnubpnid b kphppoghnubpnud” Juw-
ubny nputg punuupp, hwmigkgutiny ny wpynibwytn Ephppnuntqgh,
htunihqh, vwjujupnitnipjul, ppdustuyhtt pungh, npp ujuynd k
Jun dwtjuljut hwuwlind b yuwhywiynid L wdpnne Yyuuph pu-
pugpniu:
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Pujuubdhutt  wnunnund pkghuhy dwnwbquljut hhywunnt-
pmil £ U wupdwbwnpiws kv ghuknhl dnuinwghuym], ju'd qkih
hhdtwlwt hwndwsutph Ynpuwnny [2,14]:

Puyuutdvhutbph wnwyl] mwpwdjwsd mbuwlubpt kb phinnw b
wdw pujuubdhwbpp:

FPinw puwjuubtvhwt dwpwbquljut hhjuwungnipmnit E, npb
wnwowinid E wwpplp dntnwughwubphg (huynbtwpbpjws Gt wdkh
puil 200 Unuinughwikp[9]) Yud hwqlunby 11-py ppndnundh phnw-
qnphtt (HbB) gqhkuh phjkghwjhg: Uju dnminwghwubpp hhdtwlwbnid
Jtwnwyht kb, npntp wqptgnipinit niukt HbB qkuh tuipwtiuphwghuyh,
wnpwbujjughuyh b uyuyuhtgh Ypw [3]: i (0)-u wyh muppbpuli k,
tpp phnw-qinphth wpinunpoipmb sw, puly plnw (+)-p upny £
wpuunpl] phnnw-qnpht, puyg unynpuwlwithg wybh phy: Fhwnw-
ginphup wwppkpuljubph hwdwhgnipyniuhg £ jujudws Yihuhjuljub
dtunnhwp [21]: Gub tpkp Yhuhujwi b wpnibwpuwbtwfui Jh-
ulkp pun Swipnipjut phnw pupuubdhugh Ypmpymb (thnpp),
Uhohtt pbinw pwjuubdhw b dkd pwjuwubdhw: Fhwnw pwjuubdhugh
Ypnipnitt wpwowinid E phnw pujuwubdhwjh hbwnbpnghgnunnipjut
dudwtwl, Yhthynptt whwhinwihy £ b gpubnpynd L wpnibw-
putwljwt wpwudtwhwnlmpmnittubpny: ULS pujumubdhut wnwuowg-
unud £ wipwbudpnighntt uhywy swip wiubdhw: Uhohtt pujwubdhwib
ubpwonid £ Yhuhuijui b giinnhwyuwjhtt puquuphy nmwpwpunype
hhywlnynipnibitp wuhdyunnd Ypmpjniihg dhish swip nputudn -
qhnt Juhyu) mkuwlubp:

Phwnw pujuubdhwt jupkjh E guuuljupgl) hbnlbyuy YEpy (3]

e Fhunw puwjuubuhw

o Uké pujuubuhuw,

o uhohti pujmubuhu,

o thnpp pujuubdhu:

e ZhuUnqunphunwwphwitph htn wungugyus phuw pujuub-
vhw

o HbC/phinw pujuubdhuw,

o HbE/phwnnw pujuubuhu,

o HbS/phwnnw pujuwubdhu:

o Junwbquliut juynit $tnwy Hb b phinw pujuutdhw

¢ Uninnund pnuhtwmtin dukp

e U npulinpnidubpny hmdwlgws pinw pujuubdhw

o Phunuw pujuubvhw nphlinnhunpndhu,
o X-ompuyulgws ppnUpnghuinybihu  pujuubtdhugh
htwn [3]:
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Upbu pujuubdhwt wpppwphh ptwlsmpjut wdbbuwnwpusyus
Untingkuwjhtt gkubnhl hhwunnipniuubphg E: 9 huhjujut swupnt-
prul wunhgwip nunwigmd k gplph whwhinwswght dukphg phpl
uhpnghvnup hhuynppnuhughg Uhsh hlnahl (b dhdwlitp
Pupunh htungnpht, ywunh opgnnnipnit (hydrops fetalis): Unjklnijjup
hhupp hhdtwluimy nhjkghwitpl bb, wth hwqunby Ynwhb
Untinwughwubpp, npntp wgnnud Eu Ukl jud dh puth Yplhuophttwlguws
widw ghubph tpuwyptuhwh Ypw [14]: Ujdw-qnphth gkt mibh snpu
wk], b hhjuinnipjut §ijhthjujwt ppubnpnidt nt dwtpnipjut wu-
nhdwth dkdwgnidt mnnuljh Jupdws tu kY, Eplynt, Gplp Jud snpu
uybijukiph nkighuyhg [2]: Ywlb Uh pulh nwuppkp hwdwlgnpnibibp’

e Puipnh htdngnphuny wunujhtt 9pgnnmipini, snpu wjdw

qnphuh qtutph nkkghw,

e hbtunqnphtt H (HbH) hhjwunmpmit, tpkp widw qnphth

qkubkph htwlyunhyugnid,

e thnpp wdw pwjuubdhw, tplynt tnpdw) b Eplne nlkghwjh

Eupuplws qhukp,

o Uhuhdw] widw pwjwubdvhw Yuwd nin Ypnn, kY nkikghugh

tupupldws qhl,

o wjdw pwjwubdhwih hwdwihp dukp [12]:

Frujuubvhuyh Yihuthjulwt quuwljupgnidp

dudwbwlh pupwugpnid tpwtwluihg i punund pujuubtdhw-
my hpjwunubph wowyk) EpEnhy Unuhpnphtign b pnidnidp: Uhohti
puwuubldhughtt tdhpdws npny Yhuthjuljwt hbnwgnunnipnitubph b
nhunwpyniudubph wpymiputph ounphhy hwynuh E nupdl), np wbk-
Uhugh wunh&wihg U wppul hnjubbpupiut guhwbghg Jupn]ws
hhquunutph Unwnn Jupny kbt qupquiwyg (nipe pupgnipiniutp wykh
Ubks hwuwlnid [19]: 2012p. Puwjmubdhwyh dhowqquyht nkpughwjh
Ynnuhg wnwowplyk], wjunithbnb pugnitdl] Bu pujuubdhugh Yih-
Uhhuluh nuuwlupgiub bnp nkpdhibbp

e thnhtkpupynid-juhyw pujuubdhw (@YC),

¢ 1y thnjutbkpupynid-jujyu) pujuutdhw (NOYLG), [4,17]:

‘Unp whnnpnoyws hhwunght @UE jud NOUE nuuwljupgkihu
withpwdhown t dwlpulpyhn Yhthjulwut qgwhwnwljwi’ oguwugnp-
dtny Uh pwth Yhuhjujwb b wpnitbwpwbwljub gniguthpubp, dwu-
twynpuytiu htidngnphth twptwlwi gnigwithop: Finw kS pujw-
ubvhuyny hhywtnubph dkdwdwutnipniup b Fupunh hbdngnphtng
wwnnh opgnnnipjntip yipuwypws hhjuunubpt niukt swip pkunnpy b
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Jupnn Bt guuwlupgqdb] npybu @UE: Ujunitwdbbwgthy, pujuuk-
dhwyny hhdwunubph Unwn, dwubwynpuytu HbE/phnw puwjuubdhugh
ntypnud, whinwbywlbkpp htunhunhly Yphqp, huydunh dkswgnidp,
unynpuwpup qupquind bt dhowulju hudtlhghwubtph dudwtul,
npnup wybkih Eu pupnugunid hhwunnipjut ppubnponidubpp [18]:
Llwt hhjuigbpht jenphnipny £ upynud bbb weinugh 3-6 wdhu'
Yipuhjuljwt Swipmpjut wunhdwip npnpknt b OUE jud NOUL
whunnpnotint hwdwnp [25]:

Onjuukpupymu-juhyuy pujumubtthm

Owlip Yhthyuljut pupwgp niukgnn widw b phnnw pujuuk-
Uhwikph npulnpnudp nwppbp dikpny b phpuimd juydws wunh b
unpwdth qupqugdwt pupwgpnid Hb-h bhqhninghwlwt thnihnjunt-
pjntutiph htwn: Pupnh hbudngnphting wunh opgnnmipmniutt wydw
puwjuwubdhuyh wdkbtwdwtp bt E, nph dwdwbwl sdwip wubdhwb
wnwowinid k nlinlu tkpupquiunuphtt opowtinid: Unwtg ubkpupqub-
nuht thnpuubpupyuwi, hul] shunwpkpnipniithg hknn wnwig fuun-
twynp thnptbpupydwt wyju hhywinubpp skt jupnn gnjuwnbby [16]:
Owlip HbH hhjwinnipjut nhwypnid tpkjowubpp sugkjnig htwnn niuk-
unud Bt uwluwdupniimpmit b ginunipnit: Lpwp Juunbwynp
thnpibpwpldwt Jupphp nitku [22]: Qub twb pbwypbp, Epp wyunh
onpgnnnipniitt wnwewgk] L HbH hhywunnipiniihg: dpwtp nsynid L
HbH wjuinh opgnnnipenih [8,25]:

znUnghgnu phnw pujuwubdhuwyh Jud phinw dbs pujuubdhugh
dudwtwl] woweohti Yhuhjujwt wywuubpp ppubnpynd Lu Yjuuph
wnwehlt 6 wduhg Uhtish 2 mwupkliwubt hwuwlp: Fu juyus £ qudw-
qnphuh gkuh (HbF-h wipunwnpnipinit) dhqhninghwuljut wmywwlnh-
Jugdwt htun: Uju gpubinpymd £ dwtp wubdhuwjh whinwthpubpny
(Hb<7 g/r) gqniwunmipjudp, nhnimyny, nynipugpgonipjudp, Yhpw-
Ypdwt htinn juwyydws ppunhpubpny, wéh pwbqupdwdp, nuljpught k-
$npumghwiibpm], npnduyh Ukswgdwdp wupdwbuw]npdws uygbin-
Ubkquihwny b hkywwundbquihwny Juwd Yplyuyny hudpklighwbpny:
Zhinwuquyniud. tpwip wpyut juintwynp thnpubpupydwt uphp Eu
niikind gnjunlibjnt hudwp [23]:

Unwghtt hull $hqhlu quidwt dudwbwl ®YME-ny hhjwn tpk-
huwttpp (hunwd Bu ny wlunhy, nibktinud Bu twmwphphtt wthudwww-
nwupuul wd b qupqugnud, wubkdhw, swithwynphg dhtsh tjuwnbih
nbnunipnit b wpnwhwynjws uykundbquihw: Npny hhyuunubkp
Jupnn kb mubtw) pujuubdhly gbdp: Uju hhquunutph unw, npntp skt
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pnidyb) Jud pniddby Eu ny wnkljun, wgh htwn duwgp, nujpught thn-
thnjunipjnitibpp b opquundbquhutt wpwyl) wljthuyn tu nuntunid:
Nuljpuyhtt thnthnunipniuiutphg o Jipenypubph wthwdwwwnwu-
huwtinipnititpp, phdnpdwghwubpp, nulpbkph wnwugph sbnnudp,
ounnknjuntinpnqp, ounbknunpngp, htyybu twl qugh nuljpbph dhwthn-
hunipniutpp [15,16]: Ujuniwdbkbwyuhy, swup hhquunubph dnwn, Epk
wiqud wnpbjun poidnd Bu unwgl], $hghluy quudwb dudwbuly
htwpwynp k vy kundbquihw hwyntwpkpty [5]:

Ny hnpukpupynud-Yuhgyu pujumubdhw

uwjwubtdvhuyny hhjwunubph wyju pundptt wput Jubunbwynp
thnpjibpwpldwt Juphp sniuh [20,26]: NOUE-h Yhuhjwb nith juyh
uwklnp dbnud Yud dhohlt swbpnipyub ppnithfulul vwljwupniin: -
pintl, npp Jupnn E wqpl) wéh b qupgqugdut Jpu b wnwewgl) nw-
puwnbuwl] pupnnipnibiubp wybih kS mwphpnud [19]: Ywws gk-
tknhy pwpnnidhg NOUE-U Jupkjh b wwppipult] 3 hhdtwljub
wbuwyh’ dhght phwnw pujuubdhw, HbE/phnw pujuutdhw b HBH hh-
Juunnipniu [26]: N®YME-n] hhywinubph Unwnn wnwghtt Yihuhjuljuwt
npulnpnidp vwjwjupniunipniut E, npp hwjntwpbkpynud £ hudky-
ghugh dwdwiwy b ghudnd £ Jun hwuwlmd’ unynpupwp 2 naph-
Ywhg pupdp: Uhohti b dwtp vwljwydwupniinipinit niikgnnutph dnwn
Jupny b wpwowbtw) wpub thnjtkpupldut wthpwudbynnipinii:
N®YE Uniu judph hhwunubtph Unn § pujuubdhwt jupnn £ hwjn-
twpkpyl] wwwnwhwlwl' upphuhtiqubph dwdwiwl: Npny phypkpnid
b pujuutdhwt whinnpnyynid , Epp hhquinmipjut pupnnipniutbp
kb wowewbnid, ophtiwly (Eqwuyyuplh uhdwywnndwnhly pupkp jud nn-
ptiph ppnuhjuljwt fungbp: Cwwn Jupbnp b hbnbb] wyb Ephjowtbphl,
npnlp hudklhghwutph pupwgpnid htdnjhnhl dguudwd tu nitbghy:
Uuhpwdbtown E uinniglk] tpwutg hbungnphtth dwjwpnpulyp unip spowth
Jtkpwugnidhg htwnn: Ujuntwdbktwyhy, NOUE-ny hhwunutph dnwn jw-
nnn E juintwynp thnpubpupnudutnh juphp wnwewbiy wgh b quap-
quguwil opowtinid, hnhnipjut dudwiwly, dkswhwuwlukph dnn’ nip
pupnmipniubph dudwbwy [20]:

NOUE-n] hpjwinubph $hqhljwy qubnudp wwppbp B juojwus
hpjutinh wwphphg, htungnphup dwjwpnulhg, htunihgh wnljuynt-
pintuhg, wpnitwunbnddwt wunhfwithg b vnnugws thnpuubpupynid-
ukph pwtwlhg: Bpkjuwubtph opowtnid wylbjh dwp NPUE-ny hh-
Juunubpp upnn kb nitkbwy jupd hwuwl, gniiwnnipinit, swthwynp
nhnunipinit, nmwpplip wunhdwih hbywwnnuykundbquihu b ubnw-
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hwuntinipjutt tpwbttph htwnwdgqmd: Upwup Yupbih b pupbjuydty
wpul juintuwynp thnpubpupnidubpny: Quthwynp wikdhw niuk-
gnnutph dnwn Jupnn b hwywnbuwpbpyl] pniy) vhunnihl wndnily, wp-
nwdnuwi jupong Ypénuliph dwpa yEphtt vwhdwunid [24]:

Frujuutvhwutph wjuwnnpnonidp

Puquubdhwikph ppubnpnudibpp wwppbpymd B jupa]ws
wnbuwljhg b dwlpnipniihg: Mwundnipmitp b $hqhluwy putnipniup
Jwpnn Gt ww) npny hnipnudubp: Zhjwunh dwolp Jupnn b huty
gnibiwwn, ntinht, hhwunp Jupnn E Jepeonypubph ypu niuktw) ungtbp,
uwjudupmniinipjudp wujdwbwynpjuws hnqwédnipjni: Upunwnulj-
pudnidwhtt wpnitwunbnsénudp hwighgunid E juwhph nuljpbph nk-
dnpldwughuyh: Zwdwpwyh thnpubpupynidubpp jupng Bu wwppbp
wnhpuhwibph wpwowgdwt wwwdwn nuntwy, hull ppnuhlulwb
phiheniphibdhw’  hwighkghl) (kqpupwpught hhduinmpjub  qup-
qugiul: Zkywwnnuykundbquihwt wpwowumd E Epljuph ppnthly
tunyjwoéphg b wyu opquiiipnid wpnwnuljpusniduyhtt wpmibwuntn-
dnidhg: Mbwp £ wnwbdtwhwwnntl] nipwungpnipnit pupdub) tpkhowgh
wnwphpuwjhtt wéhtt b qupquguwtp: Gpluph Yninwlnudp wmwppbkp
opqui-hwdwljupgbpnid jupnn t hwugtgul] swpwpujhtt nhwpbkunh,
hpynphptngh b wwpwphptngh, ppnuipjuljul wpppnywphwitph b
wyb [13]:

Fujuubdhwbph whnnpnodwt hwdwp junwpynd Bu dh pw-
uh jupnpuwnnp hbnwgnuumipnibbp: Euwjuubdhuh Juuwsh nhy-
pnid wpjut punhwinip puunipiniut (UCL) wnwohtt juwnwpynn hk-
wnwqnuinipniit b Zkungpudwynid wnljw htungnphtth gusp dwljup-
nulp b thnpp MCV-u pujuwubdhwih wowehti tpwlikphg k' kpluph
wuwlwup npybu vwjudupmniinipjut yunmdwn pugunkinig htwunn
[15]: Upwt pumipnid hwjnbwpbpynmd tu pohoitpnh hhwnppnuhuw,
wilthqnghwing, wnjjhinghwnng, nkwnhlninghwnutph wykjugnid, Zujugh
dwpuhutp U jnpuhwwnntly peholitp (ophtwl] HgE/phuinm pujwuk-
Uhugh dwdwiwly): Bpljuph hbnwgnuinnipmniit wpdnud £ bplupugw-
Juunppuyhtt vwjwjupniimipniup dunbnt tyuwwnwlny: Uuhpudby-
nnipjul nhypnid jupkih b uwnnigl) bwb Epppepnghunughtt wnpbpphth
Uwlwpnuyp, npp pupdp b juywuph pmbudnpoudubph b bpluph
wuwluwuh dudwbwly: ZEkUngnphuh LEyunpudnplqny quuwhwwnynd tu
Ephppnghnubpnid wnw htungnphuh mbkuwlp b hwpwpbpujub pw-
twlp: HbA-u Jwqunud E dbdwhwuwlutph htungnphth 95-98%-p,
HbA>-n' 2-3%-p, hulj HbF-ui' 2%-hg phs: Puwjuubdhwibtph dwdwiul
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huwpunynud £ wju hwpwpbkpuwlgnipiniup. HbA2-h 1 HbF-h winljnuukpp
pupdpwinid ki, hull HbA-u wd phy E, jud puguluynid L: YuE hk-
nwqnuunipiniubptt ogunid tu hwunwwnbint widw- b phnw- qnpht
wpunwnpnn qghibph dntinnwghwubpp: Uyt jupnn £ oquuugnpéyby pujw-
ubdhwtbph wjhinnpnodwt b, wuhpwdbpnnipjut nhwypnid, Ypnnh
Jupquyhdwljp npnobnt hwdwp: Lwb pwn jupbnp £ ptnwtbjut
wuwwnunipjniup, pwh np pwjuubdhwih dntnnwbtn gkt pnn hwpw-
quup pupdpugunid k unyb ghup dwunwtgbint nhuljp: Uduhnunhly ht-
nnijh gktubnhl htnwgnuumpmitp jupbnp £ wyb ghwypbpnud, bpp
wunh dnn pujuubdhugh pupdnp nhull ju: Uw hwnjuybu upbnp k,
Epp Gplnt Sunnutpt k) Untinwughwh Yponubkp Gu [1,15]:

Pninp opqut-hwdwlunpgbph quwhwwnnudp whwp L juwnwply
Juinbun]np hhuptpny hhjuinnippub ypngpuhuygh htn gputg tkp-
gpuyuwt hwdwhugdwdp yuydwbuwynpguws [2]:

Prujuwubdhwubph pnidnudp

Pujuubdvhwibkph pnidnudp uppws L hhwunnipjut mkuwlhg
b Swupnipniuhg: BLpl Aubkph dwudwtwl (Hb 6-10g/1) tpwbubpt nu
whnwbtpwtibpp dbnd Eu (hund jud puguluynid B, b pniddwt
Yuphp sh {htuntd, puyg kpplut jupnn Ewppub thnjebubpapldub juphp
1hut: Uhoht b dwuip puwjumubtdhwutph (Hb<5-6q/11) pnidnudp Ephpenn-
ghwnttph thnpttpupynuda b dnpjuubpupiuut tyuwnulp wpnunul-
pudnidwhtt wpnitwuntndnudp guokit E: Uj bl vkndugunid E uw-
Jujupniunipyut wpwnwbowbubpp b wpghjuynud E wnbunwdnp-
uwyht ninny tpjuph iuunidp: Uykundiquihwt b nujpuyht thnthn-
hunipiniutibpp Jiuynmd Bt wpnwnuljpudniduwjhtt wpnibwunbnsdub
nwpwédwb dwuht: @npuubpuplnid hpwlwbwgtbint hwdwp htdngn-
phuh  twwunwluyht dwjupnpulp  twhwthnpiubpupnuduhtt 9-
10g/my-u t, hul htwhnputbpupyniduwghip” 13-14q/1): ZEnthnulbpup-
Yniduyhtt pupnymipinitubphg untuwhbnt hwdwp juwnwpynud E dug-
Jwsd Ephppnghinughtt quuqdush thnpjukpuplnud 8-12d) dupduh quig-
Jwsh Ukl Yhingpudht 1-2 dudnid: Yuinbwynp thnpuubpupynidubphg
hhquunp Epuph gbhppintdwbnipiutt winwowgdw nhulh b Eupunpy-
Ynid: Opquthquhg tplupp gnipu hwtknt hwdwp wpynud Bu Epljuph
hubjupubp (PEdEpuuhpnpu, Tedbkpopuwdht, YEdtphuypniy), [2,11]:

Snnnitiuyghti pohouitinh thnjuyyuwwnduwunnudp swp pujuwubdhuyny
hhywly Epkowubtph pniddw ynnkughw) wwuppbpuy &, putth np wd-
pnne Jyuwuph pupwgpnid Yykpuginid E wpyub thnpubpupldwt wb-
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hpwdtonnipniup: Ujuntwdbktwyithy wyu pnidnidt nith hp npduwlh
punpnnipjniutkpn [10]:

Gpt hhywunubph Unwnn sjub hhwunnipyut jihuthjuljwut wowe-
pipwg, twpwhnpywnjuunnidwihtt puppnipniutp, wyuw HLA
hwdwwntntih hwpuquunh nuljpwénish hnpuyunyuunnidu nith 90%
gnyuunbidwtt wpryniup [7]:

QLu phpuyhwt pujwubdhwubph pniddwt YEipghtt mnwgnpupwug-
ubkphg k: Uju pniddwtt dwdwiwl) hhwunhg hwjupynid ki gnnnitiwghte
pohoubipp, npnup Lupwplynid i ghubnhjuljut dbwhnjodwt tnpduyg
JEjuninp wpunwunpnn ghuny: pwtp hbnwquynud tkpuplynud Bu hh-
Juight, b gkubnhl dbtuwthndws pohoubptt wpunwunpnid tu tnpduyg
htunqnphtih onpwbtn:

Owlip puyuwutvhuwyny hhwunubpht hwdwp wpynud E uyykuky-
unthw wwhwieynn thnputkpupynidibph pubwlp wjwugkgbnt hw-
vun: Uyt wpdnud E, pp thnfubbpupljiui wwhwiep dkswind ' nun-
twny 200-220d; tp. /Yg/nnwph: Cujuubdhuh dudwbwly hhguinubph
Unwn Jupnn k£ qupquiwy fjunibihphwg, b bpk wyt ptpwtnud L (Enw-
pwpuhtt hhpwinnipjut wnwbpwbubpny, wyw whwnp E uykuky-
nnuhwyh htinn junwupt) twb junjighuntundhw [2]:

Gqpuljmgnipnil

Fujuubdvhwt npubnpynid £ dwiujulut vwnwphphg, b hhqun-
ubpt wdpnne Jjuuph pupwgpnid pnidnid kb unwinid: wjuubdhwb
Uk Swiipwpkniwébnipnit nith puquuphy Epyputph wennowww-
hwljuwt hwdwlwpgbph Ypw, b pniddwt dwhiubph wép nipe dwip-
wnwhpuwytp b Pujuwubdhwgh wnwewgnidp tuqtgubint wpynibugkn
Uhonglkphg k Jwijuupginudp: Cunn npny htwnwgnunnipymutkph’ wuk-
twdkd nhuljh gnpéntup pwpbjuwdwlwb nt pupdp rhuljuwhtt wuniu-
unipjniibpt e Ywbpowpghjdwt dninbgnidutphg t hhwunnipniup
Ypnnubkph hwynbtwpbpnidp b pnwithph wjwbwynpnudp: Bujuuk-
dhwubph jutpwpgbdut hwdwp withpudbyn B wqquyyht nhghuwnnph
unbinédnid b twhwwdniuttwjut n1 ghutbnhly pnphppunynipjut Spw-
gqpknp: Pugh wyn, Jupbnp E bwb pujuwubdhuwny hhpwunubph pniddwt
woub] wpyniufbn Equbwlibph Yhpuemdp gngnitughtt pehe-
ukph hnppyunduunnudp: Uks wnweptipuig nith twb ghiught ptpw-
whwl, npp jununnidiwhg b pdolnipjut tnp nupuppowinid:

Lhnnibifué F05.04.22
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I[narﬂocnma H JICYCHHE TAaJTaCCEMHUN

I'.A. I'puropsu, JI.C. Axonsia, JI.M. Kpmosin, C.O. lanensin,
JILA. Barapmaksix

Tamaccemusi ayTOCOMHO-pEIIECCHBHOE HACIEACTBEHHOE 3a0oJeBaHUe,
nposiBisitonieecss B AeTcTBe. [lanueHTsl Momy4aroT JiedeHHe Ha MPOTSHKEHUH
Bcel xu3HU. Hambosee pacnpocTpaHEHHBIMH THUIIAMH TajlacCEMHUU SBISIFOTCSI
Oera- u anb(a-TaracceMun.

Co BpeMeHEM CTaHOBHTCS Ba)KHBIM ITOUCK Oojiee 3(pPEeKTHBHBIX METOIOB
MOHUTOPUHIA U JICUHCHHA MAUCHTOB C TajlacCeMHUe. PCSyJII)TaTbI HEKOTOPBIX
KJIMHUYECKUX MCIBITAaHUN IIOKa3aJid, 4YTO B 3aBUCHUMOCTH OT CTCIICHU aHCMUU U
KOJIMYECTBa HEOOXOIMMBIX TIepeTMBAaHUN KPOBH Y TIAIIMEHTOB B O0JIee cTapiiemM
BO3pacTe MOTYT DPa3BUBAThCS CEpPbE3HbIE OCIOXKHEHHsA. UTOOBI y HEIaBHO
JIMarHOCTHPOBAHHOTO MAaIMeHTa KIAacCU(UIMPOBATh TANIACCEMUIO Ha TpaHC]Y-
3MOHHO-3aBUCHMYIO WJIH TpPaHC()Y3HOHHO-HE3aBUCHMYIO, HEOOXOAWMO TIIa-
TeJIbHOE KIMHWYEeCKoe obOcnemoBanue. lIposBiIeHHs W NeYeHHE TajJacCeMUHU
3aBUCAT OT THIA W CTENEHH TsDKeCTH. Llenbio JaHHOTO MCCIe0BaHuUs SIBISETCS
0000IICHIE KIIMHUYECKOM KJIACCU(UKAIIUKN TalacCEMUH, MTOJX00B K JIUarHoc-
THKE ¥ JICUCHHIO.

Diagnosis and Treatment of Thalassemia

H. A. Grigoryan, L. S. Hakobyan, L. M. Krmoyan, S. H. Danelyan,
L. H. Vagharshakyan

Thalassemia is an autosomal recessive inherited disorder that manifests in
childhood and patients receive treatment throughout their whole life. The most
common types of thalassemias are beta- and alpha- thalassemias.

Over time, more effective monitoring and treatment of patients with
thalassemia becomes important. The results of some clinical trials and ob-
servations have shown that, depending on the degree of anemia, the need for
blood transfusion in older patients can develop serious complications. A
thorough clinical examination is necessary to classify a newly diagnosed
transfusion-dependent thalasemia or non-transfusion-dependent thalasemia
patient. The manifestations and treatment of thalassemia depend on the type and
severity. The aim of this study is to summarize the clinical classification of
thalassemia, approaches to diagnosis and treatment.
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L-acmaparunasa

M.B.Munacsin'?®, A.I' 3akapsn’?®, JLM.Kpmosin'?®,
M.C.T'wanapsin">®, C.0.Tanensin™>°, J.A. Barapmaxsin™>°

YETMY um. M. Tepayu
2LIeHmp 0emcKo2o paka u 3a001e6aHull Kpogu
 Femamonozuueckuii yeump um. P.O.Eonana M3 P4,
omoeneHue 0emcKol OHKONIO2UU U 2eMAMON02UL
0014, Epesan, ya. I'p. Hepcucana, 7

Kniouegvie crosa: L-acmaparmnasa, acmaparu, acllaparMHCHHTETasa, Iaraclapa-
r'MHa3a, OHKacIap, OCTpbIi JIMM(OOIaCTHBIN JIeHK03

3a mocnenHUe OECATHWIETHS UCXOABI OCTPOro JuMGoOIacTHOro JerKo3a
(OJIJI) 3HAUMTENBHO yNYUYIIMITUCH, OJaroaapst pa3padoTke Oosee MeHCTBEHHBIX
METOJIOB TE€paruu U Pe3yJbTaTUBHBIX MPOTOKOJIOB JedeHus [20]. B nmeuenun
OJUJI ucnionp3yeTcsl IMUTOCTAaTUYECKUI TpenapaT acrnaparuHasa, KOTOpBIM sB-
nseTcs (hepMEeHTOM OaKTepHabHOTO poucxokaeHus [6,19,20]. Ha cerogusmi-
HUM JE€Hb WCHOJNB3YIOTCS TPU THIA aclaparvHasbl: HAaTHBHAs aclaparvHasa,
nonyuenHas u3 kumeunoii manouxu (E.coli-asparaginase: Kidrolase®, EUSA
Pharma; Elspar ®; Crasnitin™, Bayer; Leunase”, Sanofi-Aventis), mermummu-
poBaHHas Gopma HaTHBHOI acmnaparuHasbl — E.cOli (maracmaparunasa: Oncas-
par™, Enzon Pharmaceuticals Inc) u ¢epment, BwiaeneHHslii u3 Erwinia
chrysanthem (Erwinase®, EUSA Pharma) [5,20].

L-acmaparnnasa (L-acmaparuHamMunoruaposnaza) —IpOTHUBOOITYXO0JIEBHII
npemnapaT, KOTOPBIA 10 CBOEH Npupoae sBiseTcs (EepMEHTOM, OCYIIECTBIISI-
oUW THUAPOJIN3 aMUHOKHCIOTHI L-acmaparuna o Takoro Omomnonumepa, Kak
acmaparmHoBasi KUCIIOTa, U MOHA aMMOHUS (prucyHOK). CyIIHOCTh MeXaHW3Ma
MIPOTHUBOOIYXOJIEBOTO JEHCTBHUA 3aKJIIOYAETCS] B CHIDKEHWH KOHIIEHTPAIIUU
acraparmaa, HeoOXOJUMOro JUI chHTe3a OesKa U a30THCTBIX OCHOBAHUH W IS
OCYUIECTBJICHUS MOCIEAOBATEIBLHOTO KJIETOYHOrO HUKia [22].

OnyxoJseBbie KIETKH JIMIIEHBI CIIOCOOHOCTH CAMOCTOSATENIBHO IKCIIPECCH-
pOBaTh acapariHCUHTETA3y U BOCIOJIHATh YPOBEHb aMHUHOKHCIIOTHI, B OTIIHYNE
OT HOPMAaJIbHBIX KJIETOK. B KOHEUYHOM cueTe BBILICHU3IIOKEHHOE NMPHBOAUT K
TOMY, YTO NPH BBEACHUM acliaparMHa3bl MCTOILIAETCS BCS KOHUEHTpauus L-
acrapariHa M HEXBaTKa IOCJIEHEr0 BIIEYET 3a co00W MHrHOMpoBaHWE Oen-
KOBOTO IIMKJIa, a 3aTeM U rudens KieTk [3].

@depMeHT acmaparrmHasza MPUCYTCTBYET TAKXKe Y XKHBOTHBIX, PACTCHHUH,
rpuOOB U BOJIOPOCIEH, HO OH OTCYTCTBYET y YeJIOBeKa, Oarofaps uemy HaOJto-
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naercsi BbICOKas 3(PQeKTUBHOCTH JIEKAPCTBEHHBIX CPEICTB, OCHOBAHHBIX Ha
nanHoM (epmente[1].

20 20

c’ cJ

1 "NH2 1 OH

?Hz AcnaparuHasa (_I;Hz

+H,O —m8mMm——»

CH—NH> 2 CH—NHy; & NHs

1 [

COOH COOH
L-AcnaparuH L-AcnaparuHosasn

Kucnora

Pucynok. I'maponu3 aMMHOKHCIOTH! L-acmaparuna 1o acnaparuHoBoi
KHUCJIOTHI 1 HOHA aMMOHHUS

BriepBeie acmaparmnaza Opia oTkpeiTa 1953 1. B X0me WccieOBaHUS
amepukanckoro ydeHoro J.G.Kidd. Cyts ucciaemoBanusi 3akirodanach B TOM,
YTO B pe3y/IbTare MHOTOKPATHBIX BHYTPHUOPIOUIHBIX HWHBEKIHHA CHIBOPOTKOW
MOPCKOW CBHHKH TPYIIIIE MBIIICH C MOAKOXKHBIMU JIUM(OCApKOMaMH HaOII0-
nmamace perpeccus omyxonedt [15]. Ilozxe, B 1961r., J.D.Broome momren
JANTbIIe W BBIICIHII caM (pepMEHT, OKa3bIBAOIINN POTHBOOITYXOJIEBHIH 3(hpexT
[9]. A B 1963 r. ObUIO JOKA3aHO, YTO UCTOILICHHE acraparuHa CIyXUT MPUYH-
HOW MUTATEIbHON HEJOCTATOYHOCTH ¥ MHTHOWPOBaHUSI OMOCHHTE3a Oelka, 4To
NPUBOAMT K anonto3y npu T-mumdobimacTHeix seiiko3ax [11].

Mexanusm oeiicmeusn

OcCHOBHOE aHTWJIEWKEMHYECKOE JefCTBHE acmaparvHasbl 3aKII04aeTcs B
CIIOCOOHOCTH 32 KOPOTKHH TMEpHOJa BPEMEHH IpeoOpazoBBIBATh aclaparuH B
aCIaparvHOBYI0 KHCJIOTY M aMMHaK. B CHIBOPOTKE KPOBU COJEPIKUTCS TPH-
MepHO 50 MKM acmaparvHa. OTO KOJIMYECTBO aMHUHOKHCIIOTHI ITOJIyYaeTCs W3
NOTpeOIsIeMbIX MUTATEIBHBIX BEUIECTB M OHocuHTe3a (e NOVO B medeHH
MOCPEJICTBOM KaTainu3a aclapardiHOBOW KHCIOTHI M aMMHaka (epMEeHTOM
acnaparvHcuHTerasbl. Ho, mo cpaBHEHHIO CO 3I0POBBIMU KJIETKaMHU, JEHKO3HbIE
KJIETKH UMEIOT HU3KUI ypOBEHb acmapardiHCUHTETA3bl U, CJIEeI0BATEIbHO, CHU-
XKEHHYIO CITIOCOOHOCTH MPOU3BOIUTH AMHUHOKHUCIIOTY, acliaparut, He0OX0UMYIO
s cuaTe3a JJHK, PHK u 6enka [5].

OpnHolt u3 (opM NEKapCTBEHHOW YCTOWYMBOCTH K L-acmaparunnaze siB-
JII€TCA TOBBILIEHHAS PETYJALNs aclaparMHCUHTETa3bl B MEUEHU, a TAKXKE B
JIEHKO3HBIX KIIETKaX, KOHEYHBIM PE3yJIbTaTOM KOTOPOH ABISETCS JOCTATOYHBIN
ypoBeHb L-acnaparmHa B KpOBOTOKE ISl cuHTe3a Oenka. [1oBbIIeHHbIE YPOBHU
L-aciaparuHa B CBIBOPOTKE KOPPEIUPYIOT C 00Jiee BBICOKOW YacTOTON COOBITHI
y nereit ¢ peauausom OJIJI [5,6,10,13,17].

CymiecTByIOT 2 THIIA acTiaparuHasbl:
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MepBBII THIT — acIaparnHas3a IUTOIUIa3MEHHAs, CHHTE3UPYETCS B KIIETKE
MOCTOSIHHO;

BTOPOH THN — achaparvHasa MepuIia3MaTHYecKas, JOKaIH30BaHHAs
MeX/1y BHEITHEH H m1a3MaTndeckord MmemOpanoi Oakrepwii [10,14].

Hua negenns OJIJI mcmonp3yloT TONBKO acmaparnHa3dy BTOPOTO THIIA,
MOCKOJIbKY acraparuHasa IepBOro THIA He 00JagaeT TepaneBTHUECKON aKTHB-
HOCThIO. Takas pa3HHIA B aKTUBHOCTH OOYCJIOBJICHA Pa3IMYHBIM CPOACTBOM C
acraparuaom [8].

C npuMeHeHHEeM acraparvHasbl TOBBICHIACH MHOTOJETHSS BBDKHBae-
MOCTh OOJBHBIX MpuMepHO 10 70%, a craHoBieHHe moaHON pemuccuu — 90-
95% [1,21]. Haubonee 3ppekTHBHBIMU M3 TPUMEHIEMBIX POTOKOJIOB SIBJISIIOT-
cst mporokouiel rpynmsl BFM (Berlin-Frankfurt-Munster), mo3Bossiromue moty-
guth 10-1€eTHIO 00IIyI0 M 0eCcCOOBITHIHYIO BRDKHBaeMOCTh B 90,4 + 2.6% u
82,5 + 3,4% coorBercTBeHHO [2,16].

Io6ounvie I¢hhpexmot

Bo Bpems nedeHUs MOTYT BO3HHMKATh aJUIeprUUecKre WM aHa(uiIakTH-
yeckue peakuuu. Tokcudeckue 3dekTsl L-acraparnHassl cBsS3aHbl B MEPBYIO
ouepesib ¢ UMMYHHBIMH PEakUsIMU Ha 3TOT OaKTepUalbHBIN OeNoK U ¢ 3P Qek-
TaMU UCTOIICHUS acliaparvHa.

Hecmotps Ha HapymieHMe WMMYHHOW CHCTEMBI TOCIIE€ Hadvaja HWHIYK-
nuonHoro Jneuenuss OJUJI, amnepruveckue win aHaQUIAKTOMIHBIE PEAKIIUH
MOTYT BO3HHKAaTh TOCJE BBEJCHHS MHOTHX JICKQpPCTB, B TOM YHCJIE HATHB-
HOM acmaparunasbl —E.COli mnn  moracmaparunasel. K gpyrum  mpemaparam,
BBI3BIBAIOIIMM OYEBH/IHBIC KIIMHUYECKHE PEAKIIUH, OTHOCATCS IUCILUIATHH, ITUK-
snodochamu, OJICOMHIIMH, TOKCOPYOHUITHH, ITUTO3MHAPAOUHO3UI U METOTPEK-
cat [24]. Haubonee yacTbie u TsDKEJIbIC a/UIEPTUUYCCKUE PEAKIIMK HAOJIIOIAIUCh
y TAIMEeHTOB IOCIie MHOTOKPATHOTO TpreMa achaparrHasbl W, peke, Iirac-
naparuHa3bl. JTH OYEBHIHBIE KIIMHUYECKHE PEaKIIMd MOTYT BO3HUKHYTH TOCTE
BTOPOW WJIM TpeThed N03bl WM JIaXKe 4Yepe3 MHOTO MeECSIEB TOCle HHIYK-
LAOHHOW Tepanuu. PUCK peaknny CHMKaeTcs, B TOM Cilydae, KOIrja acrapa-
rMHa3a BBOAMTCS B COYETAHWU C TNPETHU30JIOHOM WM JIEKCaMETa30HOM H
JIPYTHMH MMMYHOJIETIpECCaHTaMt. 3aMeHa HATUBHOW acliaparvHa3bl Ha ITrac-
naparmHa3zy Mmo3BoJisieT H30eXKaTh MOBTOPSIONIMXCSI aHAPHUIAKTOUTHBIX PeakInit
mocjie TOro, Kak ObUIa 33JJOKyMEHTHpPOBaHA Peakilvs Ha HATUBHYIO acraparu-
Hazy. OgHako aHTuTena IgG mpoTMB HATUBHOW acmaparmHasbl MOTYT pac-
MMO3HABaTh METWIMPOBAHHBIA aHTUTCH, a MHBEKIIHUS SPBUHA3BI MOXKET WHUIIUU-
pOBaTh €ro OTHENbHYI0O HUMMYHHYIO PEaKIHI0 W BBIPAOOTKY aHTUTEN TPOTHB
apBuHAa3H [6,7,18].

OpHMM W3 BaXKHBIX TOKCUYECKHMX JEWCTBUN L-acmaparnHasbel sBisieTcs
HapylieHue QYHKIUU MTOKETyJ0YHOM kene3bl. [lankpeaTut BcTpevaercs y 4-
18% mennaTpuyeckux manueHToB [1,3] v BO3HUKAET MPUMEPHO TOCIE MEPBBIX
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Helenb INPUMEHEHUs acraparusasbl. JlanpHeiliee BBEJCHHE aclaparkHa3bl
mocje 3MHU30/a MaHKpPeaTUTa He PEKOMEHIYETCS B CBS3HM C BBHICOKUM PHCKOM
peumarBa TMOCIEAHEr0, YTO MOXKET NMPUBECTH K CHI)KEHUIO BEDKMBacMOCTH 0e3
cooertuit [4]. pyrue Tokcmueckne 3(pQexTsl, CBSI3aHHBIE C acHaparnHa3oi,
BKJIIOYAIOT HApYLIEHUS] reMocTa3a (TpoMOO3bl U KPOBOM3IUSHUS LECHTPAIBHOMN
HEPBHOW CHCTEMBI M TpPOMOO3bl mepudeprudeckux TTyookux BeH y 2—4%
MAIMEHTOB), THIIEPTIIMKEMHIO W HapyLICHUs TUMUAHOro oOMena [12,23].

Kak mnpaBuino, manueHTOB, NPOSIBIASIOIMINMX KIMHUYECKHE CHMITOMBI
QJIEpTUy Ha OJMH Ipenapar achapardHasbl, MEpeBOISIT Ha IPYroi, 4roOsbl
obOecneunThb 3PPEKTUBHOCT TEPAIIHH.

AnTHTena, BeIpabaThIBacMble B OTBET Ha aclapardHasy,He Bcerna Ipu-
BOJAT K KIMHUYECKOM T'MIEPUyBCTBUTEIBHOCTH, HO BMECTO 3TOI'O MOTYT BbI-
3bIBaTh OBICTPYIO WHAKTHMBALMIO acllaparvHasbl, YTO NPUBOIUT K HEONTHU-
MaJIbHOMY HCTOIICHHIO aclaparvHa, ¥ MOXKET BO3HUKHYTH mpumepHo y 30%
nanuentoB [18]. Takum oOpa3oM, pa3BUTHE AHTUTEN MPOTHB acHapardHa3bl
MOJKET TPHUBECTH K yCTOWYMBOCTU K TEPAIMM aclaparMHa3o M CBA3aHO ¢ 00-
Jiee BBICOKUMH YPOBHSIMH acliaparruHa B mia3me [12].

[Iaracmaparmnaaza UMeeT OTHOCHTENILHO 00Jiee HU3KYI0 UMMYHOTEHHOCTD
13-32 KOBAJCHTHON KOHBIOTAIIMHA C MOHOMETOKCHITOMUATHIICHTIIMKOIEM U 4acTo
3ameHsieT acriaparuHasy — E coli y manmeHToB, y KOTOpBIX pa3BUBAeTCs ayliep-
ruyecKas peakuusl.

KnuHn4yeckuMu TMpOSIBICHUSIMUA  pEakIfii TUIEPYyBCTBUTENBHOCTH K
aCriaparmuHase sBJISTIOTCS:

e anHadwmiakcus (peaKo),
JJIEPTUYECKUe PEaKIty,
OTeK,
CBIBOPOTOYHAsSI OOJIC3Hb,
OpOHXOCTIa3M,
KpalMBHUIIA U ChIIb,
3yJl U OTEK KOHEYHOCTEM,
dpUTEMa — MECTHASI WIH TeHepaIn30BaHHAs,
e JIpyrve KIMHUYECKH CBS3aHHBIC PEaKIIHU.
Tokcn4YHOCTB acraparuHa3bl BKIIOYAET:
®  OpraHHYIO TOKCHYHOCTbD,
® [IaHKPEATUT ¥ CBSI3aHHYIO C HAM THIIEPIIINKEMUIO, TIIOKO3YPHIO,

KETOoaIumo3,

e HapylleHue QYHKIUU TICUYSHH,

e 1epedpanbHy0 AUCQYHKITHIO,
CHIXKEHUE CHHTEe3a Oerka:

- TUNO0anbOyMUHEMHS,

- runo(puOPUHOHUMHUS, COCTOSHUE THIIEPKOATYISIMN — KOaryJo-
TaTHH,

- (aKTOpBI CBEPTHIBAHUS.
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J1st mpuemMiIeMoro TeparneBTHUECKOro 0TBETa KOHLIEHTPALUS acTiaparuia
B KpOBU A0KHA ObITh MeHee 0,1 MKMOJIB/J, KOTOPYIO MOKHO IOCTHYb HpPHU
ypoBHe acnaparunassl He MeHee 100 ME/n kposu [8].

HenernnupoBanHble acnaparuHasbl HMEIOT Oojiee KOPOTKHUH IE€pHOL
noJypacnazaa,ipuMepHo | naeHb,u TpeOyloT NpHeMa €XEAHEBHO WM 4Yepes3
nenb. K Tomy ke oHn Oonee nmMmmyHorenHsl. Mcmons3zyemast no3a L-acmaparu-
Ha3el Bapeupyercss ot 6000 exunmi / M 2 10 duKCHpOBaHHOH 10361 B 20 000
eanHUII (B MOAN(DHUIIMPOBAHHOM PEKUME).

L-acmaparnHazy NpUMEHSIOT BO MHOTMX Kypcax XUMHOTEpAllUU Hpu
JICUCHUU OHKOJIOTHYECKHX 3abosieBanuii. Hapsay ¢ mpoTtuBoomyxolieBoit
3¢ (HEeKTUBHOCTHIO, BHYTPUBECHHOE BBEACHHE IIperapaTa MOXET IPUBECTH K
MPOsIBIIEHUIO psima Tokcndeckux 3 dektos. [lobounoe netictBue depmeHTa u
pa3BUTHE PE3UCTEHTHOCTH K HEMY [0 HACTOSIIErO0 BPEMEHH HE 10 KOHLA
n3ydeHbl. CerofHs B KIMHUYECKYIO PAKTUKY TaKk)Ke BXOJIUT HOBBIN Mpemnapar,
acraparmHasa, BKIIOUEHHAs B OPUTPOLUTHL. DTOT MpemnapaT MoKasan Mepcrek-

THUBHBIE PE3yIbTATHI ,HO HCCIIEIOBAHM MPOJODKatoTes [8].
Ilocmynuna 05.04.22

L-wuyupughtig

U. 4. Uhtwywi, U. 2. Quuwpjul, L. U. LpUnjul, U.U. Ghdupjul,
U.Z.Muubkpul, L. 2. Junqupouljui

dkpght mwphlikpht qquih wpwgplipwg t gputigyt) hwljwpung-
Jtnuyjht tnp ninuuhongubph unbknddwu gnpénid, npnup hhduus tu
dtpdbuntph Jpu: L-wuwwpwghtwqp mnnigpwhtt pohoubph Jpw
hwwnntl] wqpbgmpjudp wpwehti pwlwnbphw; dbpdktnt Ep, npp
Jhpwenipmnit gy Yhuhjujut oulynhtdwwnninghwynud: Ukplw-
midu bwwnhy b hdunphihqugyué L-wuywpughtiwmgh yuwnpuuwnnily-
ukpp wnwppbp pwlwnbphw) wnpmiptbtphg (Escherichia coli W Erwinia
chrysanthemi, pegylated E.coli L-asparaginase) hwonnnipjuup hpunynid
El unip (huddnpjuunught 1EyEdhwny hhyutnubph pniddwt hwdwn:
Uju Jbputuynidt puinphwinip ndju) L L-wuywpughtigh dkhuowthqu-
ubinh, Ynnuwlh wankgnipmniuibph JEpwpbpyuy:

L-Asparaginase

M. V. Minasyan, A. H. Zakharyan, L. M. Krmoyan, M. S. Gizhlaryan,
S. H. Danelyan, L. H. Vagharshakyan

In recent years, significant advances have been made in the development
of new enzyme-based anticancer drugs. L-asparaginase was the first bacterial
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enzyme with a specific effect on tumor cells which found application in clinical
oncohematology. Currently, preparations of native and immobilized L-
asparaginase from various bacterial sources (Escherichia coli and Erwinia
chrysanthemi, pegylated E. coli L-asparaginase) are successfully used to treat
patients with acute lymphoblastic leukemia. This review presents general data
on L -asparaginase, the mechanism of action and side effects to which it can
lead.

Jlureparypa

1.  Anexcees H.A. T'ematonorus nerckoro Bo3pacra. CII6., 1998, c. 468-4609.

2. Aneckeposa I''A. Jleuenue nereit ¢ ocTpbiM JTUM(OOIACTHBIM JIEHKO30M O POrpaMme
ALL IC-BFM 2002:2018.

3. Coxonos H.H., Davoapos M.A., Iloxkposckas M.B. u np., bakrepuanbHbie peKOMOU-
HaTHBIC L-aCHapaFI/IHaBI)I:CBOﬁCTBa,CTpOCHHe u aHTI/IHpOJ'II/I(l)epaTI/IBHaSI AKTHBHOCTbD.
BromenuuHCcKas XuMusi, BBIIL. 3, ¢. 312-324.

4. Asselin BL. The three asparaginases. Comparative pharmacology and optimal use in
childhood leukemia. 1999, 457:621-629.

5. Avramis VI., Sencer S., Periclou AP. et al. A randomized comparison of native
Escherichia coli asparaginase and polyethylene glycol conjugated asparaginase for
treatment of children with newly diagnosed standard-risk acute lymphoblastic leukemia:
a Children’s Cancer Group study. 2002, 99:1986-94.

6. Avramis VI, Tiwari PN. Asparaginase (native ASNase or pegylated ASNase) in the
treatment of acute lymphoblastic leukemia. 2006, 1:241-254.

7. Bender C., Maese L., Carter-Febres M., Verma A. Clinical utility of Pegaspargase in
children, adolescents and young adult patients with Acute Lymphoblastic Leukemia: A
Review. 2021, v. 11:25-40. doi:10.2147/blctt.s245210

8. Borsakova D. V., Sinauridze E. |. L-asparaginase: new approaches to improve
pharmacological characteristics. 2018, 17(4):82-99.

9. Broome J. D. Evidence that the L-asparaginase activity of guinea pig serum is
responsible for its antilymphoma effects. Nature, 1961, 191: 1114-5.

10. Del Casale T., Sollitti P., Chesney R, H. Cytoplasmic L-asparaginase: isolation of a
defective strain and mapping of ANSA. J Bacteriol 1983, 154 (1): 513-5.

11. Gaynon PS. Childhood acute lymphoblastic leukaemia and relapse. 2005, 579-87.

12. Hak LJ., Relling MV., Cheng C., Pei D., Wang B., Sandlund JT. et al. Asparaginase
pharmacodynamics differ by formulation among children with newly diagnosed acute
lymphoblastic leukemia. 2004, 18:1072-1077.

13. Jarrar M., Gaynon PS., Periclou AP. et al. Asparagine depletion after pegylated E.
Coli asparaginase treatment and induction outcome in children with acute
lymphoblastic leukemia in first bone marrow relapse: A Children’s Cancer Group study
(CCG-1941), 2006, 141-6.

14. Jennings M.P., Beacham I.R. Analysis of the Escherichia coli gene encoding L-
asparaginase Il and its regulation by cyclic AMP receptor and FNR proteins. J
Bacteriol., 1990, 172 (3): 1491-8.

15. Kidd J. G. Regression of transplanted lymphomas induced in vivo by means of normal
guinea pig serum. I. Courses of transplanted cancers of various kinds in mice and rats
given guinea pig serum, horse serum or rabbit serum. J Exp Med., 1953, 95 (6): 565-82.

16. Old L. J., Boyse E. A., Campbell H. A., Daria G. M. Leukemia-inhibiting properties and
L-asparaginase activity of sera from certain South American rodents. Nature, 1963 May
25, 198 (4882): 801.

17. Panosyan EH., Grigorian RS., Avramis IA. et al. Deamination of glutamine is a
prerequisite for optimal asparagine deamination by asparaginases in vivo (CCG-
1961), 2004, 1121-6.



18.

19.
20.
21.
22.
23.

24.

Mepununckas Hayka Apmenun HAH PA 1. LXII Ne2 2022 37

Panosyan EH., Seibel NL., Martin-Aragon S. et al. Asparaginase antibody and
asparaginase activity in children with higher-risk acute lymphoblastic leukemia:
Children's Cancer Group Study CCG-1961. 2004, 26:217-226.

Pieters R., Carroll WL. Biology and treatment of acute lymphoblastic leukemia. 2008,
55:1-20.

Pieters R., Hunger S., Boos J. et al. L-Asparaginase treatment in acute lymphoblastic
leukemia: A focus on Erwinia asparaginase, 2011, 238 249.

Shervashidze M. A., Valiev T. T. Pediatric acute lymphoblastic leukemia treatment
protocols improvement: emphasis on minimal residual disease. 2020, 15(3):12-26.
Stams W. A., den Boer M. L., Beverloo H. B. et al. Leukemia, 2005, 19, 318-319.
Wenner KA., Vieira Pinheiro JP., Escherich G., Wessalowski R., Jorch N., Wolff J. et
al. Asparagine concentration in plasma after 2,500 1U/m(2) PEG-asparaginase i.v. in
children with acute lymphoblastic leukemia. Klin Padiatr., 2005, 217:321-326.
Whitecar J. P. Jr., Bodey G. P., Harris J. E., Freireich E. J. L-Asparaginase. N Engl J
Med., 1970, 282 (13): 732-4. DOI: 10.1056/NEJM197003262821307.



38 Menunuuckas nHayka Apmenmn HAH PA 1. LXII Ne2 2022

YK 616.233-053.2
DOI:10.54503/0514-7484-2022-62.2-38

Jranbl pa3BUuTHS U MOPPOPYHKIMOHAIBHAS XapPAKTePUCTHKA
OpPOHXHAJIBHBIX 7KeJjie3 B IPEHATAJIbHOM OHTOreHe3e U NMpPHU
NATOJIOT UM JIETKUX Yy JeTei
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Knioueswvie cnosa: nerkue, OpoHXH, OOKaJOBUIHBIC KIICTKH, CIIM3KUCTast 000JI0UKa

Y mnoma nwa 13-14-if Henmene BHYTPHUYTPOOHOTO pa3BUTHS B o0nacTu
SMHTENUS CIU3UCTOW OOOJIOUKM Tpaxer W OpOHXOB TMOSBIISIOTCS OTHCIBHBIE
CKOIUJICHUA SMUTCIINAIBHBIX KJICTOK, KOTOPBIC ABJIAIOTCA MCTOYHUKAMH pa3BU-
THSI JKeJIe3 CIIM3UCTON OOOJOYKH M OTIMYAIOTCS M0 TMCTOXMMHYECKOW Xapak-
TEPUCTHKE OT COCEOHMX YYACTKOB SIHTENHA. B muromnasme 3THX KJIETOK BbI-
JIEJSIIOT KUCIbIE W HEUTPAIbHBIE MYKOIIOIMCAXapuabl. Bo BpeMsi BHYTpHUyT-
POOHOTO pa3BUTHS JKEJIE3 CIIM3UCTON 000I0YKH OOKATIOBUIHBIE KJICTKH OTHOCAT
K CIIM3HUCTBIM CEKPETOPHBIM 3ieMeHTaM. C y4eToM TOro, 4ro OOKaJIOBHIHBIE
KJIETKH PECHUPATOPHOIO SMUTEINS BBIACISIIOT TOJIBKO MYLMHBI, TOJCIU3UCTHIE
KEJIC3bl ABJIAKOTCA C€AMHCTBCHHBIMHM HNCTOYHUKAMU 6eJ'IKOBOFO KOMIIOHEHTAa
MOBEPXHOCTHOTO CJIOS CITU3H.

JpIxaTenpHble IyTH U JIETOYHAS TKAaHb UMEIOT HHAMBUAYaJIbHBIE OCOOCH-
HOCTH MOP(OPYHKIMOHATLHOIO BHYTPUYTPOOHOTO pPa3sBUTHUS, KOT/A JIETKHE
BBHITIOJIHSIIOT HE OCHOBHYIO CBOIO (DYHKIIMIO — JIBIXaTeNbHYI0, a MeTadonndec-
KYI0, HAaIpaBJICHHYIO Ha Pa3BUTHUE JICTOYHOM TKaHU, TU(DPEPEHITUPOBKY TKaHE-
BBIX CTPYKTYp. Bblmensior crienyiomme nepuoisl MPEeHATaTbHOTO Pa3BUTHS
JIETKUX: PaHHUH 3MOPUOHAIIBHBIN, JKEJIE3UCTBIH, KaHAJIMKYJSPHBIA TEPHOJBL,
nepno TEPMHUHAJIBHOI'O MEIIKA, NIEPUOI COYCTAaHUA MEIIOTYATBIX M aJIbBCO-
JIOTOTOOHEBIX CTPYKTYp. KaxnoMy meproay NpeHaTaabHOTO Pa3BUTHS JIETKHX
COOTBETCTBYET CBOSA MOP(POPYHKIMOHANbHAS XapakTepucTuka [10].

HpixaTenpHas cHCTEMa NPEACTaBleHa JABYMsS OCHOBHBIMH YacTMH —
BO3JyXOHOCHBIE ITyTH U pECIUPATOPHBINA OTJIe]. BO3yXOHOCHBIE ITyTH COCTOST
W3 HOCA, HOCOTJIOTKH, TOPTaHH, Tpaxed, OpoHXOB W Oponxuoi. OCHOBHas
(YHKLHMST BO3LYXOHOCHBIX IMyTEH — MPOBEJCHUE BO3/AyXa K JIETKMM U OT HHX.
BricTunka BO3IyXOHOCHBIX IyTei, 0oOpa3oBaHHas CIM3UCTOH 00OJOYKOH,
q)HJ'II)preT, OYHIIaCT, HAarp€BacT UK OXJIAXKIAACT, a TAKKC YBJIAXXHACT BO3AYX,
KOTOPBIH HAIpaBIIAETCS K pecuparopaoMy otaery [13].
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Camsucrast 0007104Ka HEPABHOMEPHO CKJIaqyaTasi, BHICTIIAHA MHOTOPSII-
HBIM PECHUTYATHIM SIHUTEIHEM C YMEPEHHO 303MHOQMIBHON IUTOIIa3MOH,
MEJIKHMH OKPYIJIBIMA 0a3ajbHO PAaclONIOKEHHBIMU SAPaMH, C HAIAYHEM
OoKanoBUIHBIX KiIeTOK. bazanpHas MemOpaHa snuTeNns TOHKAs, HEIIpEepbIBHAsL.
CoOcTBeHHasT IUTACTHHKA CIM3UCTOM OO0OJOYKHM TIPEACTaBIICHA MIPOAOIHHO
PacHoJIOXKEHHBIMH TOHKHMH COEIUHHUTEIbHOTKAHBIMH BOJIOKHAMH, KOTOpPBIE
npu OKpacke NMUKpodykcMHOM 1o BaH-I'M30HY OKpammBaroTcs B KHUPHIHYHO-
KpacHBIN 1BeT [1].

OnurenuanabHas BBICTHIKA Tpaxed U OPOHXOB 00pa30BaHa MHOT'OPSAIHBIM
PECHUTHYATHIM DIIUTENUEM C OOKATIOBHIHBIMH KJIETKAMH (MHOTOPSITHBIN [IUITHH-
JpUYECKUN MepLaTeNbHbIi 3nuTenuit). bokanoBUAHBIE KIETKH BBIIEISIIOT
CJIN3b, & PECHUTUYATHIE KJIETKH MEPEMEIIAIOT CIIN3b MO MOBEPXHOCTH JIUTEIHS.
bnaromapss sTomy cBoOOmHAas NOBEPXHOCTb BEPXHUX [BIXATENbHBIX MYTEH
MIOCTOSTHHO TIOKPBITA TUIEHKOHM CIM3HM, B KOTOPYIO HOIPY>KEHbl PECHUYKU pec-
HUTYATHIX KJIETOK. PECHUYKHU COBEpIIalOT pUTMHUYHBIEC JBU)KEHUS, B pE3yJIbTaTe
KOTOpBIX IUICHKA CIW3U MEPEMEINAacTCs B OAHOM HAIPAaBICHWH, TaK 4TO 4ac-
TUILBI, MONAAAIONINE B AbIXaTeJIbHbIE MYTH C BIABIXa€MBIM BO3IYyXOM, 00BOJa-
KHBAIOTCS CIIM3BI0 M TIEPEHOCSTCS, HE MOBPEXK/Iasi HOKHYIO TKaHb Jierkux [13].

B pannmii SMOpHOHANBHBIA MEPHOA TMOSBISIOTCS TEPBBIE IMPU3HAKH
T epeHINPOBKY JbIXaTeIbHONH CHCTEMbl, 00pa30BaHKe JIAPUHT OTpaxeaabHON
00p037bl, OrpaHUYEHHOMN 00JIACTHIO IJIOTKU. 3aTeM B 00J1aCTH MepeIHe KUIIKH
MOSIBJIAETCSL TpaxeaJbHBIN 3a4aTOK, PacTyIIMi B KayAaJbHOM HalpaBiICHUH —
MapajuleIbHO THIIEBOAY. TpaxealbHbI 3a4aTOK JaeT Hayajlo MEePBUYHBIM
OpOHXOJIETOYHBIM BHIPOCTaM. 3aTe€M IPOUCXOIUT MOTPYKEHUE 3HTOJEepMallb-
HOTO 3a4aTKa B ME30JIEpMY, KOTOpasi UTPacT ONPEACISIONIYIO POJIb B Pa3BUTHH
SMUTENHATBHBIX CTPYKTYp JbIXaTeNIbHOM cucTeMbl. B koHue 6- Hemenu
BHYTPUYTPOOHOTO Pa3BUTHS 3a4aTOK JIETKUX MPEJCTABICH BETBSIIMMUCS JIIH-
TENHUANBHBIMU TSKaAMU M TpyOKaMu, MOTPY>KEHHBIMH B ME3CHXUMAJbHbIA CHH-
LUTUNA ME30JEPMAIIBHOTO MTPOUCXOKAEHU [6].

[IponudepaTuBHBIC MPOIECCH B JETKUX U UX Iu((HEepeHIIMPOBKa BhIpa-
YKEHBI BO BPEMS JKEJIE3UCTOro nepruoaa ¢ 7-it mo 16-ro Heaenu pa3sutus. B ato
BpeMsI IPOUCXOJAAT 3HAYMTENbHBIE MOP(OIOTHUECKHE NPeoOpa3oBaHus: pocCT,
BETBJICHUE OpPOHXHMAIBHBIX CTPYKTYp M (popMupoBanue anunycos; anpdepeH-
LMPOBKA SMUTENHUAIBHBIX U ME3CHXMMAIbHBIX KIETOK. [l Kene3nucroro me-
pHoja XapakTepHbl GOPMUPOBAHUE MTPEA[THAPHBIX BETBICHUI OPOHXOB; MOSIB-
JICHHE XPsIICH B CTEHKAaX Tpaxeu M KPYyMHBIX OpPOHXOB, a TAKXKE MOJCIU3UCTHIX
xene3. Ilpoucxoaut muddepeHInpoBKa SMUTENHAIBHBIX KJIETOK Ha CeKpe-
TOpHBIE, B TOM uucie kinetkn Kiapa, GazanbHble, pecHUTYaThle. HadwHaroT
pa3BuBaThCs OpOHXHMATIbHBIE apTEPUU U TIIaJKOMBIIICYHBIE 3JIEMEHTHl B CTEH-
Kax COCyIOB M OpOHXOB. DTH HM3MEHEHHs CIOCOOCTBYIOT (POPMHPOBAHHIO M
Pa3BUTHUIO CIOKHOTO TI0 KJIETOYUHOMY M TKAaHEBOMY COCTaBy opraHa. Jlerkue Bo
BpEMS 3TOTO TIEPHO/A BHITJISIAAT KAk jKelie3a: OpOHXHMAIbHbIE BETBICHUS BBICT-
JIaHBl OJHOPSIIHBIM LWIUHAPHUYECKUM DIUTEIINEM, KOHIIEBBIE OTIENBI BETB-
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JIeHUH, OPOHXHAJIBHBIE [TOYKH, COCTOSIIINE U3 CKOIUICHHUS KIETOK 0€3 MpOoCcBeTa,
a Me3zeHxuMmanbpHas cTpoMa Ha 10-ii Henenme BHYTPHYTPOOHOTO Ppa3BUTHS
npeobiagaeT HaJ SMUTEIHAIbHBIMU CTPYKTypamu [18].

B mopMe gacToTra O6meHns pecHHuek cocraBisier 12-15 B 1 ¢, mpu 3TOM
refab JBIDKETCS 10 IOBEPXHOCTH OpPOHXMAJIBHOTO SIUTENNS CO CKOPOCTHIO
okono 1 MM/muH. [Ipy NOBBILICHUN THAPATALMH TENSI CKOPOCTH €r0 IBIKCHHS
yBenuuuBaercsi. Ha 4acToTy OMeHUs] pecHHYEK BIHSIOT arOHUCTHI ITypUHEp-
MYECKHX, alPEHEPIrHUCCKUX, XOJIMHEPTUIECKUX U aleHO3WHOBBIX PELENTOPOB,
a TaKKe XMMUYECKUE UPPUTAHTHL. [IpyrumM MexXaHu3MOM NPOABHKEHUS CIM3H
MO JBIXaTENILHBIM MY TSIM SIBJISIETCS Kalenb. IMeHHo Onaronapst Kaluiio MHOTHE
3a00JIeBaHUs JIETKHUX, COMMPOBOMKAAIONINECS YXYAIICHUEM HWIHAPHON (DyHKIINH,
MIPOTEKAIOT MEHEE TSHKEJIO, YeM 3a00JIeBaHuUs, CONPOBOXKIAIOIINECS IeTHApaTa-
el OpoHxuanbHOU cim3n [21].

OnuTenuii MENKUX ABIXaTeIbHBIX MyTeH COCTOWT M3 LWIMHIPHYCCKHX,
OOKANOBUIIHBIX, PE3EPBHBIX W 0a3aJibHBIX KJIETOK, MPH 3TOM PECHUTYATHIX
KJIETOK MEHbIIlEe, YeM B OpoHXax Ooyiee KPYIMHOTO KanuOpa, ¥ OHU CTAHOBSITCS
COBCEM pEIKNMH B pPECHUpaTOpPHBIX OpoHxmonax [8]. B ywactkax momciu-
3UCTOH OCHOBBI, JIMIICHHBIX THAJHMHOBOTO XpsIla, 3aJ0KEHBI TPYMIbI OpOH-
XHAJbHBIX JKEJe3, BBICTIAHHBIX KPYIMHBIMU JMUTEITHOLUTAMH CO CBETIIOW, B
YacTH KJIETOK ONTHUYECKU ITyCTOW LMTOIUIa3MOM M OBaJbHBIM 0a30(HIEHBIM
SapoM. BBIBOIHBIE NMPOTOKM >K€je3 HPOHUKAIOT B CIM3UCTBIA CIIOH M OT-
KpBIBaIOTCSI Ha IOBEPXHOCTH PECHUTHATOrO SnuTenus [1].

VY nmroneit co 3M0pOBBIMHU JIBIXATENLHBIMU IYTSIMUA COTIPOTHBIICHHE, CKO-
POCTh BO3AYLIHOTO IMOTOKA ¥ HATWYHE TJIAAKOH MyCKYJIaTyphl B OpOHXHAJIbHBIX
CTeHKaX YMEHBIIATCS OT OONBIIHMX (JUaMeTp>2 MM) 10 HeOONMbIIUX (<2 MM)
MyTel ¢ yBeIMYeHHEM IIJI0NIaid TOBEPXHOCTH TMonepeyHoro ceueHus [ 14].

Cepo3nble Kene3bl TMOSABISAIOTCS TOJBKO Tocie poxaeHus. [locne
POXIEHUs BBIJCICHHUE CEKpeTa M3 BBIBOJHBIX NMPOTOKOB eJle3 W KOHIIEBBIX
otaenoB ycuiuBaercs. CiIol CEKpeTOpHOW MacChl OcTaeTcs Ooiiee XKHUIKUM,
TOMOTeHHBIM. J[BIKEHHE pecHHUYeK OOecreYrBaeT BBIJCJICHHE CEKPETOPHON
Maccel U3 mpocBeTa Tpaxen. C MOMEHTa BO3ZHMKHOBEHHS CIIM3HUCTHIE M CEpPO3-
HBIE OTJEIIBI JKeJle3 UMEIOT CTPYKTYpHBIE U (DYHKUIMOHAIBHBIE OTIMYUS, CIJIa-
XKHUBAaHUSI KOTOPBIX C BO3PacTOM y 4eJlOBEKa He HabirojaeTcs, T.e. IpeBpa-
IIEHUS CIIM3UCTHIX OTJIEIIOB B CEPO3HBIE U HA0OOPOT HE MPOUCXOauT [16].

[lo naHHBIM CBETOBOM MHKPOCKONHWH, (HOPMHUPOBAHUE MOJCIUZUCTHIX
XKené3 HauMHaeTcs Ha 2-4-il JeHb MOCTHATAJILHON KU3HH C TOSIBICHHEM JKe-
JIE3UCTON MOYKH — cepuyeckoro odpazoBaHusi nuamerpom 35-40 MM, coc-
TOSIIIETO M3 IUIOTHO TPWIEKANIUX JPYr K JPYry KIETOK C TOJYJIyHHBIMH,
OKpYIJIBIMA WJIM BBITSHYTHIMHU sijpamMu. Bo Bcex «IOukax» MMEETCs] TOHKHMA
MPOCBET JUAMETPOM 1-2 MKM, B 4aCTH KJIETOK «IOYKH» HaOMr0natoTcs Gurypol
muto3a. Ha 6-e cyTku «mouka» cBOMM 0a3ajbHBIM KOHIIOM PAacIojiaraeTcsi B
PBIXIION COCTMHHUTENLHON TKaHU MOJICIIM3UCTON OCHOBBI HEPOBHBIMU M Y3KHMHU
YAJIUHEHUSMHU; Ha 8-€ CYTKU B IOACIM3UCTON 000JI0UKE MOSBIISUIUCH IPOCThIE
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TpyO4JaThie pa3BeTBIEHHBIE MponudepaTHBHBIE 00pa3oBaHus. MHOTHE U3 3THX
KJIETOK UMEIOT pa3inyHylo creneHsb 3epHucrocty M IMK-no3utuBHyto peak-
LIMIO B HaAbaiepHOl 30He. Ha 14-e CyTKM MOBEpXHOCTHBIA CErMEHT Pa3BUBAIO-
Hieics jKeae3bl OCTAETCS HEM3MEHHBIM 110 BHEIIHEMY BUAY W THHKTOPHAIBHBIM
CBOHCTBAM, a KOHIIEBbIE OTIEIIbI IPEACTABISIOT cO00i Ooee CIoXKHbIe, C INH-
HBIMU BETBJICHUSIMH, TPyOUaThle W albBEOJISIpHBIE CTPYKTYphl. Kpome Hambs-
nepaoit IIMK-no3suTHBHON peakuuu TpaHyls, HEKOTOpHIE KIETKH JEMOHCT-
PUPYIOT MTHTEHCUBHYIO PEAKIUIO Ha KHCIIBIE MYKOITOJIUCaxapuabl. YacTh KIETOK
KPYIHBIX TPYOOUEK TAaKXKe BBITJIIIAT IOX0XKUMH Ha 3pEIIble CIU3UCThIE KIETKU.
Ha stom sTame B mpocBere TpyOOUYeK OOHAPYKHBAETCs MOJOXKHUTENbHAS peakx-
UL COACPKUMOTO CEKpeTa Ha albIIMaHOBBIM CHHHMH W aibAerui-QycuuH.
OxonuarenbHOE (HOPMHUPOBAHUE TpaxealbHbIX U OPOHXMAIBHBIX JKEJIE3 3aBep-
mraercsi K KOHIy MEpBOro Mecsla XH3HM; chOopMHUpOBaBLIMECsH TyOyrno-auu-
HapHbIe CTPYKTYphl cojepxar mnpeumyiectBeHHo IIIMK-nosuTtuBHBIE cekpe-
TOpHBIE TpaHyisl [27].

B cocrase xene3 pa3nnyaroT 4 oTAeNa: CIU3UCTHIE, CEPO3HBIE U CMEIIaH-
HbIE KaHAJIbLBl — Al[MHYChI, OTKPHIBAIOLINECS B COOUPATEIbHBIA U PECHUTYATHIN
KaHaJbl, B CTEHKE CIIHM3HMCTBIX, CEPO3HBIX M COOMPATENLHOTO KaHaJlOB BCTpe-
YaroTCsl MUOAIHUTEIHAIbHBIE KIETKH; MEXJy CEKpPEeTOPHBIMU KJIeTKaMu U Oa-
3aJbHON MeMOpaHOil OOHapyXHBAalOTCs JBHUIaTelbHbIE HEPBHBIE OKOHYAHUS,
CTpOMY >Keie3 oOpasyeT pbIxjas coeimHHUTENbHas Tkaub [17,24]. C yuerom
TOTO, YTO OOKAJIOBUAHBIE KIIETKA PECTIMPATOPHOTO AUTENNS BBIACISIOT TOJIBKO
MYIMHBI, TOACTU3UCTBIE JKENE3bl SIBIAIOTCA €IMHCTBEHHBIMU HCTOYHHKAMHU
0EJIKOBOr0 KOMIIOHEHTa IOBEPXHOCTHOro cjosi cinu3u. Ilostomy B cocrase
CEKPETOPHBIX OTAEJIOB KOJIMYECTBEHHO MPe0oOalaloT KIETKH cepo3Horo (6e-
KOBOTO) THIA, CIU3UCTHIE KJIETKH PACIOJI0KEHBI B MPOKCUMAIBHBIX ydacTKax
Tpybouek u amunycoB [25]. B TecHOl Koomepanuu ¢ mia3sMaTHIeCKUMH KIIeT-
KaMH TO/ICTIU3UCTON OCHOBBI TPaxeoOpOHXHAJIbHBIE XKeJIe3bl TAKXKE YYaCTBYIOT
B BBIPA0OTKE CEKPETOPHOIO HMMYHOITIOOYIMHA A, 00J1a1ai0IIero BEIPasKEHHOM
aKTHBHOCTBIO MIPOTHB BUPYCOB 1 OakTepwii [17,28].

VY omHO# kene3bl KaKk y MPaBoTo, TaK M JICBOTO TJIABHBIX OPOHXOB, BHE
3aBHCHUMOCTH OT 00JIACTH MX PACIOJIOKEHHS (B MEPEOHYATON MM XPSIILEBOR
CTEHKaxX OpPraHOB), HACUUTHIBAETCS OT OJHOTO 10 ISITH HAaYaJbHBIX OTAENOB. B
JETCKOM BO3pacTe, MO HAIlUM JAaHHBIM, Y jKeJe3 NMPEeMMYIIECTBEHHO HalJIro-
JaeTcs M0 OJHOMY-IBYM HadalbHBIM OTIENaM, B 1-M Tepuojae 3penoro BoO3-
pacra, korga ¢opma xeje3 HaunOojiee MHOrooOpaszHa, IPOLEHTHOE KOITUYECTBO
XKeJe3 ¢ YeTHIPhMS-TISIThI0 HauyaIbHBIMU OTIeNlaMH cocTaBisieT Oosee 42% ot
00111e# COBOKYITHOCTH jKeJIe3 Ha TOTaJIbHOM Tpemnapare [2].

B mepuos monoBoro co3peBaHus U B PENPOAYKTUBHOM IEPHOJE YHUCIIO,
pasMep U CIOKHOCTb BETBJICHUS TPyO4aThIX KOHILEBBIX OTIEJIOB YBEIUYH-
BalOTCA. B anbBEOSPHBIX KOHIEBBIX OTZENAX CEPO3HOTO THIA MCYE3aET peak-
M Ha KHCIblE MYKOIIOJIMCAaxapHJibl, 3a HCKIIOYeHHEeM Hekoropbix IIMK-
MO3UTHUBHBIX KJIETOK; B IPOKCHUMAJIbHBIX CETMEHTAX JKEIIE3 OTUETIINBO BU3yaIIN-
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3UPYIOTCA PECHUTUATHIE W MYIIMHCOAep X amue KieTku. O0mmii 00pemM moacim-
3HUCTHIX JKEJe3 B Tpaxee W B KPYMHBIX OpOHXaX uYeloBeKa Ha MPOTSHKEHUH BCEi
XKHU3HH BIUIOTH IO CTapuyecKOro BO3pacTa MO OJHUM HAaONIOJEHHSM CYIIECT-
BeHHO He MeHsercs [11,29], mo maHHBIM IPYTHX aBTOPOB — OTYETIMBO CHU-
KAeTCsl B MOJKUJIOM U CTAPUECKOM BO3pAcTe 3a CYET YMEHbLICHUS JOJIH IapeH-
XUMBl U pa3pacTaHusl cTpoMajibHOro kommnoneHTa [21]. Ilpu sToM, mo cpas-
HEHHIO CO CTapUeCKUM BO3pacToM, y noiroxuteneii (90 u Oomnee jer) perpec-
CHM JKEJIE3UCTOro ammapara Tpaxed He npoucxoiut. llpu crapenuu B ciu-
3UCTOH OpPOHXOB OIMCAHO YMEHBIICHHE KOJIMYECTBA OEIKOBBIX CEKPETOPHBIX
OTJIETIOB 3a CUET WX TpaHc(opMaIiy B CITU3UCTHIC KIETKH [5].

3HaYnTeNbHOE YBENWYCHHUE KOHICHTpAlMHM JKeje3 HabmromaeTcs B
obnactn OMdypKauu Tpaxeu, TIe IIOTHOCTh WX pacrhoioxenus B 1,5-2 paza
Oosblie, YeM B COCEOHHMX Yy4acTKax Tpaxeu M IJaBHBIX OpoHXoB. B mecrax
CYKEHHH TpaxeoOpOHXHANbHOTO JepeBa y JIIOJel Bceraa pacrojiaraiorcs Iie-
JIbIE )KEJIe3UCThIe MACCHBBI, 00PA3YIOIIIe MOIIHBIC «OKEJIe3UCThIe Koblay [12].

B nepenonvaToii cTeHKe Tpaxeu HavyalbHbIE OTAETIBI JKeJIe3 HaXOIATCs Ha
pa3HOi TNIyOMHE M pacloyiaraloTcsl HEPaBHOMEPHO HAa MPOTSKEHUU UIMHBI
3TOro opraHa. ¥ o0OUX IJIaBHBIX OPOHXOB HadalbHBIC OTIEINbI JKeIe3 KHAPYKH
OT MBIIICYHBIX ITyYKOB BBISIBISIIOTCS SMTU30JUUECKH HIIH OTCYTCTBYIOT [4].

CHmKeHHe MPOLEHTHOIO COJep)KaHuUsl IIAPEHXUMBI Ha CPe3e JKeJle3 BCEro
TPaxeoOpPOHXMAIBHOTO JAepeBa IMpHU aTPE3UH TPaxeH CONPOBOKAACTCS
yBEIMUEHHEM JIOJM CTPOMEI. B cTpoMe (COeAMHUTETbHOTKAHBIM KOMIIOHEHT
JKeJe3pl) HaOMI0JaeTcsl YTOJNIIEHHE KOJUIar€HOBBIX BOJIOKOH M YMEHBIIICHUE
KOJINYECTBA aprupOoQUIbHBIX BOJOKOH. Tak, MpU aTpe3uH Tpaxeu IUIOTHOCTh
PAacIoIoKeHHs KIETOK TMM(OUIHOTO psija (UX KOJIMYECTBO, IPUXOSIIeecs Ha
mwiomane 1 KB. MM cpes3a) B cTpoMe kene3 Tpaxeu B 4,10 pa3za MeHblle, 4eM y
TpyIIBl CpaBHEHHUs, B CTEHKaxX NpaBoro riaBHoro Oponxa — B 3,73 paza
MEHbIIE, JIEBOr0 TJaBHOrO OpoHxa — B 2,67 pa3a MeHbLIE, B CPaBHEHHH C
HopMatuBamu [3].

OnHy U3 BaXXHEWIIHX MPOOJIEM JETCKOW MyJTbMOHOJIOTHU MPEICTABISIOT
XpOHUYECKHE Heciennpuieckue 3a00aeBanus OpoHxoaerouyHol cucreMsr. Cie-
IyeT OTMETHUTh, YTO MHOTHE BOIPOCHI, Kacarouuecs: 0OCTPYKTUBHBIX O0JIe3HEH
JIETKHX Y JeTEH, OCTAaI0TCs IO Cero BpeMEeHH JIMCKYCCHOHHBIMH. B OpoHXxmomax
9BaKyalisl CEKpeTa 3aTpyJHeHa H3-332 BS3KOCTH, TaK KaK CJIM3b B OCHOBHOM
BbIpabaThIBaeTCsl OOKaJOBUIHBIMU KJIETKaMHU. ATeNeKTa3aM CIOCOOCTBYET TH-
Oenb kieTok Knapa TepMUHAIBbHBIX OpOHXHOI, BEIpAOaTHIBAIOMINX CYP(PAKTaHT
[7].

B mocnennee Bpems, B CBSI3U ¢ HEOJIATONPUSTHOM SKOJIIOTUIECKON 00cTa-
HOBKOH, BO3JieiicTBUEM (pru3ndyeckux (akToOpoB M MyTallMed IITaMMOB MHUKpPO-
OpPTaHU3MOB, BCE Yallle CTal [TOJHUMATHLCS BOIPOC O pa3pakaroieM ux JAeucT-
BUM Ha CIHM3HCTYI0O O0OJIOUKY Tpaxeum u OpoHXoB. OCOOEHHO aKTyajieH 3TOT
BOIIPOC JIJIS JIUII, 3aHATHIX BO BPEIHOM IPOU3BOJICTBE, M JUIS MOJIPACTAFOIIETO
[IOKOJIEHUS. 3aMEYEHO, YTO IPU AJIUTENBHOM DPa3IpaK€HUU KOJIMYECTBO CEK-
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PETOPHBIX SJIEMEHTOB HAYMHAET YBENWYMBATHCA, TIPH 3TOM HAOIIOAeTCs M-
HOE 3aMelIeHHe MeplaTelbHbIX KJIETOK CeKpeTupyromuMmu. M3-3a yero ape-
HakHasi (PYHKIIUS CHUXAETCsA. B 4aCTHOCTH, MOHM3AIMsI B COYCTAHUU C 3aIlbl-
JIEHNEM YCUJIMBAE€T CEKPETOPHYI0 (YHKIMIO JSIHUTENUS W JKele3 CIM3UCTON
obomnoukn [15].

CornacHO COBPEMEHHBIM JIHJIEMUOJOTHYSCKUM JIaHHBIM Hauboliee
CEPbE3HBIMH TMPUYMHAMHU CMEPTHOCTH SIBJISIOTCS YEThIpE HEHMH(EKIIMOHHBIC
00JIe3HN: CEPJIETHO - COCYAUCThIC OOJIE3HH, PaK, XPOHUIECKUE PECIINPATOPHBIC
0one3nn u amadet. Jlons 3aboneBaHWit OpraHOB IBIXaHHWS B 00mIel 3a0ore-
BaeMocTu cocTaBiisieT oT 41 1o 53%. Ilo manueiM BO3, B 2020 r. u3 68 miH
cmepredt 11,9 mun (18%) BhI3BaHBI 3a00JICBAHUSMYU OPTAHOB JIBIXaHUS, U3 HUX
4,7 mma — XOBJL, 2,5 miH — mHeBMOHMH, 2,4 MIIH — TyOepKyne3 u 2,3 MIH —
pax jerkoro [9].

BponxuanbHas cnu3b y OOMBHBIX OpPOHXHMAIBHOW acTMOW KpaiiHe BsI3Kas
32 CHET BBICOKOM KOHIIGHTpAllMd MYIHHOB M OenkoB Iuta3Mbl. [locTosiHHOE
HaJIMYUE MOKPOTHI Y OOIBHBIX aCTMOM SIBIIIETCS] MTPU3HAKOM OTAEIHHOTO (peHo-
THTa 3a00NIeBaHMs, KaK MPaBmWiIo ¢ Oollee TSHKENBIM TeYeHHWEM. bpoHXuambHas
ooctpykiuss npu XOBJI koppenupyer ¢ HW3MEHEHUSMH SKCIPECCUU T'E€HOB,
KOAMPYIOIIUX CHHTE3 MYIHOB, YBEJIWYCHUEM YHUCIA M Pa3MEpOB OOKAIOBH/I-
HBIX KIIETOK, TUTepTpoduedl MOICIM3UCTBIX JXeine3 M ¢ o0Typaluei abixa-
TENBHBIX MMyTeH cin3bio [23].

BakHbiM MOP(OJIOTHYECKMM TPU3HAKOM, OTPaXKArOIIUM 3KCIICPUMEH-
TaJbHOE BO3JEIHCTBHE BIAXXHOTO BO3/YyXa, ABISETCS yBETUYEHHE KIIETOYHBIX
JJIEMEHTOB B CIIM3M HAa TIOBEPXHOCTH KIIETOK. XapaKTep CIHU3HCTOTO CEeKpeTa
ObIBaET pa3NWYHBIM. B psize ciay4aeB 3TO MEITKONMOPHUCTHI MaTepuall CIIH3H,
pacrojaraionuiics Ha TOBEPXHOCTH KieTOK. OJHAKO B HEKOTOPBIX CIIydasx
3TOT CEKPET JAOCTUTAET 3HAYMTENBHBIX pa3MepoB, 00pasysl CJIOKHEIEC TOTUMEPH-
3WPOBAHHBIE CTPYKTYPhl MYKOIIOJHCAaXapuA0B C OOJBIINM KOJIHYECTBOM KIle-
TOK, MPEICTABICHHBIX 3PUTPOLUTAMH, JIEHKOIUTAMH, MaKpoQaramu, CIyIlIeH-
HBIM JMHUTEIINEM Ha PA3IMIHbIX CTaausaX aerpamgaruu [20].

PaGoramu MHOTHX HcciaenoBaTeneil JoKka3aHo, 9To psj 3a00JIeBaHuUil JbI-
XaTeIbHOW CUCTEMBI WITN JICHCTBUE SKCIIEPUMEHTAIBHBIX (PAKTOPOB MPUBOIUT K
BO3HUKHOBEHHUIO BOCHAIUTEILHOTO TpOIlecca B OPOHXOJETOYHOM ammapare, u
TJIABHBIM MECTOM TIPOSIBJICHUS SIBIISIETCS CIU3UCTass 000JI0YKa U COCTUHH-
TeJbHasi TKaHb BO3YXOHOCHOTO OTZAENA JIETKHX.

B crenke OpOHXOB M B MEXKaIbBEOJSIPHBIX MEPETOPOJKAX OTMEUEH POCT
YHCIIa TYYHBIX KIJIETOK, COAEPKAIUX MHOTOUYHCIICHHBIE BAKYOJIH U BKJIFOUCHUSI.
BeltieonucanHbie H3MEHEHHS HAaUOO0JIee XapaKTePHBbI JJIs CTaUK aJdalTHBHOTO
HanpspkeHus. [Ipu Bo3neicTBUM X0J0A0BOTO (hakTopa THITMYHO MOCIe0Ba-
TEJIbHOE Pa3BUTHE TYMOPAIILHBIX M KJIETOYHBIX (pa3 BOCHAICHUS, B XOJI€ KOTO-
PBIX CO3MTAIOTCS MPEANOCHUIKY JIJIS Iepexo/ia B CTaquio cradmimmsanuu [19].

Takum o6pa3om, OpoHXOJIETOYHAS CHCTEMa HOBOPOXKICHHBIX W JeTel
3HAYUTENHFHO OTJIMYAETCS OT B3POCION, UMEET CBOM XapaKTEPOJIOTHUECKUE



44 Menununackas nHayka Apmenun HAH PA 1. LXIIT Ne2 2022

(hyHKIIOHATBHBIE 0COOEHHOCTH. TKaHMU, CIIM3UCThIE O0OIIOYKH OPTraHOB JIbIXa-
HUS JIETe OYCHb HEXKHBIC M YYyBCTBUTEIbHBbIC. OTAEIBHBIC COCTABISIONIIC
OpOHXOJIETOYHON JETCKOM CHUCTEMBI, B YaCTHOCTH OpPOHXHUAIILHBIC IKEIIE3bI,
MOJTHOCTHIO POPMHUPYIOTCS U PAa3BHBAIOTCS TOJLKO K TOJPOCTKOBOMY BO3PACTY.
OTH (akTopbl OYEHb BAXKHO YYUTHIBATH TPU MATOJOTUH OPTaHOB JIBIXaHUS.
BrisiBiICcHHBIE pa3IUYHbIC TATOMOPHOIIOTUYCCKUE U3MEHEHUS OPTaHOB JIbIXaHUS
y HOBOPOXJCHHBIX W JETed TpH BO3JCHCTBUU PA3IMYHOTO PO 3K30- U
SHJIOTEHHBIX ()AKTOPOB HOCAT MPOTUBOPEUMBBIA XapakTep. Y CTAHOBICHHUIO HX
ocoOeHHOCTeH OyIyT MOCBSIIEHBI HAIIN JaTbHEHINNE NCCIIETOBAHNS.

Hocmynuna 02.05.22

Ppnujuhw jukgnljubph qupqugdwb thnybpp b
Unpdndpniijghniim) punmipuqpbpp twpuwshinyui ownngkutbqnid
b dwmunijutph ponpliph whtnwpwiunipjut dky

$.U. Zudhymjw, 2.U. hudwhinyg

Uwdwpnquinh whunwuljut pdojujut hwdwjuwpui, Oiqpkl-
unwtth Zwbpuybnnipmnil, Uwudwpnuiy

Uwpnnt yunh qupgugdut 13-14 swpwpdu pupwugpnid ousw-
thnnh b ppnujuttph npdwpwunuiph tyhpbnud hwyniudnud B tyhpb-
Jwjht pohoubiph wnwtdhtt Yninwlnidubp, npnlp npdwpwnuiph qtn-
dtph qupqugdwt wnpmipubp B b hwphwt kyhpbih hwngwsubphg
wnwppbpynid B ppkg hniujuéwphdhujut  punipugptpny: Uju
pohoutiph ghnnujuquuynid wpunwnpynid kb pent b skqnp dniynun-
1huwpowphnutp: LVkpupquinujhtt qupqugdwi puipwugpnid ghndtpp
quyupwihtt pohoubpp Unsymd Lu npdwpwnuiph wpunwuquun-
dwb mwppbp: Zwpgh wntubny, np otywljui kwphplih quyupwht
pohoutint wpurnuquunnid B dhuyt Unightiitp, tupwinpduwght gbindtpp
Inpdp dwybptuwihle pEpnp vyhunwlnigughtt pununphsh dhwl wn-
piniptb B

The Development and Morphofunctional Characteristics of
Bronchial Glands in Prenatal Ontogenesis and Pediatric Lung
Pathology

F. M. Khamidova, J. M. Ismailov
In humans, at 13-14 weeks of fetal development, separate accumulations

of epithelial cells appear in the epithelium of the mucous membrane of the
trachea and bronchi, which are sources of development of the glands of the
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mucous membrane and differ in their histochemical characteristics from
neighboring epithelial sections. In the cytoplasm of these cells, acidic and
neutral mucopolysaccharides are secreted. During intrauterine development,
glands and goblet cells are referred to as mucous secretory elements. Given that
the goblet cells of the respiratory epithelium secrete only mucins, the
submucosal glands are the only sources of the protein component of the surface
layer of mucus.
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Upunwpht b ttppht dhpwjuypuyhtt mtpupbiyuuwn

qnpéniibikph (Fpuwyngnd) ntpp Ynpyuluyht hpduinmpeyub
whinwdwquw Uke

U.U. £hohgymt, U.MN. @nihsjuls, . U. vwghljjut

Cpliulh Uluppwp Zhpugnt whywl whknwlwl pdohulul huduyuwpul
0025, bpliul, Ynpynilih h., 2

Fuihuyp pwnkp. wpnupht b ukppht dhowqujpuyhtt wmbpupbiyuuwn gnp-
ontukp, Epuyyngnd, ubinujupg, ynpnunwbnubkp

Punpnonmup

Uugh&hih E np ghdph dwolt wpuwpht swsynyputph wdkuw-
wwbwlwh hmndwsh L, nph nbpp dwppuyhtt thnjuhwpwpbpnipini-
ubpnud ndjupn k ghpuqwhwwnt): Uwolh hunnppuljguljub b ginugh-
nwlwb gnpéwpnyputph, wtdh JEpwpbpuw) twptwjuwt uywynpnt-
pjul dbtwynpuwt hhupnid pufws b btwpphwnwye nhdph dwolh wqpk-
gnipjniup: Ykpohthu whinwhwpnudp juunnpbu thpgnpénid £ hhywb-
nh hngkhniquljwi Jh&whh Jpu’ hwinhuwbung pipdunnynudbnn-
Inghwjutt oqunipjumtt nhubnt hwdwhunty wwwdwnubkphg dkhp
[3,1]:

7huph dwolt wdkuhg hwdwpj whinmwhwpynud E Ynpjuljuyht
hhjuwiunmpjut (42) phwypnid: Uju huykigujupgynud t (Ynughuyunniw-
Jjugnid) npubu whinubpughnt hwdwljupgh puquugnpéntiwght, sw-
gnudbwpwbwlut  twhwnpudwunpdusnipjudp  yuydwbwynpjus
ppnuhjuljut dwojujuwn:

Gz-u punpnpynmid £ Swpuyugbndtph hhuytpnpndhuwyny, $njhlynt-
ughtt unnnjujh whnmwpwbwjut hhybplbpuwnngny, dwolh ghpw-
quuguuybu ubkpnpbwhtt mknudwubpnid pnppnpwjhtt b ny pnppnpuwghte
punyph dAbwpwbwlut nmwppbiph wnwewgniuny, dwolh b opquthquh
hunt JEpuljunnigniung, ny hwqlunby swip b Yplyingny phpugpnd
[5, 2]:

UZz-u ny vhuyu pdojuljul, wylt pdojuunghwjujus hhdwwpuuinhp
E: Lpuw wyddbwjuinipmiip yuydwbwynpws L hhjuinmpjut juygh
nwpwsjudnipjudp, <hwunttiwgdutyy Uhnnidny, ppnuhlulwt Yphpb-


https://doi.org/10.54503/0514-7484-2022-62.2-47

48 Menununackas nHayka Apmenun HAH PA 1. LXIIT Ne2 2022

ynn b Epiupunb pupwgpny, pupnmpmnibiubph wnweowmgdw Uks nhu-
Uny, Ypuhjuljut mupunbuwlnipjudp, hhywunh Jjutph npulh ypu
niubkgud tpwtwljuih wqpbkgnipyudp, hywbu twb puquupwpn whe-
nwdwuguwdp b, Jippuybu, pniddwt hhdtwpiinhpubphtt hwdwhp dn-
nbgnid gnigupbpbjnt wthpudtonnipjudp [4,9]:

UZ-h hudwihp pniddwt wihpudtonnipnitp pjuntd £ hhywi-
nnipjut puqUuuwpinusugnidbugunipyudp: Y2-h whnwswugdut ju-
plnpwgnyyt gnpénuubphg b wpunwpht b ubkpphtt dhowduwypuyjht qop-
dntukpp, npnp hwynip wwwnowsh skt ntuntdiwuhpyby, wyt nlwpnid,
tpp pnnwubjut jjuunbtphqughuyh, dwunwiquljut phnbkpdhtiwtn-
ubkph, giundh fwpunwpuybnnipyut nt fupnupulipnnipyut dwuhb
puquuphy wpliwwnwipubpnid dunwbquljut gnpénuh nkpp ghpw-
quuwhwwnynid E (hpuljutnud wyt sh hwwnnid 10%-h uvwhdwip), [15,16]:

Upwuwpht b ukpphtt vhpwduypuyhtt mtipuptiyuwuwn gnpénutikph

(kpuyngnu) nkpp Ynpyuljughtt hhyubnnipjub wpwgwugdwt b
qupquguui gnpénid

(ing lyutph pupwugpnid wpunwphtt b Gkpphtt dhgwjuypuyhl
wlipwpbuyguuwn gnpéntiibph opquithquh Yypw nitkgusd puguuwlub
wqnbgnipniuubph wdpnpowlutnipiniup Ynsynid £ Epuyngnud:

Upuiwpht b tbpphtt dhowduypbpp owwnn wpwg i thnthnpoynid
(Uwolyp npuhg quninid £ wpnwpht wipwpbiuwuw, huly kpuhg hp-
phtt whpwpkiyuun gnpéntiibph widhowlwb wqnkgnipub kppn)’
gnigupkpbny Jhuuwpwbwul, pruyuwhywtujul, unghwjujut b
hngbpwbwlwh puquupupy nt swpntbwljuljwi wqpkgnipnts hwb-
qlgubiny wyju Jud wytt hhwunnipyut wnwewgdw b jud YEpohthu
hwpwddwi [10]:

Upuniwphtt vhowJuwypuwyhtt hhdtwljwt wipwupbbywun gqnpént-
Uhkph kb Uptnnpuughll b ukiyulughll wygunnu]ws on, wnnnn]ws
onip, uwbhwnwpwhhghbuhl tnpdbph qubgupnid, dwubtwghunwlwb
wqpbgnipiniuubp, ny dhon ubinuljupg, thinwnhb, wiynhn], nnuudh-
ongutp, pupwuheongutp, pukinphnunhlutp, wplth hwybnippuhtt gw-
nwquypnid: Uju gnpéntiubnh nkpp quwhwwnynid k onipe 10%:

Ukppht dhpwjuypuyjhtt hhdtwjut wupupbiyuuwn gnpénuitpt
ki vnwpplp pnppnpuyghtt gnpéplipugubph pupwugpnid opquthqup htink-
nud JEtuwpwtwljut winhy yniptpp (ghnnlhuubkp, hunbpEyhuukp,
Eynquunhnutp L), Lwpuybtph ghpopuhnugdwt ntwljghuyh wpynit-
pnid b huyn Elnn ni sskgqnpugnn wmquun nunhlukpp (opuhnuwnhy
upntu), hnqghunghwjwlwt gnpénutpp (uppbu L), wnhpuyhtt dwtpk-
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ubkph gnpéniubnipjwt wpquuhpubpp ((hynwnjhuwpwphnutp), Jupw-
Yhs b ny qupulhs hhywunnipniuubph nhypnid opquuhqunid wnknh
niubkgnn hhdtwpwp thhnthnpnipmnibubpp, ny £hown JEauwdbip:

Utunulwpgh towbwlnipinibp Ynpyuljuyhtt hhguwinm pjut
wnwowugdmb b quupqugdwui gnpénid

Utinuljupgp dts nbp nith Y2-h qupqugdwit gnpénid: Zwjuu-
nh juy b wpdwbugpus 92-h b jupbwdpbpph, pupdp qihtuhy
huntpu niukgnn ubtinuudpbpph, pinnpuyph, wnpnunwbntph dhel:
Cun npnud UZ-h Yhuhulwb pupwgph ypu wnwydl) puguuwpwp k
winpununinid uttinudptpph hwdwpwlh punniunudp:

Bupunpujut juy E wpdwiwugpus YZ2-h b wiynhnh (upw-
unud E wugpnghutiph wpunwnpmipniup), unipéh, phjh (Qubws phh
wn hdtunjubpp UZ2-h Jpu nmbbumd b ppuljut wqpbgnipmil, huy
puguuwluip gnigk wuydwbuwynpjws E swpwpny b Jupny, nph
wybjugynd k phjht), snlinjunh dhol (htwpwynp k, pu yuydwbw-
Unpijwsd Eonlynjunh dbg wnju pupwiph b juph wqntgm pyudp):

Gupluwlphpph wqnpkgnipeiniup

Udpnnowljutt b Swpwuqtpddws Juph wqptgnipmniup Y2-h ypu
yuydwtwynpyws k jupnid wqupnitwljynn hnpdnuubpny b jEtuwwy-
wnhy UnjkYynijutipny:

YQupp, hwnjuybtu sdwpyuqbpddus b opwljub 1 pwdwljhg
wykih, htyytu twb jpgnipnp, wguuhpp, jupugp Y2-h Jpu nitbbiund
Eu ujunbh puguuwlut wqpbgnipmii: fwtt wyt L, np Juphg
unwugyus wdhtiwppeniubpp upwind B jjupgnud htunyhtth b wgh
htunihtwdwt 1-ht gnpdnuh wpwnpmipniup, npp upwind | wn-
pngluubkph wpunwunpnipniup, npnup hpkug hippht ppwtnud Eu Lwp-
wugnjugnidp: Fugh wyr, wdh htunyhttwbdw 1-ht gnpéntt puldnid
E ubnwljut hnpuntubpp juwnn jjupnughtt gunpniyhtth wpunwnpnt-
pintup, b wunpngkuttph pwtwlt wynuyhuny ownwund k, wjnhdu-
unud E wpnubkhunghubqp (wpununpynud Bu 4EBP1-P SBK1-P Unsynp
uy hnnwlnigubp, npnup jupwunid Eu pohoutph wdp b wypnhdbpuwwnpy
wlnhynipniup 42-h wowewnwp Ukuwbhqubpp), [6-8]:
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Pupdp qhljdhy hnkpu niikgny
uliinuudptpph wqpkgmpniup

Pupdp qhltdhly hunbkpu niubkgnn uutnwdptpph (hpnupwlbnkl,
pungpuythp, pnlynjwr, ququynpjws pungp pdhyputp) hwdwpiwyh
oguugnpédwt nhypnd wpyut dbke b hmrujwspubpnid wybjumind k
TGF-bl i PL-8 ghwnlhtubph (wpnpnppnpuyhtt wqntgnipinit) b SREBPs
(Sterol regulatory element-binding proteins) uujhtnwljnigutph (jupwunid
E (hwyngbutqp® junjbuntphth b wquun dupywppniubph wpnwnpnt-
pyniup, (hwhnubph ghipupununpmpmbp) pwbwyp, npp epwbnud £
Uwhh pohotph wpnihdpwinpy wlinpympinibp (92-h wowgwinup
Ubkpowtuhquubkpp):

Pupdn qihytdhy hugkpu niukgnn vtinudptpph putwlh tjuqk-
gnudp (ubtinpulupgh juinbwynpnid) huljdwb pudpnid wnwtg nhnn-
puyph Yhpwndwt pugudbup 8-10 swpwpqu plpwgpnid hhwbwh
wqnbgnipmil t mbkimd Y2-h pk’ poppnpuhli b pk’ ny poppnpuyhi
Alwpwbwljuwt nwppbph Jpu (wpyugbndtph pwbwlh tjugnid b
dwuwh thnppwugnid, gnpdplipugh wywdnid), [10, 11]:

“Hnnpuyph wqpkgmpniip

Yz-h ghypnid hwlwpbnduwynphsutp Yhpwnekihu gqnpdpupugp
Juwnpwpwinid £ 39% wbdwbg opowtinid, wuwpnihjubkph Yhpundwh
nhypmd’ 12% wbdwbg opowtnid, hwjunbypbuwmtntph Jhpundwu
nhypmd’ 16,7% wtdwig opowunid, hwljubuyhjbyunuwihtt ywwnpuu-
nnijubph hpwndwt nhypmd® 5,4% wbdwg spowunid b qpnilnlnp-
wnhlinhnutph Yhpundw nhypnid® 11,3% wtdwbg opowtinid [10]:

Nnpnunutnbtph (wnunnhyitnh) wqnkgnieniip

UZ-h pnppnpuyht gnpdpupugp Juunpwpuwind b opubuqulju-
jmth oppwuh puwlhsutph dnwn 11% nbuypbpnud, gnpsbwpwbubph b
bwpphljuitkph ppowith pwhsubph unwn® 15,2% nhupbpnud, wljinhy
phtpujutl gyniqunbnbunipyudp qpunynn whdwbg spowtimid”™ 21,2%
ntwpbtpnud, puwynintph htn sthdwt yupuquynid® 9,3% nbupkpnud,
twyph b mishsubph htwn sthybnt wupwqunud® 10,1% nLuyptpnud
[10]:
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Upunwphtt vhgurjuyph wnunun]wésnipjub nkpp gtuph dwgyh
JEuuwdhqhwljui b jEhuwphuhwljwi gniguithoitph Jpw

FPuwmywhywiwluwt wipupbiywun ygupdwbtbpnid  dwolnid
wjugnid £ hwjwopuhnuinn wninlndbpnih pwbwlp onipe 8 wmqud b
hwjwopuhnutin uljutuh pwbwlyp 72,6%-hg dhtish 42,7% [14]:

Uuwolnmd wdbjutnid £ opuhnugdwit wpquuhpubph  Jupbw-
pRYh (10,6%-hg Uhtish 22,9%), opuhnugdué uyhwnwlnigutnh (2370-hg
uhtisl 6875) L dmpljuyhtt &mpuh pwwlyp (64-hg dhush 100), [14]:

Ubpuptiywuwn gnpéntiutinh wqpbtgnipjudp dwolynid tduqnid
uljJuykuh pwtwlp (14,4-hg dhtslh 10,3): Umniu Ynnuhg wybjutnud k
d5Uph opuhnh (SO2, 29,9-hg dhtslh 47,2), mgqnunp opuhnh (NOx, 34-hg
dhtsl 76), pwpwlnhuybtpuughtt dwpduhlubph (unydwwnbkp, thwn-
punttp) b Jupbwppyh pwtwlp (11,4-hg dhush 14,6), hsybku twb
dwpujhtt Smpwh wpnwunpnipniup (61-hg dhtgh 67), [13]:

Znghpwmtimljub gnpénutikph b dudwmtuljuljhg Yyutiph
wnwppbp wuyknbkph wqpignipniip vwslhh Jpu

Uppbuh wqpbkgnipiniup 42-ng hhywunutph oppwtinid quwhwwn-
Ynud £ 5,9 + 2,3: Udwuppdnuh b wyubpknh Jhpwndwt nhuypnid Stap-
hilocooccus aureus-h pwtwljt wdnid £ hwdwyuwunwuppwbiwpwn 3,71 b
3,95 wiuquu (quwhwwiynid £ onipe 300 pnuk, tpk nhyuwjuh htwn pun-
huwwnynud t Juwp, vwuyl, htyybu hwjnuh L, wn juyp yhpduttin
E, hulj Staphilocooccus aureus-h ntpp YZ-h wnwowgdwb gnpénid
wljuhwyun k), [10, 17]:

Bnwbwluyht gnpénutiiph wmqplgnipniup dwolh ypuw

Uplughtt dbnd b gnipnn Yihdwyuut gnunpubpnid YZz-nd hh-
Juunubph b hujdwt padpipnid nwuppipmipiniip hwjuuwnh sk, wjuhty
ong ihdwyuljut gnuinmid Juunpwpugnidp 24,63% Lk, juntwy Yhdw-
julub gnuund 12,99%, wplughtt nidghtt fwnwquypdwl phupnud’
42,75% (puguwnpynid k tpwuny, np UUK-ubkph wqpbgnipjudp PL-1b-h,
PL-8-h, a-NPUL3-h ghkubpp b ywpnunkhtubkpt wpnwhwjnswlubwtnid
kU, hull hynglutqu winhdwund E wnphqhghphyubpp, wquun Lwp-
wuwjht ppniutpp, unjbunbpnit wybjuwind o hwdwywnwuuw-
twpun 4,1, 3,2 b 2 muqud), [10, 12]:
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uwdph vhongutnh wmqntgnipiniip
Ynpjuluiht hhdunmpjui pupwugph qpw

®hihuqutiph, uypwptph b Epkpwmintph nt ppruwfut jninkph
ny nughntw] Jhpundwb nhypnid gnpépupugp Junpupwinwd k hw-
L[ulululmululuulhulpulp\ 57,8%, 77,1% 11 56,9% [10]:

Ujuyhuny, 92-h whnwbswguui dby tpwbwlwih nhp niubkt wp-
wnwpht b ubkpphtt vhowuypuyhtt gnpénuubpp, npnug ntunidttwuhpnt-
pintup hhywbunnipnitubph jubjpwpgljdwt b pniddwit wowybl] wp-
pnituy i Uninbkgnidubp Uowljbint htwpunpnipmnit E pudbnnid:

Lipminjué F10.12. 21

Posib BHEIIHMX ¥ BHYTPEHHHX (PaKTOPOB OKPYKAKOIIEH CPeabl
(3KCcMmo30M) B MaTOreHe3e yrpeBoi 00J1e3Hu

AA. Kemmnmsin, A.IIL. Tonmusn, X.M. XauuksH

B crarbe mpencraBineHsl MEXaHHU3MBI BO3/JIEUCTBUS OCHOBHBIX BHEIIHUX
(3arpsi3HEHHBIN BO31yX, 3arps3HEHHAs BOJIA, MOJIOUHBIE POIYKTHI, IPOIYKTHI C
BBICOKMM TJIMKEMHYECKUM HHIEKCOM, IMOJUIIOTaHTbI, HUKOTUH, AJIKOrONb, JIe-
KapcTBa, HAPKOTHKHU, KCEHOOMOTHKH M T.lI.) ¥ BHYTPEHHHX (IIMTOKHMHBI, WH-
TEePICHKUHBI, SUKO3aHOUIBI, CBOOOJHEIE pPaTUKaNbl, OKHCIUTEIBHBIA CTpecC,
JUIONONNCaXapuapl U T.1.) (PaKTOPOB OKPYXKAIOIIEH Cpelpl Ha Pa3BUTHE YT-
peBoii Oone3Hu.

BHyTpennue u BHelIHHE (PAaKTOPBI OKPYXKAIOIIH Cpebl HIPAIOT 3HAYH-
TENBbHYI0 poib (oleHuBaeTcs npumepHo B 10%) B maroreHese yrpeBoit 6oes-
HU, U3y4YEeHHE KOTOPBIX CO3[aeT BO3MOXKHOCTHb pa3zpaborarh Ooinee 3¢ddexTus-
HBIE TIOAXO0/bI K MPOMUIAKTUKE U JIEIEHUIO 3TOr0 3a00JIeBaHUS.

Role of the External and Internal Environmental Factors
(Exposome) in the Pathogenesis of Acne Vulgaris

A. A. Keshishyan, A. P. Topchyan, Kh. M. Khachikyan

The article presents the mechanisms of action of the main external
(polluted air, polluted water, dairy products, foods with a high glycemic index,
pollutants, nicotine, alcohol, drugs, xenobiotics, etc.) and internal (cytokines,
interleukins, eicosanoids, free radicals, oxidative stress, lipopolysaccharides,
etc.) environmental factors in the development of acne vulgaris.

Internal and external environmental factors play a significant role
(estimated at about 10%) in the pathogenesis of acne vulgaris, the study of
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which

makes it possible to develop more effective approaches of the prevention

and treatment of this disease.
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I/Isyqune OKMCJIUTEJIbHBIX ITPOLECCOB
IpU pasBUTUHA CaXapHOTO [maﬁeTa Y S KCIIEPUMEHTAJTBbHBIX
KHUBOTHBIX

J.M.Ogcensin, I'.C.Ka3zapsau, A.B.3aurunsu, JL.I'. Ilorocsin,
| K. . AxonsiH |

Hnemumym monexynsapuou buonoeuu HAH PA
0014, Epesan, yr.Acpamsana, 7

Kniouegvie cnosa: annoxcanoBblit nuader, SH-rpynnbl, ocHoBanus lludda, okcun
azota, I10JI

[TocTenenHoe pa3pyliieHue B-KIETOK MOIKETyJOIHOH Kesle3bl IPUBOAUT
K JedHuuuTy MHCYJIMHA, pa3BUTHIO caxapHoro auadera (CJl), KOTOpbIi mposiB-
JSIeTCSl TSHKENBIMU HapyIICHUSMHU YIIIEBOJIHO-IHEPTeTHYECKOTo oOMeHa. Xpo-
HUYECKasi TUIIEPIIIMKEMUS COTIPOBOKAACTCS AUCOaaHcoM BeeX (PYHKIIMOHAIb-
HBIX cucTeM opraHusma. CienoBaTenbHO, HEOOXO0IUMO H3y4aTh MeTabosnyiec-
KM€ TPOLIECCHI, KOTOPbIE NPUBOIAT K MOCTEIIEHHOMY Pa3pyLICHUIO [3-KIETOK.

Lenbto uccnenoBanus ObUTO U3YYEHUE MPOIIECCOB TIEPEKUCHOTO OKHCIIE-
HUS JIMITUIOB B OO0IIEM TOMOTEHATE MOJHKETYA0YHOM JKeJIe3bl U NeUeHH aJlIoK-
CaH-UHAYLUPOBAHHBIX KpbIC, KoiudecTBa okcuna azora (NO), coctosiHust THOII-
Cynb(pHUIHON CUCTEMBI.

PesynbTathl uccnenoBaHus MPU U3yYCHUH OKUCIUTEIBHBIX MPOIIECCOB B
OOIIMX TOMOT€HATaX TMOKEITyIOYHON JKeJe3bl M TEeUeHH MOJICNIBHBIX KpbIC
MOKa3aJy, 4To HaOJI0JalIOCh HAKOIUICHUE NMPOAYKTOB MEPEKHCHOTO OKHUCICHUS
JUNHAA0B (THIPOKCUIIOB, MaJIOHOBOTO auaibaeruia, ocHoBanui ludda). [pn
C/l, MHIYIMPOBAaHHOM aJNIOKCAHOM, B TOJDKEIYJOYHOM Kejie3e ObLIo 00Hapy-
KEHO CHIXXEHHe coaepkaHus SH, yBenmueHHe cofepKaHUs OKHCIEHHBIX SS-
rpymnn tronioB U NO. Ilo pe3ynbpratam Hallero MCCIEAOBAHUS MOXKHO CHENATh
BBIBOZ, YTO NpPH Pa3BUTHH aJlokcaHoBoro nuabera (AJl) naGmomaercss mo-
BBIIIICHHE KOHIIEHTPAIIK aKTHBHBIX COSIMHEHUHN B ITOJDKENYJJOYHOM Kene3e U
MEYEHH, YTO TMPUBOJHUT K HAPYIICHHIO HOPMAIBHOTO (YHKIIMOHHUPOBAaHUS 00-
MEHHBIX TIPOLIECCOB.

MarepuaJj 4 MeTOIbI

HccenenoBanre mpoBOAMINA HAa OSCIIOPOAHBIX OEIBIX Kpbicax Maccon 170-
200r, comepskamuxcs B COOTBETCTBUU ¢ MpaBuiaMu EBporeiickoil kKoHBEHIIUU
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IO 3aIUTE MTO3BOHOYHBIX JKUBOTHBIX, HCIOJIb3YEMBIX JUISI SKCIIEPUMEHTAIBHBIX
u Hay4HbIX nenei (CtpacOypr,1986r.).

ANNOKCaHOBBIH 1nabeT BBI3BIBAIM BBeACHHWEM 35Mr aiiokcana. Kpwic
Opanu B onbIT uepe3 20 aueit. XKuBoTHBIE OBITH pactpezesieHbl Ha 2 TPYMITBI IO
15 B kaxxmoit : | — maTakTHBIC; || — >KMBOTHBIE C BocTIpon3BeneHHBIM AJl.

VYpoBeHb TIIIOKO3bl B KANWUISIPHOW KPOBU ONpPENENsICS C TMOMOIIBIO
rimokomerpa Ha 10-, 15- m 20-e cyTku mocie BBeIEHHUS aJUIOKCaHa. B ombIT
Opanuch KUBOTHBIC C COAepKaHneM caxapa Oombime yeM 11-14 MmMoub/m.

06 axtuBHocTH [IOJI cymmnm mo kommyecTBY OOpa3oBaHUS THAPOIIC-
pexuceii (I'TIP) u mamonoBoro amanpieruna (MIA) B oOmem romoreHare
TKaHU TEYCHU W MOJDKETYJOYHOU JKele3bl KOHTPOJBHBIX W ajlloOKcaHauade-
THyeckux Kkpbic. ['TIP onmpenensiiu no UBETHOM peaklyy C THOLMAHATOM aMMO-
Hus nipu MakcumyMme nornomenus 480 mm [1], MIA — mo peakiuu ¢ THO-
6apouTypoBoii Kucmoroii [1], komuuecTBo Oenka onpeaensiu o Jloypu [12].

OcnoBanus llIudda skcTparupoBany B TeNnTaH-M30MPONONBHON (pak-
LM, ONTUYECKYIO MIIOTHOCTh ocHOBaHui [undda onpenensum npu AIMHE BOJI-
HbI 400 HM, BBIpakalld B YCIOBHBIX eIWHUIAX [6].

Koneunsrit mpoaykr NO, HUTpHT, Oompenessiii ¢ MOMOIIBI0 pPEaKTHBa
I'petica (1% cynsdanmnamuna, 0,1 % wadprunennauamuna, 2,5 % dochopHoit
KHCIIOTHI), a0COpOILMI0 pacTBOpa M3MEPSUIM TPH JJIMHE BONHBI 546 HM. B Ka-
YeCTBE CTaHAapTa UCHOJIb30BAIN HUTPUT HaTpus [3].

Conepxanust CyIbQrUIpUIbHBIX U AUCYIbGUIHBIX TPYII OMPEASISIIH
CHEeKTPO(OTOMETPUYECKHA NPU U3MEPEHHH KOJIWYECTBA THOHUTPO(PEHUIBHOTO
aHWoOHa, 00pa3yrllerocs B pe3yJbTaTe B3aWUMOACHCTBHUS 5,5 -muTHoOuc(2-
HUTPOOEH30MHOM) KHUCIOTHI (peakTuB DnMaHa) co cBoOoaubpMu SH-rpynmamu
6enxoB. Conepxanue Cyiab(pruipuibHBIX U AUCYIbQHUIHBIX TPYIIT BHIPAKAIN B
MMOJIb/T HCCIIeIyeMOM TKaHu [9].

Cmamucmuueckaa oopabomka mamepuana. IIpu olieHKe MOIYYECHHBIX
Pe3yIbTaTOB MIPOBOIMIIACH CTATHCTHUYECKasi 00paboTka MaTepHralia OOLepHHS-
THIMU METOJIAMH BapHaIMOHHON CTATHCTUKH. JIJIs1 XapaKTEpUCTHKH BapUaIlMOH-
HOTO psijia ObUIH HMCIOJH30BaHBI CTATHCTHUYECKHE MMOKa3aTel: cpeaHss apud-
MeTHYecKas, CpeiHee KBaJpaTHYHOE OTKIOHEHHWe, ommnbOKa cpeaHeil apudme-
TH4ecKoi. Maremarnueckass 00paboTKa JTaHHBIX MPOBOAMIACH KOMIIBIOTEPHON
mporpammoii “SigmaPlot 11.0” ¢ ucmons30BaHUEM CIENHANBHBIX PYKOBOJICTB
10 MEIULIMHCKON M OMOJIOTMYECKON CTATHCTHKE.

Pe3yabTaThl M 00Cy:KI€HUE

Kak mokazanu pesynbTaTbl MCCIENOBaHUS, B OOIIEM TOMOI€HATE IOA-
KETyIOYHOH KeJe3bl aIOKCaHIMAaOeTHYeCKnX KpbIc HaOMIOaeTcs HaKoI-
JIHHE TPOJIYKTOB MEPEKHCHOTO OKHUCIICHUS JIMIHUJOB (THAPOIIEPEKUCEH, MaJo-
HOBOTO JIuanbaeruia, ocHosanuii Uludda) (puc.1).



56 Menununackas nHayka Apmenun HAH PA 1. LXIIT Ne2 2022

KOHTPONB
16 -
& amaber

*

14

12 4

10 4

*

rmgponepexncnE  MOA Hmoas/r  NO-memonb/T OcHoBaHWe SH- rpynnel S5 —rpynnel
HMans/mrBensxa Genwka Genka Wuda MMonb/TBenka-1mmones/rBenka-2

Puc.1. CoaeprxaHue MpoayKTOB MIEPEKUCHOTO OKUCIICHHS JIUMUIOB, OKCU/IA a30Ta,
ocHoBanuii [1Iudda, cyapGruapuIbHbIX IPYII B 00IEM TOMOTEHATE MOPKETYA0UHOM
JKeJle3bl B HOPME U TIPH aJUTOKCaHOBOM auabere (n =15), p <0,05

IlepekncHoe OKuCIEHUE SIBISAETCS LIENHOW pEakIued, B XOAE€ KOTOpOM
I'TIP npeoOpasyroTcs B allbACTHATHAPOIIEPEKUCH, KOTOPEIE, B CBOIO 0Yepe/ib, CO
BpEMEHEM pa3pylIaTcs ¢ odpasoBanueM M/IA.

Ponp momkeny1ouHOM >kese3bl 3aKiodaercsi B 00ecreueHur CHHTE3a
TOPMOHOB, PErYJIHMPYIOIIUX OOMEHHBIE MPOLIECCH], YTO CBS3aHO C BBIIEICHHEM
MaHKpeaTHYecKuXx (HEepMEHTOB, HEOOXOIUMBIX JIJIsi HOPMAaJIbHOTO (DYHKIIMOHU-
poBaHUs 0OMEHa BEIIECTB.

Hapymenne ¢pyHKunM NOKeTy 109HOH JKeIe3bl IPUBOAMUT K AuUcOaaHCy
OCHOBHBIX (PU3UOJIOTUYECKUX MPOIECCOB, MPOTEKAONINX B opranusme. M3pecrt-
HO, 4TO B-KJIETKH OCTPOBKOB JIaHTepraHca Mo pKeNyI09YHOH jKele3bl 0UYeHb YyB-
CTBHUTEJIbHBI K YBEJIHUEHHUIO COJACPKaHMS CBOOOJHOPAIMKAIBHBIX HMPOLYKTOB.
OcCTpOBKOBBIE KJIETKH UMEIOT CJIa0yI0 aHTHOKCUAAHTHYIO 3aIUTY U OCOOEHHO
ySI3BUMBI 1711 CBOOOJHBIX pPaJMKajoOB, YTO SABISAETCS OJHOW W3 NMPUYUH HX
YMEHBILICHUsI, B PE3YJIbTaTe Yer0 MHTHOMUPYETCsl CHHTE3 MHCYJIMHA B B-KIIeTKax
OCTPOBKOB TODKETYJOYHOM KEJIe3bl, YTO MPUBOAUT K YBEINYEHHIO COJEpIKa-
HUS caxapa B KpoBH [4,5].

N3ydeHnne OKHCIUTENHHBIX MPOIECCOB B TOMOTEHATE MEYEHH IOKa3ajo
Takke yBenauuenue cogepxkanus I'TIP, MJIA u ocHoBanuii [ludda (puc.2).

MaJioHOBBIM MAaNbIErHi CHOCOOEH pearupoBaTb C aMHUHOTPYIIaMU
AMHHOKHCJIOT, O€JIKOB, a TaKXKe C THOJOBBIMU I'PYNIHMPOBKAMU aMHHOKHCIIOT-
HBIX OCTAaTKOB OEJKOB, W3MEHSS WX HATHUBHYIO CTpyKTypy. Ilpm B3aumo-
JNEHCTBHM TIIIOKO3bI ¢ OenkoM oOpa3sytorcs ocHoBanus llludda, Ha nepBoi
CTaJUH TPOUCXOIUT HepepMEHTAaTUBHAS PEAKLUsI KOHJICHCALUN MEXKAY O-aMU-
HO- ui N-KOHLIeBOW rpynnoi Oenka U KapOOHWIBHOW TPYNIION BOCCTaHABIIH-
BAaIOIIIEr0 caxapa, 3aTeM B pe3ysibTare JerkooOpaTUMOM peakiuu HyKIeco(mib-
HOTO MPHUCOEAMHEHHUS JOCTaTOUYHO ObICTPO hopmupyercs ocHoBanue [ludda.
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Puc.2. Coneprxanue NpoIyKTOB MIEPEKHCHOTO OKUCICHHS JIMITHIOB, OKCHIIA a30Ta,
ocHoBanuil ludda, cynbGruapuibHbIX rpyn B o0leM roMoreHaTe Ie4eHH B HOpMe U
TpH aJUIoKcaHOBOM muabete (n =15), p<0,05

[Tpu Hammuum cBOOOTHBIX pajUKaloB B cpeae u3 ocHoBanws [udda moryr
00pa3oBBIBATHCA MPOAYKTHI pacnaja, TaKue Kak IIIMOKCaIb U METHITIIHOKCATIb,
KOTOPBIE JIETKO PEArupyIOT ¢ aMUHOCOAEPKAIMMH OHUOTIOIMMEPaMH, BKIIOYAst
OeJIKU ¥ HYKJICMHOBBIE KUCIIOTHI, PUBOJS K MEPEX0/ly OKUCIUTENHFHOTO CTpec-
ca B kapOoHWIbHBIH [11]. Bicokasi peakiiMOHHAas aKTHBHOCTh METHJITIIMOKCAIIS
00yCIIOBJIEHa CHJIBHBIMH 3JIEKTPO(UIBHBIMU CBOWCTBAMU KapOOHMUIBHOM IpyI-
IbI, KOTOpAasi MPH B3aUMOJCHCTBUH ¢ O€JIKaMH BBI3bIBACT HOCTTPAHCISIIUOHHYIO
Mo auduKanuio 6enxos[13].

Oco0pIif HHTEpEC BBI3BIBAET BIUSHUE METHIITIIMOKCAIIS HA ABIXaTEIbHYIO
Lenb IEPEeHoca 3JEKTPOHOB, MPUBOIS K HMHIMOMPOBAHUIO OKHCIHUTEIHLHOTO
¢dochopmmpoBanus. B sxcnepuMeHTax Ha H30JIMPOBAHHBIX I'ENATOLUTAX KPbIC
MTOKa3aHO, YTO B KOHIIEHTPAIMH 5 MMOJIb TJIMOKCaIh BBI3BIBAET MaJIeHHE MEMO-
PaHHOTO TOTEHIMAIA MUTOXOHJAPHHA, WHAYIHPYS (OPMUPOBAHHE MUTOXOH]I-
puanbHO# quchynkumul14].

W3 nutepaTypHBIX JaHHBIX M3BECTHO, YTO METWIIIMOKCAIb MOXKET Ha-
pyLIaTh WHCYJIMHOBYIO CHUTHAJIM3AIMIO KIETKH, B PE3yJIbTAaTe CBA3BIBAHUS Me-
THJITJIMOKCAJSI ¢ CyOCTpaTaMy WHCYJIMHOBOTO PEIENTOpa, YTO MPHBOJUT K Ha-
pyuieHuio GochoprUINpOBaHUs HHCYJIMHOBOI'O PELenTopa U HapyLIIeHUIO (GyHK-
LMOHMPOBAHUS CUTHAJIBHOIO NpPOTEMHKHMHA3HoOro myTu [14]. Jucperymsaous
WHCYJMHOBOM CUTHAJIHM3AIMK OKAa3bIBA€T BIMSHUE HA CHHTE3 M CEKPEIUI0 WH-
cynuHa B-kiaetku [15]. JleficTBre METHITIIMOKCAISA HA KJIETOUHBINA METa0OIM3M
MOKET OBITH 00YCIIOBIIEHO 00pa30BaHUEM KOHEYHBIX MPOILYKTOB TIMKHUPOBAHUS

[8].
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Koneunsle npoayKThl IIIMKUPOBAaHUA BHYTPH KJIETOK MPHUBOAIT K Hapy-
LICHUIO WX (QYHKIMH, BOCTIAJICHUIO, H3MEHSSI TPAHCKPUIILIMIO T€HOB, CTPYKTYPY
OEJIKOB BHEKJIETOYHOTO MaTpUKCa M LUPKYIUPYIOMMX OENKOB KpPOBH. Xpo-
HUYECKasl TMIEPIVIMKEMUs] IPU HMHCYJIMHOBOM HEIOCTATOYHOCTH IPUBOIUT K
W3MEHEHUIO OKHCIUTEIbHO-BOCCTAHOBUTEIbHBIX peakuuil B [P-KJIETKax MOJ-
KeIMyJOYHOMH KeJe3bl, pe3yIbTaTOM Yero siBIseTCs HapylIeHue ee QyHKIHA.

Hapymenuto HopManbHOTO (PYHKIIMOHHPOBAHMS KIETOK MEUYEHH M TOA-
KEITYIOYHOH KeNe3bl CIIOCOOCTBYET Takke akTmBupoBaHue oOpazoBanus NO.
Kak moka3zanu pe3ynpTaThl HCCIENOBAaHUSA, B MIODKEITYL0UHOHN XKeJle3e U IIeYeHU
aIJIoKcaHIMabeTHYeCKHX KpbIC HaOMoAaeTcst yBenwmueHue copaepxkanus NO
(puc.1,2). Okcua a3zota B OpraHu3Me KHUBOTHBIX M YEJIOBEKa CHHTE3UPYETCS U3
L-apruamnaa ¢ momompo NO-cuaTas. Monekynsr NO-cuHTa3 comepkaT IoMe-
Hbl C OKCUT€Ha3HOW M PEeNyKTa3HOW aKTUBHOCTHIO M IpH cuHTe3e NO mpu-
COCAMHSIOT MOJICKYJISIPHBIM KUCIIOPOJ K KOHEYHOMY aToMy a30Ta B T'YaHH[IU-
HoBoM rpynne L-aprununa. Ilpu B3aumoneiictsun NO ¢ cynepokcua-aHHOHOM
o0pa3yrTcs akTHUBHBIE coenuHeHus] HUTpo3oHuH (NO-+), Hurpokcmn (NO-) u
nepokcuHUTPpUT (ONOO). IIpu moBsmeHHBIX KOHIEHTpanusax NO (>1MxM)
B3aMMOJICHCTBYET C KOMIUICKCAMH IbIXaTeNbHON Ienu (LUTOXPOMOKCHIA3a,
yOMXWHOH), TIPUBOJS K yTHETEHHIO CUHTe3a afneHosuntpudocdara [10]. bna-
rojapsi HaJIM4MIO HecrmapeHHoro 3mekTpoHa, NO mposBisieT BBICOKYIO peak-
LUOHHYIO crocoOHOCTh. NO XOpoIIo pacTBOPHM B BOAE M JIMIIMAAX U JIETKO
MPOHMKAET Yepe3 KIETOUHble MeMOpaHbl. BpeMs )KM3HM OKcHa a3oTa cocTaB-
nseT ~6-10 cex, mocie Yero OH IMpeBpallaeTcs B HUTPAThl U HUTPUTHI MPH
y4acTHM KHCIOpoAa W BoAbl. MumieHsmu npsmMoro nerctsus NO sBISIFOTCS
aTOMBI M€/l U IIMHKA, BXOAALINE B cOcTaB (pepMEHTOB. BaykHON MUILIEHBIO IS
NO B kietke sBisoTcs Oeiku, comaepxkamue SH-rpynmel. [Tpoussoanoe NO,
noH HuTpo3oHusi (NO+), nerko pearupyer ¢ SH-rpymmamu,o0pasyst Ouoso-
TMYECKH aKTHUBHBIE S-HUTpO30cOeAWHEHHS. VOH HHUTPO30HMS MOBPEXKAAET
HYKJICO(UIIbHBIE TPYIIBl AKTUBHBIX THOJIOB, YTO NMPHUBOAUT K HAPYLICHHUIO UX
¢yskiuit [2]. [lo Bcell BUIMMOCTH, UMEHHO OKCHJy a30Ta, KOTOpPbIH oOpa-
3yercsi B B-KJIETKax IO/DKEIYJOYHON JKele3bl, PUHAJICKUT BaKHAS POIb B
MeXaHU3Max pa3pylieHHs W THOeNM KIETOK, YTO M IPHUBOAUT K PE3KOMY
YMEHBILIEHHUIO UX KonndecTBa U pazButio C/I.

OcoOsIif MHTEpEC MPEACTABIAET U3yUYEHUE CONEp)KaHUs CyIb(OrUApHITb-
HBIX TPYII B TOJPKETYI0YHON jKeJle3e U TIeUSHH MPU aJUIOKCAaHOBOM JHadere.
Kak noxaszanu pe3ynbpTaThl HAlIMX UccienoBanuil (puc.1,2), mpu amioKcaHOBOM
nuabeTe B IOKEIYNOYHOH jKeje3e M IEeYeHH OOHApyKEHO YMEHBIICHHUE
coJiep’KaHUsI BOCCTAHOBJIEHHBIX SH- M yBennueHwWe OKHCIEHHBIX SS-Tpymm
THONOB. [Ipu B3auMoJieicTBIM CYIb(TUAPHIBHBIX TPYII C aKTHBHBIMHU (HOp-
MaMH KHCJIOpOJa MPOUCXOAUT OKHCICHUE THOJIOB, B pe3yJIbTaTe ATUX PEaKLUil
00pa3yroTcs OKUCIICHHBIE MPOAYKTHI — CYJIb(OHOBBIE KHCIOTHL. YBEIUYEHHUE
OKHCJICHHBIX THOJIOB ITPUBOJIUT K CHIYKCHUIO BOCCTAHOBUTEIBHOTO IMOTEHITHATA
KJIETKH, YTO HMPUBOJIUT K HApYLIEHUIO OCHOBHBIX METa0OJUYECKUX IIPOLIECCOB.
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B HacTosiiee BpeMs OKa3aHO CYIECTBOBAaHHME B3aMMOCBA3M MEXIy KOH(Op-
Manuel Oenka u pemokc-coctossHueMm ero SH-rpymm [16]. TuonoBbie rpynmsl
SBIISIIOTCSL HauboJlee aKTHBHBIMU TPYNIaMu OEJIKOB, CHOCOOHBIMH B (pr3HOIIO-
TMYECKUX YCJIOBHUSIX BCTYNaTh B Pa3HOOOpa3HbIE XMMHUYECKHE peakiuu (OKHC-
JICHWs1, HUTPO3WJINPOBAHUS, TIIMKAPOBAHNUS, AIKWIAPOBAHUS, THOIUPOBAHUS U
ap.). MHOTHE U3 3THX peakiuii 00paTUMBI ¥ IIO3TOMY UMEIOT UCKITIOYUTEIBHOE
3HavYeHue A GU3NoNoruu Kietku. [Ipomeccsl cBOOOIHOPAIUKATIBLHOTO OKHC-
JICHUS B OpPraHu3Me KOHTPOJHUPYIOTCS aHTHOKCHIAHTHOW CHCTEMOM, obecre-
YUBAIOMIEH MOAU(UKAIINIO CBOOOJHBIX PANKAIIOB U Nlepeknceii. BaxkHyto poib
B AHTUOKCHJAHTHOM 3all[UT€ OpraHu3Ma HUIparoT JIETKOOKUCISIOIIHNECs Men-
TUJBI, B COCTaB KOTOPBIX BXoAAT SH-conepikaiye aMHUHOKHUCIOTBI: LIUCTEHH,
LUCTUH U METHOHUH, KOTOpBIE 00/1aJ]al0T UCKIIFOUNTEIbHO BRICOKON PEaKLIMOH-
HOMW CHIOCOOHOCTHIO, 00eCTIeUNBasi OKHCIUTENbHO-BOCCTAHOBUTEIbHbIE PEAKLINU
B KJeTke. B XoJe OKHCINTEIbHO-BOCCTAHOBUTENIBHBIX PEaKIUil THOJIOBbIE
TPYIIBI JIETKO OKUCISIOTCS ¢ 0Opa3oBaHUEM, KaK IMPaBUIIO, JUCYIbGUIHBIX
TPYNIHPOBOK U BHOBb PErCHEPUPYIOT MPU MX BOCCTAHOBUTEIBLHOM DPACIIETLIE-
HUW. YMEHBUICHHE COJEP)KaHUS BOCCTAHOBIEHHBIX TPYII THOJIOB SIBISAECTCS
OIICHKON aHTHOKCHUIAHTHOTO cTaTyca B KieTke [7]. Bricokas peakmuoHHas
CHOCOOHOCTh CYJb(THIPWILHBIX TPYII OENKOB CBA3aHA C MHOT0OOpa3HeM
XMMUYECKUX PeaKkHid, B KOTOpPbIE OHM BCTYNAIOT (auuTUiInpoBanue, hochopu-
smuposanue). Cynb(ruIpuibHble TPYNIbl NPUHUMAIOT yYacTHE B CO3JaHHUU
CIIO)KHOH TPEXMEPHON CTPYKTYpbl OCIKOB M (DEPMEHTOB, JIETKO 00Opa3yroT
pa3iIuyYHble BHYTPUMOJIEKYJISIPHbIE KOBAJIEHTHBIE BOJOPOJHBIE CBSA3U. MHOTrMeE
¢depmentsl, cogepxxamue SH-rpynnsl, Takue kak AT®a3sl wiu 1eruaporenassbl,
JIETKO OKHCIIIOTCS B pE3ysbTaTe CBOOOIHOpaIuKalbHOW aTaku. B mepyto
ouepeb BO3JEHCTBHUIO KUCIOPOAHBIX PaJUKajOB MOABEPraroTCcsS OCTaTKH Mpo-
JIUHA, TUCTHIWHA W apTMHUHA, TOCKOJIbBKY UMEHHO MX OKHCJIEHHE MPUBOIHUT K
CHIDKEHHUIO COJIEP’KaHUSI BOCCTAHOBIICHHBIX M IOBBIIIEHUIO YPOBHSI OKHCJIEH-
HbIXx SH-rpymmn. I'enepanuss A®K B npIxaTenbHOW LENH BBI3BIBAET MOBPEXK-
JICHHE PaCIIOJIOKEHHBIX B HEMOCPEACTBEHHOH Onm3octd SH-Tpynn THOIOBBIX
(hepMEeHTOB M CaMUX MEMOpPaHHBIX CTPYKTYpP, B KOTOPBIX KOMIApTMEHTAIN30-
BaHa CHCTEMa IEPEHO0Ca IIEKTPOHOB.

Takum oOpa3om, pe3ynbTaTbl HALIETO HCCIEIOBAHUS MOKA3bIBAIOT, YTO
pa3BHUTHE AJJIOKCAHOBOTO AuadeTa COMPOBOXKIAECTCA yBEIWYECHHEM KOHIICHT-
pamuy aKTUBHBIX COEAWHEHWH B TOPKETYJOYHOW JKeJe3e W TeUeHH, IpHU-
BOJSLIMM K HapyLICHUIO HOPMaJbHOTO (PYHKIMOHMPOBAaHUS METaOOIMYECKHX
MIPOLIECCOB.

IHocmynuna 28.10.21
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Onpdwpupului jEunpwuhttph dnn swpupwhtt phwpbnh

qupqugdub ntwpmy opuhnuyht gnpdpipwghtph
niuniduwuhpnipiniy

L.U. Znjubthywi, @.U. \mqupui, 2.9, Quiqghiyui, L.Q.Mnynuywui,
| d.b.Zulnpul |

Gupwuwnwunpuuyhtt giindh B-pohotiinh wumhwwlju nyusw-
gnudp hwiigkgunid £ htunyhtth wipwjupwpnipyut, qupgquinud k ow-
pwpuyhti nphwpbwup, nptt wprwhwynynid £ wépawepbkph b Eukpgbnhly
thnjuowbwlnipjutt fpwbqupnidutpny, ppnthy hhwybtpghyidhuyh wp-
myniupmid nintlgynmd £ dwpduh pninp $niuljghntiw) hwdwljupgbph
wihwjuwuwpulppnipjudp: Uy quwndwnny Jupbnp £ htunwgnunbg
ynipuhniwbwnipjut wyt gnpépupwgubpp, npnup Jupnn kb hwb-
qliguk - pohotiinh wumhdwbwlut nytymgdwi:

Ushumwnwtiph tyuunuljn bp ntunidiwuhpl] winpuwting dwljws-
Jwé wnubwnibph upwunwdnpuuyhtt gindh b jyjupgh pughwinip hn-
Unghiwwnnmd (hyhnubph ghpopuhnugdwt wpngkuubkpp, wgnunh opuh-
nh pwtwlyp, phnih nhunydhnuyhte hudwljwpgh Jhdwyp: Puywybu gnyg
Et ndb] nuumdbtwuhpnipjutt wpnyniupubpp, dnpijuynpjwé wnubn-
ubph Eipwuwnwunpuwihtt gindh b jyupnh punhwtnip hndngbtwwnuk-
nnud opuhnuguwt gnpéplupwugutpt ntumdtwuhpbjhu tjunynd k-
whnubph gipopuhnugdwt wpunwnpuuph Yninwlnid (hhnpopuhnubp,
dwntuwjhtt nhwnkhhn, Chdh hhdpkp): Unpuwtwghtt pwpwpwjunh
dudwiul] Euypwunudnpuwghtt ghindnd b jjupynid hwjntwpbpyt) B
Ypdwnduws SH-h yupmitwlnipjut btuqnid, phnjutph opuhnugdus
SS-hudptiph b NO-h qupnitwlnipjut ws:

Utp nuunidtwuhpmipjutt wpyniupubph hhdwt dpu jupbh b
Eqpuljuguby, np wnpuwbiwhtt pwpwpwhinh qupqugldut hknmbwtpny
tupuwunnudnpuughtt gindnid b jjupynud tjunynud £ wljnhy dhwugnt-
pintuttiph Ynugkunmpughwyh wybkjugnid, hiyp hwigkgunid b ynipw-
thnjuowbwlnipjut ypnghuubph ptwlwint gnpéniubnipjutl fuwpunp-
dwil:
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Study of Oxidative Processes with the Development of Diabetes
Mellitus in Experimental Animals

L. M. Hovsepyan, G.S. Ghazaryan, H.V. Zanginyan, L.G. Poghosyan,
J. I. Akopian

The gradual destruction of B-cells of the pancreas leads to insulin
deficiency, diabetes mellitus develops, which is manifested by severe disorders
of carbohydrate-energy metabolism, chronic hyperglycemia is accompanied by
an imbalance of all functional systems of the body. Therefore, it is possible to
study metabolic processes that can lead to the gradual destruction of B-cells.

The aim of this study was to investigate the processes of lipid
peroxidation in the total homogenate of the pancreas and liver of alloxan-
induced rats, the amount of nitric oxide, and the state of the thiolisulfide system.

As it is stated by the results of the study, the oxidative processes in the
total homogenates of the pancreas and liver of model rats showed accumulation
of lipid peroxidation products (hydroxides, malondialdehyde, Schiff bases).

In alloxan-induced diabetes mellitus, a decrease in the SH content, an
increase in the content of oxidized SS-groups of thiols and NO were found in
the pancreas. According to the results of our research, it can be concluded that
with the development of alloxan diabetes, an increase in the concentration of
active compounds in the pancreas and liver is observed, which leads to
disruption of the normal functioning of metabolic processes.
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Introduction

At present, it is well established, that the classic receptive field (CRF) of
visually sensitive neuron plays a decisive role in the central processing of visual
information. The extent of CRF is usually defined as a limited area in the visual
field over which the activation of a cell may occur by applied stationary and
moving visual stimuli [8, 11, 12]. The data presented by a group of authors [4,
5, 16, 18] have shown that in most cases the spatial dimensions of visually
sensitive neuron RFs determined by stationary visual stimuli in primary visual
cortex at the application of moving visual stimuli are not static and may
undergo significant alterations, such as spatial expansions or shrinkage.
Furthermore, as has been shown by a row of authors [1, 17, 19, 20], in the
vicinity of RF under investigation the visual inputs of neighboring visually
driven neurons elicited significant modulations of neuron response patterns to
the applied moving visual stimuli. We have recently shown [2, 9, 10, 14], that at
the application of moving visual stimuli the RF of visually driven neurons in
extrastriate area 2la reveal significant spatial expansions and that of
restructuring of the RF stationary organization. Thus, the neurophysiological
mechanisms underlying the elaboration and central processing of visual
information are evidently composed of an integrative activity of neuron groups
to achieve the precise perception of moving visual images. The main goal of the
present study was to find out whether the spatial parameters of visually driven
neuron RFs in extrastriate area 21b are not stable and undergo certain alterations
depending on the type of visual stimulus used. The results of experiments
presented in this study showed that at application of moving visual stimuli there
occur substantial alterations, mainly expansions of spatial dimensions of the
neuron RF.
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Material and Methods

Experiments were carried out on cats weighing 2.5 to 3.5 kg. Preliminary
surgery, including tracheotomy, cannulation of the v. femoralis, and
pretrigeminal sectioning of the brainstem, was performed under ether anesthesia
[24]. In some cases, complete anesthesia was provided by additional injections
of chloralose in doses (10 mg/kg). The animal’s head was fixed in a stereotaxic
device modified for the experiments on the visual system. A part of the cranial
bone localized above the sulcus suprasilvius posterior was removed together
with the dura mater; this allowed us to visually control the studied area. To
decrease brain pulsation, the trepanation opening was filled with a 4% agar
solution in physiological saline. The animals were immobilized with i.m.
injections of ditilin (diodide dicholine ester of succinic acid, 7 mg/kg). The
frequency of artificial respiration and inspiration volume were 19 strokes/min
and 20-25 ml/kg, respectively; the body temperature was stabilized at 37.5 to
38°C by a heating pad. The pupils were dilated by 0.1% atropine dropped in the
eyes. The cornea was protected from drying by contact lenses (dioptric power =
0). To provide focusing of the eyes on a perimeter screen, correcting lenses
were used if necessary. Contraction of the nictitating membranes was provided
by instilling 1% of neosynephrine into the conjunctival sac. The arterial
pressure was maintained at the 90-100 mm Hg level. The state of the animal
was periodically monitored by recording of EEG and ECG. The spike activity
of single cortical neurons was recorded 2-3 h after termination of ether
anesthesia. Tungsten microelectrodes (2 to 5 um thick) were used. The activity
was analyzed by plotting poststimulus time histograms (PSTH) mode.
Averaging was achieved by repeating a stimulus 16 times. The parameters of
RFs of the neurons and localization of the area centralis with respect to the
visual coordinates were estimated on the perimeter screen positioned at 1.0 m
distance from the nodal eye points; the screen could be moved, thus covering
the entire vision field [3, 6]. Visual stimulation was realized by presentation of
stationary and moving dark and light stimuli, in the neuron RF. Stimuli
appeared as spots and strips of different contrasts, forms, and dimensions and as
light/dark borders providing, when moved, illumination or darkening of the
entire field of vision. lllumination of light and dark stimuli was 12 lux against a
2 lux background and 2 lux against a 12 lux background, respectively; thus, the
contrast of the stimulus with respect to the background was constant in all
experiments.

At the end of some experiment, successful recording points were
coagulated. Then, the brain was perfused by a 10% formalin solution and fixed
in this solution. Localization of the electrode tip was verified in 50 um thick
histological slices.



Mepununckas Hayka Apmenun HAH PA 1. LXII Ne2 2022 65

Results and Discussion

Extrastriate area 21b was outlined according to Tusa a. Palmer [23] and
Tardiff et al. [22]. The response patterns of 73 visually sensitive neurons were
recorded in extrastriate area 21b of the cat cortex. As a first step the neuron RF
size and localizations in the visual coordinate system was performed by hand
plotting. Afterwards the RF spatial structure was defined by stationary flashing
light spot positioned side by side over the entire RF surface. This method allows
to determine complete receptive field maps, their sizes, and locations in
reference to the visual coordinate system. Neurons with small RF sizes defined
by stationary flashing spots were chosen for further investigation, considering
that dynamic modulations and expansions would be more salient in RFs of
small sizes, and their detailed exploration will be more precise. Of 73
investigated neurons 25 units (34%) had comparatively small sizes not
exceeding 6 deg? and these neurons were chosen for further investigation.
According to Maffei a. Campbell [15], the vertical and horizontal orientations
of visual stimulus motion are the most effective in visual perception, due to the
lower thresholds compared with that of the oblique ones, so, in our experiments
these orientations and two oblique 45° and 135° were chosen as the main tests.
In Fig. 1, the response patterns of a neuron in area 21b to the stationary and

A Fig. 1. Responses of a neuron in

1 extrastriate area 21b to presentation

3 4, of stationary and moving visual

g rw rw W:I e stimuli.

§ () ;o Al — poststimulus time histogram
o »—1—v (PSTH) of the neuron response to

the stationary flashing bright spot
(1°), positioned in the test zone
(A2) of the RF. A3 - half-filled
circle indicates On-Off responses
of the neuron. A4 - the RF localiza-
tion in the visual coordinate sys-
tem. AC is the area centralis. B1-4
— PSTH of the same neuron respon-
ses to the moving dark spots and
dark bar of different sizes, indica-
ted under histograms, along the RF
horizontal axis (HA). C 1-2 —
graphical presentation of RF HA
lengths measured for each applied
stimuli at rightward (1) and left-
ward (2) directions of motion.
Arrows indicate the directions of stimulus motion; black rectangles indicate the size of
the stationary RF. Explanations are the same for all the figures.
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moving visual stimuli are presented. As is seen in Fig. 1 Al, the neuron
responded by On-Off pattern of responses to the stationary flashing light spot
(1°) from a single test-field (Fig. 1 A2-4), and thus the lengths of horizontal and
vertical axes of stationary RF did not exceed 1° magnitude. As a next step, we
introduced moving visual stimuli of different shapes (spots and bar) moving
along the RF horizontal axis. As is seen in Fig. 1 B1,2 the neuron reveals
weaker responses to moving 1° and 3° dark spots compared to that evoked by 8°
magnitude dark spot (Fig. 1 B3) and the dark bar of 2° x 10° magnitude (Fig. 1
B4). Precise measurements of neuron response patterns showed substantial
differences in the lengthening of RF horizontal axis (HA) both in the leftward as
well as in the rightward directions of stimulus motion depending on shapes and
sizes of applied visual stimuli (Fig. 1 C1,2). The dark spots of 1° and 3°
magnitudes evoked RF expansions of values 12,5° and 8,7° in the rightward and
15° and 10° in the leftward directions of stimulus motion, whereas the
application of 8° dark spot provided an expansion of RF up to 35° in the
rightward and 27,5° in the leftward directions of motion (Fig. 1 C1,2). The dark
bar (2° x 10°) provided the RF expansions up to 22,5° in the rightward and
27,5° in the leftward directions of motion (Fig.1 C1,2). Thus, the neuron
response patterns are distinctly diversified depending on the size and shape of
the visual stimuli used. It is highly probable that simultaneous activation of the
visual space of RF surrounding by moving stimuli has substantial modulatory
influences on the neuron response patterns. In Fig. 2 the response patterns of the
same neuron are presented to the moving stimuli of opposite contrast (bright)
and moving edges covering the whole visual field. Although the neuron
responded almost equally well to the stationary flashing spot both in On and Off
phases of applied stationary visual stimulus (Fig. 1 Al), the neuron responses to
the bright visual stimuli become more accentuated and diversified. In Fig. 2 Al-
4 the response patterns of the neuron to moving bright spots (1°, 3°, 8°) and a
bright bar (2° x 10°) along the HA of the RF are presented. As is seen in the
figure, significant expansions of RF horizontal axis are the case especially in the
preferred (rightward) direction of stimulus motion (Fig. 2 A 1-4, B1-2). The
edge motion along RF HA also evoked extensive discharges of the neuron in the
rightward direction of motion at the illumination of the visual space (Fig. 2 A5)
and significant spatial expansion of RF HA (35°) was observed (Fig. 2 B1,2).
Whereas, as a result of the leftward direction of edge motion (darkening of
visual space), the elongation of RF HA is much less (10°). Changing the
direction of the edge motion into the opposite one, when the rightward motion
darkened the visual space, provided the change of preferred direction into the
leftward one and RF HA expansion up to 25° (Fig. 2 A6, B2). It is highly
probable that this effect may result from more pronounced influences of RF
surrounding, contributing to substantial diversification of neuron response
patterns to moving visual stimuli that ensures a precise perception of moving
visual images. In the next neuron, which response pattern to the stationary



Mepununckas Hayka Apmenun HAH PA 1. LXII Ne2 2022 67

40 imp/bin, >
l b
l N

i
H
}
f

|
1
|

40 imp/bin
w
! 9
'S
I ' O
g @

LT T
- &L i
3 o 6 Fig. 2. Responses of the neuron presented
£ I m in Fig. 1 to moving visual stimuli of
gl different shapes and sizes.
'E'_L L <_§' - L_'g' A1-3 —PSTH of the neuron responses to
B _— the moving bright spots of different sizes,
1. o 2 - A4 - bright bar, A5,6 - moving edges,
N = along the RF HA. B1-2 — lengths of the
= = RF HA according to sizes, shapes and
= _ movement directions of the stimuli
0 %10 15 20 25° 30° 35 0 0 510 15 20 25 0 applied.

visual stimuli is illustrated in Fig. 3 Al, together with the measurements of the
HA length, the length of the RF vertical axis (VA) was also estimated. As is
seen in Fig. 3 B1, the dark spot (4°) moving along RF horizontal axis provided
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significant elongation of RF HA up to 32,5° at rightward and 18,7° at leftward
directions of motion (Fig. 3 D1,2). Whereas, the rightward and leftward
movements of the dark bar (1° x 4°) brought to 22,5° and 18,7° elongations of
RF HA (Fig. 3 B,2, D1,2). The dark bar of 0,5° x 30° magnitude elicited 26,2°
elongation of RF HA at rightward and 31,2° at leftward motion of the visual
stimulus along RF HA (Fig. 3 B3, D1,2). The most effective in this case were
the rightward motion of 4° dark spot (32,5°) and the leftward motion of 0,5° x
30° dark bar (31,2°). When moving vertically along RF the same visual stimuli
also provided substantial expansions of RF VA. The response patterns of the
same neuron to the moving stimuli oriented vertically along RF VA are shown
in Fig. 3 C 1-3. As is seen in Fig. 3 C3, the maximum RF VA expansion (26,2°)
was observed at the application of dark bar of 0,5° x 30° magnitude, that moved
downward along the VA of the neuron RF. The change of the stimulus contrast
into the opposite one also leads to diversified expansions of RF HA, and VA
depending on shapes and sizes of applied visual stimuli. The bright spot (4°)
motion along RF HA evoked response patterns of the neuron and expansions of
RF HA up to 11,2° at the rightward and 15° at leftward directions of motion
(Fig. 4 A1, C1,2). When a bright bar of 1° x 4° magnitude was moved across

2
}

}

Fig. 4. Responses of the same neuron as in
Fig. 3 to moving stimuli of the opposite
contrast.
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moving bright spot and bars of different
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RF HA, the expansions of HA became 35° at the rightward and 17,5° at the
leftward direction of stimulus movement (Fig. 4 A2, C1,2), exceeding thus the
magnitudes of expansions as compared to those evoked at the motion of bright
spot. Meanwhile, at the presentation of the bar of 0,5° x 30° magnitude the
maximum HA expansions were 17,5° and 15°, (Fig. 4. A3, C1,2) that are much
lower compared to that evoked by 1° x 4° magnitude bar motion. As is seen in
Fig. 4 B1-3, RF VA is elongated most effectively in the cases of upward motion
of (4°) bright spot — 23,7° (Fig. 4 Bl, C3,4) and downward motion of
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horizontally oriented (0,5° x 30°) bright bar - 25° (Fig. 4 B3, C3.4). Thus,
substantial diversifications of RF HA and VA length were observed depending
on the stimulus contrast and orientation of motion. So, it becomes necessary to
explore the sizes of neuron RFs at application of visual stimuli also at oblique
orientations of motion through RF center. The response patterns of another
neuron to the flashing bright spot (1°) positioned consecutively in RF test-
subfields (Fig. 5 B1) are presented in Fig. 5 Al1-6. So, the dimensions of classic
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RF were 2° of HA and 3° of VA lengths and the RF functional structure was
composed of pure Off and On-Off zones (Fig. 5 B2). As a next step, moving
visual stimuli (bars) of two opposite contrasts and sizes (1° x 4° and 2° x 11°)
were applied moving through the neuron RF center at different orientations
(horizontal, vertical, 45° and 135° oblique). As is seen in Fig. 6 Al, the
horizontal motion of a bright bar (1° x 4°) elicited expansions of RF HA both in
the leftward (12,5°) and in the rightward (16,2°) directions of motion (Fig. 6
Al, C1,2 white columns), much exceeding the RF HA measured by the
stationary flashing spot (HA-2°). The introduction of the bright bar moving at
45° orientation through RF center also resulted in RF expansions both in the
downward, and the upward directions of stimulus motion, being respectively
12,5° and 10° of RF axes lengths (Fig. 6 A2, C3,4). Meanwhile, the motion of
the same visual stimulus at 135° orientation brought to more accentuated
expansions of RF axis, up to 17,5° and 27,5° of lengths (Fig. 6 A3, C5,6). At
the vertical orientation of motion of horizontally oriented bright bar 12,5° RF
VA axis elongation at downward and 17,5° at upward directions of motion (Fig.
6 A4, C 7,8) were elicited. Next, the opposite contrast of moving stimulus (dark
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Fig. 6. Responses of the same neuron as in Fig. 5 to the bars of two opposite contrasts
moving at different orientations through the RF center.

Al-4 — PSTH of the neuron responses to the moving bright bar (1° x 4°) in horizontal
(1), oblique 45° (2) and 135° (3) and vertical (4) orientations (indicated by arrows)
through RF center. B1-4 — PSTH of neuron responses to moving dark bar (1° x 4°) in
horizontal (1), oblique (2,3) and vertical (4) orientations through the RF center. C1-8 —
graphical presentation of neuron RF axes lengths at different orientations of applied
moving visual stimuli.

bar) was tested. The response patterns of the same neuron to the moving dark
bar at horizontal, vertical, 45° and 135° orientations through RF center are
presented in Fig. 6 B 1-4. As is seen in the figure, there were also substantial
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Fig. 7. Responses of the same neuron to the bright and dark bars moving at different
orientations through the neuron RF center.

Al-4 — PSTH of neuron responses to the bright bar (2° x 11°) moving at horizontal (1),
oblique 45°(2) and 135° (3), and vertical (4) orientations through the RF center. B1-4 —
PSTH of neuron responses to the dark bar moving along different orientations through
the RF center. C1-8 — graphical presentation of the lengths of RF axes according to the
orientation of applied visual stimulus motion.
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elongations of RF axes at the application of moving visual stimuli and generally
RF expansions evoked by the dark moving stimuli exceeding that evoked by the
bright moving stimulus (Fig. 6 C1-8, shaded columns). The same neuron was
further investigated by the application of the moving bar of 2° x 11° magnitude,
sufficient for excitation of more spatially distant RF surroundings. In Fig. 7 A,
B response patterns of the same neuron are presented to the motion of bars (2° x
11°) of two opposite contrasts (Fig. 7 A1-4, B1-4). As is seen in the figure the
RF axes elongations are the case (Fig. 7 C1-8). The moving bright bar evoked
maximal elongations of RF axes at 135° and 90° orientations of motion (25°,
and 27,5°) in comparison to that of horizontal (11,2° and 7,5°), and 45° (16,2°
and 22,5°) orientations of motion. The moving dark bar (Fig. 7 B1-4) of the
same magnitude also brought to RF spatial expansion exceeding in many cases
those evoked by the bright bar (Fig. 7 C1-8). The results of the experiments
indicate a diversified effect of the RF environment on the activity of neurons.
Thus, the temporary activation of neighboring groups of neurons that have
synaptic connections with the neuron under investigation, and the subsequent
activation of certain neural networks, is very important in the central processing
of incoming visual information by ensuring accurate perception of moving
visual images.

The results of presented experiments show that at application of moving
visual stimuli the RFs of visually sensitive neurons in extrastriate area 21b
undergo significant spatial modulations, mainly expansions. According to our
earlier presented data, the same phenomenon was observed in extrastriate area
21a [2]. Thus, it seems to be a general property of visually driven neurons in
extrastriate visual cortex of the cat. The data presented in this study allow to
suggest that the spatial expansions of neuron RFs are not merely due to the
general increase of neuronal excitability but are the result of certain central
processing of incoming visual information. As was reported by several groups
of authors [7,13,21], the response patterns of striate cortical neurons to stimuli
inside their classical RFs can be modulated by concurrent stimuli delivered
outside the RF due presumably to the nonlinear summation of converging inputs
to the neuron under investigation, as well as to the top-down feedback mecha-
nisms. Furthermore, Das a. Gilbert [4] suggested earlier that RF expansion
observed in visual cortex (area 17) is a result of activation of horizontal
intracortical connections with their specificity of RF properties contributing to a
formation of the major substrate for dynamic RF changes. According to our
recently obtained data the response patterns of visually sensitive neuron in
extrastriate cortical area 21a can be modulated (facilitated or suppressed) by
parallel co-excitation of near surroundings of the neuron CRF [10]. So, it seems
to be a general property of visually driven neurons in extrastriate visual cortex.
Thus, mutual interactions among simultaneously activated neighboring neurons
are of great importance to diversification and integration of incoming visual
information. It is highly probable that such a central processing of visual
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information may play a decisive role in precise perception of shapes,

magnitudes and directions of motion of moving visual images.
Accepted 15.04.22

IIpocTpancTBeHHBIE MOAYJISIIUN PA3MEPOB pelleNTUBHBIX MOJIei
B JKCTPACTPUAPHOi o0JiacTH 210 KOpPBI M0O3ra KOMIKH

JLK. XauBanksn, A.Jl. Kazapsau, A.A. Meaukcetsid, B.E. Capkucsu,
B.A. Apytionsn-Ko3ak |

LenTpanpHbIi aHAIKM3 3pUTEIIBHON MH(pOpMammuu o0ecreunBaeTcsi Koop-
TUHUPOBAHHON paboTO MHOXECTBa KOPKOBBIX oOjacteid mosra. B psge
HCCIIEIOBAHAN YCTAaHOBJIEHO, YTO NMPOCTPAHCTBEHHAS CTPYKTypa PELIENITUBHOIO
nonisg (PIT) 3puTenbHO-4yBCTBUTENHHOIO HEMpOHA JIEKUT B OCHOBE aHaIM3a
MOCTYyHAroIIeH 3pUTeNIbHON MH(pOpMau, 00SCIICUNBAIOIICH BOCIIPUITHE 3PH-
TenbHOro obpasa. Llenpro mpexncrtaBisieMoil paboOThl ABISIIOCH U3YYEHHE 3aKO-
HOMEPHOCTEH AMHAMHUKUA U3MEHEHHUH MPOCTPAaHCTBEHHOU cTpyKTyphl PII Heit-
poHOB oOnactu 216 3KCTpacTpuapHOW KOpBI MO3ra KOIIKU. Pe3ynpTaThl dKC-
IIEPUMEHTOB II0Ka3ajld, YTO MPOCTpaHCTBeHHbIE MapameTpbl PII HelipoHOB
JAHHOW OOJIACTH MPETEepPIeBalOT 3HAUYUTEILHOE YBEJIUUEHHE B 3aBUCHMOCTH OT
BEJIMYHMHBI, JOPMBI U KOHTPACTA MPEIBSBISIEMOTO IBMXKYILETOCS 3PUTEIHHOTO
ctumyna. CTaHOBUTCA OUYE€BHUIHBIM, YTO OJHOBPEMEHHAsI aKTHBAIUS MHOXKECTBA
B3aMMOCBSI3aHHBIX HEWPOHHBIX CETEH MPHUBOAUT K JAWBEPCHHUIIMPOBAHHON
BapuabenbHOCTH pa3mepoB PII, oOecrmeunBas 3TMM 4eTKOE BOCIPHATHE JIBU-
XKYIIErocs 3puTeIbHOTO 00pasa.

Culjupdwt nuownbkph suhbph mupusmlmb thnthnjumpiniinbpp
Jwwygh nintnh YEnth Epunnpuwuwnphwp 21p opowtinid

1.4, vwyuupjut, U.LYwqupui, U.U. Ukjhpulpjui,
9.E. Uupquyui, | £.U. Zupmpyniiyui-Unquy

Stunnquljut nbnkjunynipjut JEunpntwlut dowldwt gnps-
pupugnud pungpljws kb gunintinh puquuphy] Yhnhwghlt gpgwbitkp:
Uh swpp ntuntdbwuhpmipnittbpnid hwuwnwngby E, np nbuwqquni
ubpnuh puupdwi nuownh (CF) wwpwdwulju junniguspp Jub-
hunpnonid E Uniinpuyhtt mkunnuijutt mbknkjunynipjut JEpnidnipeme-
up, npt wywhnynd L wbunpujutt wuwnltph puunulp: Lkplhw-
Jjugynn wphiwnwbph tyunwlp gjunintinh Ynth kpunpwunphwp
21p nwowmh ubjpnuubph wpwswljut junnigyusph thnthnjunipinii-
ukph ophtwswihnipnitubph ntunidbwuphpnipnitt k: dnpdbph wp-
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myniupubpp gnyg Eu wdl), np wdjuy guonmd upnuubkph CY-tph
nwpuswlul yupwdbnpbpp qquihnpki wénd ki jujudws bp-
Juyugdwsé owpdynn mbunnuljwt jupwuhsutph swthhg, dihg b Yntwn-
puwuwnhg: Mwpqg E qguntunid, np oppwyyunng tjpnuuyghtt gmugkph dhw-
dudwiwlju winhjugnudp hwighgunid L CY-tph swihbph hwdw-
Jupgus hnthnjumpput’ wyn kquiwlm] wywhnykjm] supdyng nk-
unnuljut yuwnljtph hunwl pujunudp:
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CpaBHUTEJILHBII aHAJIN3 BelIeCTB MUPUINH-2-
KapOoKcaJbIeru 1 HAaHOCePeOPo «KAPruToc»

A.I'. Kapanersn, A.M. Jannaksan, K.I'. llerpocsin, B.C. I'puropsin

Hayuonanvnwiii 0orco206wiil yenmp
0054, Epesan, J[lasuoauen, n/s 25

Knrouesvie crosa: oxoru, nmpoiuepaTHBHas aKTHBHOCTb, XPOMOCOMHBIE abepparuy,
IUTOUJHOCTh KIJIETOK, KOJIMYECTBO SPUTPOIUTOB, JIEHKOI[HUTOB,
YPOBEHb T'eMOTJIO0HHA

CH0XHOCTH BEACHUA 6OJ'II)HI>IX C O0KOTOBBIMH M THOWHBIMHU paHamu,
IIONBITKY KCIIOIB30BAaHUs MHOIUX IPENapaTtoB Ul YCKOPEHMs pernapanuu U
ObICcTpeliero oOpa3oBaHusl PYOIIOB, CHIKEHHSI 9aCTOTHI U TSHKECTH OCIIOXK-
HEHH MPHBENIH K pa3paboTKe HOBBIX MPENapaToB Ha OCHOBe cepedpa. Oboc-
HOBaHUEM 0oJiee MIMPOKOTO BHEAPEHHS B KIMHUYECKYIO TPAKTHKY MPENapaToB
Ha OCHOBE cepeOpa SBISETCS MIMPOKUH aHTHOAKTEPHAIbHBIH CIIEKTp, BKITIO-
YAONUH Kak TPaMOTPHUIIATENIbHBIC, TAK W TPAMITOJIOKHUTEIbHbBIC OAKTEPUH, U
OTCYTCTBHE PA3BUTHs PE3UCTEHTHOCTH OAaKTEPHATIBbHOW (IIOPHI K ITUM Mpe-
napaTam.

O 1eneOHbBIX CBOMCTBAx cepedpa M 0 ero CoCOOHOCTH YHUYTOXATh 00-
JIE3HETBOPHBIC MUKPOOPTAaHU3MbI U3BECTHO C JIABHUX BpeMeH. BIIoTh 10 1Baj-
[IATOTO BeKa MpenapaTaMu cepedpa JICUHIIU THOWHBIE PaHbl, 03KOTH, Jaxke TU( U
TyOepkyie3. Raulin (1869), von Behring (1890) u von Nageli (1893) usyuanu
BO3/ICHCTBHE MaJIBIX KOJHMYECTB cepedpa M HUTpaTa cepebpa Ha OaKTepuu M
rieceHb. AHTHUCENTHK (MOPOIIOK HUTpaTa cepedpa) u Ma3b (KOJUIOHIHOE Ce-
pebpo B BuIe Ma3M) ObUIM HMCHOJIB30BAHBI Ul JICUCHHUS PaH M KOXKHBIX 3a00-
neBanui. Schweizer ycraHoBmII, 4To 00paboTKa cepeOpoM He TIOBPEkTaeT U He
YHHUYTOXACT IMOJIE3HBIC MUKPOOPraHU3Mbl B BOJIC U BO31yX€.

B nacrosmee Bpems g0oKa3zaH OMOXUMHYECKHH MEXaHWU3M aHTHMHKPOO-
HOTO BO3/CHCTBHS IpenaparoB cepeOpa. [IpoHukas BHYTpb KIIETKH, cepedpo
OTKJIJIbIBAE€TCSl B BAKYOJISIX M HAa KJIIETOYHOM CTEHKE MUKpoopranusma. llepe-
YUCJICHHBIC MEXaHHU3Mbl aHTHOAKTEPUAIbHBIX 3(P(HEKTOB KaTHOHA cepedpa Ha
MHUKPOOHBIE KJIETKM HE HMCUEPINBIBAIOT BCEX AaCHEKTOB BO3JCHCTBUS M HEOO-
XOAMMBI JajbHEHIINE UCCIICAOBAHMS.

YunTbiBas BhIIIEHa3BaHHBIE TIPEUMYIIECTBA cepedpa MpH JIEYCHUN TPaBM
MbI PEIIMIN anpoOupoBaTh HAHOCEPEOPO KAPrUTOC» KaK CPEIACTBO, YCKOPSIO-
iee 3aKUBJISIEMOCTh PaH.


https://doi.org/10.54503/0514-7484-2022-62.2-75
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B HacTosmee BpeMmsi A JIEUEHUS! OXKOTOBBIX M TPaBMAaTHUECKHX DPaH,
0c00EHHO MPU THOMHBIX OCJIOKHEHUSX, MECTHO MPUMEHSIOT Ma3H, IUTACTBHIPU U
CTpeH, CoAeprKallire mpenapaTsl Ha OCHOBE cepedpa.
Hanocepebpo «Apruroc» obnagaeT psSaOM IOJIOKHTEIBHBIX CBOWCTB U
MIPEUMYIIECTB:
® BBICOKas OMOLMIHAS aKTHBHOCTh B OTHOLICHUH OaKTepuil, BUPYCOB,
TpUOKOB;

® IMTEIBHOE MPOJIOHTHpPYIOLIEe AeiCTBUE;

® BBICOKas CTaOMIIBHOCTB: PAacTBOP COXpaHsIET HEM3MEHHBIM CBOM OHO-
IUIHBIE U (U3MKO-XMMUYECKHE CBOWMCTBA B TEUEHHE JOJTOT0 Bpe-
MEHH;

e mMpOKWH paboumii amamazoH pH: pacTBOpPBEI COXpaHSIOT CTaOWIIb-
HOCTbh M OMOLIMIHYIO aKTUBHOCTh B Pa3JINUHON CPEAE;

® BO3MOXXHOCTb BBOJAa B MaTepHalbl HAa OPraHUYeCKOM M BOJHOU
OCHOBE;

® HH3Kas TOKCUYHOCTH U aJUIEPIreHHOCTb.

Bropoe BemiecTBo, KOTOPOE MBI AOJDKHBI ObUIM alipoOUpOBaTh — MHUPH-
nuH-2- kapookcanpaerun (Tpunrodan-2 ITKA, dopmyna Ci7H14N3O0,K). TTupu-
JIMH-2-KapOOKCANbJETU — OAWH M3 TPEX W30MEPHBIX OPraHWYEeCKHUX COEIH-
HEHUH MUPHUIUHAIBICTUAOB, NPEACTaBIACT CO00H OECLBETHYIO MACISHUCTYIO
XKHUJIKOCTh C XapaKTepHBIM 3amaxoM. OH CIy>KUT HpeALIECTBEHHUKOM APYTHX
COCJIMHEHHH, MPECTaBISIIONNX HHTEPEC B KOOPAMHAIIMOHHON XMMUU U dap-
MaIleBTHKE.

[Ipenapat npanunokcuM (0OBIYHO B BUAE XJOPHUIHBIX WM HOIUCTBIX
COJIEH, OTHOCUTCS K CEMENCTBY COCAMHEHHH, Ha3bIBAEMbIX OKCUMaMH, KOTOPbIE
CBS3BIBAIOTCS C AallCTHUJIXOJUHACTEPa30i, WHAKTUBHUPOBaHHOW (ochopopra-
HUYECKUMHU COCIMHEHHSIMU) MOXKET OBITh MOTYYeH U3 2-(QOpMUIITUPUIHHA.

AnpaerunHasi GyHKIMOHATIbHAS TPyINa MOABEPraercsi HyKIeo(pHIbHON
aTake, B YaCTHOCTH aMHHaMH, oOpasyromumu ocHoBaHusi lludda, kotopsie
cITy’KaT OMIEHTaTHBIMY JUTangaMu [5,7].

Lenpto HaMIMX HWCCIIEAOBAHUN OBUIO M3YYEHHUE BO3MOXKHOTO TEPAIeBTH-
YECKOT0 JCHCTBHUS IMPHU TEPMUUECKUX OXKOraxX BEIIECTB «ApPrHUTOC» B BUAE
ciupesi (Ha KOXHYIO IIOBEPXHOCTb) M JKUAKOCTH (I BHYTPHUOPIOIIMHHOM
WHBEKIINH) U MUpHINH-2-Kapookcanbaerua (Tpuntopan-2 [IKA, B/0)

MarepuaJj u MeTOABI

Kak BO3MOXXHBIE TepameBTHUECKHE CpEICTBA OBLIM HMCCIEAOBAHBI
CIIEAYIONINE XUMHYCCKHE COSIMHEHHS: KAPTUTOC» B BHJIE CIIpesi, B/O MHBEKIUH
B o0bemMe 1 mu u Tpunrodan-2 [IKA (Ci7H14N30,K) Taxske ¢ B/6 unbekiueli B
BUZIE BOJHOT'O pacTBOpa — 10301 20MI/KT.

OKcIepuMeHThl POBOAMINCEH Ha 40 MoJ0BO3peENbIX, OembIX, Oecropo-
HBIX KpbIcax cpeaneit maccoit 180r.
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https://translated.turbopages.org/proxy_u/en-ru.ru.f1581056-61efc903-c892255a-74722d776562/https/en.wikipedia.org/wiki/Pharmaceutical
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https://translated.turbopages.org/proxy_u/en-ru.ru.f21feb73-61efcc2a-678a9b2c-74722d776562/https/en.wikipedia.org/wiki/Iodide
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J’KuBoTHBIE OBLTH pa3aesieHbl Ha 4 TPYIIITHL:

| — ¢ TepMHUUECKUM 03KOTOM + «Aprurocy (crpeii),

Il — ¢ TepMuYeckuM 0KOroM + «Aprurocy (B/0),

Il — ¢ Tepmuaeckum oxxkorom + Tpunrodan-2 I1KA, B/0,

IV — ToaBKO € TepMUYECKHM (YHCTHIM) OXKOTOM (KOHTPOJIBHAS TPYIIIA).

JKMBOTHBIM Ha SMMIMPOBAHHYIO MOBEPXHOCTH KOXKM B 00JACTH CIIMHBI
Ha”ocuics Tepmudeckuid oxor 11l AB cremenu, 30% moBepxnoctu Tena. B |
TpyNIe TOocie O0XKOTa Ha OKOTOBYH) ITOBEPXHOCTh HAHOCHJIOCH BEIIECTBO
«Aprutoc» B Buae cmopes. Uepe3 30 MUHYT HOciieé HAHECEHHOTO 0XKOra -
BoTHBIM Il u III rpynn BHYTpHUOPIOIIMHHO BBOJWINCH KOMIUIEKCHI «APTUTOCH
(1 M) u Tpunropan-2 [TKA mo30ii 20Mr/Kr B BUie BOJHOTO pacTBOpa.

KoHTponbHYIO TpyNIy COCTAaBISIIM YKHUBOTHBIE C YHCTHBIM OYKOTOM.
WNHbekuus npoBoauiach yepe3 Kaxable IBOE CYTOK B TeueHue 14 nHell no
Hayajia OTTOP)KEHUS CTPYIIa PaHBbI.

AKTHBHOCTh 3THX COEJUHEHHUH OLIEHMBANAcCh MO BBDKMBAEMOCTH, CpPE-
HEeH TIPOIOIDKUTENEHOCTH KU3HH, TIOKA3BIBAIOIICH TUHAMHUKY THOEIH ITOIOIIBIT-
HBIX KpbIC B TeueHne 30-THEeBHOTO MOHUTOPHHTA.

[IpoBoamiicss BU3yaJIbHBIi MOHHUTOPUHI 0XOTroBOM paHbl. HaOnromeHus
Benuch B TeueHne 60 aHEH, Korna paHbl MOJTHOCTHIO 3aKHMBYT M IOKPOIOTCA
IIePCTHIO.

Beumm Taxke MpoOBENEHBI MCCIENOBAHUS MO0 M3YYCHHIO Te€MaTOJIOTHYeC-
KHX TMoKa3aTesieii. 113 XBocTOBO# BeHBI B ompeneieHHble cpoku (Ha 3,7,14, 21 u
30-¢ cytku) 3abupaiach KpOBb JIJIsi TeMaTOJOrHMYecKoro anaiusza. Ormpe-
JEJSINCH CIeNyIoIIne ToKa3aTenu: BpeMs cBepThiBaeMocTu Kpou (BCK);
YHCIIO JISHKOIUTOB (MO0 KIACCHYECKOW METOJIWKE C IOMOIIBI0 Kamepsl [ opsie-
Ba); YPOBHH I'eMOIIO0ONHA, SPUTPOIIUTOB, TPOMOOIIUTOB, TEMAaTOKPHUTA.

Matepuanom JUIsi HUTOT€HETUYECKOTO MCCIEA0BAaHUS SABIISETCS KOCTHBIN
M03r u3 OenpeHHON KocTh XMBOTHBIX. Ilo Mmertommke Ford-Wollam ompe-
nemsmich: mutotndeckuii naaexc (MU) B %o, xpomocomubie abepparun (XA)
B % u momumuionaasie kietku (I1K) B %.

CraTucTuyecKuil aHannu3 MOMyYEeHHBIX JAaHHBIX TPOBOIMICA C IOMOIIBIO
psiia KOMIBIOTEPHBIX MPOTrpaMM, MpeAHA3HAUYEHHBIX [UIS CTATHCTHYECKON
00paboTKH MacCUBOB LUQPOBHIX AaHHBIX. Hapsny ¢ pa3paOoTaHHBIMH HaMH
MpOrpaMMaMH, MCTOJIB30BAHBI CIEIUATN3NPOBAHHBIE CTATUCTHYECKHE TaKEThI
Statsoft-7, SPSS-10.0, MedCalc u StatGraphics Plus. TIpoBeneHbl Koppes-
LIMOHHBIA, pErPECCUOHHBIN METOIbI aHanu3a [1,2,6].

Pe3yabTaTsl M 00Cy:KIEHUE

Pe3ynprarel MccnenoBaHU TOKa3aid, YTO BBDKMBAEMOCTH JKHBOTHBIX
OoIMHAaKOBa BO Bcex Tpex rpymmnax (60%). CpenHss NpoaoDKUTEIBHOCTD
XKHU3HH, CyAs IO TOKa3aTesisM, pe3ko He pasHuTcs (Tabi. 1), TeM He MeHee,
Omaromaps HCIIONB30BAHMIO METOJOB CHCTEMHOTO aHanm3a (Jorapudmu-
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YEeCKOMY PErpecCHOHHOMY aHaIIN3y), OoJiee OJIarompusTHRIM IPOTHOCTHYECKUM
HCXOJIOM siBJIsieTcs mpuMeHenne Tpunrodana-2 [IKA. YpaBHeHUs perpeccuoH-
HOTO aHaJM3a IMPEJICTaBICHbl HA pUC. 1, IIe X — KOJIMYECTBO JHEH DKCIECpPH-
MEHTa, Y — BBDKHBAEMOCTh IPYIIII.

Tabnuya 1
Buiorcusaemocms u cpedusisi npoooascumenbHOCmy JCUHU
I'pynmst «Aprurocy» «Aprurocy» Tpunrodan-2 [TKA
(ctpeit) (MHBEKIHS) (MHBEKIHS)
BpDKHBaeMOCTh 60% 60% 60%
Cpennsst
MPOAOKUTENBHOCTD 21,8 nas 20 nueit 22 nus
JKU3HU

BusyanbHblii MOHHTOPHHI 3a XKHBOTHBIMH IIOKa3aj, 4TO pEreHepanus
SMUTEIMS OXKOTOBOI paHbl: SMUTEIM3AIMs, 00pacTaHUE WIEPCTBI0 HECKOIbKO
aKTHBHEE OTMeUalnuch B rpynmax ¢ mHbeknueir Tpuntodan-2 IIKA mo cpas-
HEHUIO C TpynnaMu «APTUTOCY (CIIpei) U « ApruToc» (WHBEKIHS).

¥4 = 112.2491-42 1134%10g1000
¥ = o0 3928238051 log100x)
¥ = 1038595-20,4875 0g100x]
130
120 ]
110
1000
=T
a0
0
&0
&0
s 10 15 20 25 30 35 & ¥y
days 5"'3

Puc. 1. BepkuBaemMocTs B rpymnmax «Aprutocy (cmpei) (y), «Aprutocy (MHBEKIH)
(v2) n nabeknust Tpunrodana-2 TIKA (ys3)

I'emaronornyeckue moxkasaTesii aHAIM3WPOBAINCH B JUHAMHKE B Tede-
HHUE BCEro cpoka sxcnepumenTa (Ha 3,7,14,21 u 30-e cyTKH) IpH YUCTOM 03KOTE
n uHBEKIMAX «Aprutoc» U Tpuntodan-2 I[IKA. PesynbraTel mpuBeneHsl B
TabII. 2.
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Tabauya 2

Toxazamenu Kpogu y KpbiC Npu YUCHOM 0J1C02e, NPUMEHEHUU 6 8ude cnpest « Apeumocy,
unvexkyuu «Apeumocy u nupudun-2-kapooxcanvoeeuoa (Tpunmogpan-2 [1KA)

HucTblii 0xo0r «Aprutocy (crpeid) «Apruroc Tpunrodan-2 [TKA
Iokazatenu [CyTky| (KOHTpOJIbHAs (MHBEKLHS) (MHBEKLIUS)
Ipyia)
3 264,0+12,88 279,0+8,28 227,0+5,83" 522.5+31.98
7 215,0+14,32 203,3+33,83 235,0+18,03 336.3+9.44"
F;Sf) 14 225,6+13,09 153,3+24,04" 175,0+£28,43 252.5+18.87
21 277.8+15,77 181,7+18,78" 173,3+20,88" 181.7+18.78"
30 330,0+18,44 214,3+4,7 215,047,64" 231.1+10.23
3 14,72+0,81 11,50+0,43" 10,64+0,48" 17,57+1,51
7 16,92+0,618 19,73+2,5 15,13+1,47 13,6+1,16"
JIeMKOIUTEI -
x10%m) |14 11,320+0,89 11,46+0,74 11,33+1,43 14,95+1,14
21 13,64+0,67 18,0+1,15 11,6+8,71 18,0+1,15"
30 15,96+0,46 5,63£0,94" 6,93+0,54 14,5+0,61"
3 |627000,0+10793,52| 57100014000 561000+21644,8" 643750.0+23837.5
7 |681400,0+62572,38|  440000+35118,8" | 548333,3:20480,34" | 592500.0+51700.26
Hg"li?hgg(;};l) 14 |609000,0+52115,26| 346666,7426822,5" | 485000,0427537,85" | 702500.0+23935.68
21 | 590000+37524,98 |  596666,7::940,45 545000,0£7637,63 | 596666.7+26822.46
30 | 571000+22934.69 | 251666,7+252212" | 275000,0+39686,27" |  586000+2578,29
3 | 5920000+130000 | 4478000+227560,9" | 4610000+£308042,2" | 6480250.0+153764.1°
7 | 3130000+100000 | 4426666,7+417026,5 | 5420000+£1260639,8 | 4967500.0+423622.7"
Spp&p/‘ﬁ)m” 14 | 6560000180000 | 4343333,3£99387,01" |504666,7+350444,2" | 5218000.0+275561.2"
21 | 6470000+104000 | 5436666,7+509716,7 |4763333,3£306013,8 | 3696666.7:+105882.5"
30 | 6380000190000 | 4796666,7+666366,6" |5513333,3+82932,37"| 5836666.7+401261.9
3 134,6+6,06 132,4+5,34 124,6+10,02 149.1+3.93"
7 136,5+5,5 104,0+12,04" 98,0+7,51" 145.5+7.05
Temornooun
(x/m) 14 163,3+10,13 129,4+23.26 129,7+16,09 141.0+7.82
21 162,3+5,95 122,9+23,26 127,6+18,8 110.0+10.07"
30 161,3+1,76 147,3+9,02 153,443,7" 157.3+8.61
3 47.6+1.4 46,4+2,14 42.4+1,17 40.8+2.5"
Temarokpur |7 49.1+0.91 38,242,68" 37,3+2,12" 37.245.14"
(%) 14 47.3+1.11 41,447 91 33,245,7" 46.4+3.53
21 48.3+1.18 40,7+3,62" 42,5+1,28" 41.4+0.98
30 445+1.71 44,742.1 44,8+2.12 47.7+2.59
*p<0.05

ITo moxazatensim BCK, ypoBHH TpOMOOIIMTOB, SpUTPOLUTOB, TEMAaTOKPH-
ta B | u |l rpynnax nocroBepHo ornuyaroTcs ot |V rpynmsl (TONBKO ¢ YUCTHIM
0)KOrOM), 0COOCHHO K KOHILy MCCJIEJOBaHHH, YTO yKa3bIBaeT Ha OJIarOTBOPHOE
BJIMSHHE Ha 0>KOrOBYIO TpaBMy. UTo Kacaercsd rpynnsl ¢ uHbekuued Tpurl-
todan-2 [1KA, TeHneHIMs K HOpManu3auy HaOIro1aeTcsl y BcexX Mokas3arenen.
Tarxoke oTMeuaeTcsi JOCTOBEPHOE OTIMYME OT KOHTPOJIBHOM (YMCTBIM OKOT)

TPYTIIBL.
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JlaHHBIE MCCIIEIOBAHUS KPOBH, OCOOCHHO MOACYETa SPUTPOLUTOB, TEMO-
rIIOOMHA U TeMaTOKPUTHOTO YHCIa, CTETIEHb Pa3BUTHS allu03a, a TAK)Ke WHTEH-
CHUBHOCTb CHIDKEHHSI JUype3a M TIOHWKCHHUS TeMIlepaTypbl Tema, YyBCT-
BUTEJbHEE JPYTUX NMPU3HAKOB M TOPA30 paHbIle, 4eM NoHmkenue AJl, Moryt
yKa3aTb Ha yrpo3y AEKOMIIEHCAINY 3aIIUTHRIX cuil opranm3Ma [3,4]. Iloatomy
MBI PAacCUMTal HE TOJBKO CpPEAHWE 3HAYCHHUS, HO M C TOMOIIBI0 MYJIBTH-

PErpecCUOHHOr0 aHajdn3a MPOAHAIM3UPOBAIU B3aUMOBIHMSHUE STHUX IOKa3a-
TeJIEN.
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Puc. 2. Pe3ynbTaThl MyJIbTHPEIPECCHOHHOTO aHAJIN3a, ONIMCHIBAIOIIETO CTENeHb
B3aMMOBIUSTHUSI YPOBHEH SPUTPOIMTOB, TEMOTIIO0ONHA ¥ TeMaToKpuTa mpu oxore (1),
oxor+«Aprurocy (cripeit) (2), oxxor+«Aprurocy (nabekus) (3) u oxor+
Tpunrodan-2 I[IKA (4)

B ypaBHeHMAX, MOJy4YeHHBIX HaMM M TIPUBEJCHHBIX Ha pHUC. 2, X —
YPOBEHb 3PUTPOLIMTOB, Y — YPOBEHb I'eMOorinodrnHa U Z —ypoBeHb FeMaTOKPUTA.
Kos¢pduumenTs! ypaBHEHHH MPH YUCTOM OXOT€ MMEIOT Pa3HOHAIIPABICHHBIN
XapakTep B OTJIMYUE OT CIy4aeB IPUMEHEHUs] KOMIUIEKCOB, YTO TAKXKE CBUJE-
TENBCTBYET O OJar0TBOPHOM BIIMSIHUM MPUMEHEHHBIX BEIECTB.
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bouin mpoBeneHBl TakkKe LMTOTCHETHYECKHE HccienoBaHus. Llurore-
HETHYECKHE TMOKa3aTeIH MOAONBITHBIX KpbIc Yepe3 30 CyTOK, MOcie TOro Kak
OHH OBLIH MTOJBEPTHYTHI TEPMUUECKOMY OXKOTY, TIPEACTaBICHBI B Ta0. 3.

Ha kpricax mocne Hanecenus: tepmudeckoro oxora Il AB cremrenn 30%
MIOBEPXHOCTH Tejla OBUIM MCCIENOBaHBI, KaK BO3MOXKHBIE TEpalleBTUUECKHUE
CpEeACTBa, CIEAYIOIINE XUMHUUECKUE COSAUHEHUS: «APIUTOC» B BUJAE CIIpes H
B/0 unbekiyu B 00beme 1 mut u Tpunrtodan-2 [MKA (Ci7H14N30,K) Takke ¢ B/0
WHBEKIUEH B BUJIE BOJHOTO PacTBOpa — 10301 20MI/KT.

BusyanbHblii MOHMTOPHHI 3a XHBOTHBIMH IIOKa3aj, 4TO pEreHepaLus
SMHTENNS 0’KOTOBOM paHbI: SMUTENH3aNUs, 00pacTaHUE WIEPCTHI0 HECKOJBKO
aKTHBHEE OTMeYaluch B rpymnmne c uHbekuueid Tpunrodan-2 IIKA mo
CPaBHEHUIO C TPYIaMH «APrUToc (crpeit) u «Aprutocy» (MHBEKITU).

Tabnuya 3
Jlanuvie kapuomunuposanus Kpvic Ha 30-e cymku odxcoza u mepanuu
WNurakt-
IToxasza- Konrt- Tpunrodan-2
Hast «Apruroc» «Aprurocy»
TEIU poiib KA
rpymma
TOJBKO .
0)KOIt+CIIpEN | OXKOItUHBEKIHS | OXKOI+HHBEKIUSI
OKOT
14,2+1,9 15,4+1,7 15,8+1,9 17,2+2,1
?% 20.35825 | 1 20,05 | p>0.05 0,>0.05 0:>0.05
o p,>0.05 p,>0.05 p,>0.05
264026 4,2+0,3 4,1+0,4 3,8+0,46 3,4+0,39
XA (%) ? ’ p1<005 p1<005 p1<005 p1>005
p2>005 p2>005 p2>005
0.5+0.08 3,3+0,36 3,0+0,31 2,840,33 2,9+0,35
TIK (%) ’ ’ p1<005 p1<005 p1<005 p1<005
p2>005 p2>005 p2>005
P1 — OpU CPAaBHCHUHU T'PYNIBI HHTAKTHBIX JXUBOTHBIX C TPyNIaMHi «KOHTPOJIbY, «0)KOF+CHpCI\/’I» u
«O)KOI‘+I/IH’I:CKHI/I$I)>;
P2 — TOPH CPaBHEHUHM KOHTPOJIBHOI TIpyHNbl (TOJBKO OXOI) C TIpYyHNINaMU «OXor+copeil» u
«OXKOT+UHBEKILIU»

Kak BuaHo 3 Tabn. 3, Ipu cpaBHEHUH LUTOTEHETHYECKUX IMOKa3aTesen
KJIETOK KOCTHOI'O MO3ra MOAOMNBITHBIX KPBIC C WHTaKTHOM TpYINIOH, MpOJH-
(deparuBHas akTHBHOCTH (MM) HemOCTOBEpHO HIKE BO BCEX TPYMIAx, KPOME
KOHTpOJBbHOM, a B rpymne Tpunrodan-2 [IKA oH mpubimkaeTcs K HOpME.
AbGeppanTHOCTb (XA) IOCTOBEPHO BBIIIE B MEPBBIX 3 TPyMNax KPOME TPYIIIbI
Tpunrodan-2 IIKA. Umcno I[IK moBepuTenbHO BBIIMIE BO BCEX YETHIPEX
rpyImax.

[Ipu cpaBHeHHMH pe3ynbTaTOB LWUTOTEHETHKH IOAOMNBITHBIX TpyHH ¢
KOHTPOJIBHOH (TOJIbKO 0kor) MU, X0Th 1 mMeeT TeHaeHIuo (ocobenHo B IV
IpyIIe) K NOBBIIIEHUIO, HO CTaTUCTHYECKH HENOCTOBepeH. Yacrtora Xpomo-
COMHBIX a0eppaluil 1 YUCIO MOJUIUIOUIHBIX KIETOK IIPU JAaHHOM CPaBHEHUU
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HMMEIOT HAIIPaBJICHHOCTh K ITOHWKEHHUIO, HO OCTalOTCA B Ipenenax HeJ0CTO-
BepHOCTH. CyMMHpPYSl NaHHBIE IUTOT€HETUYECKOTO aHajH3a, MOXHO 3aKIIo-
YHUTh, YTO «APTUTOC» B BUAE clpes W MHBeKIMH W Tpunrodan-2 I1IKA cy-
LIECTBEHHO HE YIIy4YlIal0T LUTOI€HETHMYECKHH CTaTyC IOAOMIBITHBIX KPBIC.
Heckonpko mpeanouTHTenbHee MOKa3aTedd XMMUYECKOro COoequHeHHus Tpur-
todan-2 ITKA.

Ha ocHOBaHMM pe3yibTaTOB BRDKUBAEMOCTH, MPOJOIKUTEIBHOCTH JKU3-
HHU, LUTOT€HETUYECKUX M T'eMaTOJOIMYECKHX IOKa3aTesiedl MOXKHO ClHesaTh
BBIBOJI O TOM, YTO HCCJeIyeMble KOMIUIEKCH («Aprutoc» u Tpurrodan-2
[TIKA) nposiBAsIOT XOTh U cIabOBBIpaKEHHBIE, HO TEPaNeBTUYECKUE CBOWCTBA
npu oxorax. [logoOHBI TOTOXKHUTENBHBIA 3PPEeKT MBI 0OHAPYKUIIM Ha DKC-
MEPUMEHTAIbHBIX KUBOTHBIX.

Ha ocHOBaHuM MOJYYEHHBIX PE3YJIBTATOB MOKHO CUHMTaTh, YTO HAHO-
cepebpo «Apruroc» u Tpunrtodan-2 [TKA 001a1at0T BO3MOKHOCTBIO 3aKHB-
JICHUsT OKOTOBBIX TOPaXXCHWH. Pe3ynbpTaTel 3TOr0 HCCIEAOBAaHHS MO3BOJISIOT
HaM MPOAOJDKATh MCCICIOBAaHMUs BELIECTB C HOBBIMH LICICOHBIMU CBOHCTBAaMH,
HA/ESACh OTKPBHITh HOBBIE COCOUHEHUS C BBICOKOW 3(PeKTUBHOCTHIO. B Hammx
HCCIIEIOBAHUSX TUTAHUPYETCS BBISIBUTH BO3MOKHBIC CHHEPTeTHUECKUE CBOMCTBA
BEIIIECTB.

[Ipennonaraercs, 4To Npu KOMOWHMPOBAHHOM ICHCTBMM HA OPraHU3M
BBILLIETIEPEYUCIICHHBIX BEILECTB C APYTUMH, MOXKEM IMOJIyYUTb Pe3yibTaT, MPH
KOTOPOM CYMMHPOBAHHBIH S(PGEKT MPEBBICUT JCHCTBHIE, OKa3bIBAEMOE KaXKIBIM
KOMIIOHEHTOM B OTJEIBHOCTH (CHHEpPrH3M). Pe3ymbraThl 3TMX HCCleloBaHWN
MO3BOJISIIOT HaM MPOJOJKAaTh PadOTHI, HANpaBJICHHbIE HA MOBBILIEHHE (D eK-
TUBHOCTH 3TUX KOMIIJIEKCOB.

HUccreoosanue evinonueno npu ¢unancosou nodoepocke Komumema no
nayke MOHKC PA 6 pamxkax nayunozo npoexma Ne 21T-1F126.

Hocmynuna 27.01.22

NMhphnht-2-Ywppnpuwnthhn b twinwpswpe «Upghwnnu»
yniptph hwdbdwwnwlwt JEpinidnipiniun

U.Q. Yuwpuybuyui, U.U. Fwjjupjui, d.2. MEnpnuywul,
4J.U. @phgnpjub

ZEnwgnumpjut tyuwwnwlt tp nundbuwupplp «Upghunu»

uthptjh b htnmih b whphnht-2-fuypnpuwynthhnh (nphunnpui-2
IIKA) wniptph htwpwynp pbpuwybunhl wqnbgnipniup okpdwjht

wypyuspubinh nbupnud:
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Zhinmwgnuumipinibibpp gnyg B ndl), np wpyut gniguhputph
Uwupnuljiukpp wpdusp + «Upghwunus (uhply) b wjpjusp + «Upgh-
nnuw» (Ubpnpnuytiughtt tkpupynud (IP) pudpbpmid wmmwppbpynd B
unnighs (Uhuyt wypdwsp) hadphg: Sphyunndw-2IIKA-h tkpupluwt
ntwypmd pninp gniguthpubpny tjuwndl) b jupquynpdwt dhwunud:
Ljwuwnydl] £ wuphyundwu-2ITIKA-h wdbih pupdp  wpynibugbnne-
pintup: Cunphhy dnyuhnbkqpbuhnt JEpnisnipjut htwpwynp bnuy
unwiw) hu]uuupnidlibp, npnilg hudwdwyi’ gnpswlhgibpp dhuyl
wypquéph nhypmd hwljwpwl ninnusnipyniy nukl h nwppbpne-
pinitt yhpp tpdws wniptph Yhpwodw glyptph, htusp Juynud £ yne-
ptph nppuljut wgntgnipyut dwuhb:

Udithnthtny pogwgkitinhly Ykpnisnipyul nfjupikpp Yupkh b
kqpuiljughity, np " «Upghunnups uthpbih tbpupldwb wkupny, & Sphu-
nndpwi-2IIKA-u buygbu skt pupbjuynid thnpdwpwpuljut wntknuk-
nh peowgkubnhl jupquyhdwlp: Sphyyunndu-2IIKA phuhwlwt dhw-
gnipjul gnigutthpubpp npny swthny twuptinpbh B

Blubnd wypkntbwlnipjui, jjutph mbnnnipjub, peowghubnhly
U hkdwwnninghwlwl gniguithpikph wpmyniupltphg Yupkih b kqpu-
Jugut), np ntundtwuhpywéd hwdwihputpp («Upghwnnu» b Sphuywun-
dwi-2ITKA) wypjusputinh nhypnid gnigwptpnid u Ubnd pnidhs hwwn-
Ynipjniutkip:

Gupwnpynud k, np JbEpnuoju) hwdwjhpubph b wy pnidhy ynt-
ptph hwdwwntn jhpupnipjudp htwpwynp L unwbw) wjuwyhuh wqnk-
gnipinil, nph phwypnud punhwinip wqpbgnipmniip gipuquugnid k
nipwpwiisjnip pununphsh wqptgnipniit wnwudht (uhubpghqu):

Comparative Analysis of Substances: Pyridine-2-carboxaldehyde
and Nanosilver «Argitos»

A. G. Karapetyan, A. M. Dallakyan, Zh. H. Petrosyan, V. S. Grigoryan

The aim of the research was to study the possible therapeutic effect of
"Argitos" in the form of a spray and liquid and Pyridine-2-carboxaldehyde
(Tryptophan2PKA) in thermal burns.

Studies have shown that the levels of blood parameters in the groups burn
+ "Argitos" (spray) and burn + "Argitos" (intraperitoneal injection -IP) differ
from the control group (pure burn). With the IP administration of tryptophan-
2PKA, a tendency towards normalization and higher efficiency were observed
in all blood parameters. Thanks to multi-regression analysis, it became possible
to obtain equations according to which the coefficients for a clean burn and with
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the use of the above compounds are multidirectional which indicates a positive
effect of the substances used.

Summarizing the data of cytogenetic studies, we can conclude that
"Argitos" in the form of a spray and liquid (PI) and Pyridine-2-carboxaldehyde
(PD) have little effect on the cytogenetic status of experimental animals.
Indicators with the introduction of Tryptophan2PKA are more preferable.

Based on the survival rate, average life expectancy, cytogenetic and
hematological parameters of rats, it can be concluded that the studied "Argitos"
and Pyridine-2-carboxaldehyde in burns show little therapeutic effect.

It is assumed that with the combined use of the above compounds with
other substances, a result can be obtained that is much greater than the effect of
the individual components (synergism).
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HN3y4yeHune paguonpoTEeKTOPHbBIX CBOMICTB HEKOTOPBIX
KOMILJIEKCOB MeaH

A.I'. Kapanersn, A.M. lannaksan, B.C. I'puropsin

Hayuonanvnvui oorcozogviii yenmp M3 PA
0054, Epesan, [lasuoawen, n/s 25

Knrouesvie cnosa: nonusupyromas paananus, KOMIUIEKC MEIU, TUPO3UH - MUPUAMH-
KapOOKcalbACTH I, PaJAUONPOTEKTOP, BHDKUBACMOCTh, aHTHOK-
CHJIQaHTHBIE CBOMCTBA

C yBenmuenueMm cdep NpUMEHEHHs] HOHU3UPYIOMIETO M3IYYeHHS B pa3-
JUYHBIX acIleKTax KU3HEJEATEIIbHOCTH PacTeT HeOOXOJUMOCTh B pa3paboTKe U
BBIsSIBIICHHN 3()()EKTUBHOTO U HETOKCUYHOTO PaAMONPOTEKTOPA JAJIsl 3alIUTHl OT
BPEIHOTO BO3ACHUCTBUS PalMallMOHHOTO 00ydeHus. HecMoTpst Ha 3HaYMTEINh-
HBII 00BEM HCCIEeOBAaHWIA, HANPABICHHBIX Ha pa3paboTKy paano3alldTHBIX
CPEJICTB, MO-TIPEKHEMY CYIIECTBYET MOTPEOHOCTh B HAJCKHBIX U 3(PdeKTHB-
HBIX PaHoONpOTEKTOpax. DKCIepUMEHTAIbHBIE JaHHbIE TIOKAa3bIBAIOT, YTO MPO-
(mmakTHYECKOE JIYeHNE XEIaTHBIMH KOMIUIEKCAMH 3CCEHIMAIbHBIX METaJIO-
JJIEMEHTOB O0ECIIeYrBaeT PaarO3allUTy W CIOCOOCTBYET MpolleccaM perapa-
UK TKaHEeH, HeOOXOAMMBIM JIJISl BOCCTAHOBJICHHUS TTOCIIE JTYYEBOTO MOPAKEHUS
[6,7].

MHorue opraHn4YecKue KOMIUIEKCHI MEIH C MaJloi MOJIEKYJISPHOUW Mac-
COM UMEIOT CIIOCOOHOCTH IPENOTBPAIIATh HAKOIUIEHHE TOKCHYECKHUX TPOIYK-
TOB MeTaboin3Ma, CocoOCTBOBATh OMOXWMHUYECKUM, KJIETOYHBIM IMpOIeccaM
pemapanuu TKaHei, HeOoOXOJUMBIX JJIsi BOCCTAHOBJCHHUS IIOCIE IJIy4eBOTO
nopaxkenus [1,2]. buonoruuecku 3HaYMMble JTUTAHIBI COBMECTHO C METaJIOM,
MPENONpPEACISIIOT OMONOTHYECKYI0 aKTHBHOCTH METaJUIOKOMIUIEKCOB [3,5].
[udd-ocHoBaHMs 00aIAIOT BBHICOKOW XENATUPYIOIIEH CIOCOOHOCTBIO |
MO3TOMY SIBISIOTCS BaXXHBIMH COCTABIIAIONIUMH JIUTAHIOB. ApOMaTH4YecKue
QJBJIETH/IBI UTPAIOT 3HAYUTEIHHYIO POJIb B XUMUYECKOM U OMOJIOTMYECKOM pac-
no3HaBanuu [4,8]. M3omepsl nmupuanHKapOOKCaNblernaa, COASpKaIlie Kap-
OOKCANIBACTHIHYIO TPYIITY BO 2-, 3- WX 4-M TIOJI0XEHUH OTHOCHUTEIFHO a30Ta
MMPHUINHOBOTO KOJIBLIA, SIBISIOTCS MTOJIE3HBIMH JUTsI KOMITIEKCOOOpa3yIomuX oc-
HoBanwii [lludda, moToMy YTO OHM MOTYT MMETh AHAIOTHYHBIA (HPHU3HUOJIO-
rudeckuil 3GQeKT ¢ MUPUIOKCATb-aMHHOKUCIOTHBIMU CHUCTEMaMH, KOTOpPBIE
UTPAIOT BYKHYIO POJb BO MHOTHX METabOJIUYECKUX TPOIIECCaX.
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Llenb wccienoBaHUs — M3YYUTh PAIHO3AMIMTHYIO aKTHBHOCTh KOMILICK-
coB mMeau ¢ [Tudd-ocHOBAHUSAMM, TTOTYUYSHHBIMA U3 M30METPHUSCKHUX 2-, 3- H
4-mUpUANHKAPOOKCATBICTHIOB U apOMAaTHUYCCKOW aMUHOKHCIIOTH L-THpo3nHa
(Cu2-Tyr, Cu3-Tyr u Cu4-Tyr cOOTBETCTBEHHO), ¥ YCTAHOBHUTH pa3jInYUC H
CXOXECTh CBOWCTB 3THX COCIUHEHHH C MOMOIIBI CHCTEMHOIO TOAX0/a IpH
MPOSIBIICHUH PATHO3AIIUTHOTO JICHCTRUSL.

MarepuaJja u MeTOIbI

OKCIepUMEHTHl TPOBOIMIM Ha Oenbix (muHEH Wistar) mosoBo3penbix
KpbICax-CaMI[ax, KOTOPbIM MOJKOXHO (SC) WM mepopaibHo (P/0) BBOAMIH
METaJUIOKOMIUIEKCHI B Jio3e 10 mr/kr mim 40 mr/kr 3a yac win 3a 24 yaca 10
peHTreHoBckoro obaydyenus B go3e SO0P (JIA50/30). Ilocne Bo3medcTBHS
OTIPEIEISUTH MOKA3aTENN CPEIHEH TPOIOIKUTEILHOCTH KU3HH KUBOTHBIX M UX
BBDKHBACMOCTb.

Ananus JaHHBIX IPOBOAWJICA C IMOMOLIBIO pAda CICHHUAJIM3UPOBAHHBIX
craTucTudeckux nakeron: Statsoft u SPSS-10.0. Kpome crangapTHbIX cTaTHC-
THYECKHUX METOJIOB HCIOJB30BAIH PErPECCUOHHBIN M MYJBTHPETPECCUOHHBIN
METOJIbI aHAITH3A.

Pe3yabTaThl 1 00Cy:KIeHHE

[Moacuet cpenHel MPOJOKUTETLHOCTH )KU3HU W BBDKHBAEMOCTH KPBIC 3
TPYNII, KOTOPHIM ITOJIKOKHO WJIM TNEPOPaJbHO BBOJMIM KOMIUIEKCHI MEIU C
Iudd-ocHoBaHUSIMHU, TOTYYSCHHBIMH W3 H30METPUYECKHX 2-, 3- U 4-nupH-
JTUHKApOOKCANIBJICTUOB U YCIIOBHO Ha3BaHHBIMU COOTBETCTBeHHO Cu2-Tyr,
Cu3-Tyr u Cu4-Tyr, npuBeaeH B Tabnuie. B onvcanuu AMHAMHUKH BbIKHBae-
MOCTH BCE€X TPYIII )KUBOTHBIX C BBeIEHHBIMU coeamHeHussmu Cu2-Tyr (puc.l),
Cu3-Tyr (puc.2) u Cud-Tyr (puc.3) sc (a) u p/o (b), BeIpaXKEHHBIMU perpec-
CHOHHBIMH ypaBHEHUSIMH, TIPUBEICHHBIMU B BEPXHEW YacTH PHCYHKOB, X— KO-
JIMYECTBO JTHEH, a Y — BBDKUBAEMOCTH (B MPOICHTAX) .

[Ipn Bcex mpuMeHsieMbIX cXeMax MPOQHIAKTHUECKOrO JICUESHHUs pagua-
LHUOHHOTO IOPaXEHUS XUBOTHBIX HAMMEHBIIYI0 3(PQEKTHUBHOCTH TPOSBUIIO
coequnenune Cu2-Tyr (puc. 1).

CoracHo JMHaMHKe BbDKMBaeMocTH, coeauHeHuss Cu3-Tyr u Cud-Tyr
MIPOSIBIIIM BBIPaXKEHHBIC PAJHONIPOTEKTOPHBIE CBOICTBA, OANHAKOBO 3 deKTuB-
HBIE KaK INPH MEPOPaITbHOM, TaK M MOAKO)XHOM TNPHUMEHEHWU NpPU BBEACHUH
KOMILUIEKCOB Tiepen oOmydeHneM. MakcumanbHas 3(QQEKTUBHOCTh ObLIa
nocrturayta npu Cu3- Tyr u Cud- Tyr, 40mr/kr, p/o, 3a 4ac 10 OOJydYCHHMS;
Cu3- Tyr, B 2 ucnbITaHHBIX J103aX, IPH BHYTPUOPIOLIMHHOM BBEICHUH, 32 4ac U
24 yaca no oOmydenus, a Cu4-Tyr, npu BHYTpUOPIOIIMHHOM BBEICHUH, 32 4ac
1o obnydenus. [Ipumenenne Cu3-Tyr u Cud-Tyr cmocoOCTBOBaIO BhIKHBaE-
MOCTH )HUBOTHBIX 10 90% u 100%.
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Tabnuya
Cpeonsist npoOoa’CUMENbHOCHb HCUSHU U 8bIJICUBAEMOCHTb KDbIC 3 2PYNN, NOJYHUSUIUX
HIuggh-ocnosanus Cu2-Tyr, Cu3-Tyr u Cud-Tyr

Cpennsist
ToxasaTenm MPOIOKUTENEHOCTD BepxuBaemocts, %
KH3HU, CYTKU

Cu2 Cu3 Cu4 Cu2 Cu3 Cu4
Control-650R 21,3 21,3 21,3 50 50 50
-Tyr, 10mr/kr, p/o, 1h 23,0 27,4 26,7 60 50 80
- Tyr, 10mr/xr, p/o, 24h 21,0 25,8 22,3 50 70 50
- Tyr, 40mr/kr, p/o, 1h 19,1 30 28,0 30 100 90
- Tyr 40mr/xr, p/o, 24h 16,9 27,6 - 30 70 -
-Tyr, 10mr/kr, sc, 1h 23,35 30 24,0 60 100 70
-Tyr, 10mr/kr, sc, 24h 24,5 30 24,8 60 100 60
-Tyr, 40mr/kr, sc, 1h 19,9 30 30 50 100 100
-Tyr, 40mr/kr, sc,24h 15,6 27 - 30 90 -

brmarogapst perpecCHOHHBIM YPaBHEHHSIM BO3MOKHO OIUCAaTh HE TOJIBKO
JUHAMHKY BBDKHBAa€MOCTH, HO M ITPOrHO3UPOBATH JATbHEHIINI HCXO/ SKCTIepH-
MEHTOB.

Puc. 1. BepkuBaeMocTh )KHBOTHBIX, 00Iy4eHHbIX 10301 SOOP, mocie
TPEIBAPUTETHHOTO MOAKOKHOTO () win mepopansHoro (b) BBeaerus 10 Mr/kr u
40 mr/kr Cu2-Tyr 3a 1 4 unu 24 4 10 o0ydeHust

L
7 LW A §

Puc. 2. BenkuBaeMoCTh KHBOTHBIX, 00Ty4eHHBIX 10301 S00P, mocie
TPEIBAPUTETHLHOTO OAKOXKHOTO () win mepopansHoro (b) BBeaerus 10 Mr/kr u
40 mr/kr Cu3-Tyr 3a 1 4 wnu 24 4 10 00ydeHHs
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Puc. 3. BenkuBaeMoCTh JKUBOTHBIX, 00TydeHHBIX 1030 S00P, mocie
MpeIBapUTETBHOTO TTOAKOXKHOTO (8) uiu nepopaibroro (D) BBenenus 10 mr/kr u
40 mr/kr Cu4-Tyr 3a 1 4 num 24 4 1o oOIy4eHus

D¢ dexTUBHBIE PagMo3alIUTHEIE CBOWCTBA, MPOSBISEMbIE OpPraHUYeCKH-
MH KOMIUIEKCAMH MEIH, B OCHOBHOM MOTYT OBITH CBSI3aHBI C MX COOTBETCT-
BYIOIIEH IOAMEPKKON SHIOTEHHONH He(pepMEHTATUBHOW CHUCTEMBI aHTHOKCH-
JTAHTHOM 3aIuTHI (puC. 4).

beimu paccuMTaHbl CpelHUE 3HAYCHUSI MHTEIPajibHOM aHTMOKCUIAHTHOMN
AKTUBHOCTH KPOBH SHIOTEHHBIX He(pepMEHTATHBHBIX BOJOPACTBOPUMBIX HU3-
KOMOJIEKYJIIPHBIX aHTUOKCUAAHTOB XUBOTHBIX Ha 3, 7, 14 u 28-e cyTku nocie
obxydyenus nipu S00P Ha one mpenBaputensHOro (3a 1 9ac mo oOMydyeHwHs)
noakoxHoro BeeneHus 10 mr/kr Cu2-Tyr, Cu3-Tyr wiam Cud-Tyr mis opra-
HU3Ma U TIOCTPOEHa MYJIbTUPETrpECCUOHHAS 3aBUCUMOCTbh, KOTOpas TakKe MoKa-
3ana npeumyniectBo Cu3-Tyr u Cu4-Tyr mepex Cu2-Tyr.

CuTyrd+500R = 1,3261-0 96157+ 0, 25922%y

e

-

Puc. 4. MynbpTuperpeccuoHHasi 3aBUCUMOCTb HHTErpaJIbHOM aHTUOKCUIAHTHOM
AKTUBHOCTH KPOBH JHJIOTCHHBIX He(hepMEHTATHBHBIX BOJAOPACTBOPUMBIX
HU3KOMOJICKYJISIPHBIX aHTHOKCH/IAHTOB XXHBOTHBIX NpH BBeaeHun Cu2-Tyr,
Cu3-Tyr u Cud-Tyr
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B pesynbrare MyJIbTHPETPECCHOHHOTO aHAIN3a OBLIO MOJYYeHO ypaBHE-
nue z=1,32-0,96*x+0,29*y, rue X— 3HaYCHHUS MHTETPATBHON aHTHOKCHIAHTHON
AKTUBHOCTH KPOBHU SHAOTEHHBIX He(pepMEHTaTUBHBIX BOJIOPACTBOPUMBIX HU3-
KOMOJICKYJISIDHBIX aHTHOKCHIAHTOB XMBOTHBIX HpH BBexeHnn Cu2-Tyr (x) u
COOTBETCTBEHHO Y— mpu BBeAeHuu Cu3-Tyr, z— npu BBemenun Cud-Tyr. Oue-
BUJHA pa3HOHAMNpaBiIeHHOCTh neiictBusi Cu2-Tyr otHocurensHo Cu3-Tyrm
Cu4-Tyr. OgHOBpeMEHHO OTMeuaeTcs Hpsmasl 3aBHCUMOCTH aeiictBusi Cu3-
Tyr u Cu4-Tyr, 9To CBHUAETENHCTBYET 00 OAMHAKOBOM (OJIATOTBOPHOM) AEHCT-
BUH ATUX BELIECTB.

Takum oOpa3zom, Hccienysl CPeTHIOI MPOAOJIKUTEILHOCTh KU3HH, BbI-
KHBAaEMOCTh M TIOKA3aTeNlb MHTETPAbHON aHTHOKCHUIAHTHOW aKTUBHOCTH KPO-
BU DHJIOTEHHBIX He()epPMEHTAaTUBHBIX BOJOPACTBOPUMBIX HH3KOMOJIEKYJISPHBIX
AHTHOKCHJAHTOB XMUBOTHBIX TPY BBEIIEHUH M3ydaeMbIX coeamHeHuit, Cu3-Tyr
u Cu4-Tyr MOKHO paccMaTpuBaTh Kak MOIHBIE PaJAHONPOTEKTOPHI, OINHAKOBO
3¢ (eKTUBHBIC KaK MPU MEPOPATHLHOM, TaK M MOJKOKHOM MPOQUIAKTHYECKOM
NpUMEHEeHUH repen obmydenueM. [lo-Buammomy, MoJjioKeHHe KapOOKcaib/e-
THIHOW TPYNIIBI IO OTHOIICHHWIO K aTOMY a30Ta MHPHUAWHOBOTO KOJbLA, T.C. 3
i 4, iMeeT 0O0JBIIoe 3HAUSCHHE JIJIS IPOSIBICHUS Palu03alIuTHOW aKTHBHOCTH
MenHbIX KomiuiekcoB Lludd-ocHoBaHui, MONYYEeHHBIX W3 MHPHIAHKApOOK-
caipaeruoB u L-tupo3uHa.

Hccreoosanue svinonneno npu ¢punarncogou noooepoicke Komumema
no nayke MOHKC PA 6 pamkax nayunoeo npoekma Ne 21T-1F126.
Hocmynuna 22.03.22

Nnudk npnp hwdwhpubph pwphnwwownuwhs
hwnljmpniutbph nuumdbwuhpmpnit

U.Q. Gupuybwunjul, U.U. twjjupjui, 9.U.9phgnpyut

Unutwntutph Jpw juunwpdws thnpdbph dudwbul ntumdbw-
uhpyt) ku Chdh hhuptpny wynudk hwdwihpubph pwnhnywownwywithy
hwwnlmpmniuubpp, wpndwwnhll wdhttwppepyh L-nhpnghth wéwugyw-
utpp b 2-, 3- Jud 4-ywhphnhuuppnpuwpthhnutpp (Cu2-Tyr, Cu3-Tyr
i Cu4-Tyr): Opquuhl dknmwnulwt hwdwihpttpp Yhpundt Gu ubpn-
nnjujtuwght jud per os 10 b 40 Uq/lq swthwpwdhtubpny 1 fud 24 dud
500R fwnwquypnithg wnwy, husp hwdwpynud E LD 50/30 Sunwquuype-
Jwd Yhunwuhubph hwdwp: ZEmwgnuinipjut wpyniupubph hwdw-
Auli’ Cu2-Tyr-i nilikghy E pny) nunhnuyywownuyuihs wqnkgnipnih pn-
1np Yhpwnyny upubdwibpnid, vwluyt Cu3-Tyr-h b Cu4-Tyr-h Yhpw-
nnudp gnyg k wydl) pungdwsd nunhnywownuywhy wjnhynipini, npp
hwunuwnyt] £ wypknibunipjut, Jjutph dhohtt mbinnnipjut b hw-
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Jwopupnutnwyhti gnigwihph dhgngny (wlnpymipinit, npp jupnn &
Juwyyws 1huk] opquhquh ny $hpdbtnnuwhtt hwljwopuhnwiin wwown-
wuwunipjwt Eugngkt hwdwlupgh hwdwywunwupwt dwljupgulp
wwhywtbknt nttwlnipjut htwn):

Uunwugwé ndjujubph b Jhdwljugpuljui Jbpnisnipjut wp-
myniupmid Jupbh £ Gqpuijugil), np Cu3-Tyr-h b Cu4-Tyr-h pudw-
Juiht pwpdp wpynibwdbnnipmpniip gupdwiuwynpjuws £ juppnp-
uwykhhught fudph, wb k3 b 4, nkquluwynuing whphnhtught onuyh
wqnup tjundwdp:

Studying the Radioprotector Properties of Some Copper Complexes
A. G. Karapetyan, A. M. Dallakyan, V. S. Grigoryan

In experiments on rats, the radioprotective properties of copper comp-
lexes with Schiff bases, derivatives of the aromatic amino acid L-tyrosine and
2-, 3-, or 4-pyridinecarboxaldehydes (Cu2-Tyr, Cu3-Tyr and Cu4-Tyr) were
studied. Metal complexes were administered intraperitoneally or orally at doses
of 10 and 40 mg/kg 1 or 24 hours before X-ray irradiation at a dose of 500R,
which is LD 50/30 for control irradiated animals. According to the results of the
study, Cu2-Tyr had a weak radioprotective effect in all the applied preventive
administration schemes, however, Cu3-Tyr and Cu4-Tyr showed a pronounced
radioprotective activity, which was confirmed by survival, average life expec-
tancy and antioxidant activity, which may be associated with their ability to
maintain the corresponding level of the endogenous system of non-enzymatic
antioxidant defense of the body.

As a result of the obtained data and statistical analysis, it can be
concluded that the location of the carboxaldehyde group, namely 3 and 4, is
relative to the nitrogen of the pyridine ring.
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Blood Groups in Toxinology and Reactive Oxygen Species
Generation
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Introduction

At present, there are 34 blood group systems recognized by the Interna-
tional Society for Blood Transfusion (ISBT) [6, 17]. Blood group antigens may
reflect polymorphisms on red cell glycoproteins or are carbohydrate epitopes
(ABO and Lewis) on glycoproteins and glycolipids [2, 17]. Many blood groups
reside on proteins critical for red cell maturation and function. Several blood
group proteins are clustered at the red cell band 3-ankyrin metabolon (Diego,
MNSs, Duffy, Colton, and LW) and junctional complexes (Diego, Gerbich, and
MNSs), which anchor the membrane to the underlying cytoskeleton [1].
Interestingly, many of these same proteins are receptors for intraerythrocytic
pathogens (malaria, Bartonella species, and Babesia species), with a loss of red
cell deformability upon infection [6]. Other blood groups are associated with
membrane microdomains (for example, Pk, P, Cromer, GIL, Colton, and Raph)
and play a role in endocytosis, cell signaling, and the immune response. Some
systems, such as ABO, have multiple associations with infectious disease [6].
Likewise, many pathogens can utilize or interact with several different blood
group antigens. This is particularly true of malaria, which has potential
interactions with 8 to 9 different blood group systems [10].

The ABO histo-blood group consists of two antigens (A and B antigens)
and four blood types (types A, B, AB, and O). The A and B antigens are the
products of the ABO gene and are autosomal codominant. The group O
phenotype is an autosomal-recessive phenotype due to the homozygous
inheritance of two null ABO alleles. Group O individuals express the H antigen,
the biosynthetic precursor to A and B antigens. ABO, therefore, is the blood
type, whereas A, B, and H refer to the antigens. The relative distribution of
ABO types can vary among different ethnic populations, although group O
tends to be the most common [6, 16]. ABO is unique among all human blood
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groups by the fact that it requires the typing of both red cells and plasma or
serum [5]. In forward of red cell typing, red cells are typed for the expression of
A and B antigens on red cells by hemagglutination using monoclonal or
polyclonal antibodies. In general, the individual should possess antibodies
against any missing A/B antigens. For example, a group O person possesses
both anti-A and anti-B, whereas group AB, which expresses both antigens, is
negative for ABO antibodies. Clinically, the forward and reverse grouping
results must match for a blood type to be determined. There are several known
variant ABO alleles that are associated with weak A/B antigen expression,
accompanied by elevated H antigen expression. For example, 20% of group A
individuals belong to the A2 subgroup, which has only 25% of normal A
expression on red cells and virtually no A antigen in platelets, the endothelium,
and secretions [7]. ABO is also an oncofetal antigen with altered expression in
certain populations. For example, ABO is markedly depressed on newborn red
cells due to developmental delays in | blood group gene expression, which is
responsible for branching and multivalent ABO expression [4]. In addition,
newborns lack ABO antibodies for the first 4 to 6 months of life and achieve
adult titers only at 5 to 10 years of age [6, 7]. ABO grouping problems can also
occur in patients with cancer, congenital or acquired immunodeficiencies,
protein-losing enteropathies, recent transfusion, and other conditions.

ABO blood type influences numerous aspects of biology and medicine,
such as susceptibility to infection by various pathogens and potential for
complications due to blood transfusions. Infections can stimulate naturally
occurring antibodies, sometimes leading to hemolysis and blood grouping
problems. Agglutinins, which tend to react to A/B precursors (anti-i, anti-1, anti-
H, and anti-HI), are not uncommon following infection with Mycoplasma,
mononucleosis, and other viral illnesses [5]. In recent studies, it was reported
that ABO blood type correlates with survival on prostate cancer vaccine therapy
[14]. Particularly, pre-vaccination IgM antibody levels to blood group A
trisaccharide significantly correlate with survival of patients treated with
PROSTVAC-VF [3]. The importance of immune recognition of an ABO
antigen raised the possibility that a patient’s blood type may influence their
response to the vaccine.

Lastly, blood group antigens can be displayed on many different vacci-
nes. For example, whole cell vaccines derived from human tissue can display
blood group antigens depending on the blood type of the original donor. Since
immune recognition of these blood group antigens would depend on the blood
type of the individual receiving the vaccine, blood type may potentially
influence responses and efficacy for other vaccines [21].
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Materials and Methods

Materials Packed red blood cells of four ABO groups (RBCs) were
obtained from Haematology Center after Prof. R. Yeolyan (Ministry of Health,
Republic of Armenia). Snake venoms Naja kaoutia (NK), Macrovipera lebetina
obtusa (MLO) and Montivipera raddei (MR) were purchased from Latoxan
(France), and all other chemicals are from Sigma and Roth.

Hemoglobin-free erythrocyte ghosts

Erythrocyte membranes were obtained by the method of Dodge, Mitchell
& Hanahan [8, 9]. Protein was measured by the method of Lowry as described
(Lowry et al., 1951) using bovine serum albumin as a standard. To obtain
erythrocyte ghosts, after the last wash the RBC pellet was mixed with nine
volumes of ice-cold lysis buffer (5 mM sodium phosphate) and stirred for 15
min at 0°C. Subsequently, the unsealed erythrocyte ghosts were pelleted by
centrifugation at 37 000 x g for 10 min at 0°C. After the centrifugation the
ghosts were washed with ice-cold lysis buffer until residual hemoglobin was not
visible. The RBC ghosts were suspended in about 0.5 volume of PBS and were
kept frozen at —30°C until use.

Chemiluminescence analysis and lipid peroxidation

ROS’ levels have been measured by chemiluminescence (ChL) analysing
system Junior LB 9509 portable tube luminometer (BERTHOLD
TECHNOLOGIES, Germany). Lipid peroxides are unstable and decomposed to
a complex series of compounds. The most abundant compound is malonic
dialdehyde (MDA). MDA level of tissues has been determined by
spectrophotometric measurement [20], using the TBA-test, based on the
reaction of a chromogenic reagent, thio-barbituric acid (TBA) with MDA at
100°C and two molecules of MDA, reacting with one molecule of TBA to yield
a stable threemethin complex dye. MDA concentration has been measured at
532 nm, using the BO1-CT-8 spectrophotometer (“E-ChromTech”, Taiwan).

Superoxide dismutase activity

Determination of superoxide dismutase (SOD) activity has been done
using method of the adrenaline autoxidation reaction in pH 10.2 [13]. The
method is based on the inhibition of adrenochrome formation in epinephrine
autoxidation in aqueous alkaline solution (pH>8.5) to yield a chromophore with
a maximum absorbance at 480 nm, using the B01-CT-8 spectrophotometer.
Kinetic measurement of the 480 nm absorbance change (adrenokhrom concent-
ration) has been preformed after the addition of adrenalin. SOD activity has
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been determined from ratio of the autoxidation rates at the presence and absence
of SOD.

Statistical analysis

For quantitative analysis results are reported as means = SEM. The
significance of differences between the means was assessed by ANOVA
followed by Bonferroni's test when various experimental groups were compared
with the control group. A value of P < 0.05 indicated significance.

Results and Discussion

On the first stage of investigation we have studied influence of three
different venoms on the lipid peroxidation of the erythrocyte ghosts obtained
from the four different Rhesus positive blood groups (Fig. 1). The most
interesting phenomenon is that the levels of MDA formation was also
noticeably various in control groups. The lipid peroxidation normal level in the
blood group O(l) is significantly lower than in all others. The pre-incubation of
the EGs with the venom of cobra, the venom of which is not hemolytic does not
demonstrate any significant differences depending on the blood groups, while
the picture is dramatically different in case of the vipers’ venom. The intriguing
fact is that for blood group B(lll) both viper venoms demonstrated antioxidant
properties, while for three others the pre-incubation with MLO and MR venoms
increased the levels of lipid peroxidation.

To check whether the overall ROS generation following the same
regularities as the lipid peroxidation the ChL analysis has been done with
further enhancing by Luminol and hydrogen peroxide (Fig 2). Again we see the
big differences of the dynamic levels of ROS generation in the EGs depending
of the blood groups: the lowest light generation is in the O group, but the
differences of this group from the A(Il) and B is not significant, while the
spontaneous chemiluminescence in group AB(IV) ghosts is noticeably higher.

The spontaneous chemiluminescence levels are different also in case of
different venoms, but all of them work as prooxidants. The pattern of the
chemiluminescence in a real-time mode in course of the subsequent additions of
the Luminol and then the H,0, is also similar for different groups of blood: fast
peak, then some fall of the ROS production during next 10 min, then the higher
peak after the H,O, addition. It is interesting to witness that for the overall ROS
generation abilities the venoms demonstrate the similar tendencies both in case
of the neurotoxic venom of cobra and hemolytic viper venoms. However, for all
venoms the observation showed, that in EGs of group B and AB ROS the
generation is significantly more intense.
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Fig.1. Changes in the concentration of malonic dialdehide of erythrocyte ghosts in the
course of Naja kaoutia, Macrovipera lebetina obtusa and Montivipera raddei venom in
vitro processing.
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During the other series of experiments we also have investigated how
NK, MLO and MR venoms changed the activities of the superoxide dismutase,
which is one of the main enzymes of the antioxidative defense system of the
organism. The addition of venom is remarkably decreasing the activities of the
ferment, except of the blood group B case, the reaction of which was unique,
but quite significant: for the venom of NK and MLO the intensification of the
SOD activities was absolutely drastic, while the MR venom slightly decreased
it. Again these differences are also concerning the control assays which means
that the levels of SOD activities following the intensities of the ROS generation
and lipid peroxidation processes within the erythrocyte membranes are quite
different in accordance of the presence or absence of the A or B agglutination
factors (antigens) in it.

Viperidae snakebites with their heavy intoxication by the hemolytic
venom produce notable morbidity and mortality and have a significant impact
on health care. In spite of some new research trends for snakebites envenoming
neutralization, antibody technologies still remain the best treatment applied in
the field of toxinology.

In Armenia, the majority of snake bites are due to Macrovipera lebetina
obtusa (MLO) which is a subtype of viper family with venom containing the
proteins belonging to few main families: Zn**- metalloproteinases (P11l and PI),
phospholipase A2, serine proteinases, L-amino acid oxidase, disintegrins (short
and dimeric), cysteine-rich secretory proteins, Bradykinin-potentiating Peptides
and C-type Natriuretic Peptides [15, 18, 19]. According to the data provided by
the Ministry of Health of Armenia (MOHA), during the timeframe of 2015-
2019, there were recorded 89-146 cases per year of snake bites with a number
of mortal cases. Despite the magnitude of this problem, there is no specific
antivenom for Armenia. Unfortunately, the epidemiological situation with
snakebites in our country is very patchy and scarce, but there is no doubt, that,
although the incidence is not so high comparing to the tropical and sub-tropical
world, severe envenomations often require antivenom, because of the strong
inflammatory and necrotizing properties of this venom and its complicate
impact on the blood system and cells of the organism. On the other hand,
existing protocols for antivenom treatment of snake envenomations are
generally not well optimized due to inadequate knowledge of the toxicokinetics
of venoms in patients with different blood types. Our results suggest that both
the severity of envenomation and the antivenom efficacy for humans could be
defined also by the blood group of the patient.

Previously, we’ve investigated the membranotropic properties of the
endemic viper’s venom on the erythrocyte ghosts and also the comparative
efficacy of the antivenom products of Uzbekistan and Orbeli Institute of
Physiology [11, 12]. Current study describes in detail the specificity of
Macrovipera lebetina obtusa venom on the human red blood cells with respect
to the ABO groups and compared to the venom of other endemic viper
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Montivipera raddei and Monocled cobra, the venom of which is neurotoxic and
definitely should have less impact on the blood cells.

In addition to the fundamental importance of the present, our generated
data may have biomedical applications in the healing of the damage of red
blood cells in course of intoxication that lead to various pathologies and even to
death. Developments of the necessary theories, in particular, a theory of
membrane binding and ROS generation in accordance with the ABO system
differences in course of intoxication, represent the perspective of this work and
could be developed further for other pathological conditions and/or vaccine

treatments.
Accepted 12.04.22

Posib rpynnbl KpOBH B TOKCMHOJIOTHY U TeHEPALMH PeaKTHBHBIX
¢opm kuciopona

I'.B. I'ykacsn

AHTHUTEHBI TPYIMI KPOBH, SBJSSACH MOJIMMOP(HBIMH MPU3HAKAMU, TEpe-
JAIOIMMUCS TI0 HACIEACTBY B MOMYJSIHUSAX, — YacThle LETU B JMMHIACMHOJO-
TUYECKUX UCCIEIOBAHUAX, B CUITy CBOEH F€HETUUECKON NEeTEPMUHUPOBAHHOCTH
W W3BECTHOW MONMMMOP(HON 3KCHpPEeCCHUN Yy WHAMBUIAYYMOB M TIOIYJISIUH.
['pynmel KpoBH 4acTO SBIAIOTCS PELENTOPAMH I TOKCHMHOB, Iapa3suTOB U
OakTepuii, CIIOCOOCTBYSI KOJIOHHM3AIMM U BHEAPCHHIO JINOO OJIOKUpYsI Mexa-
HU3MBI OUYUCTKH opraHu3Ma. Aururena ABO MOXHO paccMaTpuBaTh KaK 4acTh
BPOXKICHHON MMMYHHON CHCTEMBI TPOTHB YaCTH OaKTepUaTbHBIX MATOTCHOB U
BUpycoB, Hecymux ABO-akTtuBHbIE aHTHreHBI. CyIIECTBYIONIIUE MPOTOKOJIBI
JIEYCHUS POTUBOSIIUSIMU U BaKIIMHAMH HEIOCTATOYHO ONITHUMH3UPOBAHBI M3-32
IJIOXOTO 3HAHUSA TOKCUKOKMHETHUKH SIIOB y MAlKMEHTOB C Pa3HbIMU TpyNIamMu
KpoBU. Hamm pesynbTaTel NpENIoNararT, YTO TSHKECTh OTPABJICHUS, Kak U
3¢ (HEeKTUBHOCTh TMPOTHUBOSIUSA TAKKE MOTYT OINPEACIAThCS TPYIION KPOBU
nanueHTa. Hactoqmmii mpoeKT MOCBSIIEH BIUSHUIO AJI0B PAa3IMYHBIX 3MEN Ha
SPUTPOLUTHI YEIOBEKA B 32aBUCUMOCTH OT I'PYIIIBI KPOBHU.

Upywt judptph nbpp pnibwpwiimipiui b ppyduwsih ntwljnhy
nbkuwlubph qghkukpughuygh dudwtwly

Q.9 Tnjuuyub

Upuwt fpudptiph hwlwshuubpp wnjhunpd hwwnluihoubp Eu,
npnlp dwnwbgnid bt wthwwntbpp jud wynwniyjjughwttpp: Upjub
hudptipp hwdwhiwujh phpw B hwdwdwpuwljwputwljwut hbnwgnunnt -
pntuttpnud, pwuh np ghutwnhlynpkt npnpdwés hwwnljuuhoutp k'
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hwjnuh wnhunpd tpuypbuhwyny: Ypwbp nnpuphtiibph, dwljupnys-
ukph U Jwbpkubph pbuhsubp b U Jupnn o bwywunb) qunne-
pugdutp Jud ubppuniddwtp, twl punspunnunk) opquthquh huptw-
dwppnidp: ABO-hwljwdwpdhuubpp jupth £ hwdwpl ptwsht hune-
twyhtt hwdwlwpgh dwu npny puwlunbtphw; wwpngbuubph, nnpuh-
utinh b ABO-hwjushuubkp Ypnn yhpniutbnh nid wwjpwpnid:
Zuljupnyutpny b wuunjuwunwiyniptpny pniddwt wnju dkpn-
nuljui gnignidibpp punjupup ownhtwjugdws sk’ dwuwdp wpjub
nuppbp udpkp niikgnn hhjuintph  wnpupynyhubinhugh phph
hdwgnipjut yuwndwnny: Ukp wpyniupubpp Jyuynud By, np ph pne-
twynplwl  Swipmpmilp, pk hwlwpnyuh wpynibw]bnn el
Jupnn bt wuydwbwynpyuws 1htuk) twb hhwbnh wpjw jpdpndy:
ZEnwgnunnipjut byuunwlt E niunwdbwuhpl] muwpunbuuly
odtnh pnyuh wqpkgnipniup ABO-hudptph kphppnghwntbph pu:
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qpuugyws L [5-7]:

Ppmighingh nbd wuwypwpnid hwgnnnipjut hhdttwpwpp, hyybu
twlb wy] Jwpwyhs hhuwingnipnitubph phypnud, wpynibwdtn
huwdwdwpuljuputwjut huljnnnipjniut b SkpEjunduliut b Jbpne-
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ukphg, dwutwgbniubph dwubwghnwuljuwt yunpuundusnipyubt dw-
Jupnulhg b hwipmpjut nknkjugusnipjut wunhdwihg [2-4]:

Zhnwgnuumipjutt tyuunwljn £ ppnighingh mmupusqubdnipjui
qguwhwwndwt hhdwt Jpu juwnuplk] hwdwdwpuljuputuljut gnunk-
Ynpnud:

Unipp b Ukpnnutpp

Zhknmwgnuumpjut ympp 22 UL «hjuinnipmnibttph  Jipw-
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Chpurh 7.81(2.84 [4.984.27 | 7.11 | 9.59 |10.28 [13.46 |4.78 [19.33|36.93
dwpq
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wnwwnwiyby k 1,25-95,37 dhowljuypnid (Wup 1): Udktwpwupdp mupws-
Juénipinit wpdwbwqpyl) E dwyng 2npnud, nphg htwnn, pun gnigw-
uhoh Wjwqkgdwi, Yupkh k ol Upwquénunih, Updwyhph, SEnup-
pniuihph, Chpwljh dwpqpp, nputkn wwpkljub nkwptph dhoht putwulp
100 000 puwlsh hwoyny hwdbdwwnwpwp gusp E dnnn 5 whqud b

wtigh:
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UY. 1. fpnighingh mupwusqusnipju vhohtmugywé ndjujutpp 2004-2014pp0.
dudwbwjuhwwnywsh hwdwp (100 000 ptwlsh hwoyny)

buswytu ubkpyuyugyty E Wnipp b dbpnnubpp pwdinud, nmwpw-
duppowtitbnh gnuinpdwt pupwgpmid, Jupws hwdwdwupulw-
putwljwt nhuljh wunmhdwihg, yujdwbwlwinpbt wpwbduwgyty k4
Junudp: Cun 2004-2014pp. gnnbinpuwi nfpuyibph hwdwdwpuljw-
putwwl pupdp phulught gnigwbhoh fudpmd’ 16.08-184.59 (nhuljh
wnwohlt wunhdwl), tkpunyl) kb 22 dwng Anph, Upwquénwnuh b
Updwydhph dwpqtpp, npunbn twl, hywbu wpgkt tpdbkp Ep, wpdw-
twgnyt) Ehtt mwpwsjubdnipjut wdkwpwpdp gnigutthputpp: Uheh-
uhg pwpdp nhuljujhtt judph whpnypnwd (8.6-16.08) utpwndws bLu
Upwpuinh, tquppnithph b Shpwljh dwpgbpp (Epypnpn wunhdwih
phul)), dhohthg gwdp phuuypt (kppnpn wunpdwth phul) padph
wnhpnypenud (1.725-8.6) pungpyywsé b Swynioh, Umniuhph b Lonnt dwp-
qtpp, hull gudp phuljuyhtt jadpnd (snppnpny wuwnhdwuh nhul)) uwh-
dwiws E nwupus]udsmpjut htwnlju gnigwihop' 0.1-1.725, npp k-
npunnid E Unwnwjph dwpqu nt Gplhwp:

Zudwidwt ulqpniipny  JEpnisnipjutt Bt Gupwpldbtp 2016-
2019pp. njuubkpp:

busytu tpiinud E wynuuwl 2-md - ukpuyugdus ndjuutnhg,
utjupugpus 4 nupju pupwugpnid hwipuybnnipyut pnnp dwp-
qipnud gqpuiigyty Eu ppnighingh wnwetwmljh nbuptp, pugunnipjudp
Swynioh dwipgh, npunbn dhuyt 2017-ht £ wpdwbwqgpyl] ppnigkingh
wnwetwlh ntyp, b Upuquénwnuth dupgh, npunkn 2018-htt ppnigkingh
wnweotwlh nhyp sh wpdwbtwmgpyb], ptybnn Upwquénnuh dwpgh
ntwypnid, hhdp punnitbny twhinpy wuphubph wpyniupubpp, ndjup
Jhdwhwpnyg k:
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Ugniuwly 2
Fpnmigkingh nnupudywdnipintip 2016-2019p70.
dunfwlnuljuwhunnwénid (100 000 plauulish huioynif)
Swpwbdw- Swiph

2nguil 2016 2017 2018 2019
Upwiqubnuni 36.2 32.7 0.0 34.3
Upuipun 12.4 15.5 13.2 11.7
Undughp 7.5 7.1 8.7 9.1
Qhquppniithp 9.1 5.2 7.8 8.8
Lnnh 1.3 2.7 4.1 5.1
Unwwyp 13.8 21.8 9.9 5.6
Ghpuly 13.6 23.8 7.2 18.0
Ujniuhp 49.5 38.9 18.1 28.3
Juyng 2np 9.8 15.9 18.1 24.5
Swyniy 0.0 1.6 0.0 0.0
Bplhwb 1.0 0.9 1.8 1.0
Uhghtt hwmipuuybunuljuia 9.2 10.2 6.0 8.3

2016-2019pp. dwdwtwljuwhwwnwsénid wnwetwmljh ppnigkingh
Uhohttwgwé dwpquhtt lmwpwddudnipmniun mukgh) £ ujup 2-nud
ubpuyugdws uupwughpp: Uyp mmwuphubphtt dwpquphtt nupusdu-
dnipjniup 100 000 puwlsh hwoyny wnwdhtt dmpgqbpnid nuwnwuyby k
0.4-33.7 dhowjuyypnid. wdkiwpwpanp gniguthop Unihphtt k:

40,0

33,7

35,0

300 1 25,8

25,0

200 157 17,1

15,0 13,2 12,8

e l ’ 2 l I ’

3,3

B o 22 [l
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\«3\ 3§ N % 0“(& ¥ Q\\p R & SSO' \yy \Q"
F SR & & & Py S ) & & >
e NS NS ¥ e o &
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LY. 2. Fpmighjngh mwpwsyubdnipjuit dhohttuugdws wndjuyutpp 2016-2019pp.
dudwbwljuwhwwnywsh hudwp (100 000 puwlsh hwoyny)
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Cun 2016-2019pp. qmualinpiwi wfjupikph  hudwdwpuljupw-
twlwt pupdp nhuluwyhtt gniguthoh padpnid (16.08-184.59), (nhuljh
wnwohlt wmunhdwl) dnunid Eu Ujniuhph, Upwuquénunuh b dwjng 2nph
dwnpqbpp, Uhohtthg pupdp nhuljuyht jpdph nhpnypend (8.6-16.08), (nhu-
yh Epypnpn wunhdwt) thpundwé Bt Upwpwnh, Ynunwgph b Thpulh
dwpqbtpp, dhohhg guép nhuluypht (1.725-8.6), (kppnpn wuwnhgwih
nhul) judph nhpnypnud® Stnuppnihph bt Updundhph dwpgbpp, hul
gudn nhuljuyht jadpnud (0.1-1.725), (snppnpn wunhdwth nhuly) tbpwn-
Jwsd Lt Lnpnt b Smynigh dwpqbpt nt Gplhwtp:

bPusytu tpind E wnniuwly 3-nud ukpuyugyus punhwipuljwub
wuwnltiphg, hwdwdwpwjupwbwlut nbuwilyniihg wewytl] phuljw-
jht Bt hwdwpynud duyng Qnph, Upwquénnth, Chpuwlh b Upwpwwnh
Uwpqbpp:

Ugyniuwly 3
2014-2019ppp. dudwiwjuhwnywdnid ppnighngh huludwpujupwinulub
phulp glnuhunnnud pun wowelulh wpdwinugniwé pluypkph

[*huljh junudp 2004-2014pp. 2016-2019pp.

Puipanp quyng 2np Ujniuhp
Unpwqusnuni Upwquénin
Updwghp Juyng Qnp

Uhghthg pupdp Upupuin Upupun
Qtnuppniihp Unwuyp
Chpul Chpul

Uhghlihg gusp Surnip Qtnwppnihp
Ujniuhp Updwghp
Lnnh

Swidp Unwuyp Lnnp
Bplwt Swyniy

Bplwt

Ujuyhuny, wpwotwmljh ppnighingh hwdwdwpuwlupubwlut
nhuljiph hwdwwwpthwl quuhwndwt hhdwb ypw mwpwspubph gn-
nbnpnidp Jupbnpynid £ hwdwdwpujupwtwljut  huljnnnipjub
opowbiwlnid hpwwtwgynn dhgngunnidubph wpynibwybnnipjut
pupdpugdwt hwdwp:

Linniifué F31.03.22
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OneHKa NHIEMHOJIOTHYECKUX PHCKOB, M0 JaHHBIM BIIepBbIe
3aperucTPUPOBAHHBIX ciy4aeB Opyuesie3a B 2004-2019 rr.

JILA. Caprcsn, JI.B. Ilapousin, I'.I'. Mejuk-AHapeacsin

Bpyuennes Bo BceM MHpe cuHMTaeTcs Cepbe3HOW MpoOieMoil aisi 00-
LIECTBEHHOTO 310pOBbs. B KoHTEKCTE GOPHOBI ¢ OPYyLEIe30M U PSIOM IPYTUX
3a00JIeBaHMIl Ba)KHOE 3HAYCHHWE HMMEET OPraHu3alys SIUIEMHOJIOTHYECKOTO
KOoHTpoJs. Kak mokassiBaeT aHalN3 MEXIyHApPOJHOTO ONbBITA, OJAHOU W3 IPe-
MOCBHIJIOK OpraHu3alnuu 3(1)(1)CKTI/IBHOI‘O KOHTPOJIA ABJIACTCA OpraHu3alus 3I1u-
JEMHOJIOTHYECKOTO 30HUpOBaHus. Llenbio nccnenoBanus sBIsieTcsS MPOBEACHUE
AMUAEMHOJIOTHYECKOTO 30HUPOBAHMS Ha OCHOBE OLCHKU PAcIpOCTPAaHEHHOCTH
Opymemnesa.

[Tokazarenp 3abosieBaeMOCTH OpYIIEIUIC30M, KOTOPBIH ObUT 3apuKCcHpO-
BaH BO BCeX OOJIACTSIX C LI 30HMPOBAHMSI, IMOABEPICs LEHTUIBHOMY pac-
Npe/IeICHHI0, Ha OCHOBAaHUH KOTOPOTO BBIAEJIEHBI YETHIPE TPYIIIBI SIHIEMUO-
JIOTHYECKOTI'O PUCKA: BBICOKUH, BBIIIE CPEIHETO, HIXKE CPEIHEro U HU3Kui. B
xone 3ouupoBanus nepuon 2004-2019 rr. ycioBHO pasneieH Ha JBE YacTH:
2004-2014 rr. u 2016-2019 rr., Tak kak manaeie 3a 2015 r. mo obGmacTsaMm
OTCYTCTBYIOT. AHAJIN3 TOJYYSHHBIX JAaHHBIX ITOKa3aj, 4TO C SIHUIEMUOJIOTHU-
YeCKOW TOYKH 3PEHUS TEPPUTOPHIMH PHUCKa cunTaroTcs obmactu Baiton [{30p,
Apararots, Hlupak u Apapat. 30HUpOBaHUE TEPPUTOPHI HA OCHOBAHWU OlLIECH-
KN DSIMACMUOJJOTNYCCKUX PUCKOB BIICPBBIC 3apCrUCTPUPOBAHHLIX CJIy4YacB
Opyueiie3a BechbMa Ba)XHO JUIS MOBBIIECHHS S(P(PEKTHBHOCTH MEPOIIPHSATHH,
MPOBOMMBIX B paMKax 3MHIEMUOIOTHIECKOTO HaI30pa.

Epidemiological Risks Assessment Based on the First Registered
Cases of Brucellosis between the Years 2004 - 2019

L. A. Sargsyan, L.V. Paronyan, G. G. Melik-Andreasyan

Brucellosis is considered a major public health problem worldwide. For
controlling brucellosis and other diseases, the epidemiological surveillance is
of great importance. As the analysis of international experience shows, one of
the prerequisites for organizing effective control is the epidemiological
mapping. The purpose of the study is to conduct epidemiological mapping
based on the assessment of the incidence of brucellosis. The incidence of
brucellosis during 2004-2019 in all regions underwent a centile distribution on
the basis of which four groups of epidemiological risk were identified: high,
above average, below average and low. The mapping period were divided into
two parts: 2004-2014 and 2016-2019, as there are no data for 2015 by regions.
From the analysis of the data obtained, it becomes clear that from an
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epidemiological point of view, the regions of Vayots Dzor, Aragatsotn, Shirak
and Ararat are considered of the highest risk. Mapping of territories based on
the assessment of the epidemiological risks of first registered cases of
brucellosis is very important to improve the effectiveness of activities carried
out within the framework of epidemiological surveillance.
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Ljpnywphl gunh jutjunidp whpnginunudpy QU e
nhwbunpnn

L.Z. Unudjut

Cplwlih Uluppwp Zhpugn whywl wEknwluwi pdrlwlul huduwyuwpu,

Supwninghuyh wdphni
0025, Gpliul;, Ynpynilh h., 2

Fuihuyp punkp. ywhpngninuwdh)@UYE, yphqupwht, tbpnuuphly guy, hot
plate ptiuwn, hwljuinghgbywnhy wljunhynipmiu

Ushuuphh pltwlsnipjutt Unwn 7-10%-p vnwpwwynid £ wwppbp
dwquul ubjpnuuphl guytnhg (U8), [9,12]: Undwwnnukiunp hwdw-
Yupgh nhudniiyghuyh wpyniipnid quipquignn qquiuljut fuwbiqu-
poudubph hhwbpugbqhwgh, wynnhhugh b ppnithly gwytph nbwlwb
pupwgpn [7,19] b pniddwt tjundwdp wnnjbpwbnnipmniip Junpw-
puginid kb Uhjhntwdnp dwpnljutg yuuph npulyp [15]: Nrunh dhwib-
quuuyt hhdtwynpdws k, np uhpnyuphy gudh junwdupdwut byw-
wnwlny unp phnbph thunpunipp sowpnitwlnd £ dtw) wpnph pdou-
ghnnmipjut Juplnpwugniyt junhpubphg dkhp: By stugud wyju buyguw-
nwulyny dpwlpud nhntph (uyt nhkuwluint Yhpumjng hwpnih gu-
Juqpnnubpp skt wwywhnynud pudupwp wpynibwybnnipnil, huy
Ynnudtwlh wqpbkgnipmniuubpp swn hwdwh vwhdwtwthwlnd b wyy
ntntph Yhpwonipmiip [6,14]:

Ubkjpnuuphl guyh kphnwwpnghubnhl pniddwt dudwbwlu-
Jhg Unintgnidutpp hhdtwynplghtt hnttuyhtt wugninhutph, vhtwwwnhy
qpgruthnuuigdwt, pugbpwsht hwjuguuhtt hwdwljupgbiph Jpu
wqnnn nhntph [16] hkn dkjunbkny @UYE-tpghl Jhwgnipiniuubph Yh-
punnidp: Uywgnigdws E, np tpnywphw juhgu) wbnuowupdbpp
QUUE-tpghly wpgbjulnn niphtbpnud, uhtwwywnhl $tpdbuwnubph,
thnjawnnhy vy hwnwlnigutph, btwpw- b hbnuhttwywnhly FUVYE pujw-
1hsutph wlnhynipjut puldnrdp, hiyytu twb CI- hnuutph hndknuwnw-
qh fnwpannudp phpnud B tEpntw) wnhynipjut thhnthnpunipnibaubph,
Quz-mud wpghjulnn ynnkughwih tJuquui, gpgedwi b wpghjuldw
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wnpngtutibph dhol hwjwuwpwlopnipjutl jpwbqupdwt b jupnn b
hwugkgut) ubjpnyuphl guyh wnwewgdwt [11,18]:

Uju wdkup dwnbtwbpnid k, np @UUE-Epghl hwdwljupgnid dhe-
unpnwiynipbph uhtptqh, guhbunwynpdwl, dbkppuquundwl, thnjuw-
npuwl, dbkwnwpnihquh dby ubpgpuydus onulubkpp, husywbu twbl
QUYE-U b FUUE-£ pujuhsubpp Jupnn Eu hwljuguwyuyhtt wqntgnt-
pjut hwjwiuwlwt phpwpj hwinhuwbwy, hull FUYLL Ill?SIllhg]Ul]_hh]’l]}‘
wnwukiughw) vhgngutp unp gujuqplnn pintph unbnddwt hwdwn:

QUUE-h hwjniuh wéwugywiubp wphqupwihtp, qupuyktinhup
uunpbt Yhpunynd Bu thpnwwuphl gudtph $wpdwlnptpuwyhw-
mud” npuyku wpweht goh ypkwywpwwnikp [4]: Cug npnid wpwbdtwlh
nywnpnipjut £ wpdwbwind twb Jbkpohutitiphu qniquljgnidp hw-
Juguwyuyhtt wmnhynipjudp odindus wnwppkp nintph htwn® fhpunynn
ptnuiswthtph thnppugdwi, Ynnuuwlh wqpkgnipiniiutph tjuquut b
uhtbtpghunwljwb wqnpkgnipnit unwbwnt tywwnwyny [3,17]:

Uju wdkp hhup hwinhuwguy ntuntdtwuhpbnt tnp uhuptqus
whpngninudh@UYE nhybuywnhnh [1] hwjugujuwiht wqpbgnipme-
up, htywbu twb npu httwpwynp uhtttpghqup ypkqupwhth hkn® k-
pnyuphly guyh thnpdwpupulju Unpbjnud:

‘Unipn b Ukpnnubkpp

ZEknwgnunmpjut ke oquuwugnpdyt) ki pyny 12 ukpwhwuntl,
uwhwwl, ny ghquiwi wpnt webknibp' 180-240q quiiquény: ®np-
Atpt hpwljwuwgyby Gu 09% - 14% ghipklyw dwdbph pupwugpnid, 22+1°C
ubkiyujuyhtt obpdwunhdwunud, utinh b oph whuwhdwbwthwly hwuw-
ubhnipjut yuydwbubpnud:

Ubkjpnuuphl gayh dnpbjuynpnidt hpuljwbwgyt) £ thnpdwpu-
pujut  wyuwydwbbbpnud®  Yhpwebng  Jhuguthubph  tunwbyupnh
Juwudwt dbpnnyp ppnuhl ubnunudnyg (UILU), [5,2,10]: Lnpujhhn-
puunuyhtt wiqquyugdut wuydwutbpnid (pinpujhhnppunh 4%-wing
e 400Uq/Yq hwpjwpyny) Yhtmwbhibph dwhe wqnph Jpw wpdly
E dnn 3 ud bpjupmpjudp Gupdusp dkpjugbing tununtnh b
wqnnh tplgniju dquuttph dhot qnidnn tunnwiyupnp: Lyjupngh dnwn
7dd-p dwppyl)] L hwpwlhg hpiuduspubphg, bt mphdnipjughughte
wpnpuhdwy npby k4 pog juy 4-0 dkinwpub jupupbing (4/0 chromic
silk, Ethicon), hpuphg 1 Ud hkpun]npnipjui Jpu wuhwwiking tuh-
ulipw) opowtiwpmipinitpn: Fpwhg hbnn juyldws yupnp htn £ nk-
nunpyt], huy Jeppp ulpdly b Jppupmdwlut juptpng b dpulpdb
pEwnwunhuny:
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Jhpwhun]ws Yhimwihubpp pudwin]ly) i 2 Judph’ pupupuis-
mipnud Jhguljutt wnttbn: Unwght junudpp hwunhuwgt) £ uwnnighs,
npnkn JEunwuhubpp, Jhpwhwwnnipjut tppopn opduithg ujuws, opw-
Jub Eplynt whqud uvnwgl) Eu 0,9% NaCl-h nwdnyp : Gplipnpy judph
JEunguthubphtt tnyt hwdwhwuwinipyudp ukpuplyt) £ whpngne-
nwdh)FUUE-h 20dq/lg b wpbhqupwihh 20dg/lq nphnuswithtpny
Nwninipy wupniulng pusnye npuku nishs Yhpuntkim] 0,9% NaCl:
Pnnp  nusnypubpp wuwwupwuwngbk] ko tkpupynidhg wbdhowuytu
wnwyg, ukpunidybky kb ubpnpnduybiughte (u/n), 2di/lq Swduny:

Thunwpynudutpp b gpuignudubpp juunwpydl) o dhtgh wn-
Ukwinbkph Jhpwhunmpymbp’ lop wowe, hiisp hwdwpyty t bjulknw-
jht b wuydwbwlwinpkt wpdwbwgpyt E npytu (-1) opyu gniguiihy:
Unyll qpuiigmudubpp uunwpdl) & Gwb Jhpwhwnmpiniihg htnn’
3-p1, 5-pny U 7-pyy opbiphle

Ubkjpnuuphl guyh wpyniopnid dbwdnpyws obpdwhtt hhwk-
nuigkqhwt ntuntdtwuhpyty E Hot plate phuwiny Hot Plate Thermal Anal-
gesia Meter uwuppny, nph tnwp ujujuwrwlh ypuw wwyywhnyyby £ juynih
50+1°C obipdwuwnhdwt [8]: Ghkunwunt gujwyht yuppwghédp nhnwnplydty
E wnwytjugniyup 60 quypljjutih pupwugpnid, b qputgyt) k.

e puwphkph (hgqnuiubkph dbjuwplhh junktn dudwbwlwhwun-
qJusp (LULJ),

e puphkph jhqnidubph hwdwhujuinieniup (L2),

e guunltph dkjuwuplyh jwmnbun dudwtwljwhwndwusp (SULT),

e guultph hwdwpwljunipniup (82),

e suipdnqujutt wjnhympjut ppubnpdut junkin dudwbw-
Juwhwwnydwép (CULJ), (ujujunwljh ypu nubkinig dhtigh wnw-
ohti pupdnidp junwpknt dudwbwjuhwnydusp),

e suipdnqujut wjnhympniup (CU) wnwp ujujunuljh Jpw
(YEugunt juwunwpws pupdnidubph phyp):

Pnnp thnpdbpp juunwpdb] i Fhnkphljuyh httunnhwnnighntiug
ynuhnkh htwnwgnnynn Yhinubhubph oqguiugnpsuwi b jutwdph nk-
Juqup uygpniuptnh hwdwdwyt [13]:

SYjwutiph Jhdwjugpujut dowlnid hpujwwgyty £ IBM SPSS
Statistics 20 i Microsoft Excel 2010 dpwgptpny: ZEwnmwgnunipjut pu-
pugpnid gpuuigyl] G gnigwuhoubph pwgupdwl wpdbputpp, huy
npuitg thnthnpunipjniuttipp hwpdupldl) B jnipupwignip Jhuguint
hwdwp hpplt 100% puymibkng bpulbnught (-1) opfu gniguihop:
Uunuwugws ndjujubpp tbpuyugdus Eu pjpdpughtt dhohtt wpdtph b
unwbnwpun sknuwt (M £ SD) wbkupny: SYjujubph hwdbdwwnnipjut
hwdwp Yhpunyl) E Unngktunh t-swthwthph Epyynndwih wwppk-
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puyp, ndjujubkpp hwdwpdt) b Jhdwljugpnplt tpwbwljuh wnwght
wnhuh () upuwih 0.05-hg thnpp hwjwtwljwunipjub nhupnud:

Upmniupubpp b putwpynidp

Juunuwpws ntunmdtwuhpnipiniuitpp gnyg tu ngby, np tbpn-
wuwphl guyh hpujubwugdws dnpbjuynpdwt hbnbwtpny wntknubph
Unun qupquinid b guuyhtt Juppugshtt punpny npubinpnudukp, hg-
whuhp tu Jtpenypltph thqnudubpp, gunltpp, pwpdnquijuls whunh-
Ynipjniup: Logws gniguthpubph pumtwlulwb punipwugpbph 1hqnud-
ubph b gunikph dEjtwplh junbun dudwbwjuhwndwsh b npubg
hwdwhujutnipjul, hsywhu twb pughwinip pupdnpujui wlnh-
Ynipjutt b owpdnudubph dEjtwplh junbkin dudwbujuwhwndush
thnthnjunipniitbph gputignidp hot plate ohpuuyhtt hhuybkpwgliqhugh
ptunnmd pniy] nykg Eqpuhwigk), np whpngninwdh@UVYL-h gni-
quljgjws Yhpwnnidp wyphqupwhth hbn mnkygynid E thnpdwupu-
puut quydwiutbpnid dwuljwsgws tEpnuyuphl guyh pnuywugdudp:

Ujuytiu, JEunutmt puptpp (hqbnt juntin dudwbwljwhwn-
Jwsh ntumidtwuhpnipiniup tmwp ujwjunwlyh ypw gniyg k wnydk, np
Jhpwhundws b pnidmid sunnugus Yhunwuhubph dnwn, ujuws 3-pn
oputhg, tjuwuynid b jhgmudubph dEjtwplh juntun dudwbwulju-
hwwndwsh wg 12,75% - ny, npp thnpdh 5-py opp Juquly k 5,96%, huy
7-ny opp gqpwigyl] E dnwn 10%-n] tjugmu hwdbdwwnws syhpw-
huwndws Jhuguihubph unyt gnigutthoh htwn:

Uy E yuunybpp yhpngnunudh|@UUE-h b wphqupwhth 20-w-
jut dg/jg pinuswihbpny gniquljgyus ukpupind unugus Yhunw-
uhubph ntwypnid, npnug Unwn 3-py opp gpuiigyty k (hqnudutph dky-
twplh qquih pllupwdgnid 43,36 %-ny, vwljuyt phunwpydwt hwenpn
opkphti gniguithop Wjwghy E gpuitighyn wiqud wntjh thnpp wpdbp-
ukp, pwb unyt wuwydwbubpnd pmidnd sunwugus Yhuguhubph
uupnid Ep (. 10):

Munudtwuhpynn vhwgnipjut gujuqplnny wqpbkgnipniut wp-
nwgn(ynud £ twlb (hgnudutph hwwpwuljuinipyui (L2) thnihnjunt-
pntuttpny: Ujuytu, tpk dhpwdwninmpmniithg tpkp op wug pnidnud
sunugud Yhunwuhubph Lz-p thnppughy E pugudkup 19,44%-ny, wyw
pnidnid  unwgnn YEunuuhubph dnn wyt thnppwghk; B pughny
Uhlist 8,33%-p  syppwhwinjwé Yhipubhubph hwdbiwn  wfughkim]
91,67%-ny: Ztwwpnpphp b, np htnwquyniud (5-pr opp) tjunyty kL2 wd
spniddwd Yhiquuhubph dnn’ dhish ulqpluljul wpdbpp, huly pnidnid
unwgusubph Unn phl hbnwgqnuynn gniguwhott w&k) E, vwfuyt sh
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250 350

u [ 300

200
250

150 200

150
100 *

100

50
50

0 o

(-1)op 3on 5on 7on

op O%uwnghy | 100 80,56 97,22 165,28
0% uwnnighy | 100,00 | 112,75 | 105,96 | 89,97 m%M9+mae | 100,00 533 50,00 55,56
B %Ma+Nae | 100,00 143,36 102,49 51,92

UY.1. Puptph (hqnulubph dkjuupyh juntun dudwiwjuwhwndwsh (U) b
1hqnudutinh hwwhmjunipyut (£) thnthnjunipjniubpp unnnighs b pniddwt
Eupupyduws YEunuuhubph fpdptipnud (phunwpldub Gpulbunwght opgu
hwdtdwn, %), hot plate pliunnid (*-p<0,05 Ejunuwghtt wpdtph hwdbdwn):

Owlinp. ME-yhpngnunudhp UYE, ML-ypkqupuht

hwul] ulqpiwlwi wpdphti qhelyny yYbkpohtthu 50%-ny: Pnidnid
sunugwd b pniddus Yhunuuhubph L2 gniguthpubiph tmupplpnipiniut
wnwk) wpnwhwjnyby k 7-py opp’ uqutyng 109,72% (. 1R):

600 120
u * r

500 . X 100

400 80 *

300 60
%

o *
*
200 40 *
*
100 H 20 *
0 o !
(-1)op 3op Sop 7op (-1)op 3op S5op 7op

O%uwnnighy | 100 211,39 | 23531 | 316,07 O%uwnighy | 100 28,19 17,27 15,97
W %Ma+M9F 100 195,80 313,91 376,94 W %Ma+MaE | 100,00 32,61 23,04 9,39

Ll 2. Smunljtph junktn dudwiwjuwhwngwsh (U) b gunltph
hwwpuljunipyut () hnthnjunipniubpp unnighs b pniddwt
Eupwuplyus Jhunwuhubph pdpipnd (nhunwpuwut Gpuljbnuwght opdu
hwdbdwn, %), hot plate phuninid (*-p<0,05 kjwljtinuyhtt wipdtiph hwdbdwwn):
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Ukjpnuuphl] guyh quwhwndwb juplnpugniy gniguithpubp ko
twl gmunybph hwwhiwjuwunipniup (82) b nputg Ukjuwplyh junkun
dudwttwjuhundusp (BULD): ‘LUpdws gnigwthpubnh ntuntdiwuhpnt-
pjwul wpmyniupnid wpdwbwgpyk) E np thnpdh Gppnpn opp pnidynn b
spnidynn Yhunwthubph 8LJ-u kwlwunpklt sh wwppbpynud, dhtsnbn
5-py & 7-py opkiph gmgmhbghhp]} gipwqugnid kb pnidnud sunnwgnn
JEuguthubkph gnigwuhop  hwdwwywunwupwbwpwp  78,60%-n]
60,87%-ny, dwmwntwiokiny whpngninudh@UYE-h b wypkqupwihth
qniquljgdwts uhubpghqup b wpnwhwynws gujwuqplnn hwnlnipne-
up (1. 2U): Uju thwuwnp hwunwngl)  bwb 82-h hbnnwgnudwt po-
pugpnid, hiish vwuht b Jiuynud wyl, np thnpdh wjupunhi' dhish 7-pn
opp, whpngnunwdh)|FUUE-h b ypkqupwihth qniquljgdus pnidnid
unwugud Jhunuhubph 82-u wykih wugq k b 6,58%-n qhotkj k pnidnid
sunwugud JEunuthubph tdwbwnhy gniguthoht (uly. 2R):

(lpuwgpuy £ np tbjpnyuphly gufh juihdwt byunwlng wh-
pngninudh)FUUE-h b wpkqupwihth gqniquignudp ny dhuyu sh
puldl) Yhnwuhubph pwpdnnujut whnpynipmup (©U), hisp gpuw-
Juinipjut dbky ujwpwugpwsé E wphqupuhth hwdwp, wy twb
qpuigt] t punhwimp CU wé 63,78%-ny, 38,39%-n] b 29,96%-n1
Jhpwhwnmpintithg hwdwywnwupwiwpup 3, 5 b 7 op hkwnn poi-
dnud sunmgws Jhuguhubph hwdbdwn (uly. 30):

800 450

500 * 400

350
400 300

250
300

200

200 150

100
100
ﬂ B
0 ]
(-1) on 3op S5on 7on (-1)on 3on Son 7on

[ % unnighy 100 211,39 235,31 316,07 [ % uwnncghy 100 130,75 115,87 78,37
W ¥%Ma+Map 100 195,80 | 313,91 | 376,94 BE¥%MG+MGE | 100,00 125,83 198,33 131,67

Ul.3. Cupdnnuljut wmjnhynipjut (U) b owupdnqulju wljnhynipjui
jwnktn dudwtwjuhwngwsh (F) hnthnjumipniuubpp unnighs b pniddut
Eupunpydws Yunuuhubph ppdpbipnud (ghunwupdw julknuwght opdu
hwdtdwn, %), hot plate ptiunnnid (*-p<0,05 Ejujnwghtt wpdtph hwdbdwn,
**-p1<0,05 uinnighy fudph hwdbdwwn):
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CU-h wybjugdwt ninklygnipniip gujwqplnn wqnbgnipjudp
hwunuwwnyt] £ CULJ-h dbkswgdwdp, npp Jhpwhwwnnipmiihg 5 b 7 op
htwnn ghpuquigt] L pnidnid sunnugws jEunguthubph hwdwunit gnt-
guithop hwdwwwwnwupiwtiwpwn 82,46 L 53,3%-ny (uly. 3£):

Ujuyhuny, Juuwpws hEnwgnuumpjudp  whpngnunw-
Uh1@UUO-h b wphqupwihuh tEpnyuphly guyp jubjunn hwwnlnd-
pjul nunidbwuhpnipnitp, npp hhdtqws Ep twpijhtimd uvinwugyus
NA-h hwljutinghghywnhy hwnlmpjut Jpw, gnyg wnykg, np niunid-
twuhpynn nhybwywnhnh fhpundwt jupbnpugnyt nnpun jupnn Gu
hwiunhuwtwy wkphdtphly ubjpnyuwphwitph hwdninpnudp b npuig
htwnbwupny qupqugnn guyh junwjupnudp: Unwugdus wpyniupuk-
np jupbnpynd &b wyt wenudny, np tkpjumnudu wnwydby jug Yh-
punnid unwugws yphqupwhup dntnpbpuyhugh gquydwutbpnid ph-
pd E JEuguuhtbph ubnughuwyh qupqugdwi b TU-h puyddwt [20],
htsp wyju wpbwywpwwnh jupbnpugnyt Ynnduwlh wqnbgnipjniuibphg
Ukl k. NMhpngnunudh@UUE-h b wyphiqupwhth ntunidbwuhpyng
qniquijgnipiniip ny dhwyt sh puydnid Yhunwuhubph TU-4, wy twb
tyuwuwnnud £ nputg wljnhy quppugsht, husp hkpwtljuputp £ pugnid
wyws gniquligdutt hbnnwqu twhwlhthuyut b Yhuthjulwuh
nuumdbwuhpmpniutbph hwdwp wpwewpknt wjt npubku tkjpn-
wwphy guytph jubpdwb dheng, npp qmpy £ wgdd Yhpunyng dh

gupp ntntph Ynndtwlh EpEljnttphg:
Canmiinjwé F24.01.22

IIpenorBpamenue HeliponaTuyeckoi 601
muporayramuwil’ AMK nunentugom

H.A. Anamsan

UccnenoBana ananbreruyeckas akTUBHOCTH nuporiayramunl AMKa npu
COYETAaHHOM BBEACHHUM IUICNTHIA C MperadaImHOM B MOJCIHM HEWpomaTH-
YEeCKOM 00JIM, BBI3BAHHOM XPOHMYECKHUM CIaBJIMBAaHHUEM CEIAJUIIHOIO HEpBa.
HeiiponaTuueckas 60nb y ®HBOTHBIX OlleHHBajachk B Tecte Hot plate. Mcce-
JlyeMbl€ COEIMHEHHUs BBOIIIMNCh BHYTPUOPIOIMIMHHO B j03¢ 1o 20Mr/Kkr, aBa
pasa B JICHb.

Pe3ynbTaThl SKcIiepuMEHTa IMOKa3aJid, YTO MPU COYETAHHOM BBEICHUHU
nuporimyramuil AMKa u nperabaniHa OTMeYaeTcs CHHEPrH3M aHaJbIeTH-
YECKOro JICUCTBUS COCIMHEHUHN, Ha UTO YKA3bIBAIOT U3MEHEHUSI B XapaKTEPHBIX
Uit (OPMHUPOBAHMS HEMPOINATHUYECKOH OO0JIM TOKa3aTessX IOBEACHUS IKH-
BOTHBIX: YBEJIMUCHUE JIATCHTHOCTH OOJIM3BIBAHUI U TIPBIKKOB C YMEHBIIICHUEM
YaCTOTHI T€X e MapaMeTPOB MPHU MOBBIIEHHON IBUTaTEIbHOU aKTUBHOCTH.
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IloryuenHble AaHHBIE MOTYT CTaTh OCHOBOM AJIS NOKIMHWYECKUX HCIIBI-
TaHW HcciexyeMoil komOuHanmu nupornytamuil AMKa ¢ mperabanuHoM ¢
LEJNBI0 CO3AaHUsl HOBOTO CPEACTBa JAJS KOPPEKIMH HelpomaTHyecKod Oomnu,
JIATIIEHHOTO W3BECTHBIX MTOOOYHBIX 3PPEKTOB MHOTHX TIpEIIapaToB.

Prevention of Neuropathic Pain by PyroglutamylGABA Dipeptide
N. H. Adamyan

The analgesic activity of pyroglutamylGABA in combination with
pregabalin was studied in neuropathic pain model of sciatic nerve chronic
constriction injury. Rat’s pain behavior was studied using hot plate test. The
investigated agents were administered intraperitoneally, at a dose of 20 mg / kg
each, twice a day.

Conducted experiments revealed the synergistic effect in analgesic
activity of pyroglutamylGABA and pregabalin, which was confirmed by
analysis of changes in frequency and latency of licking, jumping and locomotor
activity of rats, caused by neuropathic pain. It is noteworthy that obtained
analgesic action of investigated combination appears without sedation charac-
teristic for pregabalin.

Thus, the obtained data of synergism in analgesic action of pyro-
glutamylGABA and pregabalin combination could serve as a basis for
preclinical trials for development of new agent for neuropathic pain mana-
gement without side effects like sedation.
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ZuljuJhpniuuyht nintph tjundwdp vywennukph
twjupuunnpmipniuutph yEpnidnipjniup

U.Z.Lhquupjul, L.Q. Luqupyub, U.L. fupubnju

Cplwlih Uluppwp ZEpugn whywl wEknwlui pdrlwlul huduwyuwpu,
Henugnpdniprul Junwjwupdwl wdphni
0025, Epliwly, Ynpyniiih th., 2

FLPwbuyp pupkp. hujuyhpniuwght ghnkp, phinugnpsuljut juqlwlbkpuyne-
Py, ghty, nnudl, nhnugnpswlut onijw, qphy

‘Lhpwénipjniu

Zujuyhpniuwghtt ginudhengubpp pintph wowbdhtt quu &,
npnp Yhpwunynid tu Jhpniuughtt qupufjubph poniddwt dudwbwly:
Jhpniubkpp hwpnignud ki nwpunbuwl hhjubinmpmnibbp ujuws
huptwpniddwt Gupwplynn hhwunnipnitubphg dhtigh unip plupwug-
pny, unyuhul] dwhwgnt hhwunnipniuutp [8,11]: Zwnljuwtu Jhpnt-
uwhtt wwinbdhwubph dudwbwly (ophtiwly® 2019-nCoV), tipp nkn pnid-
dwl dbpnnubp, nhinkp b wunjuwunwiymptp skt unbnsyt), hhutuw-
juwunid hpujubugynid E wpinwihpuyhtt pnidnid, b gqniquhbn Yh-
punynid k. hwlwdhpniuwghtt ninkp: 2019-nCoV wwunbdhwt gnyg
wnytg, np (wyt uybkunpny unp hwjwyhpniuwght dhwgnipiniubp dow-
Ent Yuphp jw wdpnne wppuwphnid [5,9]:

Aphwh dhpntup fhuwn qupulhy stywnwlub hhjutnmpp &,
npt wdkt mwuph wnwowgunid k ukgqnuuyghtt ppuynidubp b Epplidt w-
Jujpuwntubh hwmdwdwpuyjutp. hhjuinugnipyuit b dwhwgnipjut
pupdp gniguuhpubpny wjt ks Juuwbg E ubpljuyuginid wdpnne wp-
luwphnid hwipuyhtt wnnngnipyut hwdwp: Sphyh b unip 2tswpwljwi
Jupulutph jutjpupgljdwt b pniddwt hwdwp puduljuthtt wpnnt-
twybkwn Jhpwnnipjnit niubkt hwjwdhpniuwght nbnkpp, vyt Jep-
ohtt mupyu nrumdbtwuhpnipjniutipp hwuwnnwd By, np tnp hwljw-
Jhpniuwghtt ginudhongubp dowlbnt hpwwnwy wuhpudbynnipnit
Jw, pwth np gphwyh ponp onnwdubph nbid nidbn hwljwdhpniuwght
wlnhynipjudp nhnkp gnjnipinit sniuku [3,10]:
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“Yhnbph ptnpmipmitp puqUunwpp gnpépupwg k, nph hhdtw-
jul, wnwetwyhti gnpénup nhnh ghutt E [13]: PLh wunbuwljub
gnpénuiipp Yuplnp pbp Gb jpwunnmud uwywnnnubph US (wnwtg
ninuwnnduph wpynn) ninkph punpnipjut gopénwd, vwuytt Uh pwpp
wy gopoéntukp, tkpwnjw) gnuqpubpp, UYS phnudhengh twjuptun-
pkih atp, UDS phnkph witduwigmpmnitp b bwpptnpbh pulipne-
pintup Jupnn kb bu ks wmqpbkgnipinit niibbw) ginkph pbwnpnipyub
Ut [7): Cunn Ppupmu hpuljwiuglus htwnwgnunnipjui’ nnwihgngh
bwjupuwnplh Al Ehtt quwwnhdubpp, npnup, punn uywennubph, Yny
nwnt hwdwp wdktwhwpdwpt tht, hisyku twb vguennubpp pjnip
wuunlkpugnd niukht Jupdp phnuwdbh pEpuwybunhl ogninubph
YbEpwpbpyuy [6]: Fnuunwt vygupnnubpp US nlinkpt punpbjhu hwpy-
Jh & wobnud dh owpp swhwihotbkp ghinkph wijunwignipnil, wp-
ity binmpnit, ywhnnwithmpjut dudlbn, Ynnduwlh wqpbkgni-
pintuttp, nhnudl, gnignidtp b hwljugnignidubn [4]:

Upjuwwnwiph byuwnwlb b Zujwunwih Zubpuybnnipub (22)
nnugnpdwljui onijuynmid niunidbiwuhply b guwhwnt] hwljuyhpne-
uwht nintph twpbnpnipju Yypw wqnnn npny gnpéntikp:

Upnipp b kpnnukpp

Munudttwuhpnipiniutt hpuwtwgdt] E unghninghwjut Enw-
twny, wytt £ hwpgupbpphlubph oqumpjudp: Unghninghwljwi uk-
pnnubpp pny) b wwhu jupd dudwbtujuwhwnquénid  unwbug
hwipuyhtt updhph Jpw hhdudws Logphnn nbnkjunynipmnit: Zw-
Jwyhpniuwghtt pinuuhongubph punpnipyut dudwbwl], uvywrnnu-
jut btwhuptnpnipnibubph ppguhwyndwut tyuwnwlny, ogrnugnpéyty
tu hwpgupbpphlutp, npnup dowldlk] b Yhpwndbp Bu Mipugh wk-
nwlwt  pdojuljut hwdwjuwpwuih  ghnbtwlwuubph  Ynnuhg
(https://docs.google.com/forms/d/1E7NgejDOJWWa6GNIBpFzPfYmXwi1GcY
ApUuBj8mO703k/viewform ):

Zhwnmgnuinipintutt whg E Jugt) dwjpupunuph’ judwjulul
punpdws 285 nhnuunwt woiwmwnwlhgubph opowtnid, sypluynny wuw-
wnwhwljut pinpwtiph uljqpnipny, 2020p.-h wnweht knwdujulnud:

Stntjuwnynipjut quiugush duptdwnhljuljut dpulnidu hpw-
Juwiwgyl] L dudwiwjuljhg hwdwlupgsuyhtt nkjuininghwukph Yh-
pundwdp: ZEknwgnuinipjut yniph dwjwp npnoyt) k Yplhuwyh wu-
nwhwlub ptnpnipjut pubtwdling.

N x z°x p(1 - p)
d> xN+2z’xp(1-p)’
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npunkn’

n - p punnpuwiph Swjuwu k,

N-p" Bplwl punuph ninuntitph phyp,

z— n° wnwohtt wmhyh uppwh hwjwbwlwbnipniup (o), npp
syhup k ghipuquugh 0.05-p b hwjwuwp k 1.96-h,

p— ' uyuuynn nmwpwsdwsénipjut Ukdnipniup,

d -u" gnighsh vwhdwbwghtt upawp:

SYju] hbnnwgnunipjut wighugdwi hwdwp hupgynnubph phyp
npnoyk] t The Survey System Version 11.0 wuhwlgltph hwdwduwyi’
hwoyh wnubny htnnwgnunynny ginunutph phyp (pun 22 UL (Unnn-
owywhmpjub twhwpupnipmnil) npudungpus wljuukph Bplw-
unud pnuunubph punhwunip pwbwyp 1096 k), wmnwghtt mhwh upuwh
hwjuwbwlwinpmniip 5% (o = 0.05), quwhwindwl ygpunipniip 3%
(A = 3%): Yhunwplly E twl unwgnyi ughtwph twppbpulp’ P=0.5,
pwth np ZZ-nud wighugywsé tdwb httnwgnunnipyniuubph wpyniupubp
skt gty

= 1096 x 1,96°x 0,5(1 - 0,5) _
0,05% x 1096 + 1,96 x 0,5(1 - 0,5)

Nuunudtwuhpnipjut Ephjujut Ynnup yuhbint tyuwnwlnyg ht-
wnwqnuinipjut mpupwbtgnip dwubwlgh pugunpyk) o hblnwgnunt-
pjut tyunuwlp b dwubulgnipjut judwynpnipjut ujqpniupp: Zuyng
1Eqyny Juquyws hwpgupbtpphlubpp hwuwtbjh nt hwulwbwh Bu
tEnt] ninuunwb nwuppkp nwphpuwjht b jppuljut dwujupnuly niukgnn
woiwnwhgutph hwdwp: SYjwjubph yEpnidnipjut tyyuwnwlny og-
wnwgnnpoyky E SPSS spuqpuyhtt thwphkpp:

Upmyniupubpp b putwpynidp

Zupguwtp dwutuygl) Eu 285 phnuunwb wojuwwnwlhgutp, jnt-
pupwlsmp ninunihg 1 wohiwwnwlhg: Lpwighg 49%-p nhnugnpd
thi, 34%-p phnugbn dwghunpnu, hulj 17%-p phqugbn paljupup:

Cunn hknugnumpju wfjujubph phqunbbphg wowk] swwn
hpwgynid Et wytt hwjwyhpniuwght nbnkpp, npnig wpdtpp muwnw-
ynud E 801-2500 npwuh uwhdwbttpnd (42%): Uwwnnnutph 33%-p
twuplinpnid E 2501-4000n., huly 17%-p Uhlish 800nn. wpdnynipjudp
hwjwyhpniuwyght phinkpp (ng.1):
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6001 - 8500__8501-hg wytLih wyj|
4001 - 6000 2% r1% 1%
4%

Uhlsle 800 npwd
1

Ul.1. Zujughpniuught nlinkpp twhiptnpbh quught ubquktnubpn

Zujuyhpniuwghtt ghnudhengubp puwnpkhu wpwdl)] wwhwbe-
Jwsé Lu phnuhwpbpp (51%), nhinuuyuwnhdutpp (20%) L uphjubkpp
(18%), (uly.2):

wj

o2wnpwlutp
9%

VY. 2. Zujwyhpniuwghtt ginudbbph twpepbnpnipniip

ZEwmwppphp kp pdwbwg twl, pk hwughpniuwghtt ginkp plwn-
npbihu uyuwennubpp ninh np hwnuthpubpt o yupbnpnid: Mwpgykg,
np uywnnnitph 31%-p hwlwdhpniuwght gnkph ponpnd ko hwpdh
wnubiny nknh wpdtpp, 31%-p° pnidwlwb wpynibwybnnipniup,
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24%-n' pniddwt Ynipuh wnbnnnipmibp, 13%-p' Yanduwulh wqpbgni-
pintuttph puguljuynmipnitp (0l.3):

pnrddwl wyjL
UnLpup 1%
wnlLnnnipEncu

1]
24%

pnrdwlywl

wpryniuwybwn

nLRnLup
31%

wgnEgnLpnLu

UGph

Pwgwlwnipe)
nLup
13%

Y. 3. Zwjwdhpnruwghtt gintiph punpnipjut swhwithoubpp

zupguplpphlutph nyjuutph Jipnidnipjut hhdwt Jpuw yupq
E nqunund, np uyuennubph 23%-p hwwyhpniuwghtt ninkp qubjhu
twupinpnid £ Ywugngbyp, 19%-p Uhwdbpnip, 19%-p Opunihughi
punipp, 17%-p Upphnnpp, 7% —p buquulhphtp, 8%-p Udhpuhlp, b
dhuyt1 5%-u k pinnpniud Lwyndwpup (uly.4):

Uuhpuhlu uj MNhdwuwmwnhu
8% \ 1%, 1%

Lwynuwpu

5%

hugwdhnphl
7%

Ulp.4. Zuljun]hpniuwghl pinkph hpugnudp pun wiwimdibph
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Lutiwplnrdp

2z phnugnpswljut smijuynid pugulumd tu nbnujut wp-
nuwnpnipjult hwuwyhpniuwghtt ninkpp, hul tkpdnisynn hwlwygh-
poiuwjhtt phnkpp vwhdwbwihwly pwbwlnipjudp bl Gpphdt, hwwn-
juybu hwdwjuwpuyh wuwydwutbpnid, tjunynmd E wdyuy nhnbph
wnwowplh wwlwunpy, npt  Junud £ wju dwupl, np wiuhpw-
dhiounnipjnitt ju nrunudtwuphpbnt b pugujubnt hwjuydhpniuwghu
ntntph wmbuwuuht: YEnkph owywhdw] nbuwjuint dbwdnpdw b
dwpphphtuquyhtt yjwbtwynpniudp juquulbpybnt hwdwp withpudbon
E nnugnpsuljwi onijuh dpnwut nuntdiwuhpnipynits hwodh wn-
ukny nmunbuwjub, punupwuljul, ghnunbthjujul, unghujuljwuh
b wy) gnpéntukip:

ZEnwgnuumpjut wpyniupubpp gnyg L mwhu, np 22-h phinu-
gnpdwljut onijuynud hwjwyhpniuwghtt nlinkphg wnwewwmwpp Yw-
qnghji £ gpuilighiny hpugdwb wdbiwdts swjwibkpp: SYjuy nbuw-
Juint wybkih ks pumtwlnmpjudp tkpdnidnudp Yupnn k (hul) pudw-
Jwuht hnunnidiwihg dbdwdw phnugnpsuljut juquulbpunt-
pintutiph hwdwp: phyh b unip pywpwlwb Yphpnruwghtt Jupul-
ukph Juthwpgljdwt b pniddwt wqptgnipjut mkuwlkinhg wnwyty
hununnidtwhg £ twb gbinnpuyph ginwhwp pinudbp: Zwujwdhpne-
uwht nbnkp ptnpbihu vywpnnubpp twpbwpwe Yupbnpnid Eu nknh
wpdbpp twjuptinptyng 801-2500nn. qhuyht ukqubinnp, pwih np Zw-
juunnuth Zwbpuybnnipmniind vywennubptt niukt dhohtt b gudp
qunnnitulnipini [12]: Cun hpwljwiwug]uws hbnwgninnipyul ntnh
ghup nnlnuwjhtt hwpwpbpnipjudp hwdwpdtp L pniduljut wqntgni-
prutp, htst B yiuynud E nbnh ppugdwt swdwih ypu quh ks wqnk-
gnipjul wuht: Zwdwdw)t ntuwunwith dwptimpniind () Ju-
nwupjus htnwgnunmpmniuikph wpwewnwp hwljwdhpniuwh g &
Ughynyhpp, npht hwenpymud E Puquyhphip: 22-h & +%-h htwnwqgn-
nnmpjul ndjuikpp hwdptujund Bu ginudlbh ptnpnipjut ghypnid,
npunkn uyuennubpp tnybybu twhptnpnud Bu gpiqwhwpn [1,2]:

2Z2-h hwljuyhpniuwghtt ninkph pnugnpswljut onijuyh ukp-
Yuyhu yh&wlp Juplnp thny £ guujugus tnp ninudhongh tkpunis-
dwl b, wpwyty by, wpunnunpnipjut hwdwp: Uju wpnudny upbnpynud
E tkpuwjhu pinugnpéwlwt omijuyh hwlwyhpniuuwghtt dhongubph
hpugudwt swjuyh, husybu twb vywnnnubph hwljwyhpniuwght ptink-
nh yEpwpkpu) twhiptinpnipnitubph ntuniduwuhpnipyniup, nph wp-
myniupipp Jupnn &b oquuwljwp (hubk] phnugnpswlut Juquwlbp-
wnipjniiubph hwdwn:
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Ubkswoéwju b dwbpwéwp nhnugnpswjut juquulbpynipnii-
ukphtt wpwowplynid E puguyul] hwjwyppniuwghtt nnkph mbtuw-
Jwiht hwoh wotkim] uyywennubph twpbnpniemniibpp, ogpnky
b Jbpwbugl] qiughtt puqupuljwimpnitp’ wji woun]by dwwnskih b
hwuwtth nwpdutny uyguennh hwdwn:

LChapminjué F22.03.22

AHaJIU3 NOTPeOUTENbCKUX NMPEANOYTeHNH NP BbIOOpe
NPOTHBOBHPYCHBIX JIEKAPCTB

M.I.beraapsn, JL.I'. Hazapsu, A.b. bapcersin

B coBpemeHHON MeaMLMHE NPOTHBOBUPYCHBIE MpeNapaThl PEKOMEH-
OyroTca I JiedeHuss W npodwmraktuku rpunma u apyrux OPBU. I'pymma
MPOTHBOBUPYCHBIX TPEMapaToB HYKAAETCS B PACIIUPEHHH aCCOPTUMEHTa C
YUETOM SNHUAEMHYECKON CUTyallud BO BceM Mupe. IIpu BbIOOpe JiekapcTB W3
KemaeMor  (hapMaKOJIOTHYECKON Tpynmbl MOTPeOWUTEeNn KpoMe TMOKa3aHHM
o0OpamaT BHAMaHHE TakXke Ha 0e30macHOCTb, d()()EeKTHBHOCTH, IEHY, CPOK
TOJHOCTH, TOOOYHBIE (PEKTHI, MPOTUBOIIOKA3AHUS U T.].

Henb paboThl — U3YYUTH M OLIEHHTH HEKOTOPBIE (DAaKTOPHI, BIMUSIONINE HA
MPENoYTeHNe NPOTUBOBUPYCHBIX MPENapaToB Ha (hapMaleBTUYECKOM DPBHIHKE
PecrryOnuku Apmenwst.

OT0 omnucaTenbHOE MEPEKPECTHOE COLMOIOTHYECKOE UCCIIEI0BaHUE, MTPO-
BenenHnoe B EpeBane B Teuenue 2020 roga. MccnemoBanue mpoBOIUIOCH CPEIn
285 COTpPYIHHKOB anTeK, BHIOPaHHBIX CIIy9alHBIM 00pazoM. KonmudecTBo aHKeT
obut0 omnpexaeneHo ¢ nomouipto The Survey System Version 11.0. ¢ yuerom
KoJn4ecTBa antek. /laHHble, MONyYeHHBIE B pe3yJibTaTe OMPOCOB, ObLIM 3a-
PETUCTPUPOBAHBI B CTATUCTUYECKOM makeTe mporpamm SPSS (Bepcus 12.0).

BrisBieno, uro okosno 49% y4acTHHKOB ONpoca 3aKOHYMIN METULVH-
ckuil kosemx (papmanentsl), 34% umenu creneHb Maructpa u 17%-—cTerneHb
OakanaBpa ¢apmanuu. [lo JaHHBIM HWCCleNOBaHUWs, IIeHA Hauboliee MpoJia-
BaeMbIX IMPOTHBOBHPYCHBIX IpernapaToB Koiiebamack B nuamazoHe 801-2500
apam (42%), a camoil MOMyJISIpHON JieKapCTBEHHOW (OpMOH ObUTH TaOJIETKH
(51%). Bribop mnoTpeOuTensiMu HPOTUBOBHPYCHBIX NpenapaToB B pPaBHOM
CTETIeH! OCHOBBIBAJICS Ha IIEHE W TepareBTHICCKOM 3((HhEeKTUBHOCTH IpernapaTa
(31%), a Hamboiyiee MPEAOYTHUTEIBHBIM TPOTHBOBUPYCHBIM TpENapaToM ObLT
Karomen (23%).

UccnenoBanue moka3ano, 4To (apMaleBTUYECKUE KOMIIAHUM MOTYT
pacIIUpsATh ACCOPTHUMEHT BBITYCKAEMBIX W UMIIOPTHPYEMBIX TIPOTUBOBUPYCHBIX
JIEKapCTB B COOTBETCTBHHU C MPENOYTEHUSIMHU IMOTPEOUTENEH, KOPPEKTUPOBATH
LEHOBYIO TOJMTHKY W JeNaTb O3TH Mpenapatsl 0ojiee NOCTYMHBIMH IS
noTpeOuTeNeH.
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Analysis of Consumer Preferences for Antiviral Drugs
M. H. Beglaryan, L. G. Nazaryan, A. B. Barseghyan

In modern medicine, antiviral drugs are recommended for the treatment
and prevention of influenza and other acute respiratory viral infections. The
group of antiviral drugs needs to be expanded taking into account the epidemic
situation around the world. When choosing medicines from desirable
pharmacological group, consumers not only pay attention to indications, but
also drug safety, efficacy, price, expiration date, side effects, contraindications,
etc.

The aim of the work is to study and evaluate some factors influencing the
preference of antiviral drugs in the pharmaceutical market of the Republic of
Armenia.

This is a descriptive cross sectional sociological research conducted in
Yerevan during 2020. The study was carried out among 285 pharmacy
employees selected randomly and involved to participate. Number of
questionnaires was determined by The Survey System Version 11.0. taking into
account the number of the drugstores. Data obtained as a result of surveys were
registered in statistical SPSS software package (version 12.0).

It had been revealed that about 49% of the participants graduated from
medical college (pharmacists), 34% had a master’s degree and 17% had a
bachelor’s degree in pharmacy. According to the research data, the most sold
antiviral drugs price fluctuates in the range of 801-2500 AMD (42%) and the
most popular dosage form was tablet (51%). Consumers' choice of antiviral
drugs was based equally on the price and therapeutic effectiveness of the drug
(31%) and the most preferred antiviral drug was the Cagocel (23%).

The study showed that pharmaceutical companies could expand the range
of manufactured and imported antiviral drugs in accordance with consumer
preferences, adjust pricing policies and make these drugs more affordable to
consumers.

Gpuljwinipinih

1. Kpemca A. A. MapKeTUHIOBbI aHaJIM3 aCCOPTHMEHTA NMPOTHBOBUPYCHBIX IIpENapaToB
PaCTHTETBHOTO M CHHTETHYECKOTO MPOMCXOXKCHUS HAa PETHOHAIBFHOM pHIHKE / A. A.
Kpemca, M. C. IlymxapeBa. — TekcT : HenmocpencTBeHHbIH // Momonoit yaeHsrit. —
2016. — Ne 12 (116). — C. 504-511. — URL: https://moluch.ru/archive/116/31824/
(mara o6pamenus: 10.06.2021).

2. Canvnuxosa A.I., banaxonosa E.I. HekoTopble acrleKThl MapKETHHTOBBIX HCCIIC-
JOBaHUH (hapMaleBTHYECKOTO pBhIHKA IMPOTUBOBHPYCHBIX JIEKAPCTBEHHBIX CPECTB.
@apmanust u hapmaxosorust. Ne 6 (13), 2015. DOI:10.19163/2307-9266-2015-3-6(13)-
60-63.



126

MemunnHckass Hayka Apmennn HAH PA 1. LXII Ne2 2022

10.

11.

12.

13.

Busman A., Andersen M., Merrild C., Elverdam B. Factors influencing GPs' choice
between drugs in a therapeutic drug group. A qualitative study. Scand J Prim Health
Care., 2007, 25(4):208-213. doi:10.1080/02813430701652036.

Ge S., He TT., Hu H. Popularity and customer preferences for over-the-counter Chinese
medicines perceived by community pharmacists in Shanghai and Guangzhou: a
questionnaire survey study. Chin Med., 2014, 9:22. Published 2014 Sep 13.
doi:10.1186/1749-8546-9-22.

Hongzhou Lu, Drug treatment options for the 2019-new coronavirus (2019-nCoV),
BioScience Trends, 2020, Volume 14, Issue 1, Pages 69-71, Released March 16, 2020,
[Advance publication] Released January 28, 2020, Online ISSN 1881-7823, Print ISSN
1881-7815,https://doi.org/10.5582/bst.2020.01020,
https://www.jstage.jst.go.jp/article/bst/14/1/14 2020.01020/_article/-char/en

Ibrahim IR., lIbrahim MI., Al-Haddad MS. The influence of consumers' preferences and
perceptions of oral solid dosage forms on their treatment. Int J Clin Pharm., 2012 Oct,
34(5):728-32. doi: 10.1007/s11096-012-9667-6. Epub 2012 Jun 29. PMID: 22744843.
Kohli E., Buller A. Factors influencing consumer purchasing patterns of generic versus
brand name over-the-counter drugs. South Med J. 2013 Feb;106(2):155-60. doi:
10.1097/SMJ.0b013e3182804c58. PMID: 23380752.

Vardanyan R. S., Hruby V. J., 36 - Antiviral Drugs, Editor(s): Vardanyan R.S., Hruby
V.J., Synthesis of Essential Drugs, Elsevier, 2006, pp. 549-557, ISBN 9780444521668,
https://doi.org/10.1016/B978-044452166-8/50036-4.

Reza Ghanbari, Ali Teimoori, Anahita Sadeghi, Ashraf Mohamadkhani, Sama
Rezasoltani, Ebrahim Asadi, Abolghasem Jouyban & Susan CJ Sumner. Existing
antiviral options against SARS-CoV-2 replication in COVID-19 patients. FUTURE
MICROBIOLOGY. v. 15, NO. 18, 6 Jan 2021, https://doi.org/10.2217/fmb-2020-0120.
Razonable RR. Antiviral drugs for viruses other than human immunodeficiency virus.
Mayo Clin Proc., 2011, 86(10):1009-1026. doi:10.4065/mcp.2011.0309.

Shamaila Kausar, Fahad Said Khan, Muhammad Ishag Mujeeb Ur Rehman,
Muhammad Akram, Muhammad Riaz, Ghulam Rasool, Abdul Hamid Khan4, Iqgra
Saleem5, Saba Shamiml and Arif Malik. A review: Mechanism of action of antiviral
drugs. International Journal of Immunopathology and Pharmacology, v. 35: 1-1.

The World Bank in Armenia. Country Context.,, Oct 12, 2021, Available from:
https://www.worldbank.org/en/country/armenia/overview#1.

Yin H. Jiang N., Shi W., Chi X., Li, S., Chen J.-L., Wang S. Development and Effects of
Influenza Antiviral Drugs. Molecules, 2021, 26, 810. https://doi.org/10.3390/
molecules260408.


https://www.worldbank.org/en/country/armenia/overview#1

Menuuuackass Hayka Apmenun HAH PA 1. LXII Ne2 2022 127

Kaunnnyeckas MeIHIIMHA
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£ph vhptwywwnh ninnnudp dwujuljub wwuphpnd

Q. L. hwunuiywi!, Q. b. Mkwnpnuyubg!, U. L. Cnippuil,
U. 4. fPujuuuiyui!, @. Q. Uhwuiywui?, U. 4. Cnipnipjuid

I«Epkpniip» pdolulpul [Ennpna,
0087, bpliuii, Shuingmunyui 14
2«bwthppyr pdolululs §Elnnpna,
0015, Epliwul, Mupniyul h., 21

ScUunghlp pdofuljuls [Elnnpni,
0032, pliudy, ‘. Jwpnidwly, 28/1

FPutbuyp pupkp. Jutjujut ubyunnuyuunhlw, pph dhotwwywwn, wnkunhn
hintudwsp, ppuyhtt ndqupusnipmnil

‘Lwjuwpwia

Epbkjowubph pph Yhpwhwunnipniip bk B dwbulwb phpe-
Uninpp-wjubpwputinipjutt b wjwuwnhl Jhpwpnidmpju donwljui
puttmpyuut ptdwt: Ukyunnuyjumunhlut jud phunubywunnuyjuunh-
juwt wytt Jhpwhwnwlwt dhowdwnnipmniut k, npp dkdwhwuwljutph
Unn unnpupwp hpulubugind b pph thwljjusnipniip phplwg-
ubknt b ppuyhti otswnmipniup pupbjuybnt tyunuyny: Uujuyt wyn
Jhpwhwwnnipnitubpt wydth phs o hpwlwbwugynmd dwijwhwuwl-
ubkph opowtinid, npnpwlh hwlwunipjniuibph wpjumput htnbwb-
pn nhuwghtt opowth Yhnpniwlwb hunjwsh fud pph wsh Jpu
httwpwynp wipupbbyuwun wqpbkgnipjut yuwmdwneny [3]: Uwbljw-
Jut hwuwlynid pph dhotmyyunp b wpnwpht pph dbwpiwpuinnidubpp
hwdwhi wpwownid tu nldph b ppnulptph Ynnpdusph yuwnmdwnny:
£ph vhptwywwnh éndwdnipjut hpulwb nhupkpp dmhllmllmjl hwuw-
ynud hhdttwjuwind dunud Eu swhinnpnoqus: Cun Qphjh hbwnw-
qnuujus 2380 tpkjuwutipnh 58%-h Unwn wnlw E tnk) pph dhottmuuyuunh
nhdnpdwughw [10]:

Ununghgnun Epyynpuljutph judpnid juwnwpjws pph  dhotiw-
wuwnh Unpdnnghugh JEpnisnipyut hwdwawyh' wwupgql) k np wpw-
owjhtt hwwnjwsh dtwpwhinnidubptt wybh mwpwsdus tu, pwub
htinht hwinjwstbphip (hudwywnwuuwbupwn’ 74% b 21%), b ns Uh
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qniqunhwnipinilt sh nhnydk;: Unwowjhtt hmwnjwsh dhwpwpwndwup
tyuwuwnnn gnpénuutphg tu opowljw dhowduynh wqnuljukpp, dhtspkn
qiubtnhy b kyhgqkutnhl gnpéntiukpp hwigkgunid Eu htnht hwndwsh
Awpiwpunnidutinh [13]: ZEkwnwgnunipyniiubph wpyniupubpp gnyg tu
wnyk), np bpk tdwbwnhy dbwhwinnidubp wnwewgunid Lu ppuht
wbgninhubph ubnugnd b hwbghgumd phpwbwghtt stywpnipiw,
www, whljwju tnwphphg, gnigywsé £ pph dhottwyyunp Jhpwpnidwljub
ninnud: Ujuntwdktugthy, tpupunb ntunidbwuhpmipiniiibpp gnyg
Et k), np dwtjuwhwuwly hhyuunubpp vbyunnuyjuunhujhg jud
nhunubywnnujmunhlujhg htnn nitkund kbt phdwyhtt nujptiph whu
punpny wytwyhuh wyjuukp, npnip hwwnn t wlwbwnhy fuwbqu-
pnudtubip sniubkignn Epkhowtkpht [2,6,8,14,15,17]:

Puquuphy hbnnwgnuunipnibubpp gnyg Gu b, np dhwpuwpan-
Jwsé dhpttwmuywwnh nipugws Jhpwhwwnwljuw ninnnudp jupnn £ wnw-
owgit] winwdtwowph b ghuwjhtt nupbph wéh thnthnhnipemiaubp,
huy ppuyhtt wigwibkjhnmpub uwbqupmdp hujuyuluwb wenkgni-
pintt niktw) wy] opqu-hwdwlupgbph Ypw, npnup thnppuwhwuwy
pnrdwnniitiph hnghjut b undwnhl qupqugdwt Uk ks nhp Eu ow-
nmud [1,7]:

Ujuntwdbiwjhy  dwijuut hwuwlnud  ubyunnuyjuunhlugh
Jwd nhunubywunyuwunhlugh junwpdwt tyunujuhwpdwupnipjut
Jtpwptpyuy upshpubpp hwjuwuwljui Eu [9]:

ZEnwgnuumipjut tyuwnwlt £ ghwhwnt) dutjuljut hwuwlnid
Juunupyusd ubyunyjuunhlut hbknwqu wwphttph pbpwgpnd,
Yuwwuwnh” wpynp wyh pph Uhgbwupunnh Yud wpnwpht pph quip-
quguut dbwpuwjundwip, htyybu twb wpynp dhuyt wnbinnndhwb
b Jud uwnnpht jukghttph thnppugnudp, wpwtg dndws vhptiwwunt
ninnknt, punlulpulop ) ppwjhtt oswnpnipniup Yhkpuwlwuqubint hw-
dwp:

‘Unipn b Ukpnnubkpp

Zhnwgnuumipiniup juunwpdl) b «Epipnithy pdoujut Yhuwn-
nnth php-Yninpn- wmjutgwpwtnipjut pudwtdniuipnid 2009-2016pp.:

Zhwnwmgnunty k 5-15 mupbkljut 56 bpkuw, nphg 33-p niqu b 23-p
wnghly:

Pninp hhwugubpp qubquudl] Ei wpnwhwjnduws ppught
ndjupupbsmpeiniihg (%), jundihnghg (it E sunnh Yynndhg), tpptd
pup plupwgpmd wnwowgnn suswnwljut Jwugkphg, wpjuwwnnibw-
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Ynipjut hokgnidhg, husytu twb Epphidt wnwewgnn gijuwguytphg nu
hnquwénipjut qqugnidhg:

Fnnp hhjubnbphtt juwnwpdt) £ dwbpuypyhun php-ynynpn-
wljuwbowpwtwlwi quunud, ntumdbwuhpdl) E tpwbg puh wuwndne-
pintup, hsyku twlb juwnwpyl) £ yipht guswpwljut ninnt nhundhp-
npnulnyhly hbvnwgnunnipnii:

Pninp hhywunubph whinnpnonmid hpujuwbwgyl) £ wnwetiwght
nhunuljnwhuyh, hywywhu bwl pph junnnsh ubkpphunwluihtt hbwnwgn-
nnipjuw Uhongny:

ZEnwgnuunmipjut Uk pungplyty Eu wyt hhgwunubpp, npnug dnwn
wnlw b tnk) pph dhptwwyuwnh sndwbnipmit (RUO), unnnpht hukgh-
utiph hhybtpupnbhw (Uvz), wnbkunhn hpiudwsph hhwybpunpndhw
(U22):

Zhnmwgqnuunipiniihg pugunyt) Bt wy hhquunubpp, npnp niuk-
g1 Lt pph Jud hwpwljhg junpnsubph ppnuhuljuit hhywunnipniuubp,
pUwghtt tphlubkph hhybtpupndhw II-1I1% npp fupnn kp ptws dudwtwly
ndJupuwobsnmpjutt yuwwndwn hwinhuwbtw], Jupsdp Jud thuthnily
phuph i oppnitiph phwsht nldljn:

Zhnmwgnuumipjut dke pungpldusd 56 hhyuunh dnwn wpwnnpnoyty
E pph dhotwmywwnh sndwénipnit (RUO), vwluyl, pun juunwpjws
Jhpwhwwnwljut dhpwdnmpjub, htnnwgnunynn hhjuunubpp pudwt-
ytp Ll 2 fadph:

Unwghtt judpnid pungpiuwsd 24 hhquunh unwnn £t quydwbw-
Unpjws kE tnkp LUY-nY, UZZz-nd b 5 Epkjough dnin twb UvZ-ny:
Uwuyt tputg dnn juunwpdl] bt dhuytt wpbkinunndhwu (US) L
unnnpht juighttiph nunhnhwdwhiwghtt phpdnntinnighw (Uu(r2():

Bpypnpy fudpnud  pungpldus 32 hhwunh dnn £%-u wuy-
dwwynpywsé L gk LUO-ny, Uzz-nyd b 11 tpkluwgh dnwn twb UlvZ-ny:
Pninp hhywtnubpht juwnwpyb) Bu pph dhpttwyyunh ninnnid, wnkun-
nnvhw (US) b wthpudbonnipjut nhypnid uinnpht jutighubph nwnhn-
hwdwpuuht Ypdwnnid (Uku(k2Y):

Lpuhtt nddupupbsnipjut wunhdwip qutwhwwnbnt hwdwp
Juunwpyl] b wowouwyhtt wljnhy phundwindbwnphw (UULE) «4Phase
Rhino-Lab» uwuipph dhongny b swthyt] dhwynp dudwiwjuhwndusnid
ppwjhtt whgninhubpny wugunn onh swun:

Lpuyhtt mugninhutpny vhwynp dadwbwljuwhwngusnid whgung
onh swywp unpdwmnid juqunid E 500-800ut®, hul] nddupupusnipjut
wunhfwip quwhwwnynid b ppughtt wigmnhtbpny wgunn onh
dwuny (wuyniuwl 1), [16]:
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Unniawly 1
Lpughl ndyupwoisnipyui jhihulwl nuuwlupgnidn

Uuwnhdwl Owipnmpjut wunhgup Onh hnup 150N (ud3A])
1 ‘Lnpuwy pliswpnipinih > 500
2 8wdp wunh&wh 300 - 500
3 Uhghti wunh&w 180 - 300
4 Owlip wmunhgwh 60 - 180
5 Cwwn sSwtip wunhgwh <60

Iumithngp, pun  dwjuh  pwpdpnipjul, quwhwwngb] E
hudwywunwuputt  wbunquijutt  quwhwwndwt  0-4-pujuting
uwnnuih (unnruwl 2):

Unyniawly 2
fumlfihngh quhwndwl wunmhpLwli pun nkunpulwl qhuhunndwi
uwhnnuifh

0 Iundihng slju

tpl wunhdwth pundthng, nph dwjth pwpdpnippiup hwdw-
yuwunwupiwinwd k piswenipjut dwjuht b sh withwiquunugnid
Yynnuilght

Uhohtt wmunhfwih jundihng, nph dwyuh pwpdpnipmiup hwdw-
2 yuunwupuwind E unuwljguljui duyjtht b wthwiquuugind £
Ynnuilghts

Owlp wunhdwih jundthng, nph dwyjuh pwpdpnipniup pupdp b
junuwljgujuthg b wihwbquuugumd b oppwyuunnd Enws
prinp dwipniuig

4 Cwn Swip wumhfwh jundihng, tpp dwjuh pupdpnipjut yun-
dwnny Ynnuljhgp thnpunmd £ wipwukiyulp

Pninp Yphpwhwnnipimitibpp juwnwpyby Bu punhwinip wiqqu-
jugdudp:

Uwnpht juighttiph thnppugnid hpuwbwgyt) t Ejdwuh 4 MHz
hwdwhujutnipjut punhnhwdwhiwhtt vwppuynpdw (Pelleve Sur-
gitron Dual-Frequency S5 IEC) dhgongny: Uwnnpht jukghtutph pdundwi
hwdwp oqunugnpdyk k kpypubknwih fEYwnpn:

Uwnpht jukghtubph swjuwih thnppugdutt hwdwp juwnwpdt) k&
1% 1hpnjuhiuny hubhjinpughw, wjunthtnb wpwewyhi, thohtt b hkwnhu
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huwndwsutpmd Eplphtinwuh LEjupngny juuwpdt) £ Uv-h Eopw-
Inpadwpunuupuwihlt Ypduwnnid: Znuwbph nidp munwdby k 3-5 9n-h
uwhdwbbpnud, hull jmipuwpwbynip dhowdnnipjut  nbnnnipiniup
tnt E5-10 4pl.:

Uhotwwywwnh énjwédnipjutt snjdwtt hwdwp pwnwilniuwdl
wgwph wnwought kqphg 0,5- 2 U htw, Juwnwpymd b jup]usp:
Uhottwwyuwwnp Swélynn npdwpunuipnp wijtwu stpnnuquunid |
JbEptwdwnh b yepunuljph htinn dhwuht: Lph hwnwlh jnpdwpwunuipn
sh obpnuquunymy Wupnupbkiiph Jowunidhg unuwthbne G-
wnwlny:

Ujunthtnl dhottwwyuwnp JEpunuuwynpynid E dhehtt gény: Ujy
tyuwwnwlny juwnwpynud Eu ninpnudubp, b éndwés hwndwsubph npn-
owiljh dwukp htnwgynid Bz Gunpusputptt nt hbpwgdwé hwwndus-
ukpp swhwp L junupybt wddwt b hbtwpwiwhtt hwndusutpnud,
huwnljuybu dwnnulph nminnubhwywg ptpphlh b funthnuljph hwnygws-
ukpnid: Uhptwyuinh wdwnp sh Jupbih wbowwnt) dunnulph ninnu-
hwywug ptpphlhg, hwnljwuwbu hkwnht-YyEipht hwndwsp, pwuh np wyy
hwwndwsép Juplnp £ pph dhotwmyuwwnp b ppwdboph Epiupnipjui b
pupdpnipjull thwupdtp dbwynplwt hwdwp: Ujuntwdktuwgthy dhotiw-
wwwnh wnwowht dwup sh hknwugynid:

TEdnpUugduws hwndwsh wdwnp juhunn wthpwudbynnipjub
ntypmd htnwgubjnig htwnn ninnyniud E b Yphht JEpujuqynid php
nbtnmu JEpuluiqubng hkpugjws hwnduwsh hynuduspp b Jub-
huwupghbiny hbnnwquynid htwpwynp puthwsuljdwt wpwewmgniup:

Lpuyhtt mwdwnuubpp htnwgyl) &t Jhpwhwwnnipniihg 48-72
dwd hbtwn, hull htnhpwhwwnwljw opowtinid hhqwunubpp 7-10 op
wnlnnnipjudp unnwgl) tu pph winpwutnuhs Juphjutp:

Upmniupubpp b putwnpynudp

Lwjupwt Jhpwhwwnnipniup b Jhpwhuwwnnipniihg 6-8 swpwpe
wlg quuwhwwnyl] tu hbnmwgnunipju Uk pungpyywsd pnnp tpkhow-
ubkph ppuyht oiswnnipjniuip UULE-h thongny b undthngh dwyjh pupd-
poipgniip pun nkunnuljub qiwhwindwl 4-pupuwing vwbnnulh: Us-
tnthtnl pnnp bpkluwbkpp 5-6 muph quin]k] ki hungmpjui nwl
wpuwpht pph Abtwhiwpnnudutpp b ppuyhtt otswnnipniup quhw-
hwwnbknt tyuwwnwlny:

Unwghtt judpnid pungpldws 24 hknmwgnuynnubtph tmwphpp nw-
nwiyly £S5 - 12 nupbwih dhowluypnud, hull dhohtt tnwuphpp juquty
L 8.6+0.48 nwpklwi: Uju fudphg 14-p tnky kb winu (58%), hulj 10-p
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wnohl] (42%): Zhwmwgnunipjul Ubky plungpydus tpkuwbbph dnwn
whunnpnoyty ko LU, U22, huly 5 kpkjuwgh dnin unnpht jukghlikph
hhytpunpndhw: Fnjnp Epkluwkphtt juwnwpyt) B ugbinnndhw, huly 5

tpbjuwibph twl wnnpht hukightubiph nunhnhwdwhiuyhtt pdwwnnid:

1 pudpnid phggplyws Epkhnuikph ppuyhb oiswnnipjul gnigulihoibpn
Yhpwhunnnipiniihg wnwye I hkwnn

dhpwhwwnnipiniithg dhpwhwwnnipiniihg
£puyhl wgninhl wnwy (n=24) htwn (n=24)
U 114,3+7,5 ul3 212,5+7,1 ud®
Quifu 117,3+6,3 uu3 214,5+5,03 uu?
Cunhwnip 231,6 + 9,26 ul® 427,0+5,6 uu3

(P<0,05)

Lpuyhtt nddupuotsnipjutt gniguthop 231,6 + 9,26 uud3-hg pu-
phuyyt) Lt dhush 427,0+5,6 ud® (P<0,05), (ufjup 1): Lwjuwydhpwhw-
nwlwb oppwinid LC-u mwwnwbdly £ 152 ud® - 339 ud3, hulj Yhpw-
hwwnm pjniithg htwnn' 363 uu® - 468 u?:

Iundthngh dwjh pupdpnipjut gnigwthop 2,6+0,1-hg pupbjuyyty
E dhtst 1,3+0,1 (P<0,05), (ujwn 2), vmluyu thnyht sh wughy:

Bpypnpy judpnud pungpldws 32 tphluwubph wnwuphpp munwb-
Jb k& 7 - 13 mwpbuih dhowluypnid, hulj dhohtt mmwuphpp Yuqul) k
10,44+0,36 nnwpklwi: Uju pdphg 19-p tinky ko winu (59,4%), huly 13-p’
wnohly (40,6%): Zkwnwgnunipjub Uk pungplyywsé bEpkhuowubph dnwn
whinnpnoyly £ LU, U22, huly 11 bpkjuugh dnn’ unnphtt Jukghlibph
hhybpunpndhw: Fnnp GpEluwubpht juwnwpdt) E pph dhptwwywwnh
ninnnud, wpkinunuhw, hul 11 Epkjuwbbph’ twl wnnph kghikph
nunhnhwdwhiwjht ppdnntnnighw:

I pudpnid plpgplyws Epbhnubbph ppuyhl slswnnipyul gniguihobbpp
Yppwhunnnipiniiihg wnuye I Akwuin

Y hpwhuwwnnipntl Ydhpwhwinnipinil
£puyhl whgninhl bpumulg (nga) 9 bphhmn (n:lglz) 9
Us 110,5+5,85 uu® 294,7+3,6 ud®
Quiju 117,9+7,56 uu® 298,2+3,5 ud®
Cunhwinip 228,6+7,29 ud® 592,9+5,29 uu®

(P<0,05)
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Lpuwht nddupwobsnipjutt gniguthop 228,5+7,29 uu3-hg pwpk-
jwyyt] £ dhtgl 592,9+5,29 ud® (P<0,05), (Wjwup 1): Lwjuwyhpwhw-
nwlut opowtinid £T-u munwuyby k152 ud3 - 297 ud3-h, hul] Jhpwhw-
unipynilihg hkwnn' 523 wd? - 645 wd?-h vwhdwbbkpnid:

Iunuthngh dwjuh pwpdpnipjut gniguthop 2,47+0,09-hg pupbjwy-
Jt; k dhtslk 0,09+0,05 (P<0,05), (Wjup 2): Uhuyt 2 tpkjuwgh dnn L
dtwgh] plipl wunh&wh jundthng:

zknJhpwhwnwlwi sppwinid 2-py judphg 1 hhquungh Jhpuwhw-
nmpniihg 4 nuph wig wpdwbwqpyt] £ pph dhptwmwywwnh éndw-
dnipniic

700
592.9
600
500

400 B I hpuwhunnmpimihg

wnug
B hpuwhunnmpymihg
hhnn

300

200

100

‘Llwp 1. Lpuyght stsmnnipjut quuwhwnnidp yhpwhwnnipiniithg wnwy
htwnn Il IT judpbpnid

25

B I hpuwhunnmpimithg
wunug

B Jhpwhunnipimithg
htunn

1.5

0.5

1 2

‘Llup 2. undthngh gnigwithoh quwhwwnnidp dhpwhwnnipinitthg wnwye b
htwn Il IT judpbpnud
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Uwtjulwt hwuwlnid wpnwpht pph jud dhotmwyuinh ntdnnp-
dughwyh dudwbwl Juwwwpynn Jhpwhwnuljut dhowdwnnipmniup
nknliu Jhdwhwpnyg hwipg E mwpplp hinhttwlukph Ynnuhg [6,15]:

Uwljuytt puquuphy htinhttwljubp qninud &, np wpunnwhwjngws
ppwjhtt npddupupbsnipmniup, npp hwunwwnynid £ bwb opiljnhy qliw-
huwnnidhg htnn phindwindtwnphugh ogunipjudp, gnignud £ Jhpw-
huwwnnipjutt hwdwp [5,11], b tywnwljwhwpdwp L juunwpl] husybtu
pph $nibighntwy, wyiygku b tupbwnhl Jppwhwnmpmi’ pph whw-
nndhwt Jhpuljubiqubnt b nidph nulpbph hkwnwqu £hon qupqu-
gnidt wmywhnytint hwdwnp [5,18]:

ZEknwgnunujut judpnud pungpgus 56 (100%) hhdwunubkpu g
niukgh] Lu LU ‘Lpwughg 16-h (28,6%) Unwn wpdwbwgpyty t Uluz:
Fninph dnn Juunwpyby b pph dhotwwyunh ninnnid, b dhuwyt 1,8% (1)
hhquunh dnwn £ 4 muph wig wpdwtwgpyt) LUD:

Utp hbwnwgnunipjut wpnyniupubpp gnyg i wdl), np tpk
tpthuwgh dnwn, pugh wnkunhy hntudusph hhybkpnpndhuwyhg, wnlju k
twl wpnwhwynyws LUY, wmyw dhuytt wnkunhny hniugwéph htinw-
gnudp  pwjwpuwp sk jhwpdbp ppuyht oUywpmipjut (£C) Jhpw-
Juwbqudwt hwdwp, hiyp gqpuigdl] £ wpwehtt fudpnud plngpldus
hhqwunutph Unwn:

Ujn hull yuwwndwnny tpug Unn £T-h swdup 231,6 + 9,26 uu3-hg
jwjugty] E dhush 427,0£5,6 ud® (P<0,05), hull jundthngh gnigwuhop
2,6+0,1-hg pupbjuyyt t dhtsh 1,3+0,1 (P<0,05):

16 hhjuinh Unwn ugtt gk £ dhtsh phpl wuwnhdwit, huly 8
hhjwlnh dnin’ swlp wunh&wihg Uhish Uhohtt wuwnhgui:

Uhtuspbn II jadpmid pungpldws tphkpowubph dnnn US-h htwn
dhwdwdwbwl pph dhotwwwwnh Jhpwhwwnnipjut punphhy LC-h dw-
Juyp 228,5+7,29 uud-hg pwpdpughk] bt dhbsh 592,9+5,29 ud®, huy
lunuthngh gmiguthop 2,47+0,09-hg pwpbjuyyt; t dhuslh 0,09+0,05
(P<0,05), b vhuyt 2 EpEhawgh dnwn E dtwgh) phpl wunhgwih jundthng:

Zknwqu mwuphubph hblnwgnunipyniiubpp gnyg G ndby), np wyy
Eptluwttph dnn LU WHwd nbkdph nulpbph htunwqu dbwpwju-
nnidubip skt wpdwbwgpyty:

Puquuphy htnhtwlutp hpkug hbkwnwgnuinipjut  wpnniup-
ubpnud unyuwbu thwuwnby By, np dwtjuwlwubt hwuwlnd LU-h nin-
nnudp tyuwunnd E ny vhwyt ppuyhtt siswnnipjut jujugdwip, wyh
wnwowgnid E hkwnwqu pupynipmniubbp [4,12]: Zknbwpup LU-h
dnjwdnipjul wojuynipjut phuypnid wyt whwp k junwpl] dwilju-
wi wwphpnid wwhywbkng] nuphpughtt wpwbdiwhuwnlnipeni-
ubph Juunuubpp:
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BGqpuljugnipni

£ph dhpttwwyuwnh pidnpdughwiy, Epk wyt wnwewmgunid k ppw-
jht wmugninhttiph wpnwhwjnws hwuljjusnipinil, ppuhtt nddupu-
olisnipinil b yuwwmdwn npununid pipwbwght oswnnipjut hwdwp, wb-
Jwpu rnwuphphg, wuhpwdbown k Jhpuwhwnwlut tnutwlny ninnby:

Upkunhn hjntujwsph hhybkpunpndhugh bt LUY-h dhwdwdwbul
wnluynipjut phypnd £C-h jhwpdtp Yhpujutquiwt hwdwp wb-
hpwdhon t juwnwpk) U US, b pph dhotwwyunh ninnnid, huly jub-
ghttiph hhytpunpndhwih nhypnid twb Uu249:

Utp hbwnwgnunipnitutpp gnyg b wdb), np dwjuljut nw-
nhpnud LUO-h dudwbwl tywwnwlwhwpdwp E juwnwpl] pph dhe-
twywwnh ninnud wpwig hwdwywnwupwt hwndwsutph wddwh
gnunhutph Juwudwl, pwth np dhuyt dhottwwyuunh snqwédnipiniul
ninbnt phypnid Jupnn Gup wwywhnyb) (hwupdbp ppwjhtt stiywnnt-
pintt b uipuwpgb by phdwyht nuljptiph hbnwqu dbwpowponnudubpp:

Ujuyhuny, Jupbkh E Eqpuhwiglk], np dwbjulwb wwphpnid
ppwjht ndjupwotsnipjnit wnwewgunn guujugus ywuwndwn whpw-
don b Jhpught) nhnnpuypuyhll jud Jhpwhwnwlub byubulng
Jwupiupghb biny hbtnwqu pupnynipiniubpn:

Canniinjwé F16.05.22

Koppekuusi meperopoaku Hoca B 1eTCKOM Bo3pacre

I'. JI. Xanpausu, I'. U. lerpocsinu, A. :x. Ilykpsan, C. B. banacans,
I'.T. Anansn, A. K. Hlykypsin

Omneparuu B TOJOCTH HOCa ABISAIOTCA HambOojee O0CyX maaeMoil TeMoi
JETCKUX OTOPUHOJIAPUHTOJIOTOB U TUIACTUYECKUX XUPYPTOB.

Ienp uccnenoBanus. BausiHue nepeHeceHHON B IETCKOM BO3pacTe Cerl-
TOIUIACTHKY Ha MajJbHEHIIee Pa3BUTHE MEPETOPOIKH U (WIIH) HAPYKHOTO HOCA.

Bo3moxxHO M paccMaTpuBaTh AJACHOUIIKTOMHIO, & TAKKE aJICHOMIIK-
TOMHIO B COUYETAHHH C YMEHBIIICHHUEM Pa3MEPOB HMKHUX HOCOBBIX PAKOBUH 0€3
WCIIPABIICHUS UCKPUBIICHUS HOCOBOW NEPEropoiKH, KakK JOCTATOYHEIN 00bheM
OIIEPATHUBHOI'O BMCIIATEIBCTBA AJIA BOCCTAHOBJICHUA HOCOBOI'O ABIXaHUA.

bemo wmcciaemoBaHo 56 manueHTOB B Bo3pacte or 5 mo 15 mer, 23
JIEBOYKH ¥ 33 MallbYMKa C UCKPUBIICHUEM MIEPETOPOJIKK Hoca. [lanueHTs! Obltu
pa3aelieHsl Ha JBE TPYMIBL: MepBas — 24 TMalMeHTa, Y KOTOPBIX 3aTPYJAHEHUE
HOCOBOTO JBIXaHHS OOYCIIOBJICHO HWCKPUBJIICHUEM IEPETOPOIKHA HOCA, THIEp-
Tpoduelt aneHOMIHOW TKAaHHU, a Y STAIIMEHTOB €IIe M TMIePTPOPHUCH HUKHHUX
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HOCOBBIX PakOBHH. DTOH TpyIie OblIa MpoBeneHa aJCHOUIPKTOMHS U PaJHO-
BOJIHOBasl PEIYKIMsI HIKHUX HOCOBBIX pakoBWH. Bropas rpymma — 32 ma-
LUEHTA, Y KOTOPBIX 3aTPyIHEHHE HOCOBOTO AbIXaHHs OOYCIOBICHO HCKpPUB-
JIEHNEeM TIepPeTOpOIKH Hoca, Trurneprpoduell ameHoMAHOW TKaHU W y 1lma-
LIMEHTOB elle W Tureprpoduell HIKHUX HOCOBBIX PaKOBHH. B 3Toil rpymme
00bEM OIMEpPAaTUBHOTO JICYEHHUS BKJIIOYAI IMOJCIU3UCTYIO PE3EKLHUIO Mepero-
POIKH HOCA, aIECHOUAPKTOMUIO M PaJUOBOTHOBYIO PEIYKIIHIO HUKHUX HOCOBBIX
PaKOBUH IMPU HEOOXOTUMOCTH.

VY 24 uccnenyeMbIX NepBOM CPYIIIBI IOKA3ATENb 3aTPYAHEHUS] HOCOBOTO
npixanus ¢ 231,6 + 9,26CM3 yyurmics ao 427,045,6 oM’ (P<0,05), a moka-
3aTellb BBICOTHI Xpana ymyumuics ¢ 2,6 mo 1,3 (P<0,05) onHako MOTHOCTHIO HE
MIPOTIIEIT.

VY manueHTOB BTOPOM TPYMIIBI ITOKA3aTeNb 3aTPYAHEHUS] HOCOBOTO JbIXa-
Hus ¢ 228,5 + 7,29 cM® yiydmmics a0 592,9+5,29 em® (P<0,05), a mokazarenb
BBICOTHI Xparna yiyumuics ¢ 2,6 go 0,09(P<0,05).

[IpoBeneHHoOE HccnemOBaHUE TIO3BOJIIIIO HAM CIENaTh BBIBOJ O TOM, UTO
MpU 3aTPYAHEHWH HOCOBOTO MBIXaHUS B JIETCKOM BO3pacTe IIelecooOpa3Ho
MPOBOJUTH MOACTH3UCTYIO PE3EKIHUIO MEePEeropoAKH Hoca, 0e3 MOBPEKACHUS
30H pocTa, TaK KaK TOJBKO TPH KOPPEKIUH WCKPHUBIICHUSI TIEPETOPOIKH HOCA
BO3MOXXHO OOECTIEUNTh TOJHOIEHHOE HOCOBOE [IBIXaHWE W IPEIOTBPATUTH
nocneayony nedopmainuio kocreil nmma. Takum o0pa3oM, B JETCKOM BO3-
pacte HEOOXOJMMO KOHCEPBATHBHO WM XUPYPIHUECKH HCKIIOYUTH JIHOOYIO
MPUYHHY, IPUBOASAIIYIO K 3aTPYJHEHHIO HOCOBOTO JIBIXaHHS, C LIENbI0 Mpodu-
JIAKTUKHA BO3MOKHBIX TTOCIEAYIONUX OCIOKHEHHH.

Septoplasty in the Pediatric Age

G. L. Khandanyan, G. I. Petrosyants, A. J. Shukryan, S. V. Balasanyan,
G. G. Ananyan, A. K. Shukuiryan

Pediatric septoplasty has been one of the most controversial topics
discussed among ENT and plastic surgeons. The aim of the study is to evaluate
the outcome of septoplasty several years after performing it during the pediatric
age, and if it contributes subsequently to the recurrent deformation of the nasal
septum or the external nasal structure. The study also touches on the notion of
whether adenoidectomy and/or inferior turbinate reduction without correcting
the deviated nasal septum are enough to restore nasal breathing.

The study included 56 children aged 5-15 years. 33 were male and 23
were female. All the participating patients were diagnosed with deviated nasal
septum, but were divided into 2 groups according to the surgical techniques
performed.

The first group included 24 patients and their difficult nasal breathing
was conditioned by deviated nasal septum, adenoid tissue hypertrophy with 5 of
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the children also having inferior turbinate hypertrophy. However, they all
underwent adenoidectomy and inferior turbinate radiofrequency reduction only.

The second group included 32 patients with difficult nasal breathing
caused by deviated nasal septum, adenoid tissue hypertrophy with 11 children
also having inferior turbinate hypertrophy. All the patients in this group
underwent septoplasty, adenoidectomy and where indicated, inferior turbinate
radiofrequency reduction.

All the 24 patients included in the first group exhibited improvement in
nasal breathing index from 231,6 + 9,26 cm® up to 427,0+5,6 cm® (P<0,05). As
for the snoring loudness scale, there was improvement from 2,6+0,1 to 1,3+0,1
(P<0,05), but without complete disappearance.

Patients included in the second group which totalled 32 in number saw
improvement in nasal breathing index from 228,5+7,29 cm®to 592,9+5,29 cm®
P<0,05) while snoring loudness scale improved from 2,47+0,09 to 0,09+0,05
(P<0,05).

Our study results have shown us that for pediatric patients diagnosed with
deviated nasal septum, it is advisable to perform septoplasty while preserving
the corresponding anatomical growth zones, as it provides the patient adequate
nasal breathing and prevents potential deformation of facial bone structure in
the future.Thus, we can conclude that any cause of difficult nasal breathing in
the pediatric age must be alleviated, be it conservatively or surgically, to avoid
future complications.
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Introduction

Intraoperative trauma of the inferior laryngeal nerve (ILN) is a severe
complication in endocrine surgery. Knowledge of the normal anatomy and
anatomical variants of the inferior laryngeal nerve (ILN) and careful tissue
dissection reduce the risk of postoperative palsy of laryngeal muscles [3, 6].

The right inferior laryngeal nerve (ILN) traditionally has a recurrent
course, after looping under the right subclavian artery, then travelling upwards,
and supplying the muscles of the larynx. In 0.6-1.0% of cases, the nerve enters
the larynx directly from the vagus nerve, without descending to the thoracic
level. Embryologically, the non-recurrent laryngeal nerve (NRLN) is associated
with the aberrant right subclavian artery (ARSA) [2, 3].

Case report

A 51-year-old male presented to the endocrine surgery department of our
clinic in February 2020 with a complaint of cough and sternal pressure with
swallowing that had given him discomfort for the last 3-4 years. The patient had
no previous medical history. Esophagogastroduodenoscopy results did not
reveal oesophageal pathologies. Neck ultrasound demonstrated a hypoechoic
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well-defined right thyroid nodule with multiple microcalcifications and irregular
margins. The examination also revealed lymphadenopathy of the central and
right lateral compartments of the neck. The results of fine needle aspiration
from thyroid lesions and neck lymph nodes showed features of papillary
carcinoma. Thyroidectomy with central right lateral neck dissection was
planned and performed. A preoperative chest CT scan revealed an aberrant right
subclavian artery (ARSA) (Figs. 1 and 2), which was the last left branch of the
aortic arch and passed from left to right behind the oesophagus, slightly
constricting its lumen (Fig.3).

This fact changed the steps of thyroidectomy and neck dissection. During
procedures on the right side, to avoid inferior laryngeal nerve (ILN) damage, we
reached the vagus nerve first before dissecting the region between the carotid
artery and trachea to open the junction point of the inferior laryngeal and vagus
nerves. A non-recurrent laryngeal nerve (NRLN) was diagnosed; it started
cranially at the cricothyroid joint, passed caudally under the sharp angle and had
an extent of approximately 2,5 cm (Fig.4).

The left laryngeal nerve had a traditional recurrent course. The
postoperative period was uneventful, and during laryngoscopy, no paresis of the
vocal cords was found. The patient was discharged on the 4" day after the
surgery. Conclusion of histological examination: papillary carcinoma of the
thyroid gland with metastases in the central and right lateral neck
compartments.

Discussion

The possibility of iatrogenic injury of the inferior laryngeal nerve (ILN)
is of deep concern among surgeons and is involved in the treatment of thyroid
diseases, as trauma of this nerve can become a reason for voice disorders and
respiratory failure with a decrease in patient quality of life in the postoperative
period. The possible presence of a non-recurrent inferior laryngeal nerve
(NRILN) increases the risk of intraoperative injury. Comprehension of the
stages and mechanisms of embryogenesis allows surgeons to foresee the
possibility of the existence of a non-recurrent laryngeal nerve (NRLN). In the
early stages of embryogenesis, the inferior laryngeal nerve (ILN) branches out
from the vagus nerve, which develops from the sixth pair of the brachial arch.
Normally, by the end of embryogenesis, only the 4" pair of the brachial arch is
left, from which the right subclavian artery is formed. Ultimately, the right
laryngeal nerve branches out from the vagus nerve, circumflexes the subclavian
artery, is directed upwards and takes a recurrent course. Absorption disorder of
the 4™ right brachial arch gives rise to an aberrant right subclavian artery
(ARSA). Consequently, this vessel fails to drag the inferior laryngeal nerve
caudally when the heart descends, and the neck elongates during embryonic
development. The aberrant subclavian artery acts as the leftmost branch and
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passes the middle line of the body from left to right behind the oesophagus or
the trachea. This fact often leads to swallowing disorders, which in 1794,
Bayford described as dysphagia lusoria [4]. In our clinical case, the cause of
mild dysphagia, most likely, was precisely the aberrant subclavian artery, as the
complaint also remained in the postoperative period.

The right non-recurrent laryngeal nerve (NRLN) can branch out from the
vagus nerve at any level in its cervical region. In 1998, Avisse and co-authors
classified two types of non-recurrent laryngeal nerves (NRLNSs). According to
this classification, the following types of non-recurrent laryngeal nerves are
distinguished: type | nerves, which branch out caudally and have a short
passage; and type Il nerves, which branch out from the vagus nerve lower, at the
laryngo-tracheal junction level [1]. Later, Toniato modified this classification,
and type Il nerves were divided into IIA nerves, which passes along the inferior
thyroid artery, and 1B nerves, which descend below the level of the inferior
thyroid artery before passing cranially to enter the larynx [5]. In the case we are
describing, the first nerve type was observed.

In our clinical case, an aberrant right subclavian artery (ARSA) was
diagnosed before the surgery, and thus, we predicted the existence of a non-
recurrent laryngeal nerve (NRLN). To avoid nerve injury, we changed the steps
of surgery and primarily approached the carotid sheath, identifying the proximal
section of the vagus nerve with the non-recurrent laryngeal nerve (NRLN).
Subsequently, tissue dissection was performed under visual nerve control.

Conclusion

Thus, suspicion of the presence of a non-recurrent laryngeal nerve
(NRLN) in the patient emerged in the preoperative period and significantly
facilitated the performance of surgical intervention. Special intraoperative
tactics should be applied in such cases to increase safety.
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WnTpaonepammonnas TpaBMa HmxHero ropranHoro Hepsa (HI'H) sB-
JISIeTCS OTHUM U3 TSDKEJBIX OCJIOKHEHUH B SHIOKpUHHON Xupypruu. HecmoTps
Ha TO, YTO B MEOUIMHCKOW JHUTEpaType AaHHBIA HEPB MMEHYETCsS Kak BO3-
BpaTHBIHN JTapuHreanbHblif,B 0,6-1,0% ciydaeB oH MOXKET UMETh HEBO3BPATHBII
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X0II. JTa peaKas aHOMaJIHS SYMOPHOIOTHIECKH CBsI3aHa ¢ abeppaHTHOMN MpaBoi
NOAKIOYMYHOM aprepueil. Hamu onuceiBaeTcsl peknil KIMHUYECKUN Cilydai
HEBO3BPaTHOT'O TOPTAHHOTO HEpBa Y MYKUMHBI C PaclpOCTPaHEHHBIM MamuiI-
JIIPHBIM PaKkoOM IIMUTOBUAHOM KEJe3bl, IZle KpOME THPEOMADKTOMHH IOKa3aHa
LeHTpanbHas wweiHas auMdonuccekuus. IlpegonepanronHas KOMIbIOTEPHAs
ToMorpadus rpyIHON KIETKH BBISIBUJIA a0EPPAaHTHYIO NPaBYIO MOAKIIOUAYHYIO
apTepuIo, KoTopas Oblja TOCIEAHEH JIeBOW BETBBIO AYTH aOPThl M MPOXOAMIIA
CJIeBa HANpaBO MO33AM MUILEBOAA. DTOT (DAaKT Aaj MOBOJ 3alOAO03PHUTH BO3-
MO>KHOCTh HEBO3BPATHOT'O XOZAa HHMXKHETO TOPTAHHOTO HEPBA, U MBI N3MEHUIN
TaKTUKY TPU XUPYPTUUECKOM BMEUIATENbCTBE MPU JUM(OANCCEKIINU CIIpaBa,
4yT0o0bl M30exars moBpexaeHus HI'H. CHavyana Obuia TOCTUTHYTa TOYKa COE-
JUHEHUS HIPKHETO TOPTAHHOTO U OMY’)KJAroIiero HepBoB. TOJBKO MOCIE 3TOTO,
YK€ TOJ BH3Y&JIBHBIM KOHTpOJIEM, Obljla BBIIIOJHEHA NPABOCTOPOHHSAS JIMM-
domuccekuus mien. JaHHbIN ciydail mokasaj, 4TO NMPOTHO3UPYEMBI HEBO3-
BpaTHBIA TOPTaHHBII HEPB MOKET MOBBICUTH 0€30MaCHOCTh THPEOUIIKTOMUH H
JUCCEKINH LIEH.

‘Luhiuhpuwhwnwljub wjunnpnodus we tupuwwupuljuyhe
qupytpwyh otnnudp npyjtiu jutjpwwnbunny whwnndhwljub
wqnubowl: Thyph qEinyg yuhwbwdl qindh wuuhywnp
puingltnny nmnudwpnnt Unwn
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Uwnpht Yninppughtt upnh tbphpwhunuljut Juwunwdp Eo-
nnlphtt Jhpwpnidnipjut dwtp pupnnipjniubphg b Quuywé pdoljw-
jut gpuluinipjut dby wyju upnt widuwiynd £ hbwnwunupd Yn-
Ynpnuyhtt uwpy, 0,6-1,0% phwpbpnid wyt niukund E ny hbnwnwpa
pupwugp: Uju huqugmun windwjhwt vwndbtwpuinpbt juwydws L
wpbkputnn we tupwwtpwluwihtt qupykpuyh htwn: LEkpjujugynn wy-
Juwwnwupnid Ukp Ynnuhg tjupugpdnid £ Juhwiwdl gindh wuwwghy-
jup punglbn niukgnn nnudwpgnt dnn ny hblnmwnwpd Ynlnppught
yupnh hwqugmuun Yihihjuljub gtyp, nputn, pugh phptnhgky-
nnuhwjhg, gnigws kp bwlb ywwpwingwyhtt (hud$nnhubljghw: Ypspu-
Juinuljh twhpw]hpwhuwnuljut §nunpuun hwdwlwpgswiht obp-
nwugnpuut dudwbwly huyntwpbpytg wpkipwin we tupuwtpuljught
quplytpwlyp, npp wnpuwgh wnknh 4Epghtt dwpu gnint tp b wagnud
tp Yhpuyputhnnh hbnbng dwjuhg we: Uju thwuwnp hhup qupdun]
tupunptint, np Ynynppuyhtt Gyupgp Jupnn E ntibbw) ny hbnwungupd
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pupwgp, nph wpyniupnid thnputg Jhpuwhwwnnipju pipugpnid wehg
ihupnphublghuyh wwlnhwl’ wanpht Yninprught tupgh Jhuun-
Uhg juntuwthbjnt hwdwp: Ulgpnid huyntwpkpdtg puthwenn b unn-
pht Ynlinppuyhtt wywpnbph dhwgdwt Yhwnp: dpwithg hbnn dhugh
Wuwpnh pupwgph Yhqnuwy hunpmipjut wwl junwpdl) B owgw-
Ynnujub jEunpntwljut jhubnnhublghw: SYjwy ntwypp gnyg nykg, np
twhwyhpwhwnwlwb sppwnid whinnpnygws wpkputnn we Lupw-
wipwluhtt qupykpwlp htwpwynpnipmnit £ wnnuhu jutjuwugniow-
YEnt ny hbnnwnupd Ynynpnuwyht upnh wnfunipniup b ppuing huly
pupdpugubime phptnpptyundpuyh b wwpwingught (hdpnnhubl-
ghuyh wuunubgnipniup:
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Knioueswie crnosa: 601eBoil CHHIPOM, CYCTaBHON CHHAPOM, MHKPOKPHCTAILIIYCCKUHA
apTpUT, IT0JArpa, JOKAIbHAas Teparnus

MUKpPOKPUCTAJUINYECKUE apTPUTHI — MeTabonndeckre 3a00ieBaHus, KO-
TOpBIE XapaKTEPU3YIOTCs OTIOKEHUSIMH KPUCTAJUIOB, YpaToB, B (hopMe MOHOY-
para HaTpusl WIK MOYEBOM KUCIJIOTHI B CYCTaBax M MSTKHUX TKaHAX HEpHAPTH-
KYJISIPHO, BCIIE/ICTBHE THIIEPYPUKEMUH, B CBSI3H C YMECHBIICHUEM €€ BBIBEICHHUSI
MOYKAMH, 4TO COMPOBOKAAETCS BBHIPAKEHHBIM OOJIEBHIM CHHAPOMOM C TIPHU3-
HaKaMH OCTPOTO BOCIHAJICHHS, NPUBOISIIEIO K JECTPYKIMH XPsIia, CKIEpPO3H-
PYIOLIMM U3MEHEHUSAM B oprasax [6, 9].

Knuandeckn moparpa MposBISIETCS] PElUIUBUPYIONIAM OCTPBIM apTpH-
TOM ¥ 00pa30BaHUEM IMOJArPUIECKHX y3IIOB — TOQycoB. [lopaxkeHne mouex Tak-
e SIBJISETCS] OMHUM M3 OCHOBHBIX KIIMHMYECKHUX IPOSBICHUI NOJarpbl HapsLy
¢ aprputom [1- 3, 7,8, 10-12].

l'unepypuxemus BoisiBisiercs y 4 -12 % HaceneHus1, IoJIarpoi CTpaiaroT
B CIIA u EBpomnie 2 % xwureneii [5, 13]. B Apmenun — vaie, To €CTh IMEETCs
TeHeTHYECKasl MPepacioIokKeHHOCTh K HapYLIEHUIO TypHHOBOTO oOMeHa [14].
Bricokuii mponeHT 3a00JeBaeMOCTH JejaeT MOMCK HOBBIX CPEICTB JICUCHUS
BEChbMa aKTyaIbHBIM.

TpagUIIMOHHO B TaKMX CIy4asx MPUMEHSIOTCS HECTEPOUIHBIC TIPOTHUBO-
BOCTIAJINTEJIbHBIE CPEACTBA KakK BHYTPb, TAK U MECTHO, B BUAE KPEMOB HJIH Te-
neht [3-5]. Tem He MeHee, TPeOYIOTCS HOBBIE MTOJXOIbI, CPEJICTBA C MUHUMAIIb-
HBIMH TIOOOYHBIMH ITOCTIC/ICTBUSMU, KAKOBBIM U SIBIISIETCS YKOJIOTUYECKU YHC-
Thil «banb3aM OT oAarpel», HA OCHOBE PACTUTEIBHOTO CHIPHSI.

Hacrosimee uccnenoBanne MOCBALICHO M3YyYEHHIO BO3MOXKHOW 3¢ dek-
TUBHOCTH «banb3ama 0T mofarpel» MpH OCTPBIX MPUCTYIAX NOJArphI.

Axmyanvnocms. Hecreprimumas 0071b, COMPOBOXKAAIONIAS 3a00I€BaHUS
IPU OCTPBIX MPHUCTYNAX MUKPOKPHUCTAIIMUECKOIO apTpUTa, PE3KO CHHXKAET
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Ka4eCTBO JKM3HHM OOJIHOTO, MPUBOANUT K BPEMEHHOH IOTEpe TPyHOCHOCO0-
HOCTH, 4acTO K MHBaIMAHOCTHU [3, 5]. JnuTenbHOoe mpuMeHEHHE CUIBHOIEHCT-
BYIOIIUX aHAJbIETHKOB, HECTEPOHMIIHBIX MpEnapaToB HEceT B cebOe PHUCKHU IO-
BPEXKIICHUS KEITyJOYHO-KUIIEYHOTO TPAaKTa M I€YEHH, YTO 3HAYUTEIBHO Cy-
KAeT KaK CPOKM WX Ha3HAYCHHUS, TaK M, MHOTJA, JeTaeT HEeBO3MOXKHBIM HX
MpUMEHEHHUe, TeM OoJiee, eciid 00JIb HOCHT JIOKAIBbHBIN XapakTep [5], moaTomy,
BO wn30exaHHe MOOOYHBIX 3()(EKTOB CHUCTEMHBIX MpenapaToB, XKeJlaTelIbHO
Ha3Ha4YCHHE JIOKATbHBIX JICUSOHBIX CPENCTB [4].

Llenv uccrnedosanuss — ONEHUTH BO3MOXHYIO TIOJIE3HOCTH U 3 PeKTrB-
HocTh «banp3ama ot nmogarpen» Ipu OCTPBIX MPUCTYNAX IMOAarpel, ¢ y4€TOM
TaKXe MPUMEHSIEMOTO MPUHATOTO MEAUKAMEHTO3HOTO JICUEHHUSL.

MarepuaJj 4 MeTOIbI

B nccnenoBannm yuacteoBanu 40 manueHToB, KOTOPBIE OBUTH pa3zelieHb
Ha 2 rpynnbl: | rpynma ucnonb3oBana «bank3am oT mogarpe», a |l — miane6o.
W3 Hux 33 — My>XUuHBI U 7 — XKEHIIUHBI B Bo3pacTe oT 33 mo 65 net. [lpu uc-
CJICZIOBAHUHU OMPENEISUIM TaKXKe YPOBEHb B KpoBH (C-peakTHBHOIO MPOTEHHA,
MoueBoil kucioTel 1 COD (CKOpOCTh ocemaHus SpUTPOnTOB). TspKecTh Ooe-
BOT'O CHHJIpOMA OIICHUBAIACH 10 BU3YAIBHON aHaOToBOH mmkaie 6omu (0 — ot-
cyrctBue Oosn, 10 — HecTepnuMast 60JIb).

Pe3yabTaThl 1 00Cy:KIeHHE

[Ipu cpaBHEHNH HCCIeayEeMOH IPYNIIbI U TPYIIIBI KOHTPOJs (11anedo) 1o
U TI0CJIE JICUSHHUs OBLIN MOJTy4EHBI CIIEAYIOIINE Pe3yIbTaThl (TabauLa).

Tabauya
| epynna, ucnonvsyrowasn «banvzam om nodazpvly

Ilokazarenn Ho ITocie
C-peakTuBHBIH OJOK, T/1 21,6 18,4

MoueBast K-Ta, MMOJIBb/J 9 7

COD, mm/u 24 22

Bonp no Bu3yanpHOH mIkane 7 2

OTEYHOCTh, K-BO OOJBHBIX 20 12

Il rpynma, ncnoss3yromnias mianebo

ITokazarenu Ho ITocne
C-peakTuBHBIH 0€JI0K, I/J1 20 18,8
MoueBasi K-Ta, MMOJIB/JT 7 6
CO3, mm/u 28 24
Bonp no Bu3yanpHOH mIkane 8 7

OTEYHOCTh, K-BO OOJBHBIX 20 18
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Kak BUIHO U3 MOJTyYeHHBIX Pe3yJIbTaTOB UCCIIEAOBAaHMSA, ONOXMMUYIECKHE
MoKa3aTelnu He MpeTepriesid CYIIEeCTBEHHBIX H3MeHeHuid. B | rpynme, rae
ucnonb3oBancs «bak3aM OT MOAarpbl», BRIABICHO CTATUCTHYECKH AOCTOBEP-
HOE€ pa3luiMe BHIPAXKEHHOCTH OOJIEBOrO CHHIApOMa 10 M mocie jedeHus (-
kputepuii Crpiomenta = (,01), 9To mMoKasbBaeT BBICOKYIO 3(h()EKTHBHOCTH
«banp3ama oT mogarpe» Npu KynmupoBaHUH 0OJIEBOTO CHHAPOMA Y MALUEHTOB C
OCTPBIM TPUCTYIIOM MHUKPOKPHCTAJUIMYECKOTO apTpuTa (MoAarpel) U 4TO HE
HaOmomanocs Bo Il rpynme ¢ miame6o. OTMedanoch TakkKe YMEHbBIIECHHE
OTEYHOCTHU BOCHAJICHHBIX CyCTaBOB.

B | rpymnme, roe ucnonbs3oBancs «baigp3zam OT mojarpbl», BBISBICHO
CTaTUCTUYECKU JOCTOBEPHOE PAa3IMUUE OTEUHOCTH MOPAKEHHBIX CYCTABOB JI0 H
nmocne nevenus (t-kpurepuit Crerogenta =0,01), 9To MOKa3bIBaET CTATHCTH-
YEeCKHU JIOCTOBEPHYIO Pa3HUILy JO W TOCJe JIeYeHusl U He HaOmonanocs Bo |l
rpyIie ¢ miamneoo.

I/ICXOIDI nu3 O6’bCKTI/IBHBIX JaHHBIX, MMOJYYCHHBIX NPHU U3YyYCHHUU BO3MOXK-
HOTO OJarompuATHOIO BIMSHHA HaTypasibHOro «banp3ama oT momarpel», mpu
0O0JIEBBIX U BOCHIAJIHUTENBHBIX MPoOIeMax BO BPEMs OCTPBIX MPHUCTYIIOB MHUKPO-
KPUCTaJTMYECKOTO apTpuTa (IOoJarpbl), OH OKa3zajcsi BechbMa 3((EeKTHBHBIM
CpeAcTBOM MpH O0JIEBOM CHHIpOME. X051 U3 3TOr0, MOYXKHO 3aKIIOUUTh, YTO
npencrasieHHbIN «banb3aM OT moaarpel», ¢ y4eToM ero 0e30IMacHOCTH, MOXKET
OBITH C YCIIEXOM IIPUMEHEH B KaUeCTBE IOJIE3HOTO CPENICTBA MPH JICUEHUH OCT-
PBIX IPUCTYIIOB MUKPOKPHUCTAININIECKOT0 apTpHTa (TIoAarpsl).

XKenareapbHO NpPOBEACHUE JTOMOIHUTEIBHBIX UCCIICI0OBAHUN HA OOJIbIIIEM

o0BeMe y OONTBHBIX paHIOMU3UPOBAHO.
Hocmynuna 15.04.22

«Pujquu hnpuwnwwh hwdwp». ogunnugnpduwt wpyniuputpnp

Uhypopniptnuyhtt wppphwh unip tnywikph dudwbuly
(hnpuunuy)

G.U.Uk hpjul , U.9.Zndhwithuywl, 4.U. Zndhwithujw,
L.U. Zndhwuthuyw

Sunp, npt ninklgnid E dhypnpniptnuyhtt wppphunh unip tnyw-
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unwwkph dudwbwl:
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Results of the Use of ""Balm for Gout" in Acute Attacks of
Microcrystalline Arthritis (Gout)

E. A. Melikyan, A. K. Hovhannisyan, K. A. Hovhannisyan,
L. A. Hovhannisyan

The pain that accompanies acute attacks of microcrystalline arthritis
dramatically reduces the patient's quality of life, often leading to disability.
Prolonged use of powerful analgesics is not always justified, especially if the
pain is local. Research has been done to evaluate the possible benefits and
effectiveness of "Balm for Gout" in the case of gout pain attacks.
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